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HEARING CHARTER 

SUBCOMMITTEE ON ENERGY AND ENVIRONMENT
COMMITTEE ON SCIENCE AND TECHNOLOGY

U.S. HOUSE OF REPRESENTATIVES 

How Do We Know What
We Are Emitting? Monitoring,

Reporting, and Verifying
Greenhouse Gas Emissions 

TUESDAY, FEBRUARY 24, 2009
10:00 A.M.–12:00 P.M.

2318 RAYBURN HOUSE OFFICE BUILDING

Purpose 
On February 24, 2009, the House Committee on Science and Technology, Sub-

committee on Energy and Environment will hold a hearing entitled ‘‘How Do We 
Know What We Are Emitting? Monitoring, Reporting, and Verifying Greenhouse Gas 
Emissions.’’ The purpose of the hearing is to determine the federal role in sup-
porting research and development of monitoring technologies, emissions factors, 
models, and other tools necessary to support reliable accounting of baseline green-
house gas emissions and changes in emissions relative to the baseline under a regu-
latory program for greenhouse gases. 

The Subcommittee will receive testimony on the procedures and methods used to 
monitor, report, and verify greenhouse gas (GHG) emissions from businesses, gov-
ernment agencies, and localities and to identify the challenges associated with ac-
counting for emissions associated with different activities. The Subcommittee will 
also receive testimony on whether opportunities exist to improve the technologies, 
models, or other methods used to track greenhouse gases.

Witnesses

• Mr. John Stephenson, Director, Natural Resources and Environment, Gov-
ernment Accountability Office. Mr. Stephenson will discuss the systems de-
signed to track greenhouse gas emissions from businesses and government 
agencies and the strengths and limitations of the information provided by ex-
isting greenhouse gas emission registries and the use of this information in 
a GHG regulatory system.

• Ms. Jill Gravender, Vice President for Policy, The Climate Registry. The Cli-
mate Registry is a nonprofit organization that establishes standards for busi-
nesses and governments to calculate, verify, and publicly report greenhouse 
gas emissions into a single registry. Ms. Gravender will discuss the general 
approach The Climate Registry has taken to develop protocols that both bring 
consistency to emissions reporting and provide assurance that the values re-
ported by members are robust.

• Ms. Leslie Wong, Director of Greenhouse Gas Programs, Waste Management, 
Inc. Ms. Wong will discuss Waste Management’s efforts to develop a cor-
porate-wide greenhouse gas emission inventory and the company’s participa-
tion in the California Climate Action Registry, the Western Climate Initia-
tive, and the Chicago Climate Exchange.

• Mr. Rob Ellis, Greenhouse Gas Program Manager, Advanced Waste Manage-
ment Systems, Inc. Mr. Ellis will discuss Advanced Waste Management Sys-
tems’ role in verifying the information reported to greenhouse gas registries, 
such as The Climate Registry.

Background 
In order to develop a framework to address greenhouse gas (GHG) emissions, it 

is essential to have a credible system for monitoring, reporting, and verifying GHG 
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1 The six greenhouse gases are: Carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), 
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6). 

2 Office of Policy and International Affairs, United States Department of Energy. Technical 
Guidelines: Voluntary Reporting of Greenhouse Gases (1605(b) ) Program. January 2007. 

3 Office of Policy and International Affairs, United States Department of Energy. Technical 
Guidelines: Voluntary Reporting of Greenhouse Gases (1605(b) ) Program. January 2007. 

emissions. Accurate accounting of emissions is used to project changes in the con-
centration of GHGs in the atmosphere (inventories) and to determine emission con-
tributions from specific sources (registries). Inventories of GHGs provide information 
about the net emissions within political or geographic boundaries (states, nations or 
continents) or within economic sectors containing many individual entities (e.g., 
transportation, manufacturing, power generation). GHG registries provide informa-
tion about the emissions from specific entities within sectors (e.g., individual compa-
nies, towns, or universities) or the emissions associated with specific projects (e.g., 
under the Clean Development Mechanism of the Kyoto Protocol). This hearing will 
concentrate on information reported to GHG registries. 

Measurement, reporting and verification are the backbone of a cap-and-trade or 
any other GHG control scheme. In a cap and trade system, permits to emit GHG’s 
are considered commodities and their price is established by trading these commod-
ities on the GHG market. Incorrect emissions data can undermine a program’s legit-
imacy and effectiveness. Also, determination of the baseline emissions is essential 
to defining the emissions cap and to allocating allowances under a cap and trade 
system. A successful market-based GHG control scheme will need a fair, robust, and 
accurate monitoring, reporting, and verifying system, thereby ensuring that emis-
sions reductions have, in fact, occurred.

Measuring Greenhouse Gas Emissions 
Greenhouse gas emissions can be quantified by measuring emissions of green-

house gases1 directly or by estimating emissions using other information such as 
fossil fuel combustion. Estimation is used more often than direct measurement and 
is the principle means used to support the European Union’s Emissions Trading 
Scheme (ETS). Emissions are calculated by multiplying measurable activities such 
as fuel usage, with an emissions factor which is a numerical constant that links es-
timated emissions to a measurable activity that causes the emissions to occur.2 

Emissions levels may also be quantified through mass balance calculations. For 
example, if two kilograms of the greenhouse gas HFC–134a was injected into an 
automobile air conditioner and years later the remaining kilogram is removed, then 
one can assume that the other kilogram was emitted into the atmosphere.3 

Emissions can be directly measured. On type of measurement device is a contin-
uous emissions monitor (CEM). CEMs are rare in the European Union, but in the 
United States they are used to monitor carbon dioxide (CO2), sulfur and nitrogen 
oxide emissions for entities regulated under the acid rain program of Title IV of the 
Clean Air Act. CEMs continuously monitor the flue gas emitted from coal, oil, and 
natural gas power generating units (over 25 MW) and some large manufacturing fa-
cilities. While the Clean Air Act does not currently regulate CO2, the reporting pro-
vision has given utilities and other combustion sources experience in monitoring 
CO2 emissions and a baseline of information on CO2 emissions.

Reporting Greenhouse Gas Emissions 
The information provided by different registries varies with respect to the gases 

monitored, the time period for reporting, the specific reporting protocols, and the 
data verification required of participants in the registry. For each registry the goal 
is to ensure that all entities are able to produce consistent and robust emissions 
data that will enable comparisons to be made from one reporting period to the next. 

In the United States, there are several GHG registries that support reporting re-
quirements for State and regional programs. At the federal level, there are currently 
two voluntary reporting programs, The Environmental Protection Agency’s (EPA’s) 
Climate Leaders Program and the Department of Energy’s Voluntary Reporting of 
Greenhouse Gases Program or the 1605(b) program. EPA is expected to issue a no-
tice of proposed rule-making for a mandatory GHG reporting program very soon. 

Over the past few years, states and regions have established policies to qualify 
and control GHGs. The California Climate Action Registry (CCAR) tracks emissions 
associated with specific entities and activities in California, and The Climate Reg-
istry compiles information on annual emissions from each member of the registry. 
Participation in The Climate Registry is voluntary, and The Registry has members 
throughout North America. The Chicago Climate Exchange (CCX) a GHG emissions 
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trading market also provides a framework for reporting emissions from entities par-
ticipating in the Exchange to its registry.

Verifying Greenhouse Gas Emissions 
In order to ensure consistency and quality of reported emissions information, a 

GHG registry will often require third-party verification of the reported emissions. 
During a verification audit, the verifier will check that the proper procedures, emis-
sions inputs, use of emissions factors, etc., adhere to the registry’s guidelines. 

Verifiers themselves are accredited by the American National Standards Institute 
(ANSI). ANSI evaluates verifiers by assessing whether they have the technical ex-
pertise to perform verifications, are knowledgeable about monitoring, reporting, and 
verification protocols, including the international standard (ISO 14065) and the pro-
tocols of the specific registries they will work with.
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Chair BAIRD. Good morning and thank you all for joining us. I 
especially want to welcome the students who are here. This is the 
senior class from Herndon, Virginia, do I understand? Welcome to 
our Science and Technology Subcommittee hearing, and we are 
glad you are all here. Make yourself at home. We will fit these kids 
in so they can see a little bit of this hearing because it is on a topic 
I think is of great importance to their future. I am particularly 
pleased to be able to chair this subcommittee and excited to be able 
to work with Mr. Inglis who is a good friend and with whom I have 
had the privilege of traveling to look at some of the effects of cli-
mate change. 

By the way, Bob, my take, and you will hear this a lot on this 
committee this year, is I am no longer going to refer to what we 
are talking about as climate change because it is actually in my 
judgment lethal overheating of the planet and acidification of our 
oceans. You will hear this a lot from me, but climate change sounds 
nice. Change you can believe in just helped elect the President, and 
global warming sounds like a good thing. We like to be warm. But 
I hate to be overheated, and acidification of the ocean is actually 
also happening. I raised that, and actually we have the sad news 
today, apparently a rocket malfunctioned carrying a carbon-observ-
ing satellite and caused that satellite to go into the ocean instead 
of space earlier this morning. It was a big setback for us scientif-
ically. The other side, maybe the satellite knows something we 
don’t, and it realizes that part of the carbon problem is in the 
ocean and we need to spend more attention there. That is looking 
on the bright side. Of course, it will be worthless to us there. 

This is an important hearing, and it is going to give us an oppor-
tunity to examine the quality of the information being collected on 
the emission of greenhouse gases. A number of states have estab-
lished programs to address climate change, lethal overheating, and 
to reduce their greenhouse gas emissions. Over 130 nations will 
meet in Copenhagen, Denmark this coming December. This is an 
incredibly important meeting to negotiate a new agreement to con-
trol greenhouse gas emissions. Members of the U.S. House of Rep-
resentatives and the Senate have stated their intention to develop 
legislation to regulate greenhouse gases. And the Environmental 
Protection Agency is planning to release a federal register notice 
soon to establish a mandatory greenhouse gas reporting system. 

However, in order to evaluate programs, either mandatory or vol-
untary, for controlling greenhouse gases, we must be able to track 
emissions accurately. We need an accurate measurement of base-
line emissions. We need to know the emissions levels we are start-
ing from, and we need a good baseline estimate as a benchmark 
to determine whether control programs are effective or not in re-
ducing emissions. 

We have experience and technologies to monitor emissions from 
utilities that we gained through the acid rain program under Title 
IV of the Clean Air Act. However, there are many more entities 
that need to be monitored under a greenhouse, ocean acidification 
gas control program and some of these organizations have to ini-
tiate new programs to track emissions accurately. 

If we are going to develop a program to control greenhouse and 
ocean acidification gas emissions, we need to start developing tools 
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that will enable regulated entities to track their emissions using 
methods that are accurate and that are not overly burdensome. 

We have an excellent panel of witnesses today here to tell us 
about how this could work. All of our witnesses bring extraordinary 
expertise. I look forward to their testimony and to their rec-
ommendations on how we can ensure that information on green-
house and ocean acidification gas emissions provides a reliable 
measure of emission sources and of the effectiveness of policies we 
may put in place to control the emissions. 

[The prepared statement of Chair Baird follows:]

PREPARED STATEMENT OF CHAIR BRIAN BAIRD 

Good morning and welcome to the first hearing of the Subcommittee on Energy 
and Environment in the 111th Congress. I am looking forward to working with all 
of you over the next two years. 

This morning’s hearing provides us with an opportunity to examine the quality 
of the information that is being collected on the emissions of greenhouse gases. A 
number of states have established programs to address climate change and to re-
duce their greenhouse gas emissions. Over 130 nations will meet in Copenhagen, 
Denmark this coming December to negotiate a new agreement to control greenhouse 
gas emissions. Members of the U.S. House of Representatives and the U.S. Senate 
have stated their intention to develop legislation to regulate greenhouse gases. And, 
the Environmental Protection Agency is planning to release a Federal Register no-
tice soon to establish a mandatory greenhouse gas reporting system. 

In order to evaluate programs—either mandatory or voluntary—for controlling 
greenhouse gases, we must be able to track emissions accurately. We need an accu-
rate measurement of baseline emissions. We need to know the emissions levels we 
are starting from and we need a good baseline estimate as a benchmark to deter-
mine whether control programs are effective or not in reducing emissions. 

We have experience and technologies to monitor emissions from utilities that we 
gained through the acid rain program under Title IV of the Clean Air Act. However, 
there are many more entities that need to be monitored under a greenhouse gas 
control program and some of these organizations have to initiate new programs to 
track their emissions accurately. 

If we are going to develop a program to control greenhouse gas emissions, we need 
to start developing tools that will enable regulated entities to track their emissions 
using methods that are accurate and that are not overly burdensome. 

We have an excellent panel of witnesses with us here this morning whose experi-
ence encompasses all three aspects of our hearing topic today. I look forward to their 
testimony and to their recommendations on how we can ensure that information on 
greenhouse gas emissions provides a reliable measure of emission sources and of the 
effectiveness of the policies we put in place to control these emissions.

Chair BAIRD. With that, I would recognize my friend and col-
league, Mr. Inglis, for his opening statement. 

Mr. INGLIS. Thank you, Mr. Chairman, and first of all, let me 
congratulate you on having the gavel in this committee. For those 
of you who don’t know, Dr. Brian Baird is really quite an expert 
on the topics he was just speaking about and has taught me a 
great deal. And I think it really is a great thing to have you in the 
chair, and we look forward to working with you in a collaborative 
fashion. You know, my view is that compromise is not really what 
we want. That is a zero-sum game where somebody has won and 
somebody else has papered over a loss. Collaboration is where you 
draw the strengths from both parties, and you figure out how to 
use those strengths to produce something better than either party 
acting alone could produce. And so that is the spirit that I think 
that Chairman Baird brings to this committee and one that I also 
want to make evident here. 

And so I am excited about this first hearing in this committee 
because I am hoping the panel, Mr. Chairman, is going to help 
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with an idea that we are working on in my office that I have men-
tioned to you. It has to do with a revenue-neutral carbon tax as 
perhaps a better idea than a cap-and-trade system. Two problems 
with cap-and-trade, one is a massive tax increase. Second, it has 
the vicissitudes of the prices of the credits going up and down, up 
and down, traded by Wall Street traders. I don’t think that sounds 
too good in today’s environment. But a revenue-neutral carbon tax, 
transparent so that we can see what the tax is, and revenue-neu-
tral, which starts with an equal, offsetting tax reduction—the pay-
roll tax—means that technology then has a source of funding. Re-
duce the payroll tax and impose a price on carbon and now people 
have money in their pocket to afford the new technology and to 
drive into the energy market the kind of transformational change 
that we saw with the Internet and the PC. What Microsoft and 
Apple did for the Internet and the PC, I think the revenue-neutral 
carbon tax can do for energy. It can make it so that entrepreneurs 
and inventors get married at a certain point on that line of that 
transparent carbon tax because there will be clear price signals as 
to when they should marry and when they should take out the in-
cumbent technology. 

So the reason that this hearing is relevant to that is that we are 
also trying to figure out a way to make that so that it does not 
punish American manufacturing, and the key to that is perhaps a 
WTO compliant, and we are struggling to get it WTO compliant but 
I think we can get there, border adjustment so that when products 
come in from overseas, we are happy to have them. It is just that 
we want to apply the same tax that we have applied domestically 
to those imported goods. And one of the key challenges there is fig-
uring out how do you make that fair adjustment. And if you can 
tell me some scientific way that we can judge the carbon output, 
or I should say carbon input, into those products that are being im-
ported, and particularly if it is something mathematical, some easy 
way of doing that—of course that easy part may be a little bit dif-
ficult—but if there was some way to project what is the carbon 
footprint of imported goods and then apply it equally to domesti-
cally produced goods so that then you really are looking at the spir-
it of WTO compliance, and perhaps we can work it into technical 
compliance as well with WTO rules. 

So I am excited about this hearing because I am hoping you have 
some insights into that and how this monitoring might—that the 
measuring devices that you are talking about may help us as we 
try to figure out a way to measure the carbon footprint of goods 
produced and imported here. It is a key part of this revenue-neu-
tral carbon tax concept. It is also one of the more complicated parts 
of it because the last thing we want is to have American manufac-
turing subject to this and say the developing world exempt from it. 
That results simply in the export of American manufacturing ca-
pacity, and that is why Kyoto failed 96 to nothing in the U.S. Sen-
ate. 

So we can improve on that if we collaborate, and I am happy to 
be next to my friend, Dr. Baird, here on the Committee and hope 
that we can collaborate and look forward to learning from this 
panel today, Mr. Chairman. 

[The prepared statement of Mr. Inglis follows:]
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PREPARED STATEMENT OF REPRESENTATIVE BOB INGLIS 

Thank you for holding this, the first Energy and Environment Subcommittee 
hearing of the 111th Congress, Mr. Chairman. This committee has a long-standing 
reputation for bipartisanship and cooperation, and I look forward to carrying on that 
tradition with you in this subcommittee. 

Last summer, the cap and trade bill withered in the Senate. By itself, cap and 
trade is a massive tax increase. That’s not such a good idea in the midst of this 
economic downturn. 

A better solution is to put a price on carbon, and give the consumer a way to pay 
for it. All it will take is a simple carbon tax coupled with an equal, offsetting reduc-
tion in payroll taxes. We need to impose a tax on the thing we want less of (carbon 
dioxide) and reduce taxes on the things we want more of (income and jobs). 

Improving our ability to monitor emissions will help us push industry, utilities, 
and manufacturers, to finally internalize the external costs of carbon emissions. A 
carbon tax would attach the national security and environmental costs to carbon-
based fuels like oil, and cause the market to recognize the price of these negative 
externalities. That, in turn, can lead us to improve our efficiency in energy and 
manufacturing production, create new jobs in a competitive clean energy market, 
and reduce our dependence on foreign oil. 

I’m excited about this hearing, because it gives us a glimpse of the tremendous 
opportunity we have as a country to jump-start a new energy economy. I’m eager 
to hear from our witnesses today, and would invite their thoughts on how to monitor 
and verify emissions in international countries like China and India. 

Thank you again for holding this hearing, Mr. Chairman.

Chair BAIRD. Thank you, Mr. Inglis, for your comments. If there 
are other Members of the Committee who want to submit addi-
tional opening statements, your statements will be added to the 
record at this point. 

[The prepared statement of Mr. Costello follows:]

PREPARED STATEMENT OF REPRESENTATIVE JERRY F. COSTELLO 

Thank you, Mr. Chairman, for calling this hearing today and thank you to our 
panelists for their testimony. 

The issue of regulating Greenhouse Gasses (GHGs) is particularly timely as Con-
gress begins to consider wide-sweeping climate change legislation during the 111th 
session. To ensure the success of a cap and trade system, permits for GHGs must 
be accurately reported and assigned a fair price in order to establish a functioning 
market. Incorrect emissions data can undermine a program’s legitimacy and effec-
tiveness. 

As we all know, climate change is not just a phenomenon unique to the United 
States, it is a global problem. It is integral that our own system of calculating and 
reporting emissions be established and precise, not only to ensure its success, but 
also to effectively coordinate the framework and structure with other international 
standards. 

Many energy industries in the U.S. and around the world are in flux-waiting, re-
lying on Congress to address the incredibly important policy issue of global warm-
ing. It is imperative that the measurements and standards upon which we base our 
policies are thoughtfully considered and accurate. I believe this hearing is a step to-
wards that end. 

Thank you, Mr. Chairman for my time and I look forward to hearing from the 
panel.

[The prepared statement of Ms. Johnson follows:]

PREPARED STATEMENT OF REPRESENTATIVE EDDIE BERNICE JOHNSON 

Good morning, Mr. Chairman and Ranking Member. 
For any policy regarding cap and trade of greenhouse gas emissions, we must 

have good information on how to measure these emissions. 
Measurement, reporting, and verification truly are the backbone of a cap and 

trade or any other greenhouse gas control scheme. 
In addition, we need to be able to determine baseline emissions, so that we can 

then define appropriate emissions caps. Only then can we properly allocate allow-
ances under a cap and trade system. 
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The Science Committee has an important role to play here. Hearings like today’s 
will help inform us and give us a sense of the issues to be considered that will be 
the foundation of any greenhouse gas-reducing policy. 

The witnesses who will join us are true subject experts. It is my hope that they 
can provide Subcommittee Members with good information that is based on science. 

I want to commend Chairman Baird for holding this hearing. 
While I anticipate that we may get into some pretty technical details on just how 

these emissions are quantified, this is just the kind of information we need. 
Many of the Members of the Science Committee are themselves scientists. 
Many Members of this subcommittee, like me, represent energy producing states. 

We care deeply about this issue and have a strong stake in the proceedings. 
We recognize that the Federal Government has some voluntary reporting reposi-

tories for greenhouse gas emissions. 
Also, some states are moving toward mandatory reporting requirements for such 

emissions. 
I am interested to know the witnesses’ opinions of the two federal voluntary re-

porting programs: the Environmental Protection Agency’s (EPA’s) Climate Leaders 
Program and the Department of Energy’s Voluntary Reporting of Greenhouse Gases 
Program or the 1605(b) program. 

EPA is expected to issue a notice of proposed rule-making for a mandatory green-
house gas reporting program soon. 

Mr. Chairman, as a nurse, I am concerned about the effect that global warming 
could have on our world food supply. I am concerned that the ice caps at the Earth’s 
poles are melting. I am concerned that devastating storms like Hurricanes Katrina, 
Rita and Ike are damaging Texas and other gulf states with increasing frequency. 

Greenhouse gas emissions are at the root of many of these problems. We cannot 
delay in implementing science-based policies to mitigate these harms. 

The United States must demonstrate leadership on this issue. Only then will 
other nations move toward positive changes regarding greenhouse gas emissions. 

Thank you, Mr. Chairman. I yield back the balance of my time.

Chair BAIRD. At this point I would like to introduce our wit-
nesses. Mr. John Stephenson is the Director of Natural Resources 
and Environment at the Government Accountability Office. Ms. Jill 
Gravender is the Vice President for Policy at The Climate Registry. 
Ms. Leslie Wong is the Director of Greenhouse Gas Programs at 
Waste Management, Inc., and Mr. Rob Ellis is the Greenhouse Gas 
Program Manager at Advanced Waste Management Systems, Inc. 

As our witnesses know, you will each have five minutes for your 
spoken testimony. Your written testimony will be included in the 
record for the hearing, and when you have all completed your spo-
ken testimony, we will begin with questions. Each Member of the 
panel here will have five minutes to question, and we appreciate 
again your presence here and look forward to your input. We will 
start with Mr. Stephenson. 

STATEMENT OF MR. JOHN B. STEPHENSON, DIRECTOR, NAT-
URAL RESOURCES AND ENVIRONMENT, U.S. GOVERNMENT 
ACCOUNTABILITY OFFICE 

Mr. STEPHENSON. Thank you, Mr. Chair, and other Members of 
the Subcommittee. I am here today to talk about the importance 
of developing reliable emissions data for carbon dioxide and other 
greenhouse gases. In other words, we must know how many tons 
of such gases are actually released into the atmosphere by power 
plants, industrial facilities, and thousands of other emitting 
sources, and be able to measure the changes in those emissions 
over time before we can successfully institute any market-based 
mitigation scheme such as cap-and-trade or the tax program we 
just heard about that would create a price for all six primary 
greenhouse gases—carbon dioxide, nitrous oxide, methane, and the 
three synthetic gases. 
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It is important to note that the data needs, whether emissions 
on a facility-specific basis or emissions on an economy-wide basis, 
depend on the point at which the program regulates emissions, 
that is, whether the program attempts to regulate a small number 
of up-stream emitters such as fossil fuel producers and importers 
or, instead, a much larger number of downstream emitters such as 
individual industrial facilities. 

For example, an upstream program for carbon dioxide would like-
ly regulate fewer than 3,000 sources and cover virtually all carbon 
dioxide emissions from fossil fuels, whereas a downstream program 
would regulate about 10,000 large emitters, like power plants, and 
cover only about half of the total carbon emissions. In general, the 
challenges in establishing baseline emissions data, as well as in 
monitoring, reporting, and verifying those emissions over time will 
increase as the number of regulated entities’ activities and green-
house gases increase. Upstream programs would generally have 
less complex data requirements than downstream programs. The 
U.S. has economy-wide fuel use data which could be used for an 
upstream program, but this would not be suitable for facility-level 
emissions data needed for a downstream program. 

The U.S. also has facility-specific data for carbon dioxide emis-
sions, as you mentioned, for coal-fired power plants, but such data 
is not available for other greenhouse gases or other industry sec-
tors. Experiences with existing cap-and-trade programs dem-
onstrate the criticality of quality emissions data. For example, the 
U.S. has, since 1995, operated a highly successful cap-and-trade 
program to limit the emissions of sulfur dioxide, not a greenhouse 
gas but a pollutant that causes acid rain. The Acid Rain Program 
has been successful largely because regulated entities are required 
to routinely monitor, report and verify emissions. On the other 
hand, as we reported in November 2008, the European trading 
scheme has been less successful largely because of the lack of qual-
ity emissions data, causing an inaccurate allocation of allowances 
in the beginning and the price of a ton of carbon to plummet to 
zero. 

It is important to note that the EU program is attempting to reg-
ulate only one greenhouse gas, carbon dioxide, in only one industry 
sector, the power sector. Data on emissions for other greenhouse 
gases in sectors such as methane from landfills, nitrous oxide from 
agricultural operations, is far less refined than that for carbon di-
oxide. Determining emissions of these gases will be more chal-
lenging due to limited historical monitoring and a lack of reliable 
emissions factors. Nevertheless, comprehensive reliable emissions 
data for all greenhouse gases in all sectors will be essential for any 
market-based mitigation scheme, whether cap-and-trade or tax cur-
rently being debated in the Congress. 

There are some existing emissions inventories and registries, and 
you will hear about some today, that provides a starting point for 
understanding the challenges in establishing baselines and track-
ing emissions over time. For example, the U.S. Environmental Pro-
tection Agency maintains an official U.S. emissions inventory to 
meet our commitments to the U.N. Framework Convention on Cli-
mate Change. This inventory uses models to estimate emissions at 
the national and the industry sector level and would not be suit-
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able for a downstream cap-and-trade system. Several private and 
non-profit efforts also provide data collection services. For example, 
the World Resources Institute Greenhouse Gas Protocol is a widely 
used international accounting system for quantifying and man-
aging greenhouse gas emissions, and it has developed accounting 
and reporting standards that are compatible with most inventory 
programs. In addition, The Climate Registry that you will hear 
about next includes standards for emissions monitoring and for re-
porting those emissions through its website. The Chicago Climate 
Exchange also has emissions reduction and trading scheme and re-
quires its participants to use specific protocols to establish emis-
sions baselines and track progress toward emissions reduction 
goals. But none of these inventories or the registry is at the scope 
or complexity contemplated for a nationwide program. 

In conclusion, Mr. Chair, we believe this hearing highlights a 
critical element of the climate change debate, the need to develop 
high-quality emissions baselines for all greenhouse gases in all sec-
tors and the ability to monitor, report, and verify future emissions 
against those baselines. 

Thank you, Mr. Chair. That concludes my statement. I would be 
happy to answer questions at the appropriate time. 

[The prepared statement of Mr. Stephenson follows:]

PREPARED STATEMENT OF JOHN B. STEPHENSON 

Mr. Chairman and Members of the Subcommittee:

I am pleased to be here today to discuss the importance of high quality data on 
greenhouse gas emissions in the development and implementation of programs in-
tended to address climate change. In recent years, key scientific assessments have 
underscored the importance of reducing or stabilizing emissions of carbon dioxide 
and other greenhouse gases—including methane, nitrous oxide, and several syn-
thetic gases—to mitigate the adverse effects of climate change. According to the Na-
tional Academy of Sciences, global temperatures have already risen 1.4 degrees 
Fahrenheit since the start of the 20th century—with much of this warming occur-
ring in the last 30 years—and temperatures will likely rise at least another two de-
grees Fahrenheit, and potentially more than 11 degrees, over the next 100 years. 
Most scientists agree that the warming in recent decades has been caused primarily 
by human activities that have increased the amount of greenhouse gases in the at-
mosphere. This warming will cause significant changes in sea level, ecosystems, and 
ice cover, among other impacts. In the Arctic region, temperatures have increased 
almost twice as much as the global average, and the landscape is changing rapidly. 
Figure 1 below identifies the contribution of carbon dioxide emissions, the most 
prevalent greenhouse gas, from various sources in the United States.
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The Congress is currently considering various proposals to address or mitigate the 
adverse effects of climate change, including actions to limit greenhouse gas emis-
sions. In the United States, most debate over mitigation options generally focuses 
on market-based programs—such as carbon tax or cap-and-trade system—that 
would create a price on emissions of greenhouse gases. For either program, the point 
of regulation may occur (1) ‘‘upstream’’ and cover sources of carbon dioxide when 
they first enter the economy, such as fossil fuel producers; (2) ‘‘downstream’’ and 
cover direct and indirect emitters, such as power plants; or (3) at a combination of 
upstream and downstream sources. 

In general, under a cap-and-trade program, the government would limit the over-
all amount of greenhouse gas emissions from regulated entities. These entities 
would need to hold allowances for their emissions, and each allowance would entitle 
them to emit a specific amount of a greenhouse gas. Under such a program, the gov-
ernment could sell the allowances, give them away, or some combination of the two. 
Firms that find ways to reduce their carbon dioxide emissions to below their allowed 
limit could sell their excess allowances to firms that emit more than their limits, 
effectively creating a market for allowance trading and establishing a price for a ton 
of emissions based on supply and demand. 

Another possible mitigation policy is a tax on greenhouse gas emissions. A tax 
would establish a direct price on emissions by levying a charge on every ton of car-
bon dioxide emitted, creating an economic incentive for emitters of greenhouse gases 
to decrease their emissions by, for example, using fossil fuels more efficiently. Un-
like a cap-and-trade program, a tax would provide more certainty as to the cost of 
emitting greenhouse gas emissions, but the precise effect of the tax in reducing 
emissions would depend on the extent to which producers and consumers respond 
to higher prices. 

In discussing the emissions data required for a climate change mitigation pro-
gram, it also is useful to distinguish between emissions inventories and emissions 
registries. Emissions inventories aggregate emissions data on a high level—for ex-
ample, by state, industrial sector or country. Inventories generally account for 
greenhouse gases emitted and removed from the atmosphere over a specific time-
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1 We conducted our work in accordance with all sections of GAO’s Quality Assurance Frame-
work that were subject to the objectives of each engagement. The framework requires that we 
plan and perform each engagement to obtain sufficient and appropriate evidence to meet our 
stated objectives and to discuss any limitations in our work. We believe that the information 
and data obtained, and the analyses conducted, provided a reasonable basis for the findings and 
conclusions in these reports.

2 See GAO, Air Pollution: Allowance Trading Offers an Opportunity to Reduce Emissions at 
Less Cost, GAO/RCED–95–30 (Washington, D.C.: Dec. 16, 1994). 

3 See GAO, International Climate Change Programs: Lessons Learned from the European 
Union’s Emissions Trading Scheme and the Kyoto Protocol’s Clean Development Mechanism, 
GAO–09–151 (Washington, D.C.: Nov. 18, 2008). 

frame. An emissions registry, on the other hand, is a tool for collecting, verifying, 
and tracking emissions data from individual facilities or projects. Because registries 
can serve a variety of purposes, their structures may vary substantially. For exam-
ple, registries may vary in terms of the gases monitored, the timing of data collec-
tion, and the method of data verification. 

In this context, my testimony today discusses (1) the need for high quality data 
on emissions in the context of a program intended to limit greenhouse gas emis-
sions, and (2) key considerations in developing reliable data on greenhouse gas 
emissions. This testimony is based on our previously issued work and a review of 
relevant literature.1 

High Quality Emissions Data Are Critical to the Integrity of Programs In-
tended to Limit Greenhouse Gas Emissions 

The domestic and international experiences with market-based air pollution con-
trol and climate change programs demonstrate that comprehensive and accurate in-
formation on emissions is critical to a program’s success. Since 1995, the United 
States has operated a cap-and-trade program to limit sulfur dioxide emissions, an 
air pollutant that contributes to acid rain, from electric utilities. Under Title IV of 
the Clean Air Act Amendments of 1990, this program has reduced sulfur dioxide 
emissions by capping total emissions, distributing allowances to emit sulfur dioxide 
through a combination of free allocation and auctions, and allowing electric utilities 
to buy and sell allowances as needed to cover their emissions. 

Prior GAO reports and independent studies have shown that strong data collec-
tion, monitoring, reporting, and verification requirements have been central to this 
program’s success. First, with respect to setting a baseline level of emissions from 
regulated entities, the program relied on data spanning several years rather than 
any one year in particular. Specifically, it used historical average emissions from 
1985 to 1987 as the baseline against which to measure reductions required to begin 
in 1995 and 2000. The use of historical data reduced the covered entities’ incentive 
to increase emissions prior to the program’s establishment to obtain a greater allow-
ance allocation—the baseline years occurred too far before the announcement of the 
program.2 Averaging these data across several years also helped to ensure that the 
baseline reflected changes in emissions that can result in a given year due to eco-
nomic and other conditions. As a result, the program achieved greater assurances 
that it reduced emissions from historical levels. In addition, electricity generating 
units regulated under Title IV of the Clean Air Act Amendments of 1990 are re-
quired to monitor and report their sulfur dioxide, nitrogen oxide, and carbon dioxide 
emissions, among other data. The monitoring and reporting requirement has en-
sured a high degree of compliance and overall program integrity. It is important to 
note that regulating a single pollutant, such as sulfur dioxide, from a largely homo-
geneous population of electric utilities is less complicated than monitoring, report-
ing, and verifying emissions of up to six different greenhouse gases from diverse 
types of facilities. 

The European Union also has experience implementing a cap-and-trade program 
that illustrates the importance of quality data in a market-based system. As dis-
cussed in our November 2008 report, the European Union’s Emissions Trading 
Scheme (ETS) relies on a cap-and-trade model similar to that used in the U.S. acid 
rain program.3 The ETS began with a learning period—phase I—to gain experience 
with emissions trading from 2005 to 2007. Phase I included approximately 11,000 
electric power and industrial installations in 25 member states, which accounted for 
about half of the EU’s carbon dioxide emissions. 

While the first phase provided key lessons about emissions trading, its cumulative 
effect on emissions is uncertain because of a lack of baseline emissions data. In the 
first phase, each EU member state had to identify which entities to regulate under 
the ETS (such as power plants, oil refineries, and other manufacturing facilities), 
obtain baseline emissions data for the covered entities, establish an emissions cap, 
and determine how many allowances to distribute to each covered entity. At the 
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time, most member states had high-level, aggregated estimates on carbon dioxide 
emissions that accounted for sources within and outside the scope of the ETS, but 
did not have baseline data on a facility-specific basis. This facility-specific data was 
necessary to determine both the total emissions released by all entities covered 
under the ETS—a downstream program—as well as how many allowances each par-
ticular entity would need to cover its annual emissions. In addition, some member 
states had limited authority to collect data because they did not yet have in place 
a national law or regulation mandating submission of emissions data. Accordingly, 
member states based their emissions caps and allocation decisions on business-as-
usual emissions projections and baseline data voluntarily submitted by covered enti-
ties. 

The inherent uncertainty about business-as-usual projections—i.e., how actual 
emissions compare to the emissions that would have occurred in the absence of the 
ETS—was compounded by the assumptions underlying the models used by member 
states to forecast emissions. The models incorporated assumptions about factors 
that influence business-as-usual emissions projections, such as economic growth and 
relative fuel prices. Some member states made relatively optimistic assumptions 
about economic growth, which resulted in higher projections of emissions. As such, 
while the first phase provided key lessons about emissions trading, the lack of facil-
ity-specific baseline data means its cumulative effect on emissions is uncertain. 

The lack of facility-specific baseline data also affected the price of ETS allowances. 
Under the ETS, covered entities are required to report emissions data that have 
been verified by third parties to their member states. In 2006, the release of emis-
sions data revealed that the supply of allowances—the cap—exceeded the demand, 
and the allowance price collapsed. This illustrated the problems that can arise when 
a program relies on poor baseline emissions data and highlighted the need for accu-
rate baseline data in setting an effective emissions cap and achieving the intended 
environmental objectives. See Figure 2 for a graph displaying the allowance price 
trends in phase I.

As we reported in our prior work on lessons learned from the international cli-
mate change programs, many experts participating on a panel we assembled in co-
operation with the National Academy of Sciences would not expect the United 
States to encounter the data challenges experienced in the EU’s first trading phase 
because some baseline emissions data are already available.4 Several experts also 
stated that existing data on fossil fuel consumption are sufficient to establish an 
emissions trading program. These data can be used to estimate economy-wide car-
bon dioxide emissions as well as facility-specific data on carbon dioxide emissions 
from certain industrial sectors, such as power plants that have participated in the 
U.S. sulfur dioxide emissions trading program. 

Collecting and reporting emissions data can also provide benefits beyond ensuring 
the integrity and results achieved through a greenhouse gas reduction program. 
Such data can be used by researchers to analyze environmental conditions and 
trends, create atmospheric and economic models, and provide early warning of po-
tential environmental problems. It can also help inform and direct environmental 
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5 An emissions factor is a representative value that attempts to relate the quantity of a pollut-
ant released to the atmosphere with an activity associated with the release of that pollutant. 
These factors are usually expressed as the weight of pollutant divided by a unit weight, volume, 
distance, or duration of the activity emitting the pollutant (e.g., kilograms of particulate emitted 
per megagram of coal burned). Such factors facilitate estimation of emissions from various 
sources of air pollution. See, for example, EPA’s AP–42 emissions factors, available at http://
www.epa.gov/ttn/chief/ap42/

6 See GAO–09–151. 
7 See U.S. EPA, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990–2006 (April 

2008), http://www.epa.gov/climatechange/emissions/usinventoryreport.html

management efforts. The availability of emissions data may aid strategic planning 
in the private sector, enabling individual firms to make better-informed decisions 
pertaining to capital investments and energy use. Because many states, municipali-
ties, and private firms have established voluntary climate goals, emissions data will 
enable these organizations to assess progress and better account for performance. 
Finally, the availability of emissions data can provide a consistent and transparent 
basis for comparison between countries, industries, and individual firms and en-
hance public understanding of emissions sources.

Collecting Reliable Data on Greenhouse Gas Emissions Involves Key Con-
siderations 

Monitoring, reporting, and verification needs for reliable data on greenhouse gas 
emissions depend first on the purpose and intended use of the data; for example, 
the data required for a mandatory program to limit emissions may vary substan-
tially from that required for a business or governmental entity that voluntarily 
tracks its emissions for public relations or other purposes. 

First, as we have previously reported, the scope of a data collection effort—i.e., 
monitoring, reporting, and verification activities—is determined by the program’s 
point of regulation. An upstream mitigation program would affect a relatively small 
population of regulated entities, such as fuel importers and producers, whose prod-
ucts could be less difficult to measure and report. The quantity of emissions associ-
ated with those products could be calculated using available emissions factors.5 
Under a cap-and-trade program, each importer or producer would have to hold an 
allowance for each ton of carbon dioxide emissions associated with its products. Al-
ternatively, under an emissions tax, each regulated entity would have to pay the 
government a pre-determined amount of money for each ton of emissions associated 
with the combustion of its products. Under either system, accurate reporting and 
verification of emissions would help ensure the integrity of the program, and accu-
rate and reliable baseline data would be necessary to track progress. 

On the other hand, data collection, monitoring, and verification requirements be-
come more substantial under a downstream program because it could affect a larger 
population of regulated entities, potentially including industrial facilities, agricul-
tural operations, mobile and other fuel combustion sources, and users of refrig-
erants. Again, each regulated entity would need to have accurate and reliable data 
on historical and current emissions, and in some cases, gathering such information 
would be relatively straightforward. For example, electricity generating units regu-
lated under Title IV of the Clean Air Act Amendments of 1990 are required to mon-
itor and report their carbon dioxide emissions. However, other regulated entities 
may face greater challenges in determining their emissions due to limited moni-
toring data or a lack of reliable emissions factors. 

Furthermore, the data requirements for a mitigation program become more com-
plex and challenging as the number and types of covered activities increases.6 This 
challenge may be of particular concern in a downstream program that covers emis-
sions from diffuse sources. Of the six primary greenhouse gases, emissions of some 
are better characterized than others.7 For example, carbon dioxide emissions from 
energy-related activities and cement processing are relatively easy to estimate with 
a high degree of accuracy, whereas measuring the emissions of other greenhouse 
gases stemming from other types of activities is more challenging. Specifically, there 
may be insufficient scientific understanding to develop a data collection method-
ology, data may be incomplete or missing, or emissions factors may not be suffi-
ciently developed. For instance, nitrous oxide emissions occur from the production 
of caprolactam—a chemical used to produce a polymer—but there are currently not 
enough data on the production of caprolactam to estimate these emissions in the 
United States. 

In some cases, existing emissions inventories and registries that have been devel-
oped for a variety of purposes could help regulated entities in meeting potential re-
quirements to establish baseline emissions levels and monitor, verify, and report 
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8 Pub. L. No. 110–161, tit. II, 121 Stat. 1844, 2128 (2007) directs EPA to develop a rule requir-
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9 Sequestration activities refer to biological projects that pull carbon dioxide out of the air by, 
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projects that capture and store carbon dioxide in underground formations. 

10 The Greenhouse Gas Protocol was developed by the World Resources Institute, a U.S. non-
governmental organization, and the World Business Council for Sustainable Development, a Ge-
neva-based coalition of 170 international companies. 

their ongoing emissions. For example, the United States Environmental Protection 
Agency prepares an official U.S. greenhouse gas inventory each year to comply with 
its commitments under the United Nations Framework Convention on Climate 
Change (UNFCCC). This inventory provides national information on the activities 
that cause emissions and removals, as well as background on the methods used to 
make the calculations. In addition to the U.S. inventory, multi-state emissions re-
duction programs, such as the Regional Greenhouse Gas Initiative, a regulatory pro-
gram targeting reductions in carbon dioxide from electricity generators, have devel-
oped emissions inventories to guide their programs. Many individual states also pre-
pare greenhouse gas inventories using guidance provided by EPA. These existing in-
ventories and registries could assist in the development of a mandatory emissions 
reduction program. 

Other emissions inventories and registries developed by government and private 
entities also provide a useful starting point for understanding data requirements for 
establishing emissions baselines and monitoring, verifying, and reporting green-
house gas emissions.8 For example, the Department of Energy’s Voluntary Report-
ing of Greenhouse Gases Program encourages corporations, government agencies, 
non-profit organizations, households, and other private and public entities to annu-
ally report their greenhouse gas emissions, emission reductions, and sequestration 
activities to a registry using consistent standards.9 In addition, EPA’s Climate Lead-
ers Program, an EPA industry-government partnership that works with companies 
to develop comprehensive climate change strategies, has developed standards to 
measure and monitor emissions reductions from certain types of projects. 

Several private and nonprofit efforts also provide data collection services. For ex-
ample, the Greenhouse Gas Protocol, a widely-used international accounting system 
for quantifying and managing greenhouse gas emissions, has developed accounting 
and reporting standards that are compatible with most greenhouse gas inventory 
programs.10 Another effort, the Climate Registry, is a nonprofit collaboration involv-
ing U.S. states and Canadian provinces that has developed standards to calculate, 
verify, and report greenhouse gas emissions. Both voluntary and mandatory pro-
grams can use the Climate Registry’s standards and publicly report their emissions 
through its website. Other private initiatives, such as the Chicago Climate Ex-
change (CCX), a voluntary emission reduction and trading system, requires partici-
pants to establish emissions baselines and track their progress towards emissions 
reduction goals. Emissions reductions through CCX must be confirmed by an inde-
pendent, third-party verifier. Finally, an entire industry of companies exists to help 
companies track and monitor their greenhouse gas emissions and many have devel-
oped protocols and best practices for measuring baseline emissions levels and track-
ing reductions. Many of these companies also provide external third-party 
verification services to help industrial and other facilities ensure the accuracy of 
their emissions accounting practices. 

Mr. Chairman, this concludes my prepared statement. I would be happy to re-
spond to any questions that you or other Members of the Subcommittee may have 
at this time.

BIOGRAPHY FOR JOHN B. STEPHENSON 

Mr. Stephenson is currently the Director of Natural Resource and Environment 
issues for the U.S. Government Accountability Office—the independent investigative 
arm of the Congress. In that capacity, he has for the past nine years directed nu-
merous studies and research projects, issued hundreds of reports, and testified on 
many occasions before several Senate and House Committees. His work has pro-
vided invaluable assistance to the Congress in its oversight and legislative role on 
diverse environmental protection issues such as clean air, clean water, safe drinking 
water, chemical controls, toxic substances, climate change, superfund, and haz-
ardous materials spill prevention and cleanup, as well as critical infrastructure pro-
tection. 

Prior to his current position, he led numerous GAO studies and investigation in 
the information technology and federal acquisition and federal grant areas. He has 
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extensive experience in dealing with Congressional Committees and Members, fed-
eral agencies, trade associations, special interest groups, and State and local govern-
ments. From April 1998–February 2000, he was Deputy Staff Director for the Sen-
ate Special Committee on the Year 2000 Technology Problem for the Chairman 
(Senator Robert Bennett, R–UT), and Vice Chairman (Senator Christopher Dodd, D–
CT). In that capacity, he ran the day-to-day operations of the Committee including 
orchestrating over 35 hearings, preparing legislation, organizing briefings and floor 
activities for the full Senate, working with the White House’s Year 2000 Director 
and staff, and organizing numerous press and public events. He returned to GAO 
in March 2000 where he was executive assistant to the U.S. Comptroller General 
(the head of GAO) until entering the Senior Executive Service in October 2000. 

Mr. Stephenson holds a BS degree in Industrial Management from Purdue Uni-
versity, an MBA from Xavier University, and is a graduate of the Harvard Kennedy 
School of Government’s Senior Executive Fellows program. He lives in Fairfax Sta-
tion, Virginia with his wife, 11-year-old daughter, and 9-year-old son. He also has 
two grown sons who reside in Cincinnati, Ohio.

Chair BAIRD. Thank you. Ms. Gravender. 

STATEMENT OF MS. JILL E. GRAVENDER, VICE PRESIDENT 
FOR POLICY, THE CLIMATE REGISTRY 

Ms. GRAVENDER. Good morning Chair Baird and distinguished 
Members of the Subcommittee. Thank you for the opportunity to 
testify before you today. As an organization committed to the accu-
rate and transparent reporting and verification of greenhouse gas 
emissions, The Climate Registry is pleased to brief the Sub-
committee on these important topics. 

First, I would like to provide a bit of background on The Climate 
Registry. The Registry is a non-profit organization created in a col-
laborative effort by North American states, provinces, territories 
and Native Sovereign Nations. The Registry is governed by a 
unique Board of Directors which today consists of representatives 
from 41 U.S. states and the District of Columbia, 12 Canadian 
provinces and territories, six Mexican states, and four Native Sov-
ereign Nations.
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In the map that is projected before you, the participating juris-
dictions are highlighted in green. 

The concept of The Registry took shape as states became increas-
ingly interested in taking progressive action on climate change. 
They realized the opportunity to collaborate with one another to 
create a unified North American Greenhouse Gas Registry. As a re-
sult, The Registry’s mission is to set consistent and transparent 
standards to calculate, verify and publicly report greenhouse gas 
emissions into a single North American registry. The Registry sup-
ports both voluntary and mandatory greenhouse gas programs and 
provides comprehensive data to promote the reduction of green-
house gas emissions. To date, The Registry has more than 320 
members representing large Fortune 500 companies, electric utili-
ties, municipalities, colleges and universities, government agencies, 
and small businesses. The Registry’s voluntary greenhouse gas re-
porting program is a rigorous initiative that requires its members 
to report their corporate-wide emissions of all six Kyoto gases from 
their operations throughout North America annually at the facility 
level. This program is based on two important international green-
house gas accounting standards, namely, the World Resource Insti-
tute/World Council for Sustainable Development’s Greenhouse Gas 
Protocol and the International Standard for Greenhouse Gas Ac-
counting, ISO 14064–1. These standards are compatible and com-
plementary and have become the foundation for greenhouse gas ac-
counting globally. 

The Registry’s General Reporting Protocol, or GRP, builds upon 
these standards and provides specific direction on how to assemble 
greenhouse gas inventories and answers common questions such 
as, how do I report leased vehicles. Who reports if there are mul-
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tiple owners of a facility? And how do I treat acquisitions? It is im-
portant to note that greenhouse gas reporting is substantially dif-
ferent from reporting criteria pollutants, which typically can be 
measured from smokestacks, since greenhouse gas emissions are 
ubiquitous and come from both large and small sources. 

One of the most important aspects of The Registry’s voluntary 
program is its requirement of annual third-party verification. 
Verification is a systematic, independent, and documented process 
for evaluating the emissions report against agreed-upon criteria. 
Verification is similar to an audit of financial statements. It is an 
external attestation to the quality and accuracy of reported infor-
mation, and it creates confidence that the data is accurate. The 
Registry’s verification and accreditation programs are also based on 
international standards and are explained in more detail in my 
written testimony. 

Thus far, my testimony has focused on The Registry’s voluntary 
program. The Registry supports both voluntary and mandatory 
greenhouse gas reporting programs. Many of the states and prov-
inces comprising The Registry’s Board of Directors have adopted or 
are in the process of adopting mandatory greenhouse gas initiatives 
either individually or as part of regional initiatives. The Registry 
is currently working with over 20 jurisdictions, including the states 
and provinces participating in the Western Climate Initiative and 
the Midwestern Greenhouse Gas Reduction Accord, to develop a 
common greenhouse gas data collection platform to serve manda-
tory programs across North America. 

At the federal level, The Registry’s Board of Directors recently 
adopted a policy statement to articulate the role it seeks for The 
Registry within a federal greenhouse gas reporting program. This 
statement is also included in my written testimony. In their state-
ment, the Board of Directors expressed their desire for The Reg-
istry to be viewed as a model and a resource to support federal 
greenhouse gas registries. 

The Subcommittee asked me to speak on the challenges and op-
portunities associated with tracking greenhouse gas emissions ac-
curately. Before I do, I want to stress the fact that it is indeed pos-
sible for most organizations to accurately account for, report, and 
verify their emissions today. That said, there are challenges to re-
porting, and they tend to fall into two categories: organizational 
challenges and scientific uncertainty. Organizational challenges 
generally occur due to a lack of management systems specifically 
designed for greenhouse gas data collection. Since greenhouse gases 
have not been regulated before, many organizations do not have 
systems in place to monitor and track these emissions. Scientific 
uncertainty presents additional challenges to obtaining high-qual-
ity data. Quantification methods for certain sources of emissions ei-
ther do not exist or contain high degrees of uncertainty. My written 
testimony describes specific areas of scientific uncertainty, the most 
notable of which is the quantification of fugitive emissions of meth-
ane. In terms of opportunities to improve the accuracy of green-
house gas reporting, our recommendations include updating emis-
sion factors and quantification methods in a timely fashion, devel-
oping industry-specific protocols, and improving measurement tech-
nologies. 



21

To conclude, The Registry was created to help organizations an-
swer the very question posed by this hearing today, how do we 
know what we are emitting? Given the recent leadership of indi-
vidual states and regions, the U.S. is well-positioned to think about 
emissions beyond the traditional smokestack approach and to work 
across State and federal jurisdictional lines to begin to tackle cli-
mate change in a new and collaborative way, and The Registry is 
uniquely positioned to help. We look forward to partnering with the 
Federal Government to serve a larger role in supporting national 
and North American greenhouse gas initiatives. 

Thank you again for the opportunity to testify, and I would be 
happy to answer any questions you have. 

[The prepared statement of Ms. Gravender follows:]

PREPARED STATEMENT OF JILL E. GRAVENDER 

Good morning Chairman Baird and distinguished Members of the Subcommittee. 
Thank you for the opportunity to testify before you today. 

As an organization that is committed to consistent, accurate and transparent re-
porting and verification of greenhouse gas (GHG) emissions, The Climate Registry 
(The Registry) is pleased to brief the Subcommittee on these important topics today. 

In my testimony, I will:
• Provide an overview of The Registry and its voluntary GHG reporting pro-

gram,
• Explain how The Registry is working to support mandatory GHG reporting 

programs at the State/provincial, regional, and federal levels,
• Discuss challenges to obtaining quality emissions data, and
• Provide recommendations for research that could make tracking and report-

ing of GHG emissions easier.

1. Overview 
The Climate Registry is a non-profit organization, created in a collaborative effort 

by North American states, provinces, territories and Native Sovereign Nations. The 
Registry is governed by a Board of Directors which today consists of representatives 
from 41 U.S. states and the District of Columbia, 12 Canadian provinces and terri-
tories, six Mexican states, and four Native Sovereign Nations. (See Appendix A—
Map of The Climate Registry’s Board of Directors.) 

The Registry’s mission is to set consistent and transparent standards to calculate, 
verify, and publicly report GHG emissions into a single North American registry. 
The Registry supports both voluntary and mandatory reporting programs and pro-
vides comprehensive, accurate data to promote the reduction of GHG emissions. 

To date, the Registry has more than 320 members—representing large Fortune 
500 companies, electric utilities, municipalities, colleges and universities, govern-
ment agencies and small businesses. The Registry provides its members with a se-
ries of tools to help them successfully prepare their GHG inventories This includes: 
trainings, informational webinars, reporting and verification tips, a support hotline, 
and access to our web-based user-friendly on-line reporting tool, the Climate Reg-
istry Information System (CRIS).

1.1. Evolution of The Registry: 
The evolution of The Registry is an interesting, important, and unique one. Indi-

vidual states began to take progressive action themselves to help mitigate the nega-
tive impacts of climate change several years ago. As states became increasingly in-
terested in developing voluntary GHG reporting programs to track GHG emissions 
at the corporate level, they realized the opportunity to collaborate with one another 
to create a single unified GHG registry to serve all of North America. By working 
together they could create a centralized repository of high quality, accurate, trans-
parent, and consistently verified GHG emissions inventories for the public.

2. The Registry’s Voluntary GHG Reporting Program: 
The Registry’s voluntary GHG reporting program is a rigorous initiative that pro-

vides companies, governments, and organizations with the tools and technical guid-
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1 World Business Council for Sustainable Development (WBCSD)/World Resources Institute 
(WRI). Greenhouse Gas Protocol, Corporate Accounting and Reporting Standard, April 2004.

2 14064–1:2006, Greenhouse gases—Part 1: Specification with guidance at the organization 
level for quantification and reporting of greenhouse gas emissions and removals.

3 The California Registry requires organizations to report their GHG emissions within the 
State of California. 

ance necessary to establish an accurate entity-wide inventory of their GHG emis-
sions. 

The Registry’s voluntary GHG reporting program is based on two important and 
related international standards:

• World Resources Institute/World Business Council for Sustainable Develop-
ment Corporate Greenhouse Gas Protocol,1 which was the first to document 
key principles and concepts for corporate GHG accounting, and 

• International Organization for Standardization (ISO) standard for GHG ac-
counting (ISO 14064–1)2 

These ‘‘standards’’ are compatible and complementary, and have become the foun-
dation for GHG accounting globally. Both standards are written at a conceptual 
level and do not provide all of the necessary prescription for multiple organizations 
to compile comparable emissions inventories. 

As a result, a number of organizations developed ‘‘GHG accounting protocols’’ 
based on these international standards to document specific reporting rules and re-
quirements to ensure that the resulting GHG data would be consistent and com-
parable across organizations. The California Climate Action Registry (the California 
Registry) was one of the first organizations in the U.S. to translate the international 
standards into specific program protocols. 

The California Registry’s rigorous reporting and verification protocols became the 
basis for The Registry’s protocols. Through a public stakeholder process, The Reg-
istry expanded and improved the California Registry’s protocols to be applicable 
throughout North America.3 

The California Registry is now transitioning to become the Climate Action Re-
serve, and will soon change its focus from entity level inventory reporting to emis-
sion reduction projects. The Climate Registry’s voluntary GHG program will con-
tinue to serve as the premier voluntary registry in North America.

2.1 Key Components to the Voluntary Reporting Program 
The goal of The Registry’s voluntary reporting program is to provide high quality, 

consistent GHG emissions data to its members and the public. This ‘‘corporate-wide’’ 
or ‘‘entity-wide’’ approach to emissions reporting provides organizations with a com-
prehensive understanding of their GHG emissions sources and the total impact their 
operations have on the climate. 

Corporations, organizations, and government agencies all voluntarily choose to 
join the Registry’s program. By doing so, these organizations become Registry 
‘‘Members’’ and commit to annually report and verify their emissions footprint for 
North America. 

Members join The Registry for multiple reasons, but primarily because they are 
interested in:

• A cost effective means to track/manage GHG emissions;
• Access to software and technical support;
• Documenting their early actions;
• Preparing for mandatory State/federal reporting;
• Educating employees on GHG emissions;
• Gaining recognition as a global environmental leader;
• Having a voice in the development of GHG policies.

By joining The Registry members agree to report the following:
• ‘‘Entity-wide’’ or ‘‘corporate-wide’’ emissions across North America at the facil-

ity level;
• Emissions of all six internationally-recognized GHGs (carbon dioxide, meth-

ane, nitrous oxide, hydrofluorocarbons, perfluorocarbons and sulfur 
hexafluoride)—the six ‘‘Kyoto Gases’’;

• All direct emissions—stationary combustion, mobile combustion, process and 
fugitive emissions (Scope 1);
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4 The Registry released two new draft protocols for a 30-day public comment period on Feb-
ruary 23, 2009: the Electric Sector Protocol and the Local Government Operations Protocol. Cop-
ies of the draft protocols and additional information can be found on: 
www.theclimateregistry.org. The Registry is also currently working with the Western Regional 
Air Partnership to develop a protocol for the oil and gas exploration and production sector. This 
protocol will likely be released for public comment later in 2009. 

• All indirect emissions from purchased electricity, steam, heating or cooling 
(Scope 2); and

• Emission on a calendar year basis.

Additionally, members are able to attach optional information (Scope 3 emissions, 
management plans, emission reduction goals) to their annual emission report in 
CRIS. 

The Registry requires all emission reports to be third-party verified annually. 
Once The Registry reviews and accepts verified emission reports, The Registry 
makes the reports available to the public via CRIS.

2.2 The General Reporting Protocol 
The basis of The Registry’s voluntary reporting program is its General Reporting 

Protocol (GRP), which assembles international GHG accounting best practices into 
a user friendly document. Please refer to: http://www.theclimateregistry.org/
downloads/GRP.pdf to view a copy of the protocol. 

The Registry’s GRP was developed through an open public process with input 
from businesses, environmental organizations, academics and GHG protocol experts 
and interested members of the public. The Registry intends to continue to refine the 
GRP over time in order to add clarity and specificity and incorporate new develop-
ments in GHG science and accounting methodologies. 

The GRP contains policy guidance and GHG calculation methodologies for major 
emission sources for most operations (stationary combustion, mobile combustion, 
basic fugitive emissions, indirect emissions). Given the wide spectrum of process 
emissions that result from different industries, The Registry plans to develop indus-
try specific protocols to provide further guidance to various industries.4 Calculation 
methodologies for process emission from several key industries are included in Ap-
pendix E of the GRP. 

The guidance in the GRP is rooted in the following GHG accounting principles:

• Relevance
• Completeness
• Consistency
• Transparency
• Accuracy

As a result, Registry members’ annual emission reports contain meaningful infor-
mation to help organizations better understand their GHG emissions. Since you can-
not manage what you do not measure, this is a critical first step in reducing GHG 
emissions. 

The following program design elements help The Registry ensure the accuracy 
and consistency of its GHG emission reports:

• Defined reporting scope (boundaries)
• Defined quantification methodologies
• Transparent data quality ‘‘Tiers’’
• Automated calculation and reporting tools
• Rigorous third-party verification program

Defined Reporting Boundaries 
In order to ensure consistent GHG data, the Registry requires members to define 

the following boundaries:

• Geographic Boundaries: Members must report their North American emis-
sions, and are encouraged to report their worldwide emissions.

• Organizational Boundaries: Members must identify the legal entity that is re-
sponsible for reporting, and must also determine an emissions consolidation 
method (control and equity share or control only).
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5 ISO 14064–3:2006, Greenhouse gases—Part 3: Specification with guidance for the validation 
and verification of greenhouse gas assertions.

• Operational Boundaries: Members must report their Direct (Scope 1) and In-
direct (Scope 2) emissions. Additional indirect emissions (Scope 3) are op-
tional.

Defining these boundaries transparently helps to ensure that end-users under-
stand the scope and content of the emission reports.

Defined Quantification Methodologies 
Once sufficient boundaries are defined, members can quantify their GHG emis-

sions. In many instances the Registry provides multiple quantification methodolo-
gies for a single source of emissions. In this case, members may choose which quan-
tification methodology makes the most sense for their operations. The Registry ap-
proves the use of all of the listed quantification methodologies contained in the GRP 
for its voluntary program. The Registry allows for both calculation-based quantifica-
tion and measurement-based quantification of emissions.

Transparent Data Quality Tiers 
The Registry uses a tiered quantification system to rank emission quantification 

methodologies according to their level of accuracy. In this system, ‘‘Tier A’’ des-
ignates the preferred, or most accurate, approach for a given emissions source; ‘‘Tier 
B’’ represents an alternative second-best approach; and ‘‘Tier C’’ represents the least 
accurate, but still acceptable approach. In some instances, The Registry defines mul-
tiple approaches to the same tier (A1, A2, etc.). The Registry encourages members 
to use the highest tier possible for all emission sources.

Automatic Calculation and Reporting 
To ensure members consistently and accurately quantify their emissions, The Reg-

istry developed sophisticated emission calculation tools in its CRIS application. 
Members enter their raw activity data (gallons of fuel use, kWh of electricity con-
sumed, etc.), select the appropriate built in calculation methodology in the system, 
and the tool automatically calculates the relevant GHG emissions. This tool elimi-
nates calculation errors in the reporting process, and facilitates reporting for mem-
bers. In addition, CRIS contains built in quality assurance checks that flag potential 
or existing problems with a member’s emission report.

2.3 The General Verification Protocol 
The most important aspect of ensuring the consistency and accuracy of data in 

The Registry’s voluntary reporting program is its rigorous verification program. 
Verification is the systematic, independent, and documented process for the evalua-
tion of a member’s emission report against agreed upon verification criteria. This 
process is similar to an audit of financial statements—it is an external attestation 
to the quality and accuracy of the reported emissions. 

Third-party verification is necessary to provide confidence to users (State regu-
latory agencies, native sovereign nation authorities, investors, suppliers, customers, 
local governments, the public, etc.) that the emissions data submitted to the Reg-
istry represents a faithful, true and fair account of emissions—free of material 
misstatements and conforming to the Registry’s accounting and reporting rules. 

Third-party verification is becoming widely accepted for ensuring accurate emis-
sions data, and has been relied upon by several GHG regulatory programs, includ-
ing the European Union’s Emissions Trading System (EU ETS) and the United 
Kingdom’s GHG Emissions Trading System. 

The Registry’s General Verification Protocol (GVP) contains the verification cri-
teria, policies and procedures that Verification Bodies must comply with when con-
ducting verification activities for Registry members. (Please visit our website to view 
the GVP: http://www.theclimateregistry.org/downloads/GVP.pdf) 

The Registry’s verification program is based on the international standard for 
GHG verification (ISO 14064–35 ), which outlines the following key principles of 
verification: 

• Independence
• Ethical Conduct
• Fair Presentation
• Due Professional Care
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6 Inherent uncertainty also applies to the inexact nature of the calculations associated with 
the Registry’s permitted use of simplified estimation methods (for up to five percent of a mem-
ber’s emissions).

Verification Bodies must demonstrate and embody the above criteria to success-
fully review and assess GHG emission reports. A Verification Body is a firm that 
consists of technically competent and independent personnel (Verifiers) who are 
knowledgeable about GHG emissions inventories, management systems, and data 
and information auditing. 

Since the credibility of a member’s emission report is attested to by a Verification 
Body, it is crucial that the Verification Body provide an objective review of the emis-
sions report. To ensure that no organizational, personal, or case-specific conflicts 
exist between a Verification Body and a member, The Registry developed a rigorous 
Conflict of Interest (COI) process. 

Verification Bodies must complete a case-specific COI assessment prior to con-
ducting any verification activities for a member. In some instances, where potential 
or real conflicts do exist, Verification Bodies must take steps to mitigate high COIs 
before the Registry will allow verification activities to proceed. Any Verification 
Body that determines that its risk for COI is anything other than low may not pro-
vide verification services to that member. The Registry prohibits Verification Bodies 
from providing GHG verification services for any member for which the Verification 
Body has provided GHG consultancy services, regardless of the point in time that 
these services occurred. 

Four additional concepts play a key role in shaping The Registry’s verification 
program:

1. Risk-Based Approach to Verification: Given the impossibility of assessing and 
confirming the accuracy of every piece of GHG information in an emissions 
report, The Registry adopted ISO 14064–3’s risk-based approach to 
verification. This approach directs Verification Bodies to focus their attention 
on those data systems, processes, emissions sources and calculations that 
pose the greatest risk of generating a material misstatement.

2. Materiality: Verification Bodies use the concept of materiality to determine 
if omitted or misstated GHG emissions will lead to significant misrepresenta-
tion of a member’s emissions, thereby influencing conclusions or decisions 
made on the basis of those emissions. Therefore, a material misstatement is 
one where the error could affect the decisions of intended users of the emis-
sions report.
The Registry defines the materiality threshold for its voluntary program at 
five percent (for both understatements and overstatements) of a member’s 
direct (Scope 1) and indirect (Scope 2) emissions. The Registry requires 
Verification Bodies to assess the accuracy of a member’s direct and indirect 
emissions separately. Therefore, a member’s direct and indirect emissions 
must both be deemed as accurate (within five percent) for a Verification 
Body to issue a positive Verification Statement.

3. Level of Assurance: The level of assurance a Verification Body attaches to its 
verification findings dictates the relative degree of confidence the Verification 
Body has in its assessment of the reported data. The Registry requires its 
Verification Bodies to provide a reasonable level of assurance that an emis-
sion report is materially correct. A reasonable level of assurance is consid-
ered to be the highest possible level of confidence; absolute assurance is not 
attainable because of factors such as the use of judgment and inherent limi-
tations of control.

4. Inherent Uncertainty: For purposes of its voluntary reporting program, The 
Registry defines inherent uncertainty as the uncertainty associated with 1) 
the inexact nature of calculating GHG emissions (metering equipment, emis-
sion factors, etc.).6 

The Registry does not include inherent uncertainty in a Verification Body’s as-
sessment of materiality. Therefore, for The Registry’s voluntary program, when de-
termining the accuracy of an emissions report, a Verification Body must focus their 
attention on the completeness of the emissions inventory, the use of appropriate cal-
culation methods, the mathematical accuracy of the calculations, and a member’s 
adherence to The Registry’s programmatic requirements.
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7 ISO 14065–2007, Greenhouse gas—Requirements for greenhouse gas validation and 
verification bodies for use in accreditation or other forms of recognition. 

8 The North American Accreditation Bodies consist of the American National Standards Insti-
tute (ANSI) in the U.S., the Standards Council of Canada (SCC) in Canada, and Entidad 
Mexicana de Accreditación (EMA) in Mexico. 

Core Verification Activities 
In order to attest to the accuracy of an emissions report, a Verification Body must 

complete the following five core verification activities:
1. Assess conformance with The Registry’s reporting and verification require-

ments;
2. Assess the completeness of the emission report;
3. Perform a risk assessment based on a review of information systems and 

controls;
4. Develop a sampling plan (identify records to be reviewed and facilities to be 

visited);
5. Evaluate the GHG emissions, information systems and controls against The 

Registry’s criteria (five percent materiality threshold).

Verification Documentation 
At the end of the verification process, a Verification Body must produce two docu-

ments: 1) a Verification Report that summarizes their verification activities and 
findings, and 2) a Verification Statement that attests to the member’s compliance 
with the Registry’s reporting and verification requirements.

2.4 Accreditation Program 
To ensure the competence of the Verification Bodies in The Registry’s program, 

The Registry adopted the international standard for accrediting GHG Verification 
Bodies (ISO 140657 ) and further defined specific Registry requirements in addi-
tional to this standard. Through this process, Verification Bodies must demonstrate 
that they are independent, impartial, and competent to conduct GHG verifications. 

The Registry’s Guidance on Accreditation (GoA) describes the details of The Reg-
istry’s accreditation requirements. It is located on The Registry’s website: http://
www.theclimateregistry.org/downloads/GoA.pdf.

Since ISO standards are implemented by national Accreditation Bodies, The Reg-
istry plans to partner with each of the three national Accreditation Bodies in North 
America8 to carry out its accreditation program. The American National Standards 
Institute (ANSI), the national Accreditation Body in the U.S., is the first Accredita-
tion Body to partner with The Registry. 

Through this partnership, ANSI manages a rigorous review of all interested 
Verification Bodies in an effort to assess each firm’s independence, impartiality and 
competence. This process includes a review of a Verification Body’s internal manage-
ment systems, an assessment of the competency of their staff, and an on-site assess-
ment of a Verification Body’s ability to successfully complete the verification activi-
ties required by the Registry. 

ISO 14065 details a series of requirements that Verification Bodies must meet to 
become accredited to the standard. The standard includes requirements for dem-
onstrating:

• Impartiality
• Competency
• Deployment and Management of Personnel
• Communications and Records Retention
• Verification processes
• Appeals and complaint processes, and
• Management system requirements.

In addition to the requirements above, Verification Bodies interested in con-
ducting verifications for members of The Registry must also demonstrate their abil-
ity to meet twelve additional accreditation criteria set forth by The Registry. The 
Registry participates in ANSI’s review process and additionally ‘‘recognizes’’ the 
ANSI-accredited Verification Bodies deemed competent to conduct verification activi-
ties for The Registry. 

Only ANSI-accredited, Registry-recognized Verification Bodies are permitted to 
provide verification services to Registry members.
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3. The Registry’s Support of Mandatory GHG Reporting Programs 
Thus far, my testimony has focused on The Registry’s voluntary reporting pro-

gram, however, The Registry’s mission indicates that it supports both voluntary and 
mandatory GHG reporting programs. While The Registry does not have the author-
ity to develop or implement mandatory reporting programs, it is uniquely positioned 
to leverage its GHG accounting expertise to assist states (and provinces) to best im-
plement and manage their own mandatory GHG programs. 

The Registry aims to accomplish the following through its support of mandatory 
GHG reporting programs:

• Streamline and centralize the reporting process for regulated parties;
• Assist jurisdictions to standardize approaches to calculate, report, and verify 

emissions;
• Provide jurisdictions with a turn-key, low cost solution for implementing data 

collection and management of GHG programs;
• Facilitate the transfer of data from mandatory programs to the Registry’s vol-

untary program; and
• Leverage the investment that The Registry has made in the Climate Registry 

Information System (CRIS).
Many of the jurisdictions comprising The Registry’s Board of Directors have 

adopted, or are in the process of adopting, mandatory GHG reporting requirements, 
either individually or as part of regional GHG initiatives. 

The Registry assists these jurisdictions in implementing their mandatory GHG 
programs by:

• Providing assistance to promote consistency (where applicable) with The Reg-
istry’s protocols;

• Developing tools for jurisdictions to understand the options available to de-
velop accreditation & verification programs;

• Offering two technical support options via CRIS
Æ The Common Framework for Mandatory GHG Reporting
Æ Data Transfer

Utilizing The Registry’s web-based reporting platform, CRIS, as a foundation, The 
Registry is developing a ‘‘Common Framework’’ for mandatory GHG reporting. The 
Common Framework consists of the CRIS application plus additional GHG report-
ing infrastructure components necessary to support most mandatory reporting pro-
grams. While the Common Framework ensures that multiple jurisdictions will share 
many of the same reporting requirements, it also allows jurisdictions to customize 
the application to meet their specific jurisdiction’s needs. 

The beauty of this concept is that multiple jurisdictions will have similar manda-
tory GHG data collection systems located on one server, but each jurisdiction will 
maintain confidential access to their own data (agency staff can only view the data 
submitted to their state). Therefore, regulated parties may enter emissions data for 
multiple mandatory GHG reporting programs through a common IT interface, there-
by significantly reducing their reporting burden. 

Through the Common Framework, The Registry offers jurisdictions with manda-
tory GHG reporting programs the benefits of a cost-sharing opportunity with other 
jurisdictions and economies of scale resulting from shared system approach, while 
also minimizing the reporting burden for organizations with operations in multiple 
jurisdictions and encouraging voluntary reporting. 

The Registry’s second technical support option, Data Transfer, will permit states 
to transfer mandatory GHG data from their own GHG database systems to the Reg-
istry’s voluntary program and other regional GHG programs. 

Currently, The Registry is working on a pilot project with the State of Nevada 
to support its mandatory reporting program and is working with over twenty juris-
dictions to develop the Common Framework for potential use across North America.

3.1 Regional GHG Initiatives 
Two significant regional GHG initiatives are currently in development in the U.S.: 

The Western Climate Initiative (WCI) and the Midwest Greenhouse Gas Reduction 
Accord (MGGRA), both of which include multiple U.S. states and Canadian prov-
inces working together to achieve regional GHG reduction goals through mandatory 
GHG reporting and cap and trade programs. The Registry is working with both ini-
tiatives to ensure as much consistency of GHG emissions as possible. In addition, 
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both initiatives have indicated that they intend to use The Registry’s IT infrastruc-
ture to serve as their common data repository.

3.2 Relationship to Federal GHG Reporting Programs 
The FY 2008 Consolidated Appropriations Act included language requiring the 

U.S. Environmental Protection Agency (U.S. EPA) to promulgate a rule to ‘‘require 
mandatory reporting of GHG emissions above appropriate thresholds in all sectors 
of the economy.’’ The draft rule was due in September 2008 and the final rule is 
due by June 2009. We understand that U.S. EPA has developed a draft rule which 
has not yet been publicly released. 

The Registry’s Board of Directors recently adopted a federal policy position state-
ment (Appendix B) to articulate the role it is seeking for The Registry in the context 
of a federal GHG reporting program. In their statement, the Board of Directors ex-
pressed their desire that future federal climate programs recognize the states, prov-
inces and Native Sovereign Nations for taking early policy actions, including cre-
ating The Registry. 

The Board stated that The Registry should be viewed as a model and a resource 
to support a federal GHG registry. It further asserted that federal mandatory GHG 
reporting rules should utilize the systems and infrastructure already put in place 
through the states and The Registry. By securing a role for The Registry in a fed-
eral GHG reporting regime, the Board seeks to ensure GHG data consistency across 
North America, reduce the reporting burden on the regulated community, reduce ad-
ministrative costs, avoid duplication and recognize the efforts of companies who 
have chosen to rigorously report and reduce their emissions early. 

The Board strongly endorsed that federal GHG reporting and regulatory programs 
should partner with The Registry as a cost-effective central repository or clearing-
house for reporting and/or tracking emissions and should preserve states’ abilities 
to continue to be innovators and leaders on climate policy.

4. Challenges to Obtaining Emissions Data 
The Subcommittee specifically asked me to speak to the challenges that members 

face when reporting their emissions to The Registry. Members primarily face two 
types of challenges: 1) organizational challenges, and 2) scientific uncertainty. 

Organizational challenges generally result from a lack of data collection systems 
specifically designed for GHG data collection. Since GHGs have not been regulated 
before, many organizations do not have management systems in place to monitor 
and track these emissions. It can take time to develop such systems, which has de-
layed some members’ ability to report. 

Additionally, compiling a corporate emissions footprint requires an organization 
to collect GHG emissions information from all of its sources. Some of an organiza-
tion’s sources may constitute a small percentage of their emissions inventory, but 
they are still important to identify and include in an entity-wide inventory. This 
challenge may not be as great for mandatory reporting programs that use a tradi-
tional regulatory approach to collect data from sources with emissions above a cer-
tain threshold, as the reporting of smaller sources is not required. 

Scientific uncertainty presents additional challenges to obtaining high quality 
data. Measurement and/or calculation methodologies for certain sources of emissions 
either do not exist, or contain a high degree of uncertainty. Several major areas of 
scientific uncertainty are:

• Fugitive emissions of methane (from landfills wastewater treatment plants, 
flaring, and other sources);

• Fugitive emissions of refrigerants;
• Out-of-date emission factors;
• Unknown carbon content of materials.

Appendix C contains a list of calculation methodologies with high uncertainty that 
could be improved with additional scientific research and technological develop-
ments. 

It is important to note that this scientific and inherent uncertainty is a critical 
consideration for mandatory GHG programs that seek to implement a cap and trade 
component to their program. Under such a program, since GHG emission reductions 
equate to a financial commodity, it is critical to the integrity of the carbon market 
that the emissions are quantified with acceptable accuracy. While this may vary 
from program to program, both the WCI and the EU–ETS have generally found that 
uncertainty of plus or minus five percent is acceptable for their cap-and-trade pro-
grams. 
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As a result, cap-and-trade programs will likely be constrained to only include 
emission sources with calculation methods that contain an acceptable level of uncer-
tainty. The more research and development that can be directed to eliminate or re-
duce the uncertainty of large emission sources, the more robust a cap-and-trade pro-
gram will be.

5. Recommendations to promote more accurate GHG reporting 
The Subcommittee specifically asked me to provide recommendations that will 

promote more accurate GHG accounting verification and reporting, but before I do, 
I want to stress the fact that it is possible for organizations to accurately account 
for, report, and verify GHG emissions today. 

While scientific certainty does need to be improved in specialized sectors, most or-
ganizations are capable of accounting for their major GHG emission sources (sta-
tionary combustion, mobile combustion, indirect emissions, etc.). Significant 
progress has been made to develop best practices for reporting, and organizations 
no longer feel daunted by the process—as is evidenced by the over 300 members 
who have joined The Registry’s voluntary program in less than a year. 

Given that reduced scientific uncertainty would help increase organizations’ abil-
ity to accurately report GHG emissions, opportunities exist to improve accuracy in 
GHG reporting by:

• Updating emission factors in a timely fashion (EPA, EIA, DOE, etc.);
• Conducting comprehensive surveys GHG emission information to produce bet-

ter emission factors and quantification methods;
• Developing more industry-specific protocols;
• Funding the development of improving measurement technology

Æ Remote sensing
Æ Laser methane gas detector monitoring of emissions from landfills

• Incentivizing the use of existing measurement technology.

6. Conclusion 
To conclude, The Climate Registry was created to help organizations answer the 

very question posed by this hearing, ‘‘How do we know what we’re emitting?’’ The 
Registry took great care in designing its reporting, accreditation, and verification 
programs to ensure that GHG emission reports are comprehensive, accurate, con-
sistent, and transparent, such that they are meaningful not only to the organiza-
tions themselves, but to the public and policy-makers as well. 

The Registry was created by states, provinces and Native Sovereign Nations to 
be a model for a federal registry and to establish a single unified registry across 
North America. To date, The Registry has developed robust reporting and 
verification protocols, established clear and specific calculation methodologies, and 
has created a comprehensive GHG database application that is capable of sup-
porting both voluntary and mandatory GHG reporting initiatives. 

Time is of the essence when it comes to mitigating the negative impacts of climate 
change. Currently, given the leadership of individual jurisdictions, the U.S. is well 
positioned to work across State and federal jurisdictional lines to begin to tackle cli-
mate change in a new and collaborative way, and The Registry is uniquely posi-
tioned to help. We look forward to partnering with the Federal Government to serve 
a larger role in supporting national and international programs. 

Thank you again for the opportunity to present this testimony. I would be happy 
to answer any questions that you may have.
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BIOGRAPHY FOR JILL E. GRAVENDER 

As Vice President of Policy for The Climate Registry, Ms. Gravender oversees the 
development of The Registry’s voluntary greenhouse gas (GHG) reporting program, 
designs tools to assist jurisdictions with the implementation of mandatory GHG re-
porting programs, and provides overall policy direction to the organization. 

Ms. Gravender has over ten years of experience in environmental policy and man-
agement. She has specifically focused much of her work on climate change policy 
and greenhouse gas emissions management. In her current role with The Climate 
Registry, Ms. Gravender is responsible for promoting consistent reporting, accredita-
tion, verification, and data collection standards for GHG emissions between The 
Registry’s voluntary reporting program and emerging mandatory GHG reporting 
programs. In this capacity, she regularly interfaces with state/provincial; regional, 
and federal policy-makers. 

Prior to joining The Climate Registry, Ms. Gravender served in multiple key roles 
at the California Climate Action Registry including, National & Operations Officer, 
Vice President of Programs, and Technical Director. In addition to her expertise in 
GHG accounting and verification issues, she previously served as the Director of 
Water Programs for the Environment Now Foundation, the Director of Operations 
for the New America Foundation, and as an independent consultant working on a 
variety of environmental and climate change issues. 

Ms. Gravender has a Bachelor’s degree in Economics from Arizona State Univer-
sity and a Master’s degree in Environmental Science and Management from the 
University of California, Santa Barbara.

Chair BAIRD. Thank you. Ms. Wong. 

STATEMENT OF MS. LESLIE C. WONG, DIRECTOR, 
GREENHOUSE GAS PROGRAMS, WASTE MANAGEMENT, INC. 

Ms. WONG. Chair Baird, Ranking Member Inglis, and Members 
of the Subcommittee, thank you for the opportunity to speak with 
you today about Waste Management’s greenhouse gas programs 
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and our efforts to measure and understand our company-wide 
greenhouse gas emissions. 

Waste Management (WM) is the leading provider of waste man-
agement, recycling and environmental services in North America. 
We also produce renewable, waste-based energy, enough now to 
power over one million homes a year. Waste Management has cho-
sen to voluntarily participate in greenhouse gas inventory and re-
duction efforts since 2004, both to achieve our own sustainability 
goals and to help our customers achieve their goals. 

It is important to note, however, that the waste sector is a very 
small contributor to U.S. greenhouse gas emissions; it is less than 
three percent. And through advancing technology, environmental 
regulation and recycling, we have decreased greenhouse gas emis-
sions by more than 75 percent in the past decade, despite a twofold 
increase in waste generation during that time period. In addition, 
EPA’s 2008 greenhouse gas inventory found that landfill methane 
emissions have decreased by more than 16 percent since 1990. 

We are a big organization to inventory. We have about 2,500 
sites in 48 U.S. states and Canada. We have recycling facilities, 
transfer stations, clean energy power plants, hauling companies 
with over 22,000 vehicles, and about 300 active and closed landfills. 
Our primary greenhouse gas emissions include direct carbon diox-
ide from using fossil fuel in vehicles and facilities, direct carbon di-
oxide emissions from the non-biogenic portion of the waste com-
busted in our waste-to-energy plants, indirect greenhouse gas emis-
sions from the use of electricity, direct emissions of HFC’s, PFC’s 
and sulfur hexafluoride in de minimus amounts, and finally direct 
methane and carbon dioxide emissions from landfills—this includes 
fugitive and combustion emissions from landfill gas which is itself 
approximately half carbon dioxide and half methane. We are al-
ready working to reduce our greenhouse gas emissions by tripling 
our recycling volume by 2020, by investing in innovative technology 
for landfill fleet management and doubling our renewable power 
production by 2020. 

To complement our greenhouse gas reduction efforts, we have 
participated in two voluntary greenhouse gas management pro-
grams, and we are now undertaking a voluntary greenhouse gas 
footprint of our own development. 

Waste Management is a founding member of the Chicago Cli-
mate Exchange and was the first solid waste company to join. 
Since 2004, we are on track to meet our membership commitment 
of a six percent reduction from our CCX baseline by 2010. As a 
CCX member, we prepare a third-party verified annual inventory 
of carbon dioxide from fuel combustion and from waste combustion 
at our wholly owned waste-to-energy facilities. 

Then in 2006, Waste Management was the first solid waste com-
pany to join the California Climate Action Registry, known as 
CCAR. We report direct carbon dioxide emissions from fuel con-
sumption, indirect carbon dioxide emissions from electricity use, 
and these are also third-party verified reports. We also opted to re-
port greenhouse gas emissions from landfills to pilot a landfill 
greenhouse gas inventory tool called the Solid Waste Industry for 
Climate Solutions, or SWICS, protocol. The protocol greatly en-
hances currently available gas generation models that rely on de-
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fault values by replacing that with measured data. This protocol 
also recognizes carbon sequestration where the anaerobic condi-
tions of a modern landfill allow significant amounts of biogenic ma-
terial to not degrade. 

Once CCX and CCAR got us started, we launched a two-year 
project to inventory our company-wide emissions using 2009 data 
to report in 2010. The Waste Management carbon footprint team 
has so far identified all of our sources, identified or developed emis-
sion calculation protocols and developed a software tool for col-
lecting verifiable data from the field. The next step is data collec-
tion and then comes actual reporting. 

Our data will be auditable to support third-party verification, but 
we have recommended to EPA that third-party verification is un-
necessary in a mandatory federal reporting program. There is no 
precedent for third-party verification in any federal environmental 
statute under which we operate. 

The protocols we are using at other landfills were developed by 
The Climate Registry in conjunction with CCAR, but to calculate 
landfill emissions we will use our SWICS protocol because it re-
flects the most sophisticated means of landfill assessment currently 
available through peer-reviewed science. However, estimation of fu-
gitive landfill emissions is still a work in progress. A broadly ac-
cepted protocol does not exist. However, Waste Management, with 
other industry and academic leaders and EPA, is now conducting 
tests to measure landfill gas emissions under a variety of condi-
tions, and this is detailed in our written testimony. We have urged 
the agency to consider waiting until the result of this research can 
be used to further refine greenhouse gas emission estimation before 
requiring landfills to report site-specific greenhouse gas emissions. 

In our greenhouse gas inventory efforts, Waste Management has 
learned that developing a proper program takes significant time. 
We believe a phased approach that allows reporting for a limited 
range of greenhouse gases or limited set of sources for the first two 
to three years is essential. We recommend that a federal reporting 
program provide a transition period and exclude sources for which 
there is not an approved emission calculation protocol until such 
time that one is adopted. 

Thank you for the opportunity to present this information, and 
I will be ready to answer questions when you are. Thanks. 

[The prepared statement of Ms. Wong follows:]

PREPARED STATEMENT OF LESLIE C. WONG 

Chairman Baird, Ranking Member Inglis, and Members of the Subcommittee, 
thank you for the opportunity to speak with you today about Waste Management’s 
greenhouse gas programs and our efforts to measure and understand our company-
wide greenhouse gas emissions. 

Waste Management (WM) is the leading provider of comprehensive waste man-
agement, recycling and environmental services in North America. We are also a 
leading producer of renewable, waste-based energy—enough to power over one mil-
lion homes each year. Waste Management is committed as an industry leader and 
environmental steward to identify our company carbon footprint, voluntarily reduce 
our greenhouse gas (GHG) emissions, and help our customers do the same. 

Waste Management’s greenhouse gas emissions include:
• CO2 emissions from combustion of fossil fuel in our vehicles and in stationary 

sources at our facilities;
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1 Non-biogenic describes waste that is not produced from a biological process, and includes ma-
terials such as plastics and synthetic textiles.

2 K. Weitz et al., The Impact of Municipal Solid Waste Management on Greenhouse Gas Emis-
sions in the United States, Journal of Air & Waste Management Association, Volume 52, Sep-
tember 2002.

• CO2 emissions from non-biogenic1 waste combusted at our waste-to-energy 
plants (about 34 percent of an average waste-to-energy plant’s total CO2 
emissions). These emissions are more than offset by production of renewable 
electricity; 

• Indirect GHG emissions from our use of electricity; and
• Methane emissions from MSW landfills. These emissions are controlled by op-

eration of gas collection and control systems, some of which generate renew-
able energy, combined with landfill cover management.

WM employs a number of innovative technologies to reduce greenhouse gas 
emissions, including:

• Saving virgin resources and energy through the Nation’s largest recycling pro-
gram. We announced in October 2007 that we plan to triple the amount of 
recyclable materials we manage by 2020;

• Advancing technology for alternative transportation fuels (e.g., landfill gas to 
liquefied natural gas) and engine design to lower GHG emissions from our ve-
hicles. We are developing a landfill gas to liquefied natural gas plant in 
Altamont, California, and we plan to direct capital spending of up to $500 
million per year over a ten-year period to increase fuel efficiency of our fleet 
by 15 percent and reduce our emissions by 15 percent by 2020;

• The operation of landfill-gas-to-energy, waste-to-energy and biomass plants 
that produce electricity and fuels to replace fossil fuel use. We plan to double 
our 2008 output of renewable energy by 2020;

• The recovery and destruction of methane gas from landfills in accordance 
with and beyond that required by regulation; and

• Development of ‘‘Next Generation’’ landfill technology that offers enhanced 
collection and beneficial use of landfill gas.

The Solid Waste Sector has Substantially Reduced GHG Emissions 
Overall, the waste sector is a very small contributor to total U.S. GHG emis-

sions—less than three percent. Through technological advancements, environmental 
regulations and emphasis on resource conservation and recovery, the solid waste 
management sector decreased GHG emissions from municipal solid waste (MSW) 
management by more than 75 percent from 1974 to 1997—despite an almost two-
fold increase in waste generation during that time period.2 The EPA’s 2008 U.S. 
GHG Inventory notes that just since 1990, landfill methane emissions have de-
creased by more than 16 percent. 

WM is a Founding Member of the Chicago Climate Exchange 
Waste Management was the first company in the solid waste industry to join with 

others to methodically reduce GHG emissions. As a founding member of the Chicago 
Climate Exchange (CCX), we meet CCX’s membership commitment to decrease 
greenhouse gas emissions for both Phase I and Phase II of the program, which is 
a six percent reduction in emissions from our 1998–2001 baseline, in year 2010. 

To demonstrate compliance, WM prepares an annual inventory of fuel consump-
tion-related CO2 emissions per the CCX Rules. Since 2004 WM has annually re-
ported to the CCX our U.S. CO2 emissions from fuel consumption, as well as waste 
combustion at our wholly-owned waste-to-energy facilities. This includes CO2 from 
combustion of fuel in our U.S. operated collection vehicles and stationary facilities, 
small quantities of supplemental fossil fuel consumed by our waste-to-energy plants, 
and combustion of non-biogenic materials (primarily plastics) contained in the waste 
burned in our waste-to-energy plants. CCX members’ annual inventories are third-
party audited by the Financial Industry Regulatory Authority (FINRA) at the direc-
tion of CCX, and then certified.
Initial inventorying in California. WM joined the California Climate Action Reg-
istry (CCAR) in 2006 to pilot greenhouse gas inventorying by voluntarily measuring 
and reporting emissions from all of our California operations. Waste Management 
was the first solid waste company to join CCAR and was recently designated a ‘‘Cli-
mate Action Leader’’ by CCAR. As a member of CCAR, we reported our 2006 direct 
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3 SCS Engineers, Current MSW Industry Position and State-of-the-Practice on LFG Collection 
Efficiency, methane Oxidation and Carbon Sequestration in Landfills, Prepared for Solid Waste 
Industry for Climate Solutions (SWICS), Version 2.2, Revised January 2009. 

CO2 emissions from mobile and stationary source fuel consumption, and indirect 
CO2 emissions from electricity use that occurred in the State of California in accord-
ance with CCAR quantification and reporting practices. The 2006 emissions report 
was third-party verified and accepted by CCAR in May 2008. Our 2007 emissions 
inventory is undergoing verification. 

WM is voluntarily reporting to CCAR GHG emissions from our California land-
fills, using the Solid Waste Industry for Climate Solutions (SWICS) protocol devel-
oped by SCS Engineers,3 which we have shared with State regulators, the U.S. 
EPA, The Climate Registry, CCAR and the Subcommittee. The protocol presents an 
in depth literature review and makes recommendations on refining current landfill 
emissions models. It replaces default values for landfill gas collection efficiency and 
methane oxidation in existing EPA models with ranges, and thus better accounts 
for effects of climate, landfill design and landfill cover types. The protocol represents 
a first step in refining existing EPA models and protocols to improve landfill GHG 
emission estimation. The protocol has been accepted by TCR for inclusion in guid-
ance to be provided, when finalized, to local governments to use in reporting emis-
sions from landfills. 

WM also voluntarily reported to CCAR:
• Estimated avoided emissions associated with renewable power production at 

our California landfill gas to energy projects and our biomass plant;
• GHG reductions associated with the recycling of municipal solid waste mate-

rials processed by WM operations in California; and
• Estimated annual carbon sequestration in our California landfills.

These results are publicly available at http://www.climateregistry.org/CARROT/
public/reports.aspx under ‘‘Waste Management.’’

Company-Wide WM Greenhouse Gas Inventory 
Our participation in CCX and CCAR has been a useful prelude to developing a 

company-wide greenhouse gas inventory, or as we are calling it, our company carbon 
footprint. In anticipation of State and federal regulation and in order to understand 
and disclose our carbon footprint, in December 2007 WM launched a two-year 
project using a multi-disciplinary team to inventory our 2009 emissions to be ready 
for voluntary or mandatory reporting in 2010. Once WM has completed its carbon 
footprint, we will be able to use the information to further develop GHG manage-
ment and reduction strategies. 

Inventorying GHG emissions is a big task for a large and complex company like 
Waste Management, which has a total of approximately 2,500 facilities and about 
22,000 collection and transfer vehicles. The project team is applying the experience 
gained through membership in the CCX and voluntary GHG reporting in California. 
The team is identifying WM sources of GHG, calculating GHG emissions, and—
where no methods exist—developing new protocols reflecting the state-of-the-art 
thinking on the most accurate, available GHG estimation methods. 

The WM team is well on the way to meeting our goal of collecting and calculating 
our 2009 GHG emissions throughout this year and reporting them in 2010. The 
team organized itself around four major tasks, which have been largely accom-
plished:

1. Identifying all WM sources of GHG, and identifying existing or developing 
new protocols for measuring their emissions;

2. Developing the organizational structure for reporting emissions from indi-
vidual facilities, up to the company as a whole, and identifying internal 
means to collect emissions data;

3. Benchmarking, selecting and configuring a software tool for managing and 
reporting WM emissions data, which we have named Climate Care; and

4. Communicating to internal and external stakeholders about what we are 
doing, and developing training for WM staff who will be involved in data col-
lection.

This year the team’s focus will be to provide training and to work with WM field 
personnel to collect, document and quality assure our 2009 emissions information, 
upload the data into our Climate Care software and calculate our carbon footprint 
in early 2010. 
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For each source category in our inventory we have identified auditable data re-
sources, for example fuel and utility invoices that have been subject to accounting 
audits. While we are preparing an inventory that can support third-party 
verification, we believe that third-party verification is unnecessary in a mandatory 
federal reporting program. There is no precedent for third-party verification in any 
federal environmental statute under which we operate. We do, however, support 
third-party verification of greenhouse gas offsets, which are tradable commodities 
with direct financial value. 

The protocols and emission calculation methodologies we will employ for most of 
our GHG sources are those developed by The Climate Registry in conjunction with 
CCAR. For indirect emissions from electricity use, we will use monthly invoices to 
identify usage in kilowatts and calculate emissions using emission factors from U.S. 
EPA’s eGrid table that provides information on the fuel mix used by electric utilities 
on a state-by-state basis. 

To calculate CO2 emissions from burning fossil fuels in our vehicles and in sta-
tionary sources at our facilities, we will use centralized company-wide fuel purchase 
data and monthly invoices to calculate the amount used of each fuel type, along 
with the TCR protocol and U.S. and Canadian tables for calculating the carbon con-
tent of each type of fuel used. 

On an annual basis we will use stack-testing information along with waste char-
acterization data to calculate CO2 emissions from our waste-to energy facilities. Fur-
ther, testing of stack gas from waste-to-energy plants using ASTM Standards D–
6866 can determine precisely the percentage of carbon dioxide emissions attrib-
utable to biogenic and non-biogenic sources, so that we can differentiate the two for 
inventory accounting purposes under the TCR protocol. 

WM emissions from use of refrigerants and high voltage equipment will be esti-
mated at the end of 2009 and a more detailed inventory process developed for use 
in 2010. 

On an annual basis, WM will be calculating the biogenic CO2 emissions from 
landfill flares and landfill gas fired engines and turbines, as well as calculating fugi-
tive emissions of biogenic CO2 and methane using the SWICS protocol. TCR has rec-
ognized the SWICS protocol as additional guidance that may be used by TCR mem-
bers to report landfill emissions in a protocol due to be published for public com-
ment in the near future. In addition, WM will calculate the carbon sequestration 
attributable to the portion of annual receipts of biogenic waste that will not decom-
pose in the landfill to produce methane. Inclusion of landfill carbon sequestration 
as an anthropogenic sink is consistent with both the UN Intergovernmental Panel 
on Climate Change (IPCC) and U.S. EPA national inventory practices, which ac-
count for carbon sequestration of undecomposed wood products, food scraps and 
yard trimmings disposed of in landfills. Both entities consider carbon sequestration 
to be an integral component of the landfill carbon mass balance calculations. We 
have recommended that EPA incorporate carbon sequestration into the landfill GHG 
emissions calculation methodology it eventually adopts for site-specific federal GHG 
reporting.

Lessons Learned:

Estimating fugitive landfill emissions is still a work in progress 
While modeling aggregated landfill emissions across the U.S. using national de-

fault assumptions is possible, estimating individual landfill emissions is still a 
‘‘work in progress’’ and not yet ready for site-specific or entity-based mandatory 
inventorying. A broadly accepted protocol for estimating the carbon mass balance of 
landfills does not yet exist. However, Waste Management and other landfill opera-
tors, along with the State of California and the EPA Office of Research and Develop-
ment are investing significant resources to refine and improve existing models based 
on site-specific data. 

WM along with other public and private owner/operators of landfills funded devel-
opment of the SWICS protocol by SCS Engineers. The protocol represents a first 
step in refining existing EPA models and protocols to improve landfill GHG emis-
sion estimation. 

As a second step, WM is conducting field emissions testing using tunable diode 
lasers and flux boxes, to measure landfill gas (LFG) emissions under a variety of 
conditions including: slopes and flat surfaces; daily cover and active working face; 
intermediate cover; final cover (with and without a geomembrane); and to measure 
seasonal variations in methane oxidation and capture efficiency. Ultimately, WM 
hopes to develop a database that describes methane emissions over the range of con-
ditions one finds at both operating and closed landfills using field-validated numbers 
instead of uncertain models. The multi-year testing program will evaluate a min-
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imum of ten cover types over a minimum of two seasons. Concurrently, WM and 
other waste sector members have also volunteered sites and are cooperating with 
research being conducted by Dr. Jean Bogner for the California Energy Commission. 
Additionally, WM and Veolia conducted field research for a comparative analysis of 
several landfill methane estimation techniques (flux box, tracer gas, micrometeoro-
logical, plume mapping, DIAL measurements). Results from this research initiative 
will be reported in 2009. The EPA’s Office of Research and Development partici-
pated in the research with us and we are discussing further work with them under 
a cooperative agreement. 

Finally, researchers at Florida State University working with WM are developing 
a model to evaluate methane oxidation in landfill cover. The FSU model will rep-
resent the physical and chemical processes in cover that control emissions and oxi-
dation. This will provide a tool that will allow the design and operation of landfill 
cover systems, in concert with gas collection systems, to minimize emissions. It may 
also prove acceptable for use as an emissions inventory tool in a year or two once 
field validation is accomplished. 

A great deal of research is underway or planned for the next two years that will 
be enormously valuable to EPA and the waste sector in better understanding the 
estimation and control of landfill methane and CO2 emissions. We have urged the 
Agency to consider waiting until after the results of this research can be used to 
develop more refined emissions estimation methods before requiring landfills to in-
ventory site-specific GHG emissions as part of a federal mandatory reporting pro-
gram.

A Phased Approach to Inventory Development is More Workable 
In our GHG inventory efforts from 2006 to date, WM has learned that developing 

a complete and accurate GHG inventory requires building an efficient, accurate and 
verifiable data collection system and identifying or devising reliable, scientifically 
accurate emission calculation protocols. Both efforts take time, particularly for orga-
nizations with a large number of diverse GHG emission sources. We believe a 
phased approach to inventorying that allows an organization to focus on reporting 
one GHG, or emissions from a selected set of sources in the first two to three years 
will allow an organization to develop the tools necessary to transition to full GHG 
reporting thereafter. Both TCR and CCAR recognize the need for a transitional pe-
riod and make it available to their members to allow reporters to gain the knowl-
edge and develop the tools necessary to comply with the full complement of the reg-
istries’ requirements. We recommend that a federal mandatory reporting program, 
when implemented, incorporate a similar transition period. 

Thank you for this opportunity to share with you this summary of our programs 
and efforts relating to GHG emissions. I will be pleased to try to answer any ques-
tions that you may have.

BIOGRAPHY FOR LESLIE C. WONG 

Ms. Wong serves as Waste Management’s Director of Greenhouse Gas Programs 
and, in that role, is overseeing the development of a company-wide greenhouse gas 
footprint and a corresponding greenhouse gas inventory and reporting program. Ms. 
Wong also assists Waste Management in the areas of air permitting, compliance, 
training and regulatory analysis. Prior to joining Waste Management in 2008, Ms. 
Wong was an environmental consultant and a landfill gas-to-energy project devel-
oper. Her professional experience includes greenhouse gas inventory development 
and review; renewable energy project development and environmental management; 
air permitting, compliance and offset management in ozone non-attainment areas, 
environmental regulatory analysis and interpretation and environmental agency ne-
gotiations support. She is a member of the State Bar of Texas, earned her Juris Doc-
tor from the University of Arkansas at Little Rock School of Law, and earned her 
B.A. from Hendrix College in Conway, Arkansas.

Chair BAIRD. Thank you. Mr. Ellis. 

STATEMENT OF MR. ROB ELLIS, GREENHOUSE GAS PROGRAM 
MANAGER, ADVANCED WASTE MANAGEMENT SYSTEMS, INC. 
(AWMS) 

Mr. ELLIS. Thank you, Chair Baird and Members of the Sub-
committee. I appreciate the opportunity to speak on this topic. 
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With greenhouse gas offset programs trading in markets such as 
the Chicago Climate Exchange and with companies publicly report-
ing their greenhouse gas emissions inventories in programs such as 
The Climate Registry, the consequences of error and opportunity 
for fraud are high. The protection against this is the requirement 
that disinterested third parties, such as Advanced Waste Manage-
ment Systems, or AWMS, provide a verification that the reported 
values are accurate and complete. The ISO 14064–3 and ISO 14065 
International Organization for Standardization Standards are the 
acceptable rules for conducting greenhouse gas verifications in the 
U.S. and the world. These are the standards utilized for obtaining 
accreditation to perform verifications for entities such as The Cli-
mate Registry and the Chicago Climate Exchange. Both of these or-
ganizations have tasked the American National Standards Insti-
tute, ANSI, with accreditation of these verifiers. Using these ISO 
standards and the protocols of the specific program, ANSI conducts 
a thorough audit of the verifier to ensure appropriate technical 
knowledge, auditing skills, knowledge of the appropriate protocols, 
and implementation of a management system capable of providing 
a consistent work product. This accreditation process entails both 
witnessing of actual verification work and of the verifier’s manage-
ment structure. 

AWMS successfully completed the accreditation process and is 
now one of six companies accredited to perform verification for The 
Climate Registry. We are also accredited to perform verifications 
for the Chicago Climate Exchange. The process for performing 
greenhouse gas verification varies slightly depending on the pro-
gram, but the need for certainty for the reported data is so great 
that any greenhouse gas verification is conducted in a very con-
sistent and rigorous fashion. The verification process essentially is 
a complete deconstruction of a company’s inventory data. The ini-
tial data analysis is performed remotely using supplied information 
such as internal tracking, spreadsheets, monitoring reports, fuel 
usage, receipts, et cetera. The verifier uses this hard data to ensure 
appropriate application of emissions factors and usage of correct 
equations when generating the inventory or offset amount. 

Along with this more technical analysis comes simple analysis 
such as looking for transcription errors, data entry errors, things 
like that. The completed data analysis serves as the basis for risk 
assessment approach for on-site activities. Those areas of the com-
pany’s inventory judged to be at greatest risk of error, material im-
pact of the inventory, they are scheduled for detailed analysis by 
an on-site verification team. On-site activities focus on where the 
data originated. Examples include verification of monitoring equip-
ment, maintenance and calibration, verification that all emission 
points are included in the inventory, and interviews with those re-
sponsible for collecting that data. 

The final step in the verification process is a technical review by 
another verifier from within the verification body. This is an addi-
tional, complete verification with the exception being that the ob-
servations of the on-site verification team are used rather than 
adding additional on-site burden. 

To conclude, I would like to emphasize the importance of the con-
flict of interest component to any verification program. The inher-
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ent risk of performing verification of consulting work that one’s 
own company has conducted presents a conflict of interest that 
jeopardizes any greenhouse gas inventory or offset program. Such 
programs must protect against verification bodies hiding consulting 
work behind false or weak corporate separations. Additionally, re-
lationships in which one verifies another’s consulting work, if the 
favor is returned, must be watched for. Advanced Waste Manage-
ment Systems, for example, performs no consulting activity of any 
kind. 

Thank you very much, and I look forward to answering any ques-
tions. 

[The prepared statement of Mr. Ellis follows:]

PREPARED STATEMENT OF ROB ELLIS 

Over the past decade the world has developed sophisticated approaches to control 
and monitor greenhouse gas emissions, including creating an economic model by 
which greenhouse gas caps are mandated allowing industry to emit a set level of 
carbon dioxide equivalent tons (there are six greenhouse gases, each a multiple of 
CO2 which is the base greenhouse gas). 

An industry exceeding the cap is permitted to continue operation if it exceeds 
these limits, but it must buy offsets from industries that are emitting less green-
house gas than the limit. This is the ‘‘Cap & Trade’’ mechanism well tested in many 
international markets. 

The commerce in these carbon markets now involves tens of billions of dollars of 
trade in carbon credits. Carbon credits are essentially traded as a commodity in 
much the same way as corn or wheat. Successful markets include the European 
Union Emission Trading Scheme and here in the U.S., the Chicago Climate Ex-
change. 

In addition, both voluntary and mandatory emissions reporting programs have 
been established. Examples include The Climate Registry, the Regional Greenhouse 
Gas Initiative (RGGI), and the California Global Warming Solutions Act of 2006 
(AB 32). These programs are fundamentally based upon companies accurately re-
porting their greenhouse gas inventories. 

Given the value of greenhouse gas reductions claims, or credits, and the need for 
accurate emissions inventories, the opportunity for fraud is huge. Plus, a green-
house gas credit is not obvious as is a bushel of corn. To ensure the validity of 
greenhouse gas claims a third-party, disinterested verifier is required. These 
verifiers must pass rigorous examination, field observation, and in-house auditing 
to become accredited to the international greenhouse gas verification standards, ISO 
14064–3 and ISO 14065. The American National Standards Institute (ANSI) over-
sees this accreditation process. Advanced Waste Management Systems, Inc. (AWMS) 
was one of six North American firms to successfully pass these requirements for 
verifying greenhouse gas inventories for The Climate Registry. In addition, AWMS 
holds accreditation from The Chicago Climate Exchange to perform greenhouse gas 
offset project verification. We arrived at this point by operating an office in Europe 
since 2002 to pursue greenhouse gas verification under international UNFCCC pro-
tocols. Additionally, AWMS retained the top British trainer in greenhouse gas 
verification to come to our headquarters office in Tennessee to train all 10 of our 
degreed professional staff. 

The Chicago Climate Exchange accreditation process entailed submitting detailed 
financial, operational, and personnel information in one complete package. This 
package was judged by the Chicago Climate Exchange to warrant accreditation of 
AWMS as a verifier within the project types of Landfill Methane and Renewable En-
ergy. The Chicago Climate Exchange has determined, however, that ANSI accredita-
tion will now be required of all verifiers. 

The ANSI accreditation process began with an application phase that required 
AWMS to submit its complete management system. This management system was 
based upon AWMS international experience as well as the requirements of The Cli-
mate Registry. ANSI, based upon an initial review, judged the AWMS management 
system to be robust enough to warrant entry into the pilot accreditation program. 
This program was divided into two phases: a witness assessment and a program/
office assessment. 

For the witness assessment, AWMS was required to make available a member of 
The Climate Registry pursuing verification to ANSI staff for the purpose of wit-
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nessing AWMS staff perform the verification. The ANSI auditor shadowed the 
AWMS verification team to judge whether the AWMS verifiers possessed the tech-
nical capabilities and knowledge of the protocols required. AWMS passed this phase 
of the accreditation process with no non-conformities or findings. 

The program/office assessment entailed ANSI auditors auditing the AWMS man-
agement system at AWMS headquarters. The audit team reviewed our complete sys-
tem and confirmed whether our program met the requirements of ISO 14065 and 
The Climate Registry. This audit included checks such as conflict-of-interest and im-
partiality assurances, methods for ensuring qualified personnel are assigned to each 
verification, on-going training tools, records keeping, AWMS’ ability to adjust to re-
visions to relevant protocols, and AWMS’ internal corrective and preventive action 
system. Again, AWMS successfully completed this phase of the verification. 

Upon completion of the ANSI audits AWMS was granted accreditation as one of 
only six companies to pass the pilot application process. 

Advanced Waste Management Systems, Inc. utilizes ISO 14065 as the foundation 
for its greenhouse gas verification procedures. This Standard dictates four phases 
to the verification process: Pre-Engagement, Approach, Verification, and Verification 
Statement. This ISO Standard is a general set of rules designed to allow their adap-
tation to more specific protocols such as those of The Climate Registry and the Chi-
cago Climate Exchange. AWMS has created a specific set of procedures for our 
verification activities. Program specific protocols also provide specific guidance on 
performing verifications. 

As an example, AWMS has created a procedure defining the process for 
verification of an inventory of a member of The Climate Registry. The Pre-Engage-
ment phase of this procedure centers on formally establishing the relationship be-
tween the member and AWMS, the verifier. This process is initiated by an applica-
tion filed by the member. This application includes information such as the number 
of sites comprising the member, the number of employees at each site, and the pri-
mary greenhouse gases emission sources at each of those sites. This information al-
lows AWMS to determine the appropriate amount of resources required to perform 
the verification. The application also provides the required information to initiate 
a conflict-of-interest assessment. The Climate Registry, as with all greenhouse gas 
accounting programs in which AWMS has participated, has a very strict conflict-of-
interest policy. For example, AWMS must demonstrate that no employee who will 
be involved in a verification owns greater than $5,000 interest in that member. This 
information is submitted to The Climate Registry for formal approval of the rela-
tionship. Upon approval of the conflict-of-interest AWMS submits to the member a 
Verification Agreement that formalizes AWMS’ roles as that member’s verifier. This 
document also outlines the member’s rights and duties. AWMS assigns a Lead 
Verifier at this point, as well. 

The Approach phase of this procedure centers on communication between the 
member and AWMS. Central to this communication is the Verification Plan. The 
Verification Plan includes sections defining topics such as the level of assurance, 
verification objectives, verification criteria, verification scope, and the materiality. 
This Verification Plan also defines the schedule of activities. A kick-off meeting is 
held during this phase that covers the topics of the Verification Plan in order to 
achieve consensus with the member. Once the Verification Plan is finalized a notifi-
cation of activities is formally presented to The Climate Registry for approval. Dur-
ing this phase, AWMS also presents to the member a list of information that will 
need to be provided in order to perform the verification. Examples may include the 
spreadsheet or database used to track emissions, meter readings, electric and/or gas 
bills, emissions monitoring reports, maintenance and calibration records, etc. 

The Verification phase of this procedure entails the detailed verification activities. 
The verification process is initiated with a desk audit. A desk audit is performed 
remotely using the electronic or hard copy data that has been submitted to AWMS 
by the member. The primary focus of the desk audit is to determine whether appro-
priate emissions factors and equations have been utilized to calculate the metric 
tons of CO2 equivalent and to assess conformance to appropriate reporting protocols. 
In the case of The Climate Registry the desk audit also includes an assessment of 
the on-line based CRIS reporting tool. This tool allows the member to enter source 
data (e.g., electricity usage, fuel usage) into a web-based database that will then cal-
culate the member’s inventory using the appropriate emissions factors and equa-
tions. By utilizing CRIS the member can be assured that the appropriate calcula-
tions are being made, and AWMS as the verifier does not need to check each indi-
vidual calculation. The option is available to the member, however, to perform their 
own internal calculations of their greenhouse gas inventory and to then input these 
final numbers into CRIS. In this case the desk audit is the stage where AWMS per-
forms a detailed evaluation of these internal tools to confirm the calculations are 
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correct. Typically this involves large spreadsheets with many internal links and 
source data. The desk audit specifically involves deconstructing these spreadsheets 
to understand how the data was utilized. AWMS utilizes the member provided infor-
mation such as electric and gas bills to perform a check on data entry as well. Er-
rors often include transcription errors, missing entries, and copy and paste errors. 
Any such errors are tracked on an issues log maintained by each member of the 
verification team. 

The results of the desk audit are the basis of a risk assessment performed by the 
AWMS verification team to determine the schedule on-site activities. In the case of 
The Climate Registry an on-site assessment is always required for a member report-
ing an inventory of greater than 1,000 metric tons of CO2 equivalent. The risk as-
sessment is conducted to determine those areas of the member’s reported inventory 
that have either the highest impact on the total inventory or those areas that have 
the highest likelihood of error. Examples might include a member with 90 percent 
of their inventory resulting from a single electric meter or a member with refrig-
erant usage that is tracked by a single maintenance technician. Upon completion 
of the risk assessment AWMS generates a formal Sampling Plan that is distributed 
to the member for planning. 

The on-site portion of the verification is focused on the actual data utilized to gen-
erate the member’s inventory. The fundamental principle of the on-site verification 
is that an inventory calculation is only as good as the data that it is based upon. 
The verification team is focused on determining whether this raw data is being ap-
propriately tracked and gathered. This includes detailed checks on metrology such 
as flow meters, electricity meters, and continuous emissions monitors. These checks 
include verification that routine maintenance has been performed, and whether rou-
tine calibrations are performed as required. The on-site portion of the verification 
also entails detailed personnel interviews. These interviews are conducted to deter-
mine whether the data collection methodologies are appropriate and complete. Infor-
mation such as whether the data is collected via electronic data logger versus hand 
written readings supports the accuracy of the raw data. For example, if the data 
is logged via handwritten forms, the verification team determines whether the indi-
viduals recording the data are trained on that instrumentation and whether there 
are trained backups available on-site should that technician be unavailable. In 
many cases the data is not collected as simply as one meter or instrument, but rath-
er as an extrapolation. This is most common to vehicle emissions where fuel con-
sumption may vary from on-site tanks that are routinely monitored to fleet vehicles 
which fuel at public gas stations. In these cases it is necessary for the verification 
team to confirm the validity of the techniques used to arrive at the final value. The 
Climate Registry protocols allow for varying levels of data quality, however the 
verifier must ensure that members accurately state their data quality. As with the 
desk audit phase, each member of the verification team maintains an issues log 
used to track any noted errors. 

Upon completion of the on-site verification the AWMS verification team performs 
a debrief at which time the errors noted on each verification team member’s issues 
log are reconciled. Noted errors are communicated to the member giving them an 
opportunity to perform possible corrective actions. AWMS at all times maintains 
third-party status and is obligated as a verifier to simply communicate error; at no 
time does AWMS engage in consulting as to how to fix the errors. The sum of the 
errors (in percentage of the direct emissions value and indirect emissions value) 
drives the necessity for corrective action. In the case of The Climate Registry any 
error of greater than five percent (regardless of whether it is under reporting or over 
reporting) results in a negative verification. In these cases the member must make 
corrective action in order to remain conformant with The Climate Registry. Correc-
tive action must substitute good data for bad or missing data or result in a sound 
enough estimation technique to bridge the bad or missing data. Substitute data can 
be found, for example, by using electric bills in place of direct meter readings, or 
fuel purchase records in place of flow meter readings. Estimation techniques may 
include using sound data points from either side of the gap to create a trend. Mem-
bers have the option to use simplified estimation techniques for up to five percent 
of their total inventory. 

The Verification Statement phase of the procedure begins upon completion of the 
on-site verification activities that conclude with the verification team issuing the 
verification report. This report is handed off to an AWMS technical reviewer who 
may be any qualified verifier that has not participated in the verification in any way 
up until this point. It is the responsibility of this technical reviewer to conduct an 
additional complete review of the member’s inventory. The technical reviewer uti-
lizes the observations of the verification team in place of a repeat on-site assess-
ment. The technical reviewer is responsible for issuing the final verification state-
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ment. This statement may reflect either a positive verification or a statement that 
the inventory was not verifiable. 

The Climate Registry members must complete the verification process annually. 
Initial baseline verifications require a higher level of effort, but the process flow re-
mains the same every time. AWMS maintains routine communication with those 
members that have verification statements issued by AWMS in order to determine 
if protocol driven triggers require a new baseline inventory. In cases where these 
triggers are not met, the verification process may take less time given the level of 
familiarity with the member’s internal monitoring methodologies. 

As programs continue to be developed and honed, AWMS sees one key issue that 
bears close attention: conflict-of-interest management. The situation of a company 
performing a verification of a body of work which that same company’s consulting 
wing has generated must be protected against. As the various greenhouse gas inven-
tory and offset programs continue to expand their membership the opportunity for 
this conflict expands as well. To maintain validity such programs must have thor-
ough mechanisms to prevent verifiers from hiding consulting work behind false cor-
porate separations. Similarly greenhouse gas programs must be aware that oppor-
tunity exists for several verifiers to pass work between themselves with a tacit 
agreement that Company A will verify Company B’s consulting work if Company B 
returns the favor. The independence of the verification body is critical to the viabil-
ity of any greenhouse gas trading scheme or inventory program.

BIOGRAPHY FOR ROB ELLIS 

EDUCATION 
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August 2003–Present, GHG Program Manager, AWMS, Chattanooga, TN

• Management of greenhouse gas verification business activities.
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• Perform greenhouse gas verifications to The Climate Registry protocols and 

Chicago Climate Exchange protocols.
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• Provide support in the development and maintenance of AWMS’ ISO 14001 
and OHSAS 18001 registrar services.

August 2002–August 2003, Env., Health and Safety, ALSTOM Power, Chattanooga, 
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• Responsible for the design, implementation, and maintenance of OHSAS 
18001 conforming health and safety management system.

• Maintenance of the ISO 14001 environmental management system.
• Maintenance of compliance with environmental, health and safety regulations 
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• Monitor environmental, health and safety statistics.

September 1999–August 2002, Geologist, Harding ESE, Knoxville, TN
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CERTIFICATIONS

• Professional Geologist
• AWMS GHG Lead Verifier
• RABQSA EMS Lead Auditor
• AWMS OHSMS Lead Auditor

DISCUSSION

UPSTREAM VS DOWNSTREAM ANALYSIS AND MONITORING 

Chair BAIRD. I thank all the witnesses for very informative testi-
mony. One of the things that strikes me about this process is it is 
extraordinarily complex, and my own perspective is I think similar 
to what Mr. Inglis has alluded to earlier. It seems to be on the car-
bon front in terms of the mass production. It might just be easier 
to go upstream and say, well, let us just tax a ton of coal or a bar-
rel of oil and figure, well, somewhere downstream we are taking 
care of the CO2 output from that. But at the same time, I think 
the testimony we have heard from Waste Management, from Ms. 
Gravender, suggest there is a need, particularly if you look at 
methane sources from agriculture and other things that are not so 
easily captured up front. 

I wonder if you could share with us the sort of pros and cons of 
the upstream versus downstream analysis and monitoring and also 
carbon versus other non-CO2 greenhouse gas emissions. 

Mr. STEPHENSON. Are you directing that at me? 
Chair BAIRD. Yeah, well, the whole panel. 
Mr. STEPHENSON. I would say you are right. Much more is known 

about carbon emissions right now than probably any of the other 
greenhouse gases, and because of the Acid Rain Program, you do 
have in-stack monitoring for about 50 percent of the emitting 
sources of carbon dioxide. 

That is not true for methane and other gases. For example, for 
methane from landfills there is probably not as much known. But 
there is a lot of progress as we have heard on working on factors 
to estimate those emissions. Nitrous oxide is even more difficult to 
estimate because it comes from farming and tilling soil, and how 
are you going to assign an emissions baseline to farms and how are 
you going to monitor that? So in general, I think upstream is easier 
just because there would be a fewer number of entities. The further 
upstream you go, the easier it is because of fewer entities, and the 
easier it would be to regulate. And it is a math problem, as Con-
gressman Baird said, to estimate how much a ton of anthracite coal 
upstream, for example, would result in a ton of emissions of carbon 
downstream from the regulated entity. So a lot of the emissions 
baselines can be estimated at that high level. 

Chair BAIRD. Let us hear from some of our other witnesses about 
this issue. 

Ms. GRAVENDER. I think it is a very interesting observation. 
While the goal for greenhouse gas emissions is for reductions, there 
are different perspectives if you are talking about a downstream 
corporate-wide inventory versus an upstream inventory, and I 
think from The Climate Registry, we have really understood the 
benefit of having that corporate-wide footprint. It gives companies 
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an opportunity to manage their emissions because as we like to 
say, you can’t manage what you don’t measure. So if you don’t have 
a clear understanding of your own corporate footprint, it is difficult 
to make those reductions. While it may be easier to regulate up-
stream, there is still value in having a corporate inventory, and 
many of our companies have benefited from that, not only for re-
ducing their own emissions but also for understanding policies that 
the Federal Government might take on in the future. 

Chair BAIRD. Ms. Wong. 
Ms. WONG. You could say that my business is the ultimate end 

of the stream for many products. But what I would like to add to 
this statement is that life cycle assessment is extremely important. 
What we need to do is determine the life cycle carbon emissions of 
a whole host of products and services and then start thinking about 
who needs to do the inventory, who needs to do the reductions. You 
have to have a place to start, and that is the life cycle inventory. 

Chair BAIRD. Good point. Mr. Ellis, any comment on this? 
Mr. ELLIS. Sure. I would just like to add that I think the down-

stream program encourages forward thinking. For example, the 
founding reporters to The Climate Registry are very forward think-
ing. They are taking ownership of their inventory, and oftentimes 
by the time they have called upon us as a verifier and we get there, 
they have already acted to reduce their footprint and reduce that 
inventory. And I think that that is something that is important to 
keep in mind when you talk about downstream reporting at the en-
tity level. 

INTERNATIONAL AGREEMENT ON MONITORING 

Chair BAIRD. As we look toward Copenhagen, one of my problems 
with this approach is I see the urgency as much greater than the 
bureaucracy’s pace, and my fear is as I listen to all the good work 
that has been done, that is encouraging, my own believe is we 
ought to set a 350 part per million standard at Copenhagen. And 
we are already above that, and that means dramatic reductions 
worldwide, particularly in our own country. And my fear, to be 
honest, is that we will spend a lot of time because of the complex-
ities of this issue not agreeing on monitoring and thereby not re-
ducing carbon. If you had to estimate, what do you think the likeli-
hood is that something coming out of Copenhagen could say, well, 
okay, we re going to agree on this mechanism and this is how we 
will monitor it. What do you think the likelihood is we get to that 
agreement? Maybe that is not going to be the goal of Copenhagen, 
but at some point, if you are going to reduce, you are going to have 
to have some kind of monitoring. 

Mr. STEPHENSON. What are you asking, whether we will reach an 
agreement on that or whether it is——

Chair BAIRD. No, let me say it this way. If you were to get some 
of the top experts, yourselves and some other folks in the room and 
say, look, we have to come up with a monitoring system, whether 
or not we establish cap-and-trade, but just set aside the cap-and-
trade side, set aside a carbon tax, just an agreed-upon monitoring 
system and set aside Copenhagen, just you all get together with 
some other experts from around the world, what do you think it 
would take us to get to an agreed-upon system? 
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Mr. STEPHENSON. For carbon or for all——
Chair BAIRD. For all. 
Mr. STEPHENSON.—greenhouse gas? 
Chair BAIRD. Or parse it out if you want. 
Mr. STEPHENSON. It is probably possible—the estimating tech-

niques for carbon are better than the other greenhouse gases, so 
it is probably possible to get an emissions baseline that is pretty 
reliable, but the framework for estimating and therefore moni-
toring or establishing baselines get more complex for the other 
gases. And yeah, 85 percent of the greenhouse gases are carbon but 
in terms of potential warming potential, you know, methane and 
nitrous oxide are much more potent than carbon. So you can’t ex-
clude those other gases. So I think there is a lot of work to be done 
on just the estimating techniques, the metrics you use and every-
thing else to be able to reliably estimate a baseline nationwide. It 
is going to be very difficult and time consuming. 

Ms. GRAVENDER. My sense is that we will come out of Copen-
hagen with at least a rigorous agreement, and I think if we take 
the opportunity to look at something like The Climate Registry 
wherein companies are actually reporting their greenhouse gas 
emissions, and the majority of those emissions, say from stationary 
combustion or mobile combustion, are in fact easily quantifiable 
and verifiable. There are certainly some accuracy issues associated 
with some of the other Kyoto gases, but I think the first step is 
saying, ‘‘let us do this’’ and try to do it and perhaps give some flexi-
bility on some of those gases where there isn’t as much accuracy 
out there, but at least learn from that process and evaluate that 
over time to see where really the scientific accuracy is needed and 
how we can focus in on those areas to have a greater confidence 
in those additional gases. But I do think that we should and we 
need to take that step forward, and many of the emissions are able 
to be quantified and measured at this point. 

Chair BAIRD. That is encouraging. My time is expired. 

CARBON TAXES 

Mr. INGLIS. Thank you, Mr. Chairman. I would like to ask an 
open-ended question, but I think my question is coming far enough 
out of left field that I need to describe it a little bit again. What 
I am looking for is your expertise on monitoring systems and fig-
uring out what body of knowledge out there that might be applied 
to answering this question, and it is really just sort of a Ways and 
Means question, but if you want to be in compliance with WTO, 
you got to figure out a way to not discriminate against imported 
goods. But at the same time, we don’t want them to get a freebie 
in the air. So what we want to potentially do, if you do this carbon 
tax, revenue-neutral carbon tax, you can apply it within the domes-
tic market and that can be removed as a value-added tax can be 
removed when it hits international commerce. So you apply it do-
mestically, and then you can remove it at the border when you are 
shipping out. Of course, when it gets to another country, they can 
apply it there. And so what we would like to do is say goods coming 
in be subjected to the exact same regime that we have got. But fig-
uring out how to somehow take a shot at the measurement of—if 
we go with an upstream application of the revenue-neutral carbon 
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tax, it seems the most reasonable administratively in this country. 
The question is how could you compare that to what China’s carbon 
footprint might be in the materials that are being imported? One 
possibility is to say that here is the average carbon content in 
American steel, and that would be determined by figuring out all 
the inputs into that steel and then apply the same tax to imported 
steel. Now, in France, they want an adjustment because they would 
say, listen, we got a lot of nuclear. We would like to appeal for a 
lower assessment. In China, it is basically giving them a freebie be-
cause they are using dirtier technology and dirtier coal, right? 

But do you have any ideas about how to help me out with meas-
uring so that you can have an efficient, streamlined process of ap-
plying a domestic standard to internationally produced goods? Any-
body want to take a shot at that? Thank you, Ms. Wong. 

Ms. WONG. If I may, I don’t know that what you really need is 
a way to calculate emissions from activities in other countries, but 
to have a base data collection effort in what different types of man-
ufacturing activities emit, have them agreed upon at the inter-
national level, and be able to apply them to products. For example, 
if you use a nuclear-based energy to produce a product, it is going 
to have a lower carbon footprint than a high-sulfur coal with no 
scrubbers. Now, it would be huge undertaking and it would have 
to be agreed upon at an international basis in order to be applied 
internationally. But if the different countries could come together 
and agree to certain footprints for certain activities, they could be 
applied to a manufacturing process to come up with a life cycle. 

Mr. INGLIS. Anyone else want to take a shot at that? 
Mr. STEPHENSON. I would just say that let us take imports from 

China. Determining their carbon footprint and what kinds of inven-
tory estimating techniques they use and having to verify and mon-
itor that is going to be very problematic. I don’t know whether you 
could estimate——

Mr. INGLIS. Yes, in fact——
Mr. STEPHENSON.—estimate the carbon footprint for a like-U.S. 

product maybe and apply that to the import. 
Mr. INGLIS. That is exactly what we are thinking about doing. 
Mr. STEPHENSON. And it would be much easier at the commodity 

level like the example you gave on steel than it would at the end 
product level, I would think. 

Mr. INGLIS. Right. What we are looking for really is some mathe-
matical system——

Mr. STEPHENSON. Yes. 
Mr. INGLIS.—you can sort of take a——
Mr. STEPHENSON. For all kinds of products. 
Mr. INGLIS. It wouldn’t be exact, but it would be somewhere in 

the ballpark. And it is important that it not be discriminatory. It 
can’t hurt imports more than it is applied to domestic-produced 
goods. 

Mr. STEPHENSON. GAO does have some ongoing work right now 
for Senate Finance looking at revenue generation from climate 
change, and we are getting into this issue a little bit. 
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MORE ON MONITORING STANDARDS 

Mr. INGLIS. That is another question I have. I have got a little 
bit of time left. Who is best to develop monitoring standards? What 
is the agency that is best to do that if we go into either cap-and-
trade or revenue-neutral carbon tax? Is it NIST or is it EPA or is 
it somebody else? 

Mr. STEPHENSON. Well, right now EPA is the one that estimates 
emissions inventories for Kyoto, for the framework convention, I 
should say. So they have probably a jump start on other agencies, 
but the Department of Energy also has a lot of information on esti-
mating techniques. 

Mr. INGLIS. And what I have been asking about here, do you 
think that is still within the EPA? That is where it is logical or is 
that somewhere else? 

Mr. STEPHENSON. I don’t know, I would have to think about that. 
It doesn’t seem like EPA is a fit for that. 

Mr. INGLIS. Right. Thank you, Mr. Chair. 
Chair BAIRD. Mr. Luján. 
Mr. LUJÁN. Mr. Chair, thank you very much. And first and fore-

most, thank you for holding this hearing. This is a very important 
issue. As we look not just at what is happening around the country, 
but around the world, especially as we move forward to continue 
to create the jobs we need, to be able to get the country moving 
in the right direction, to be able to be smarter about the way we 
are developing technologies and moving industry forward, but also 
in the way that we are going to be generating electricity, power, 
looking to power our vehicles in this country, and the amount of 
waste. Mr. Chair, you know we recently had a hearing on the im-
portance of recycling waste when it comes to technologies with 
computers, cell phones and what we need to be looking at and how 
we are going to evaluate, how we can move forward into the future. 
Not only are we going to be able to monitor the amount of green-
house gases, Mr. Chair, that are moving forward but we are also 
going to possibly create some job opportunities as a result of mov-
ing forward and monitoring. 

COORDINATING AGENCIES AND STATES 

And so Mr. Chair, my questions stem mainly from the coordina-
tion of carrying on the line of question we just had but from a co-
ordination perspective. How will The Climate Registry be able to 
coordinate with the EPA and the states, those states that have 
moved forward? I am proud to say, Mr. Chair, that New Mexico 
was one of the first states to adopt a mandatory greenhouse gas 
reporting program. And so how do you envision that coordination? 
Anyone that may want to take that. Ms. Gravender. 

Ms. GRAVENDER. Thank you very much for the question. It is an 
important one. The Climate Registry has been interacting with 
U.S. EPA, has been in conversations with them. They are certainly 
aware of our protocols, the work that we have done. While we 
haven’t seen the mandatory rule yet that they are about to release 
on greenhouse gas emissions, we hope that it will be derived from 
much of the information that we have worked on so far. In our 
written testimony we do have a statement from our Board of Direc-
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tors that stipulates that at a minimum, every federal greenhouse 
gas reporting program should utilize the greenhouse gas calcula-
tion and accounting methods that are consistent with The Climate 
Registry, allow states and provinces to collect data for federal pro-
grams, and maintain the states’ abilities to collect additional infor-
mation if they would like. So we feel that there is a lot of oppor-
tunity for collaboration, both on the policy side and also from a 
data collection standpoint. The Registry has a number of sophisti-
cated programs that we feel would be useful to implementing some 
type of a federal greenhouse gas registry. 

Mr. LUJÁN. Mr. Chair, anyone else? 
Mr. ELLIS. I would just chime in on the verification side of things 

and point to the work that ANSI has done to coordinate that side 
of the house and ensure that there is consistency in verification ac-
tivities, and an easy example to point to is the ISO 14065 and 
14064–3. They are internationally recognized standards for per-
forming verification. So as a verifier, having gone through the 
ANSI accreditation process, we are confident that we can operate 
on an international scale, and programs such as The Climate Reg-
istry and the Chicago Climate Exchange both point to that ANSI 
accreditation process as being a requirement. So on the verification 
side, I can say there is definitely a very good level of harmonization 
and consistency, which is critical to any program I think. 

Mr. LUJÁN. Thank you. And Mr. Chair, a follow-up, Mr. Ellis. 
You state The Climate Registry permits the use of estimation tech-
niques of up to five percent of their total inventory. Is it possible 
that some entity could calculate big greenhouse gas reductions 
under the five percent rule without actually achieving the green-
house gas reductions? 

Mr. ELLIS. They are simplified techniques. I suppose it is pos-
sible that they could wedge something into that five percent, but 
I think it is unlikely. These tend to fall out to things like, you 
know, the Chair’s vehicle that he didn’t keep good fuel receipts on 
or something like that that they can’t really wrap their hands 
around but they need to acknowledge it is there. And I think you 
are unlikely to see some large-scale program revolving around the 
sales department’s company vehicle or something along those lines. 
So it is very unlikely. 

Mr. LUJÁN. And Mr. Chair, lastly, what I would like to encourage 
is that we do reach out to public utility commissioners around the 
country. I can tell you as a former public utility commissioner, the 
work that is being done, especially my familiarity with this with 
the western states is somewhere where I know that we could prob-
ably lean on getting some additional expertise or help in coordi-
nating those efforts at that level, Mr. Chair. And again, thank you 
for holding this hearing. I yield back my time. 

Chair BAIRD. Thank you, Mr. Luján, and you bring great exper-
tise in that area, and thank you for that. Mr. Bartlett? Dr. Bartlett. 

METHANE AND WATER VAPOR 

Mr. BARTLETT. Thank you very much. Isn’t it true that water 
vapor is far and away the largest greenhouse gas? I think that is 
true. And if that is true, then if the emission of other greenhouse 
gases increases the temperature of the Earth, should we not have 
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more water vapor which would then start a self-reinforcing cycle, 
more water vapor, warmer Earth, more water vapor, warmer 
Earth? If this is true, then shouldn’t we be in a position to measure 
global water vapor so that we could see if this vicious cycle is start-
ing? Is there any focus on that at all? It would seem a priority that 
water vapor is the largest greenhouse gas, and I think it is, so if 
the other greenhouse gases increase global temperature, that would 
mean there would be more water vapor which would mean more 
global warming so this should start a—obviously we are in balance 
now and have been for a long time. But if we tip that balance, 
might not some pretty evil things happen? 

Methane is what, 20 times more effective than CO2 as a green-
house gas? Do we know the total contribution of those two pres-
ently as greenhouse gases? Less methane but 20 times more effec-
tive. 

Mr. STEPHENSON. Well——
Mr. BARTLETT. Which is the largest contributor now? 
Mr. STEPHENSON. Well, right now methane is about six percent 

of the total greenhouse gas, but if you apply the factor that you are 
talking about, we haven’t done the math but you could do that. In 
other words, you know, one ton of methane is probably worth 21 
tons of carbon, and it gets even higher for nitrous oxide which is 
300 times more potent than carbon dioxide. 

Mr. BARTLETT. Yes, but a whole lot less of it. Now, we are focus-
ing on landfills for methane, but my understanding is that the cat-
tle on the Earth may produce more methane, may produce more ef-
fective global warming, than all the cars in all the world. Now, if 
that is true, why shouldn’t we have a focus on having less animals? 
We would be healthier, by the way. The meat people bribed the nu-
tritionists to lie about food groups, and we now have a meat food 
group and a dairy food group and they are not different. As a mat-
ter of fact, the best proteins in all the world come from the dairy 
group. Milk protein is the best protein in the world. Eggs are the 
second best. If you assign a value of 100 to milk, eggs are about 
96, and meat starts at the low 90’s and goes on down. If we are 
really worried about global warming, why shouldn’t we have a 
focus on having less animals? That would mean more vegetarians 
and longer life for all of us? 

Mr. STEPHENSON. I guess it has to be implementable. The public 
hasn’t shown its desire to give up meat. 

Mr. BARTLETT. I think that education is a big part of this. The 
American people need to know that the proteins they get from 
dairy products are far superior to the proteins they get from meat, 
and they need to know that the proteins produced by dairy prod-
ucts require what, about one-tenth to one-twentieth of the amount 
of feed that it requires to produce meat? Pork and chicken people 
brag that they get three pounds of pig for one pound of food. That 
is three pounds of wet pig, 70 percent water, you can’t eat the 
bones, to one pound of grain which is about 90 percent dry matter. 
So on a dry-matter basis, it is at least ten to one for the pig and 
the chicken and maybe twenty to one for the steer. If you have a 
milk cow who will produce 20,000 pounds of milk in a year, a ton 
of dry matter in a year with little more feed than the steer would 
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eat by the way, and at the end of the year you still got the cow 
to eat if you want. 

So if we are really concerned about global warming, why 
shouldn’t we be focusing on methane? You know, if most of our peo-
ple became vegetarians, it would a far greater contribution to re-
ducing greenhouse gases and every one of us driving a Prius. Isn’t 
that true? 

Mr. STEPHENSON. I suppose we should strive to reduce all forms 
of greenhouse gas. 

Mr. BARTLETT. Now, this one is particularly important because 
not only are you reducing greenhouse gases, you are improving 
your health. So why shouldn’t there be a focus on that? 

Mr. STEPHENSON. I can’t answer that. You are the policy-making 
body. 

Mr. BARTLETT. Why couldn’t we have an education program 
which you all could contribute to and inform the American people. 
You don’t have to eat meat to get good protein. When you eat meat, 
you are really contributing to greenhouse warming because meth-
ane is 20 times more potent than CO2. And again, back to one of 
the original statements I made, my understanding is that cows in 
the world produce more potential global warming than all the cars 
in all the world. 

Chair BAIRD. Dr. Bartlett——
Mr. BARTLETT. If that is true, don’t you think it would be advan-

tageous if more of our people knew that? 
Chair BAIRD. Dr. Bartlett, could we ask perhaps Ms. Gravender? 

I am very intrigued by the line of questioning. I wonder if Ms. 
Gravender in her work with greenhouse gas registry has evaluated 
methane output from feed lots for example or from animals. Maybe 
you can give us some data on that, maybe not? 

Ms. GRAVENDER. At this point we have not looked at methane 
emissions from animals. That said, I do know that the California 
Climate Action Registry does have a methane—they are working 
on methane digesters which in part is capturing some of the emis-
sion from animals as an emission reduction project. So there has 
been some work that has been done on this. Otherwise I would say 
that I do think over all the public opinion is beginning to become 
interested in eating locally, if you will, to reduce the transportation 
associated and emissions associated with transporting food and 
emissions that result from that. So I do think that there is an in-
crease in awareness of greenhouse gas emissions over all and our 
own personal impact on those emissions. 

Mr. BARTLETT. Local variance I think you call them, don’t they? 
People that eat——

Ms. GRAVENDER. That is correct. 
Mr. BARTLETT.—no more than 300 miles from home. 
Ms. GRAVENDER. That is correct. 
Mr. BARTLETT. Thank you very much, Mr. Chairman. 
Chair BAIRD. Thank you, Dr. Bartlett, for always an interesting 

approach and I think an important line of questioning. Dr. Lipin-
ski. 
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1 The Climate Spot Exchange 

CARBON MONITORING AND TRADE REGISTRY 

Mr. LIPINSKI. Thank you, Mr. Chair. Certainly Dr. Bartlett has 
my mind thinking along different lines now, but the question that 
I really wanted to put forward, and I am here, and I thank the 
Chair and also the Ranking Member for having this hearing, just 
trying to understand and get a better handle on, we hear so much 
talk about cap-and-trade or a carbon tax. I am an engineer and I 
always want to know how do I measure that. 

So I just wanted to ask, starting with Ms. Wong and anyone else 
who wants to also chime in here, what are the differences between 
the Chicago Climate Exchange and The Climate Registry protocols? 
I am just trying to get a handle on that for myself, the differences 
in those protocols. 

Ms. WONG. That is a good question. To begin with, the Chicago 
Climate Exchange is an actual trading system. It is a cap-and-
trade system that enforces reductions on its members. Of course, 
membership is voluntary. And the credits that are generated with-
in the system can be traded among members. But the other one 
you asked about was not The Climate Registry but the California 
Climate——

Mr. LIPINSKI. No, The Climate Registry. 
Ms. WONG. The Climate Registry is a set of protocols. It is not—

they do not have their own carbon credits or trading process. It is 
a means of developing an inventory. It is a collection of protocols, 
calculations, scientific information, guidelines. They publish some 
guidelines for data collection also. They are very different. One is 
an organization in and of itself. The other is an aid to developing 
an inventory. 

Mr. LIPINSKI. How does the CSX 1—how is that measured? When 
you are trading, you have to have some sort of measurement of 
what you are trading. 

Ms. WONG. Yes, sir. They do have their own protocols as well, 
and sometimes they borrow from other established protocols. 

Mr. STEPHENSON. I think the Chicago Climate Exchange uses the 
World Resource Institute protocol to baseline, but we have The Cli-
mate Registry expert right next to me. 

Ms. GRAVENDER. One of the main differences is that the Chicago 
Climate Exchange is focused on emission reduction products, so 
you are taking a baseline and then you are measuring the activity 
in addition to that baseline in order to quantify an emission reduc-
tion. The Climate Registry conversely is talking about putting to-
gether corporate-wide inventory. So that is the primary difference 
between the two activities. One is emission reductions that are 
then traded on the market, and the other is a corporate-wide in-
ventory. 

Mr. ELLIS. I would point out to you from the verification side the 
Chicago Climate Exchange is a bit more prescriptive in the things 
that we need to look for, for example, quarterly monitoring as op-
posed to just routine monitoring, that sort of thing, for methane 
content in the landfill sector for example. So there is a bit of a dif-
ference in the verification side of things which is natural since you 
are talking about dollars on the Chicago Climate Exchange, the 
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need for absolute verification is a little bit more important when 
you insert money. 

Mr. LIPINSKI. If you compare the measurements, and I know you 
were starting with a different—you have the baseline there and 
then you are talking about reduction with the CSX is what the in-
terest is, but if you compared The Climate Registry and the meas-
urements there and the measurements of the CSX, are they close? 
Is there a real comparison there? Has there been a comparison of 
that? 

Ms. GRAVENDER. Well, again, they are measuring different 
things, so it is difficult to do a parallel comparison in some regard. 
Also, the Chicago Climate Exchange is a private operation whereas 
The Climate Registry is a public endeavor. So all of our protocols 
are vetted publicly with public comment periods. The Chicago Cli-
mate Exchange developed the protocols without that public feed-
back. So there is still a private and public difference between the 
two as well. 

Mr. LIPINSKI. Do we not know what exactly what the Chicago 
Climate Exchange, what their other measurements are? 

Ms. GRAVENDER. I will say that the Chicago Climate Exchange, 
the protocols are only available to those who participate. So they 
are not available for public consumption for us to do that assess-
ment. 

Mr. STEPHENSON. But right now, the baseline estimating tech-
niques are not the same, and that is the point that you are making. 
I think that they need to be standardized for a nationwide system 
before it can work. There are lots of slightly different estimating 
techniques or protocols that you can use for various greenhouse 
gases. 

Mr. LIPINSKI. I thank all of you for your testimony. Ms. Wong. 
Ms. WONG. Just one small correction. Chicago Climate Exchange 

has posted their protocols on their website now. They were not 
available some time ago, but they have added them to their 
website. And if I may say, if you are looking to the underlying 
science, how do you calculate emissions from a typical process, they 
are going to be very, very similar. They just use the data in dif-
ferent ways. 

Mr. LIPINSKI. Okay. Thank you. 

LIEF CYCLE PRICING 

Chair BAIRD. We will do another round of questions. This is a 
fascinating discussion. I am intrigued. Someone, maybe Ms. Wong 
or others acknowledge the importance of life cycle estimation. We 
had some folks from the forestry groups in yesterday, and they ex-
plained that they had some frustration, and I am not sure this is 
correct, but they felt that LEED certification on environmentally 
friendly businesses was so focused on sort of the R value if you 
will, of the insulating value, that it didn’t look at lifestyles so that 
wood-framed buildings could be rated lower according to them than 
steel or concrete which strikes me in terms of my understanding 
of life cycle reanalyzing the acidification gas profile, a wood build-
ing is a carbon sink, whereas it burns a lot of fuel to make steel 
or concrete. The reason I ask that is are we at a point, and what 
would it take to get to a point, where I as a consumer who cares 
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about the environment, whether it is through my dietary habits or 
decisions about cars or drinking water out of a bottle, to where I 
can make an informed decision, you know, I can look on this, you 
know, it is just water. But you can look at a bottle and say, okay, 
you have got X amount of vitamin B, X amount of high fructose 
corn syrup, whatever. But I can’t do anything like that easily to in-
form myself about the life cycle carbon footprint. Are we at where 
we could do that, where you could have a label that tells you the 
life cycle carbon footprint, and not just on a product you buy but 
on a behavior you engage in? 

Ms. WONG. If I could speak to that briefly, a lot of our activities 
that we have engaged in for sustainability purposes and green-
house gas management purposes have been driven by our cus-
tomers. Our customers have asked for it, and we have done the 
necessary research to supply them with the information they need-
ed, either to conduct an activity or to measure the services we were 
providing for them. So yes, if there were a system available where 
life cycle analyses were available, it would be very helpful and it 
is occurring now. There is more information out there than you 
might think. Unfortunately, it is hidden in each individual com-
pany’s website. It has not been compiled. 

Ms. GRAVENDER. I believe The Carbon Trust in the U.K. has 
begun a program where they actually have an icon of a black foot-
print that is small or large as an indication of the emissions associ-
ated with producing that product. So I believe that we are starting 
to get to the point where consumer knowledge and consumer 
awareness is growing and is interested. In terms of the lifestyle, I 
am not sure how that is going to transpire. The Climate Registry 
is considering taking on some of these issue of life cycle assessment 
within our voluntary registry and will take all of your remarks into 
consideration. 

Chair BAIRD. One of the things that strikes me, and I am sure 
you all know this better than I, but if you were to make a presump-
tion that a sort of a morality or philosophical basis, there is no rea-
son that one person on planet Earth should be able to produce 
more greenhouse gas and ocean acidification gases than another, 
and get I believe we are 20-some folds greater than where we need 
to be in order to get lethal overheating of our planet and acidifica-
tion where it needs to be. We need to dramatically reduce, and you 
know, back to Dr. Bartlett’s observation, I think there is a general 
sense that people feel, well, we are entitled to a certain lifestyle, 
and I think the gentleman, Mr. Stephenson, said people don’t want 
to give up eating meat. You know, part of acting as a responsible 
person in a shared environment is you don’t say what do I want 
to do, you say what is the right thing to do, what are the con-
sequences of my action. And the reason I ask these questions is 
how do we get to that. 

PREVENTING CARBON MARKET MANIPULATION 

I want to ask Mr. Ellis, you made an interesting observation. We 
have seen a financial melt-down because, you know, credit default 
swap, nobody was paying attention and because there were con-
flicts of interest with people reporting one thing, even though they 
knew something else to be true because it was in their incentive 
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to do so. As we look at a grand scheme of things, and as Mr. Inglis 
pointed out, we look at these fluctuations in the markets already 
in Europe, how do you get around that? If you come up with a com-
plex cap-and-trade kind of system, how do we prevent it from mar-
ket manipulation, dishonest numbers, et cetera? 

Mr. ELLIS. Well, I think the simple answer is third-party 
verification. And along with that obviously needs to come a very 
strong management of that. And I think we can look to The Cli-
mate Registry as setting a good example in that regard. The 
amount of information that I as a verifier provide to them in order 
to be vetted, in order to even embark on a verification with one of 
their members, it is very detailed, and just simply asking the ques-
tion I think helps start that. For instance, no member of our staff 
that has more than $5,000 personal interest in a company can per-
form any sort of verification work for that company. The greatest 
risk I see, however, is like I mentioned in my written testimony 
and here today, is thinly veiled consulting and verification sides of 
the same company. I think it is fairly easy to engineer something 
like that on paper to say, oh, that is our consulting branch. They 
don’t do any verification work. It is pretty easy to make it look that 
way on paper. But I think when you really get out there in the 
field, you can pierce a hole through that veil pretty easily. 

So that would be our biggest word of warning, and it is also why 
we, as a business, have made the absolute decision that we will not 
consult. It just introduces risk. I mean, even if I don’t personally 
know the person that did the consulting work and I am the 
verifier, if I see my company logo on that report that I am 
verifying, I am going to feel some amount of pressure to reflect 
positively on that work product. So I think the simple answer is 
a strong verification will smooth those market fluctuations because 
there is faith that the product actually exists, especially when you 
are talking greenhouse gas that you can’t see and hold. 

Chair BAIRD. Ms. Wong. 
Ms. WONG. If I could add to that, I think the key to the question 

was beginning with an extremely complex system. An extremely 
complex system with added complexity because third-party valida-
tion is added is not going to get us very far. What is going to get 
us to real reductions is a simple system that is predictable, that 
can be implemented quickly. You may not get all of the reductions 
you want immediately, but you will get some demonstrable reduc-
tions. And then you can take additional time to develop your pro-
gram. 

Chair BAIRD. What about a hybrid where you encourage the vol-
untary self-monitored thing, and then there are adverse or positive 
consequences if the third-party validates what you have done? In 
other words, if you get it right, you say, we have lowered it by 30 
percent, these guys come along, low and behold you have lowered 
it by 30 percent, you get a fabulous prize. If you don’t, you get a 
fabulous penalty. 

Mr. ELLIS. There is a bit of that built into The Climate Registry 
right now, and the baseline verification is much stronger. You are 
building a relationship between the verifier and the reporter and 
saying, okay, you have the internal management structure to un-
derstand your inventory and manage this program well, and then 
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every annual subsequent verification can be ratcheted down a bit 
because you have faith in the system and you are just verifying the 
system still in place, not necessarily every single work product of 
the system. So that has been acknowledged I think well by The Cli-
mate Registry. 

Mr. INGLIS. Mr. Chairman, following up on that, could you lead 
me through an example, Mr. Ellis, of how verification might work 
in a particular business? Let us say Waste Management has a site. 
How would you go about verifying their compliance with a vol-
untary cap-and-trade? How does that work? 

Mr. ELLIS. For instance, in The Climate Registry where it is a 
voluntary inventory program, it is a pretty simple flow chart if you 
want to call it that, where initially we gather remotely all their 
data, as much as they can send us, and we take a representative 
sample, for example, electricity usage, say. We would look at their 
spreadsheet by which they tracked that electricity usage, and then 
we would ask them to send us January’s bills. And we look and 
learn how that interface happens. How did it get from the bill or 
the meter, whatever, to the spreadsheet? And we deconstruct every 
bit of that data and then rebuild it and see if we come up with the 
same numbers. And then that serves as a risk analysis to say there 
is the most inherent risk? Where did they most likely miss a meter 
or, you know, misdocument some information, something along 
those lines. And that is when we go on site and specifically target 
those high-risk areas and those areas that could most materially 
impact the verification. And that process holds true, just as an ex-
ample, of the range that we deal with at AWMS. Our first 
verification was a small-scale ski resort, and we embark next week 
on verification of one of the largest electricity generation trans-
mission and distribution utilities in the United States. So that 
mechanism holds true across almost literally as wide of a range of 
spectrum as you could possibly imagine. 

Mr. INGLIS. In order to do the ski slope, do you have to have al-
ready the electric utility? 

Mr. ELLIS. No. No, the protocols apply the same to each. 
Mr. INGLIS. I guess what I am asking is the electric—how certain 

are you that the ski slope, the bill reflects the actual generation of 
the power? In other words, they know how much was nuclear, how 
much was—I mean, is that easily discerned? 

Mr. ELLIS. It is, absolutely. You know, first we assess off-site, 
whether the bills are accurately transcribed. I mean, you can have 
simple data transcription errors that lead to a material impact. But 
then the on-site, in their case, electricity was a huge component. 
It was the overwhelming component of their inventory. So we lit-
erally said, okay, we are in this building, show me the meter, you 
know, and make sure that that meter marries up to what we phys-
ically see on site. So it can be physically verified. Absolutely. 

Mr. INGLIS. And Ms. Wong, you made a very important point ear-
lier about this being simple to do because we don’t want to add a 
burden. If we can avoid the burden, we want to not add a burden. 
So you found it fairly easy to ferret out that information? 

Ms. WONG. It depends on the source. In the case of electrical util-
ity usage, there are eGRID standards published putting a value on 
the typical carbon impact of electrical generation in a particular 
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state. It averages in all the different sources. And you can use that 
as a default value. Or if you are buying exclusively from a utility 
that uses green energy, you can do your own formula from that 
utility, but using the eGRID numbers provides a pretty robust re-
sult. 

Mr. INGLIS. Electricity being really somewhat fungible, how cer-
tain are you that you can really track that? I mean, you feel com-
fortable with that, that if you are buying green energy you really 
are buying green energy? 

Ms. WONG. Well, we produce green energy, and the green energy 
we produce we certainly validate as green energy. I don’t think I 
can really speak to the subject of how to determine whether energy 
is green or not, but when you ask if I am comfortable with the end 
result, yes, because an invoice is ultimately audited as part of your 
financial data. Chances are if a company is paying an invoice, it 
is accurate. They are going to do something about it if they are 
overpaying, and the seller is going to do something about it if they 
are underpaying. So when you use an invoice as your core data 
source, it is inherently verifiable. 

Mr. INGLIS. Did you want to add something to that, anything 
else? 

Mr. STEPHENSON. Let me just add, you mentioned electricity grid 
is homogeneous. I mean, you can’t tell whether your watt of elec-
tricity came from a nuclear plant or a wind farm or whatever. If 
20 percent of our energy comes from nuclear, you can allocate the 
carbon emissions based on a watt of electricity. So you couldn’t say 
this guy was nuclear and he has a smaller carbon footprint than 
this guy who got it all from those high-sulfur content coal or some-
thing. 

Mr. INGLIS. Thank you, Mr. Chairman. 
Chair BAIRD. Ms. Edwards. 

VOLUNTARY AND MANDATORY STANDARDS AND REPORTING 

Ms. EDWARDS. Thank you, Mr. Chair, and I apologize I wasn’t 
here earlier for your testimony, but I looked at it and I just have 
one question or a set of questions for Ms. Gravender. Is that how 
you pronounce your name? Thank you. And it has to do with vol-
untary versus mandatory, you know, reporting and standards be-
cause I have had experience in dealing with companies reporting 
labor practices internationally. And there are many mixed mes-
sages about how and whether these kind of voluntary reporting 
systems can work when it is essentially sort of self-policing. And 
so I wonder if you could explore with me just for a bit about what 
kinds of incentives or not really enforcement mechanisms because 
it is a voluntary program, but what kind of incentives can be in 
place that encourage companies to straightforwardly and accu-
rately report? And then what is in it for them? I mean, I looked 
in your testimony, and you indicated some of the reasons why folks 
would want to participate in a reporting program, but what is in 
it for them in the end? And then lastly, if you could talk to us 
about how one might make a transition from a voluntary system 
to a mandatory system and then what are the sets of things that 
need to be in place in order to encourage compliance even in a 
mandatory system? 
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Ms. GRAVENDER. Thank you for your questions. I think the first 
thing to understand is that while The Registry’s voluntary program 
is voluntary and you elect to participate, it is not in fact self-polic-
ing. We have third-party verifiers such as Advanced Waste Man-
agement who must review and attest to the quality of the data that 
is reported. So you can’t voluntarily choose which emissions you 
are going to report, rather you voluntarily choose to participate in 
the program and then the data that you report is reviewed by a 
third-party verification body annually. So that is a bit different. 

What is in it for companies, as we said earlier, companies cannot 
manage what they don’t measure. So it is very valuable for organi-
zations to understand their corporate-wide footprint so that they 
can identify where there are opportunities for reductions. That may 
lead to emission reduction projects that create financial value to 
them, it may also just be an inefficiency approach for them where 
they an identify pollution, if you will, that they can reduce and act 
more effectively. 

In terms of a transition from voluntary to mandatory, I think we 
are thinking of this from the mindset of most organizations will 
likely report mandatory emissions first. So I think it is sort of flip-
ping the question in how can mandatory data be then used in a 
voluntary world. Assuming a company is required to report to a 
mandatory program, that is likely going to be facilities that trigger 
a certain threshold of emissions to their largest sources of emis-
sions. And then to supplement that for the full corporate footprint 
if you will, can that mandatory data be transferred into a more ro-
bust voluntary database if you will where the organization could 
round out the rest of their emissions footprint. That is how we are 
seeing the intersection between mandatory reporting which will 
likely be at a certain threshold to voluntary reporting that will get 
more comprehensive in scope. 

Ms. EDWARDS. And then are there incentives in terms of a com-
pany’s relationship to a consumer or client that would encourage 
greater participation? 

Ms. GRAVENDER. I think some companies are more aware, more 
concerned about the public perception and want to be seen as an 
environmentally progressive organization or particularly concerned 
about their emissions footprint. So I think there is just a different 
risk assessment and interest in that from a corporate perspective. 

Ms. EDWARDS. I mean, if you look now for example at like 
LEED’s standards and LEED’s certification, you know, I mean 
there are developers out there who say they want that LEED’s cer-
tification. And we haven’t really had to do very much to necessarily 
require it, but it has become kind of an industry mantra. And I 
wonder if there is a similar application in the area of emissions. 

Ms. GRAVENDER. Well, I think there is certainly the possibility. 
We have seen from the California Climate Action Registry which 
is a voluntary registry, when the State of California implemented 
mandatory reporting, we thought this will get an interesting obser-
vation. Will those companies that signed up for a voluntary pro-
gram drop off and just participate in the mandatory program or 
will they maintain both? And what we have seen thus far, even 
though it is very early in the process, is that companies are staying 
in the voluntary registry because they derive value associated with 
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that. So we expect to see, and hope to see, a similar experience. It 
will be very interesting to see how mandatory greenhouse gas emis-
sions are required to be reported at the federal level to see how or-
ganizations react to that. 

Ms. EDWARDS. Thank you very much. Thank you, Mr. Chair. 
Chair BAIRD. Dr. Bartlett. 

INFORMING THE PUBLIC 

Mr. BARTLETT. Thank you very much. I enjoy the Waste Manage-
ment ads on television. They have such beautiful nature scenes, 
but every time I see that ad, I am reminded that although burning 
that stuff is kind of green, that waste stream represents profligate 
use of fossil fuels, doesn’t it? And so in an increasingly energy-defi-
cient world, there is going to be less and less of that waste stream. 
And wouldn’t it be greener to not have used that stuff initially so 
that it doesn’t end up in the landfill? That is just an observation. 
How close are we to being able to have truth in advertising? I am 
not a big fan of government and government regulation, but I am 
a huge fan of truth in advertising and labeling. How close are we 
so that we can tell the consumer, and probably have to use some-
thing like CO2 equivalence because that is what people are under-
standing about contribution to climate change and global warming. 
How close are we to telling the guy what this action will entail in 
terms of CO2 equivalent footprint? Like when you sit down to eat 
that big beefsteak, if in big red letters on the menu it told him that 
that had a bigger carbon footprint than driving his Explorer there 
to eat it, don’t you think we might have some change in behavior? 
Because I think most people are really concerned about this but 
they are ignorant, they don’t know what they are doing. How close 
are we that we can put down the global warming contribution of 
all of our actions and things we buy and so forth? 

Ms. WONG. Well, sir, we have the technology now to obtain the 
carbon footprint of just about any activity you would like to foot-
print. 

Mr. BARTLETT. So why aren’t we putting that down on the menu 
and on the gas pump and on your thermostat in your house if you 
turn it up two degrees, what is the CO2 footprint? Why aren’t we 
doing that? I think people would like to know the contributions 
they are making so they can use less destructive pursuits and prod-
ucts and so forth? Is that something we need to do or is that some-
thing the industry can voluntarily—I am not a big fan of Big 
Brother, by the way. I like industry to lead. Why doesn’t industry 
lead in doing this? 

Ms. WONG. Well, as an example, we have been engaged in green-
house gas inventorying and reduction efforts since 2004, and it is 
still voluntary. We are still doing it, still advancing it, and we plan 
to disclose our company carbon footprint for 2009 in 2010. 

Mr. BARTLETT. But that is on a website somewhere. It is not on 
your electric bill, it is not on your menu, it is not listed on the 
products you buy in the grocery store. Everything we buy, every-
thing we do, you just can’t live and use energy without having a 
CO2 equivalent footprint, can you? Why aren’t we being told what 
that is so that we can make wise choices? We have the capability 
to do it, don’t we? Can we at least make a reasonable guesstimate 
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as to the CO2 equivalent contribution of everything we buy and ev-
erything we do? Why wouldn’t that be desirable to have that there 
so that people can see? 

Mr. STEPHENSON. It would, but the quickest way to do it is to 
mandate it, unless there is public pressure to have such informa-
tion. That is usually the way it happens the quickest, if there is 
a great demand from the public to have better information on the 
carbon footprint of everything they do. There are many websites 
that individuals can go on and estimate their own carbon footprint, 
for example, but how many people do you think actually do it? 
They just don’t for whatever reason. 

Mr. BARTLETT. It is so easy to see it if it is on the gas pump, 
if it is on your menu, if it is on the box of Cheerios you buy. It is 
so easy to see it there. I would just like to see it there. I encourage 
industry to do this before government tells them to do it. You 
know, that just encourages government to get bigger, when indus-
try doesn’t do something and they are forced to do it because we 
ask them to do it. I would hope that you would encourage the in-
dustry you are all associated with to start putting the CO2 equiva-
lent of carbon footprint on everything that you sell, on all of our 
activities so that Americans know the contribution that they are 
making to potential global warming. I think most of us want to be 
responsible, but you know, there is enormous ignorance out there 
about the consequences of our activities. Well, thank you very 
much. Thank you, Mr. Chairman, for a good hearing. 

INTERNATIONAL CARBON CONTROL 

Chair BAIRD. Thank you, Mr. Bartlett. I want to talk a little bit 
briefly about how can we scale this up internationally if we go to 
Copenhagen, if we go to international cap-and-trade or something 
like that? How capable are other countries of learning our way of 
exporting this? We don’t have it yet in our own country, so it is 
presumptuous I suppose. We export it, but Ms. Wong asserts and 
others seem to verify we can get a pretty good estimate of carbon 
footprint. We seem to think that either with the combination of up-
stream or downstream albeit with some imperfections we might be 
able to get a pretty good sense. How do we scale this up globally? 

Ms. WONG. Well, I think you have kind of answered your ques-
tion in asking. We do need to do a little more here before we can 
scale it up, and a good start is to provide a uniform base to do a 
small amount of reporting, a limited reporting scope, and then 
allow the states to enhance that to perhaps require more data or 
more intense data and compile that to come up with our own car-
bon footprint, and then we can lead through example. 

Mr. STEPHENSON. I would just say I think you need to start 
where the information is the best right now in carbon and then 
work on the other greenhouse gases in increasing complexity as 
better information becomes available on the other gases. 

Mr. ELLIS. These are programs that have been operating at an 
international level a lot longer than we have been in the conversa-
tion, so as opposed to looking at it maybe as an export situation, 
we can pay attention to the import situation. There is a lot of good 
science and a lot of good, real-life market experience out there. 
They have gone through a number of course corrections in the Eu-
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ropean emissions trading scheme, and there are a number of other 
international trading schemes out there. So I think the question 
should also include what can we import? It is a critical element. 

Chair BAIRD. Excellent point, and there are certain other manu-
facturers that are working on making the electronics, automobiles, 
et cetera, far more recyclable than ours are. So it is a very, very 
good point. 

CLOSING 

Mr. Inglis, did you have any additional questions? With that, I 
want to thank our witnesses for an outstanding and informative 
hearing today. The record will remain open for two weeks for addi-
tional statements for the Members and for answers to any follow-
up questions the Committee may ask of witnesses. With that the 
witnesses are excused and the hearing is now adjourned. I thank 
the witnesses and all those in attendance today. I thank our panel-
ists. 

[Whereupon, at 1:38 p.m., the Subcommittee was adjourned.] 
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ANSWERS TO POST-HEARING QUESTIONS 

Responses by John B. Stephenson, Director, Natural Resources and Environment, 
U.S. Government Accountability Office

We provide specific answers to your questions in the enclosure and also provide 
some general observations below that address a number of the items in your ques-
tions. It is worth noting that, in some cases, we do not have a basis to respond to 
some of the questions because we do not have ongoing or completed work in those 
areas. To the extent that the Subcommittee has a continuing interest in areas where 
we axe not able to provide complete responses, we are available to meet with you 
or your staff to discuss your interests and assist in developing a request for GAO 
to do additional work that would enable us to respond to these and other questions 
about greenhouse gas emissions data.

General Observations

• The data requirements to develop reliable emissions baselines depend largely 
on (1) the types of entities and gases covered in a regulatory program and 
(2) the point of regulation.
First, the data requirements depend on the breadth of entities covered across 
economic sectors and the number of greenhouse gases covered. With respect 
to breadth, if a program were to only include electricity generating units, we 
already have adequate emissions data to establish an emissions baseline. If 
a program were to address emitting entities across all economic sectors—as 
many policy experts recommend—data gaps may exist. We have not evalu-
ated the quality of baseline emissions data for sectors beyond electricity gen-
erating units. Any facility that has historical data on its combustion of dif-
ferent fossil fuels would be able to develop a reasonable estimate of its carbon 
dioxide emissions. However, including other greenhouse gases beyond carbon 
dioxide in a program could present challenges in establishing an emissions 
baseline. While carbon dioxide emissions from fossil fuel combustion can be 
calculated with a reasonable degree of certainty based on the use of different 
fuels, emissions of other greenhouse gas emissions can be more difficult to 
quantify. This is particularly true for nitrous oxide and methane, which are 
generally emitted by diffuse sources such as agricultural operations, fossil 
fuel extraction, and landfills. We have not evaluated the quality of methods 
for calculating emissions of the other three primary greenhouse gases 
(hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride), although 
these substances are produced by a relatively limited number of manufactur-
ers and these manufacturers may be able to provide information on historical 
production and emissions that could help in establishing a baseline.
Second, the point of regulation would play a major role in the need for addi-
tional data on baseline emissions levels. Specifically, an ‘‘upstream’’ program 
that focuses on a relatively limited number of fossil fuel and synthetic gas 
manufacturers, importers, and producers would greatly reduce the data re-
quirements for establishing baseline emissions levels. For example, an ‘‘up-
stream’’ program might involve thousands of entities whereas a ‘‘downstream’’ 
program focused on individual industrial facilities and consumers could in-
volve tens of thousands of regulated entities. Thus, developing a reliable 
emissions baseline for an ‘‘upstream’’ program would be much easier than 
doing so for a ‘‘downstream’’ program.

• Direct monitoring of emissions is not necessary to establish baseline emis-
sions levels for carbon dioxide. Carbon dioxide emissions can be calculated 
with a reasonable degree of certainty using information on the type and quan-
tity of fossil fuel combusted. The key data need here is reliable historical data 
on fossil fuel use rather than direct monitoring data. Direct monitoring may 
be useful or necessary for establishing baselines for other greenhouse gases, 
but we have not evaluated data needs for these gases. We are available to 
work with you to obtain more information on this issue if this is an area of 
further interest.

Questions submitted by Representative Bob Inglis

Q1. Mr. Stephenson, in your testimony you describe the method in which EPA deter-
mined a baseline of emissions for implementation of the Acid Rain program.
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1 Measured in terms of carbon dioxide equivalent. Carbon dioxide equivalents provide a com-
mon standard for measuring the warming efficiency of different greenhouse gases and are cal-
culated by multiplying the emissions of the non-carbon-dioxide gas by its global warming poten-
tial, a factor that measures its heat trapping ability relative to that of carbon dioxide.

Q1a. How long will it take EPA to create a similar baseline for GHG?
A1a. EPA has baseline data on carbon dioxide emissions from power plants that are 
sufficient for that sector of the economy. We have not evaluated the extent to which 
EPA has reliable data for other economic sectors or greenhouse gases. Officials with-
in EPA’s Office of Air and Radiation may be better positioned to respond to this 
question.
Q1b. Could a GHG emissions baseline be generated in a similar manner to the acid 

rain program such that it is based on an average of a three-year time period 
that occurs well before implementation of the regulatory program to prevent 
gaming of the numbers?

A1b. This approach would help prevent gaming and could be used for regulating 
carbon dioxide emissions from the electric power sector but we have not evaluated 
the availability or quality of data for other gases or economic sectors. As we re-
ported in our prior work on lessons learned from the international climate change 
programs, several experts stated that existing data on fossil fuel consumption axe 
sufficient to establish an emissions trading program, although we reported this in-
formation as expert opinion rather than independently verified fact.
Q2. What happened to those facilities in the EU during the first phase that did not 

have an accurate baseline to start with?
A2. Our review did not focus on the baselines of specific facilities. In the first trad-
ing phase, the EU generally lacked the facility-specific emissions data essential to 
the effective implementation of a downstream program that distributes allowances 
for free. Instead, most EU member states based the cap and allowance allocations 
largely on business-as-usual projections, which are inherently uncertain. During the 
first trading phase, verified emissions data reported by regulated entities revealed 
over-allocation—the cap, or supply of allowances, was greater than actual emissions. 
The number of allowances that each facility received, however, did not exceed its 
actual emissions. Some facilities, such as those in the power industry, were not 
given enough allowances to cover emissions and they purchased or reduced emis-
sions. Other facilities, such as those in the energy-intensive manufacturing sectors, 
were given a surplus of allowances that they could trade on the market or hold. It 
is worth noting that EU member states have since taken verified emissions data 
from the first phase into account to set emissions caps in the second phase.
Q3. As you state in your testimony, EPA generates an emission inventory as part of 

the U.S. commitment to UNFCCC. You also claim that emission factors for some 
industries such as electricity and cement are very advanced, while others have 
yet to be generated.
a. How does EPA account for emissions for the industries where the agency lacks 

robust emission factors?
b. How much uncertainty is built into the EPA GHG inventory?

A3a,b. As stated in its most recent inventory, EPA adheres to UNFCCC reporting 
guidelines and IPCC protocols when compiling its annual greenhouse gas inventory. 
In 2006, the IPCC revised these guidelines in order to increase the comprehensive-
ness and detail of emissions estimates. 

The specific methodologies used by EPA to calculate and account for uncertainty 
vary by the gas and the source, i.e., activity generating the emissions. Each annual 
inventory report contains descriptions of the uncertainty analyses performed for 
some of the sources, including the models and methods used to calculate the emis-
sion estimates and the potential sources of uncertainty surrounding them. 

Carbon dioxide emissions from fossil fuel combustion can be estimated with a high 
degree of accuracy using emissions factors. According to EPA, combustion-related 
emissions represented approximately 94 percent of carbon dioxide emissions and 81 
percent of total emissions in 2007.1 Emission estimates for other gases, such as 
methane and nitrous oxide, are considered less certain. 
Q3c. Is the EPA inventory an accurate enough accounting to base a regulatory pro-

gram on? Wouldn’t some industries be better positioned than others due to the 
greater amount of confidence on the accuracy of the emission factor for that in-
dustry?
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A3c. We have not specifically answered these questions in our prior or ongoing 
work. In general, the data needs for a U.S. regulatory program would depend on 
its design—specifically, the point of regulation and the method of allowance alloca-
tion. For example, a ‘‘downstream’’ program, which regulates emissions at the facil-
ity level, would involve a large number of regulated entities and would require ex-
tensive data. Reliable data are especially important for a program that gives away 
allowances in order to determine how many each facility should receive. The ETS 
demonstrated that giving away allowances can create and transfer substantial as-
sets of considerable value. Specifically, some power producers in the EU’s deregu-
lated energy markets passed on the market value of allowances, which they received 
for free, to consumers by adding the value of allowances to energy rates, resulting 
in windfall profits. 

Conversely, an ‘‘upstream’’ program would regulate emissions at the producer/im-
porter level, which would significantly reduce the number of reporting entities and 
the administrative burden of collecting the data.
Q3d. Should NIST play a role in setting these emission factors?

A3d. We have not assessed the appropriate role of NIST with respect to setting 
emission factors.
Q4. How would the data required for a mandatory program to limit emissions differ 

from a voluntary program? Many of the voluntary programs have similar report-
ing requirements. Why would a mandatory program be so different?

A4. High quality data are important for ensuring the integrity of voluntary and reg-
ulatory programs. Data quality takes on increasing importance in the context of reg-
ulatory programs such as a tax or a cap-and-trade system that place a price on 
greenhouse gas emissions.
Q5. How well would a mandatory program actually function if it was based on reg-

istries that are generated from emission factors and estimates versus direct mon-
itoring? Would the level of emission reductions be compromised if the registries 
were based on estimates versus direct monitoring?

A5. We have not specifically addressed this question in our issued or ongoing work. 
In general, carbon dioxide emissions can be calculated with reasonable accuracy 
using emissions factors and data on fuel quantities and types. Thus, direct moni-
toring of carbon dioxide emissions may not be necessary to establish reasonable reg-
istries and baselines for carbon dioxide emissions, especially in an upstream system. 
Our work has not focused on the availability or quality of emissions factors or direct 
monitoring methods for other greenhouse gases.
Q6. At the federal level, the mechanism to create high quality emissions data will 

enable us to track progress and economic impacts; at the individual facility 
level, managers will be able to make better investment decisions with robust 
emissions data.

a. Do voluntary emission registry firms supply the protocols and standards to 
properly capture all emissive activities with the same amount of reliability?

b. Is ANSI doing a sufficient job in pushing these standards to a consensus?
A6a,b. We have neither assessed the standards or protocols of voluntary emission 
registry firms, nor have we focused on ANSI’s role in pushing the standards to a 
consensus.
Q7. Are there any significant obstacles to the monitoring or verifying of emissions 

that Congress should consider?
A7. Our work has not identified the presence or absence of significant obstacles to 
monitoring or verifying emissions.
Q8. Other than those industries that are currently required to report their carbon di-

oxide emissions to the EPA, what other industries have developed technologies 
to directly monitor GHG emissions?
a. What industries do not have appropriate monitoring technology, but will like-

ly need it under any mandatory program to limit emissions?
b. Are you aware of any government programs that are currently dedicated to 

developing direct monitoring technologies for GHG emissions?
A8a,b. GAO has not assessed the extent to which specific industries have developed 
direct monitoring technologies for greenhouse gas emissions, or whether any govern-
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ment programs contribute to these efforts. The need for such technologies would 
also depend on a regulatory program’s scope and design.



70

ANSWERS TO POST-HEARING QUESTIONS 

Responses by Jill E. Gravender, Vice President for Policy, The Climate Registry

Questions submitted by Chair Brian Baird

Q1. The Climate Registry requires its participating members to report emissions 
from all sources in North America. However, members may choose to report a 
global inventory. Are there different requirements for the emissions reporting for 
facilities outside of North America? How does the Climate Registry define a rep-
utable verifier for the purposes of verifying emissions data for facilities outside 
North America?

A1. The reporting requirements for worldwide emissions (or non-North American 
emissions) are the same as The Registry requires for North American emissions. 
However, while The Registry has made a concerted effort to define emission factors 
for the U.S., Canada, and Mexico, The Registry has not currently done so for the 
rest of the world. While The Registry plans to include some basic emission factors 
from other countries in the near future, a member is responsible for determining 
proper emission factors and calculations, if necessary, to accurately calculate their 
emissions from sources outside of North America. 

It is important to note that The Registry requires third-party verification of world-
wide emissions, if a member chooses to report them. As a result, all reported world-
wide emissions must obtain a verification finding of ‘‘reasonable assurance’’ that the 
reported emissions are within The Registry’s five percent materiality threshold. 

Members may choose to report their worldwide emissions two ways: 1) Members 
could use an ANSI-accredited, Registry-recognized Verification Body to verify their 
entire worldwide emissions, and 2) Members could use an ANSI-accredited, Reg-
istry-recognized Verification Body to verify their North American emissions inven-
tory, and then use an ISO 14065-accredited Verification Body to verify their non-
North American emission inventory. 

The Registry depends on the national accreditation bodies in various countries to 
assess the general competency of Verification Bodies interested in verifying GHG 
emission inventories outside of North America. As The Registry’s program grows, 
we will continue to monitor and evaluate the appropriateness of this policy to en-
sure that Verification Bodies are qualified to verify emission inventories worldwide.
Q2. As was noted during the hearing, power plants and large industrial facilities 

have continuous emission monitoring (CEM) equipment that record emissions of 
several gases. What other facilities emitting greenhouse gas emissions might it 
be possible to apply similar CEM technologies to?

A2. EPA’s Acid Rain Program requires regulated facilities to use CEMs to report 
NOΧ and SO2 data to EPA. CEMs may also be used to measure CO2, however, addi-
tional adjustments may need to be made to the device (inclusion of a CO2 or oxygen 
monitor plus a flow monitor would be necessary to compute emissions in tons per 
hour). The Climate Registry suggests that you speak directly to EPA’s Acid Rain 
program for answers to technical questions pertaining to CEMs. 

It is possible to apply CEMs to any facility that has a stack, however, depending 
on the size of the emissions output of that stack, it may or may not be efficient to 
deploy CEMs to every stack. It may be just as effective to use calculation methodolo-
gies based on fuel use, efficiency; time operated, etc. 

Most single large sources of GHG emissions already have CEMs installed. Since 
GHGs are ubiquitous and can be produced from a large number of small sources, 
they are very different in nature from criteria pollutants, and therefore, must be 
measured and controlled differently. Since GHGs are produced from small sources, 
it is not feasible, nor cost effective to require CEMs to be installed on all GHG 
sources. Instead, alternative methods, such as calculations based on a number of 
relevant parameters must be used instead to quantify GHGs in a meaningful, cost 
effective way.
Q3. In your written testimony you indicate it would be helpful to develop more in-

dustry-specific protocols. Which industries would be the best candidates for these 
improved protocols?

A3. Since the Subcommittee hearing in February, the US EPA released its Draft 
Mandatory Reporting Rule for GHG Emissions. This Draft requires a number of spe-
cific industries to report their GHG emissions. The following sectors will be required 
to report to EPA under the Mandatory Reporting Rule:

• Adipic Acid Production
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• Aluminum Production
• Ammonia Manufacturing
• Cement Production
• Electric Power Systems
• Electricity Generating Facilities
• Electronic Manufacturing Facilities
• HCFC—22 Production
• HFC 23 Destruction Processes
• Lime Manufacturing
• Manure Management
• Landfills
• Nitric Acid Production
• Petrochemical Production
• Petroleum Refineries
• Phosphoric Acid Production
• Silicon Carbide Production
• Soda Ash Production
• Titanium Dioxide Production
• Underground Coal Mines

Based on EPA’s reporting threshold of 25,000 tonnes of CO2e per year, emissions 
from these sectors will produce approximately 85–90 percent of total U.S. national 
emissions. These industries should be the focus of industry specific reporting proto-
cols.
Q4. Your written testimony provides a list of GHG calculation methodologies that re-

quire refinement to reduce uncertainty in GHG emission reporting. It appears 
that some of the items listed might be considered proprietary information by the 
specific entity involved. Would this concern be a barrier to design of a structured 
sampling or survey program to develop improved calculation methodologies?

A4. The results of some of the required measurements (amount of coke produced, 
etc.) may be considered proprietary information, however, it is important that con-
sistent calculation or measurement methodologies exist to determine these results. 
Therefore, companies should not have a problem using a standardized calculation/
measurement method to determine the information necessary to calculate their 
emissions, but they may not wish to share the resulting raw information publicly 
in order to protect confidential business information. 

It is important to note that all emissions information may not be considered con-
fidential under the Clean Air Act, however, raw information used to calculate emis-
sions could be considered confidential.
Q5. During the hearing, it was pointed out that it can take some time for a new 

member of The Registry to obtain all the necessary information to meet The Reg-
istry’s requirements for reporting their emissions. About how much time does it 
require for new members to be able to fully report their emissions in accordance 
with The Registry’s standards from the time an entity indicates their desire to 
be a member of The Registry?

A5. The time necessary to successfully complete a GHG emissions inventory de-
pends entirely on how much work an organization has done to assemble their inven-
tory prior to joining The Registry. The biggest factors in successfully completing an 
emissions inventory are: 1) how well the emissions information is organized (man-
agement systems, data archiving, measurement practices, documentation, skilled 
personnel, etc.) and 2) how well the organization’s staff understands The Registry’s 
reporting requirements. 

Some organizations join The Registry without ever assembling an emissions in-
ventory before. In general, these organizations can collect the basic information nec-
essary to report their annual emissions within a year. Other organizations only join 
The Registry once they are convinced that their current emission inventory will 
meet The Registry’s reporting requirements. As a result, they could join The Reg-
istry and report their emissions immediately. 

In general, The Registry believes that most organizations can assemble a reason-
able inventory in a year or so. However, to provide organizations with the ability 
to scale up their inventorying activities over time, The Registry allows organizations 
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up to three years to report their complete North American inventory of all six inter-
nationally recognized GHGs.

Questions submitted by Representative Bob Inglis

Q1. How different are the reporting protocols for The Climate Registry compared to 
other organizations? Has there been an effort made between different organiza-
tions (The Climate Registry, the California Registry, and the Chicago Climate 
Exchange) to standardize these protocols to make it easier on those companies 
that want to participate in more than one?

A1. The Climate Registry is the only voluntary GHG registry that requires public 
reporting of all North American emissions. Therefore, it is different and distinct 
from other voluntary and mandatory GHG programs. The Climate Registry used a 
series of international GHG standards (World Resources Institute/World Business 
Council for Sustainable Development’s GHG Protocol and the ISO 14064 standard) 
and existing best practice protocols (i.e., the California Registry and other industry 
publications) as the foundation for its Protocols. The Registry’s protocols are there-
fore consistent with international GHG reporting and verification standards and in-
dustry best practices. In addition, The Registry produced its protocols through a 
public development process that included technical experts, industry representa-
tives, environmental groups, and government agencies. 

The California Climate Action Registry was created in 2001, and quickly became 
known as the model for a rigorous voluntary GHG reporting program. The Climate 
Registry was incorporated in 2007. The Climate Registry drew from the California 
Registry’s existing protocols to develop its own protocols. 

In April, 2009, the California Climate Action Registry officially changed its name 
to be the Climate Action Reserve (The Reserve). Moving forward, The Reserve will 
focus its efforts on developing emission reduction protocols and tracking the result-
ing emission reductions, i.e., ‘‘offset projects.’’ The California Registry will continue 
to collect emissions data for 2009 (reported in 2010), but will then cease collecting 
emissions data. The California Registry is working with The Climate Registry to 
transition its members to report to The Climate Registry to continue their entity-
wide emission inventory reporting efforts. 

The Chicago Climate Exchange (CCX) is a private exchange that works with its 
members to reduce GHG emissions. CCX develops protocols for emission reduction 
projects and serves as an exchange for its members to transfer the emission reduc-
tions to and from interested parties within the exchange. The Climate Registry fo-
cuses on public reporting of a company’s GHG emissions inventory and does not re-
quire members to reduce GHG emissions. The Registry also does not develop emis-
sion reduction protocols. Thus, the Chicago Climate Exchange’s work is complemen-
tary to The Climate Registry’s. In fact, several companies are members of both The 
Registry and CCX. 

The Climate Registry’s primary mission is to ensure consistency of GHG calcula-
tion, reporting, and verification standards. The Registry is working closely with 
mandatory GHG programs at the State, regional, and federal level to ensure that 
at a minimum the calculation methodologies are the same across programs. The 
Registry’s goal is to serve as a central data repository for members to report their 
emissions (once) to multiple programs, thereby reducing the reporting burden for 
members, while meeting the various policy needs of different GHG programs.
Q2. How many small businesses are part of The Climate Registry? Do you provide 

additional assistance to companies who wish to participate and report their 
greenhouse gas emissions but may not be, able to afford the cost of gathering 
all the data and go through a third-party verification process?

A2. Approximately one third of The Climate Registry’s 330-plus members could be 
considered small businesses. The Climate Registry provides the same excellent cus-
tomer service and technical support to all of our members, including the small ones. 
The Registry offers regular webinars and trainings to help all members assemble 
their GHG inventory. In addition, The Registry has a ‘‘help line’’ where members 
can call staff experts to discuss particularly difficult reporting issues. 

Small businesses must meet the same reporting requirements as larger organiza-
tions. There are not different standards of reporting based on size. 

Third-party verification is required for all members, regardless of size. However, 
The Registry offers a service called ‘‘batch verification’’ for organizations with rel-
atively small and simple inventories (less than 1,000 tonnes of CO2e per year, no 
process emissions, etc.). 
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The purpose of Batch Verification is to help reduce the cost of verification by 
‘‘batching’’ together a number of small inventories for one Verification Body to re-
view and verify. The Batch Verification Body is selected by The Registry each year 
(not the member) and The Registry negotiates one standard rate for verification for 
each eligible member—which is generally lower than a member seeking verification 
services directly.
Q3. How long does it take for a third-party verifier to become accredited by your or-

ganization? How many are actually accredited?
A3. The Registry does not accredit Verification Bodies itself, but rather uses the 
American National Standards Institute (ANSI) as its third-party accreditation body. 

The amount of time it takes for a Verification Body to become accredited depends 
on how well organized and prepared the Verification Body is. If a Verification Body 
has a well defined and documented management system in place the accreditation 
process should not take more than approximately three months. If a Verification 
Body’s management system is not in place, it could take some time for them to be-
come accredited. 

Currently there are seven ANSI-accredited, Registry-recognized Verification Bod-
ies. We anticipate there will be three more accredited Verification Bodies shortly. 
To see the list of ANSI-accredited, Registry-recognized Verification Bodies, please 
visit The Registry’s website: http://www.theclimateregistry.org/resources/
verification/list-of-verifiers.php
Q4. If Congress were to enact a mandatory emission reduction program, should the 

official database/registry be managed directly by the Federal Government? Or 
would the data be better managed by some outside organization such as The Cli-
mate Registry?

A4. Without knowing the specifics of a federal emission reduction program, it is dif-
ficult to advise the Subcommittee on how best to manage it. Regardless of the pro-
gram design, however, it will be important that reporters do not have to enter emis-
sions data in more than one place for more than one use. For example, if a reporter 
is subject to mandatory reporting at the State, regional, and federal level, reporting 
the same data three or more times will not be efficient. 

There are several ways to address the need for multiple GHG programs that limit 
the reporting burden for reporters. 1) Congress should ensure that data reported to 
one program can be exchanged and used by other programs—perhaps through the 
Exchange Network; or 2) Congress should ensure that there is one central data re-
pository through which reporters may enter their emissions data once to meet all 
of the necessary reporting requirements for multiple programs. This concept could 
be achieved by either the Federal Government or through an organization like The 
Climate Registry. 

The Climate Registry is currently developing its ‘‘Common Framework for Manda-
tory Reporting’’ to serve as the central repository for GHG data to various manda-
tory reporting programs as well as its voluntary registry. 

The Registry will be submitting formal comments to U.S. EPA to further elaborate 
how data collection between multiple GHG programs could happen. The Registry’s 
comments to the EPA regarding its Mandatory Rule are available on The Registry’s 
website: http://www.theclimateregistry.org/downloads/Public%20Hearing%20 
comments%20on%20EPA%20rule.pdf
Q5. What is currently being done to update obsolete emission factors? Are these cal-

culation methodologies generated by the government alone? Or, do they arise 
from a collaborative effort from industry which then becomes the de facto stand-
ard?

A5. Several government agencies are responsible for updating key emission factors 
(EIA, DOE, EPA, etc.) necessary for calculating GHG emission inventories. Most de-
fault emission factors are developed by government agencies, however, detailed cal-
culation methodologies for specific industries are often developed by industry asso-
ciations, such as the American Petroleum Institute and others.
Q6. It has been estimated that nearly 20 percent of global greenhouse gas emissions 

are generated from livestock. Does the agricultural industry participate in The 
Climate Registry? Does The Climate Registry have a suitable protocol for 
inventorying emissions from livestock and land use changes, with account for 
approximately one third of global greenhouse gas emissions?

A6. The Climate Registry’s members currently include nine members associated 
with the food and beverage industry. This ranges from an onion farm, to a dairy 
operation, to a cheese producer. 
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The Climate Registry has not yet developed a protocol for livestock management 
or forestry management. As a result, members with these types of emissions will 
need to follow industry best practices to calculate their emission inventories. 

Please note that livestock management and land use management are both areas 
where emission reduction activity can occur. The California Climate Action Registry, 
recently re-named the Climate Action Reserve, has developed emission reduction 
protocols for both sectors. (http://www.climateregistry.org/tools/protocols/project-
protocols.html)
Q7. Based on the sentiments expressed by the Senate in the Byrd-Hagel resolution 

in 9997, any mandatory emission reduction program will surely have an inter-
national piece to maintain American competitiveness in international markets. 
How does The Climate Registry plan on including this type of information? This 
will be particularly important in the cases of China, India, Brazil, and Mexico 
because these countries may not develop verifiable climate registries for some 
time.

A7. The Climate Registry is working with mandatory GHG reporting programs that 
are being developed by states, regions, and Federal governments to ensure that the 
calculation, reporting, and verification standards are as consistent as possible. In 
this capacity, The Climate Registry is not setting climate policy, but rather, inform-
ing policy-makers of the need for consistency, and offering its technical tools for use 
in mandatory programs. It will ultimately be the responsibility of the U.S. Govern-
ment to define how the Byrd-Hagel resolution will be addressed in any federal pro-
gram needing Senate approval.
Q8. As Congress considers ways to associate a cost with carbon dioxide emissions, 

a mechanism to create high quality emissions data is of increased importance. 
At the federal level, this mechanism will enable us to track progress and eco-
nomic impacts; at the individual facility level, managers will be able to make 
better investment decisions with robust emissions data.

Q8a. Should industries be responsible for composing their own reporting standards?
A8a. Industries should not be able to set their own reporting standards. Any federal 
reporting standards should be based on international standards such as the World 
Resource Institute/World Business Council for Sustainable Development’s GHG Pro-
tocol and the ISO 14064 standard, in addition to industry best practices. The Fed-
eral Government must define a clear set of reporting standards for all regulated 
parties that take into account the internationally accepted GHG standards as well 
as industry best practices.
Q8b. Should NIST play a role in setting reporting standards?
A8b. As indicated above, international GHG reporting standards have already been 
defined; they just need to be implemented. That said, NIST could play a useful role 
in helping to develop technologies that increase the ease and accuracy in reporting 
GHG emissions.
Q8c. Do voluntary emission registry firms like yours supply the protocols and stand-

ards to properly capture all emission activities with the same amount of reli-
ability?

A8c. The Climate Registry supplies its members with reporting and verification pro-
tocols that explain how GHG emissions must be calculated and verified. Two proto-
cols, the General Reporting Protocol and the General Verification Protocol, address 
the most commonly occurring emission sources. In addition, The Registry is working 
to finalize two new industry specific protocols (Electric Power Sector and Local Gov-
ernment Operations), and will continue to develop new industry specific protocols 
that provide further guidance to reporters in speck sectors. 

The level of reliability is determined through The Registry’s annual third-party 
verification process, wherein all reported emissions must meet a materiality thresh-
old of five percent.
Q8d. Is ANSI doing a sufficient job in pushing these standards to a consensus?
A8d. ANSI has designed and implemented a program to meet the needs of ISO 
14065. This program accredits Verification Bodies interested in verifying GHG emis-
sions to the international standard and ensures that competent Verification Bodies 
are conducting verification activities. 

The Climate Registry currently uses ANSI as its accreditation body. It is critically 
important that the Federal Government and other State and regional GHG pro-
grams also utilize ANSI in this capacity to ensure one common standard for the ac-
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creditation of Verification Bodies in the U.S. As a result, the important push to con-
sensus will be driven by the policy-makers in their decision to use ANSI as a third-
party accreditation body rather than by ANSI itself.
Q9. Are there any significant obstacles to the monitoring or verifying of emissions 

that Congress should consider?
A9. While there are many details to consider, it is important to recognize that we 
currently have the capacity to accurately calculate, report, monitor, and verify GHG 
emissions from most sectors. While some additional refinements may be needed, we 
should not delay the start of a robust program until all of the minor details are re-
solved.
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ANSWERS TO POST-HEARING QUESTIONS 

Responses by Leslie C. Wong, Director, Greenhouse Gas Programs, Waste Manage-
ment, Inc.

Questions submitted by Chair Brian Baird

Q1. In your written testimony you describe a process now underway to characterize 
fugitive methane emissions over the range of conditions characteristic of dif-
ferent landfills, both operating and closed. How does the variability in fugitive 
methane emissions associated with these factors compare with the variability in 
estimates for methane emissions using current estimation methods? Do the vari-
ations in season, management, and site specific conditions for landfills make 
these sources candidates for continuous monitoring that would allow for report-
ing of a range of emissions or a more realistic summation of the actual annual 
emissions from these facilities?

A1. The U.S. EPA in its proposed mandatory GHG Reporting Rule, reviewed meth-
ods for estimating landfill emissions and concluded that direct measurement tech-
niques were not yet available for accurately or reliably measuring landfill emissions. 
According to EPA in its proposed rule preamble, ‘‘the direct measurement methods 
available (flux chambers and optical remote sensing) are currently being used for 
research purposes, but are complex and costly, their application to landfills is still 
under investigation, and they may not produce accurate results if the measuring 
system has incomplete coverage.’’ Waste Management agrees with EPA’s determina-
tion that reliable and accurate, direct measurement methods are not now available 
for continuous greenhouse gas (GHG) emission monitoring at landfills. As the lead-
ing researcher employing these methods, WM can confirm that research is con-
tinuing, but data sufficient to support their use as tools to generate accurate meas-
urements to serve as the basis for regulatory compliance have not been generated 
to date. 

Instead, EPA proposes that landfill owner/operators use a combination of two ap-
proaches: 1) all landfills would use the UN Intergovernmental Panel on Climate 
Change (IPCC) First Order Decay model to estimate landfill emissions that reflect 
degradation of wastes in a landfill; and 2) for landfills that operate landfill gas col-
lection and control systems, EPA proposes that these landfills also measure collected 
landfill gas flow and the methane concentration of the gas flow, with an estimated 
gas collection efficiency to calculate methane generation. Where landfills have active 
landfill gas collection and control systems, we are able to directly and continuously 
monitor total collected landfill gas flow; and, although it is not standard operating 
practice nor required by the New Source Performance Standards for Municipal Solid 
Waste Landfills, we can continuously monitor the methane concentration of collected 
landfill gas. 

Coupled with these two measurement approaches, EPA also requires owner/opera-
tors to estimate the amount of uncollected methane that is oxidized in the landfill 
cover material. EPA provides a default factor for methane oxidation or allows re-
porters to calculate an oxidation factor using site-specific data. A significant number 
of field studies conducted in the U.S. and Europe have provided good estimates of 
methane oxidation, in the form of ranges, under differing circumstances of cover 
type, soil type and climate. 

EPA’s proposed GHG reporting requirements recognizes that landfills are large 
non-point sources of GHG emissions and far more similar to a large agricultural op-
eration than to a point source such as a stack on an industrial manufacturing plant. 
Landfill fugitive GHG emissions, in the form of the uncollected and unoxidized 
methane component of landfill gas, are neither continuous nor uniform. The volume 
of fugitive landfill gas emissions, and the methane concentration in the fugitive 
emissions, varies spatially across the landfill footprint, and varies temporally across 
the course of a day, across seasons, and by region of the country due to climate, 
soils, topography and waste types. Based on these conclusions, EPA has proposed 
a workable approach that we support.

Questions submitted by Representative Bob Inglis

Q1. Ms. Wong, in your testimony you state that in 2007 Waste Management 
launched a two-year project to inventory emissions in order to account for your 
carbon footprint. How much has this effort cost your company so far? What will 
the total cost of this effort be?
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A1. In December of 2007, WM formed a multi-disciplinary Carbon Footprint Project 
Team to better understand our greenhouse gas (GHG) emissions by measuring our 
company-wide carbon footprint, including direct and indirect emissions from all WM 
controlled entities. The Team is well on the way to meeting our goal of collecting 
data for and calculating our 2009 GHG emissions so we can report them in 2010. 
The Team organized itself around four major tasks:

1. Identifying all WM sources of GHG, and identifying existing or developing 
new protocols for measuring their emissions;

2. Developing the organizational structure for reporting emissions from indi-
vidual facilities, up to the company as a whole, and identifying internal 
means to collect emissions data;

3. Selecting and configuring a software tool for managing GHG emissions data, 
calculating GHG emissions of various types and reporting WM’s GHG emis-
sions, which we have named ‘‘Climate Care’’; and

4. Communicating to internal and external stakeholders about what we are 
doing, and developing training for WM staff who will be involved in data col-
lection.

The Team’s focus this year will be on collecting and internally validating our 2009 
emissions information, uploading it to Climate Care, calculating GHG emissions by 
pollutant and compiling the WM carbon footprint in early 2010. 

Set forth below are some estimates of our internal staff resources, our investment 
in electronic infrastructure and our consultant costs associated with developing our 
‘‘Climate Care’’ GHG data management tool, identifying our sources, gathering in-
formation required to calculate emissions and calculating our emissions for calendar 
year 2009. These cost estimates do not include internal resources or external con-
sulting costs associated with landfill monitoring research, emissions testing, devel-
opment of the SWICS landfill GHG estimation protocol, or upgrades to existing 
landfill gas collection monitoring equipment, as we consider these to be long-term 
investments with benefits reaching beyond facilitation of GHG reporting. Also, these 
cost estimates do not include the cost of third-party verification, as WM is hopeful 
that third-party verification will not be required on a federal basis. 

However, WM has investigated what the cost of third-party verification would be 
to the company if The Climate Registry’s protocols were adopted on a federal level. 
Using a cost estimate from a reputable third-party verifier for labor and internal 
cost estimates for travel expenses to provide cross-country access to that verifier, 
the total estimated cost for annual third-party verification of WM’s GHG reports 
would be approximately $500,000. 

To provide some background on the costs provided below, WM is including in its 
carbon footprint all six commonly recognized GHGs as emitted by approximately 
2,500 sites including open and closed landfills of various types, waste-to-energy fa-
cilities, alternative fuel power plants, recycling facilities, transfer stations, hauling 
companies and office-based operations. This wide variety of operations, however, 
generates GHGs from only four major sources: direct emissions from landfills; direct 
emissions from fuel combustion in on-road and off-road mobile sources as well as 
stationary sources; indirect emissions from use of electricity; and direct emissions 
of refrigerants from maintenance of our own equipment and processing of discarded 
refrigeration units at some facilities. 

Landfill emissions are calculated using the SWICS protocol (shared with Com-
mittee staff). Waste-to-energy facility and power plant emissions are calculated 
using existing emissions test data and waste/fuel receipt data. On-road and off-road 
mobile source and stationary fuel-burning source emissions are calculated using 
TCR/CCAR fuel default emission factors and fuel invoice data. Indirect emissions 
from use of electricity are calculated using E–Grid default emission factors and elec-
tricity invoice data. Refrigerant emissions, which are expected to be well under five 
percent of WM’s GHG emissions, are estimated using company average refrigeration 
unit usage and management assumptions for each type of site. 

The effort associated with our carbon footprint effort is reflected in internal WM 
staff costs, in external consulting costs of IHS, our equipment vendor, and ERM, 
who customized the IHS software for use by WM, and in the cost of purchasing soft-
ware and related operating licenses. Internal staff costs include two full-time man-
agers, one environmental and one IT, technical support from professionals in all 
WM operations departments, WM legal and financial control support, and data 
entry personnel.
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The internal WM staff hourly rate used above represents an average salary plus 
a standard benefits multiplier for the key staff that worked on this project. It is not 
a fully loaded rate, and it does not include travel associated with working on the 
project. The estimates of hours of efforts were obtained from interviewing the staff 
involved. The ERM and IHS staff hourly rates represent an average of each com-
pany’s billable rates for the personnel assigned to WM’s project. Hours and cost are 
from the contract between ERM and WM. Hardware and software costs are from 
invoice data.
Q2. Waste Management is a member of the Chicago Climate Exchange and the Cali-

fornia Climate Action Registry. How similar are the reporting requirements of 
these two organizations? What are the differences between them?

A2. Waste Management, as a founding member of the Chicago Climate Exchange 
(CCX) and as a member of the California Climate Action Registry (CCAR), has vol-
untarily reported GHG emissions for a subset of our operations in accordance with 
the two entities’ membership rules and protocols. The protocols for calculating emis-
sions are very similar across the two programs, and the protocols used are con-
sistent with the widely accepted GHG reporting protocol developed jointly by the 
World Resources Institute and World Business Council for Sustainable Develop-
ment. The primary difference between the two programs is that CCX focuses solely 
on the carbon dioxide (CO2) emissions of its members, while CCAR requires its re-
porting members to report all six Kyoto GHGs (CO2, methane, nitrous oxide, HFCs, 
PFCs, SF6) after a three-year transition period. 

CCX specifically requires its members to measure baseline and yearly CO2 emis-
sions resulting from fossil fuel combustion in stationary and mobile sources. Addi-
tionally, WM is required to report CO2 emissions from its nine wholly owned waste-
to-energy plants and five power plants. Because the majority of these plants produce 
renewable energy, WM reports only the CO2 emissions resulting from combustion 
of non-biogenic materials (primarily plastics) contained in the municipal solid waste 
and from combustion of supplemental and base load fossil fuel. The annual inven-
tory is reported to CCX and is third-party audited by the Financial Industry Regu-
latory Authority (FINRA formally NASD) at the direction of CCX. 

Waste Management, as a transitional reporting member of the CCAR, reports 
only its CO2 emissions for the first three years of membership, which concluded 
with the 2008-reporting year. WM has reported CO2 direct emissions from fuel com-
bustion in stationary facilities and vehicles, and indirect CO2 emissions from elec-
tricity use in the State of California in accordance with CCAR quantification and 
reporting rules. The emission reports are third-party verified by CCAR-approved 
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verifiers. With the end of our transition period, WM will for the 2009-reporting year 
be required to report GHG emissions for all six Kyoto gases from its California fa-
cilities and vehicles. 

Neither CCX nor CCAR requires reporting of landfill GHG emissions. However, 
WM has supplied landfill GHG emissions data to CCAR on a voluntary basis, using 
the Solid Waste Industry for Carbon Solutions (SWICS) protocol.
Q3. Waste Management emits greenhouse gases from many different sources.

a. What percentage of your emissions is tracked by direct monitoring tech-
nologies? Can this number be increased?

b. What types of technologies would be needed in order to increase the amount 
of greenhouse gas emission that are directly monitored? Are any of these tech-
nologies currently being developed?

A3a,b. WM, for its company-wide carbon footprint, plans to use The Climate Reg-
istry (TCR) or CCAR-approved GHG emission calculation protocols for estimating all 
of its GHG emissions. The U.S. EPA has proposed the same or very similar protocols 
for its mandatory GHG Reporting Rule. These calculation methodologies employ sci-
entifically demonstrated mathematical formulas, which are used to estimate GHG 
emissions associated with landfill emissions, fossil fuel combustion in stationary, off-
road mobile and on-road mobile sources, electricity use, and municipal solid waste 
combustion at our waste-to-energy plants. 

For landfill emissions, U.S. EPA in its proposed mandatory GHG Reporting Rule, 
reviewed methods for estimating landfill emissions and concluded that direct meas-
urement techniques were not yet available for accurately or reliably measuring 
landfill emissions. Instead, EPA proposes that landfill owner/operators use a com-
bination of two approaches: 1) all landfills would use the UN Intergovernmental 
Panel on Climate Change (IPCC) First Order Decay model to estimate landfill emis-
sions that reflect degradation of wastes in a landfill; and 2) for landfills that operate 
landfill gas collection and control systems, EPA proposes that these landfills also 
measure collected landfill gas flow, the methane concentration of the gas flow, and 
estimated gas collection efficiency with site-specific data to calculate methane gen-
eration. Where landfills have active landfill gas collection and control systems, we 
are able to directly and continuously monitor total collected landfill gas flow; and, 
although it is not standard operating practice nor required by the New Source Per-
formance Standards for Municipal Solid Waste Landfills, we can continuously mon-
itor the methane concentration of collected landfill gas. 

Coupled with these two measurement approaches, EPA also requires owner/opera-
tors to estimate the amount of uncollected methane that is oxidized in the landfill 
cover material. EPA provides a default factor for methane oxidation or allows re-
porters to calculate an oxidation factor using site-specific data. A significant number 
of field studies conducted in the U.S. and Europe have provided good estimates of 
methane oxidation, in the form of ranges, under differing circumstances of cover 
type, soil type and climate. 

For waste-to-energy plants, EPA’s proposed rule asks for an annual measurement 
of GHG emissions for the facility. WM plans to use an annual stack test (using the 
EPA-approved methodology) to develop an emissions factor for carbon dioxide, ni-
trous oxide and methane in pounds per ton of municipal solid waste (MSW) com-
busted. The emissions factors are then multiplied by the annual throughput of MSW 
combusted at the facility. For an annual measurement, use of stack tests in this 
manner will provide as accurate and reliable a measurement as would an annual 
averaged reading from a continuous emissions monitor. The formalized emission test 
provides a high degree of accuracy, as does the precise measurement of the mass 
of MSW input to the system. A continuous emission monitor does not employ the 
technical finesse of a formalized emission test, and is subject to periodic mainte-
nance and recalibration. 

The reporting of GHG emissions associated with fuel use in stationary and mobile 
sources typically uses a calculation methodology that estimates emissions based on 
the carbon content of the fuel and the mass of fuel consumed. This is an accurate 
estimate because carbon is not consumed in the combustion process, but is emitted. 
Inventorying indirect emissions from electricity use requires the use of estimation 
techniques based on actual metered use rates combined with GHG emission factors 
based on the type and proportion of fossil or renewable fuels used to generate elec-
tricity in a particular state. The utilities themselves are able to directly measure 
their stack emissions of CO2, but users of electricity must calculate their indirect 
emissions associated with electricity use because they cannot determine the specific 
power plants providing electricity to the grid at the time power is used.
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1 K. Weitz et al., The Impact of Municipal Solid Waste Management on Greenhouse Gas Emis-
sions in the United States, Journal of Air & Waste Management Association, Volume 52, Sep-
tember 2002. 

Q4. You state in your testimony that the solid waste management sector decreased 
greenhouse gas emissions by more than 75 percent from 1974 to 1997. How were 
these reductions made? What opportunities exist to further decrease your emis-
sions?

A4. Through improved practices, such as recycling and landfill gas collection and 
combustion, GHG emissions from MSW management have decreased by over 75 per-
cent from 1974–1997 despite an almost two-fold increase in waste generation.1 The 
EPA-sponsored study footnoted below evaluated MSW management practices as 
they evolved throughout the last several decades. For the baseline year of 1974, 
MSW management consisted of limited recycling, combustion without energy recov-
ery, and landfilling without gas collection or control. This was compared with data 
for 1980, 1990, and 1997, accounting for changes in MSW quantity, composition, 
management practices, and technology. Over time, the United States has moved to-
ward increased recycling, composting, combustion (with energy recovery) and 
landfilling with gas recovery, control, and utilization. 

WM believes that additional opportunities exist for further reducing GHG emis-
sions within our sector. In October of 2007, WM announced a series of environ-
mental initiatives to serve as a platform for sustainable growth, building on a num-
ber of innovative technologies WM already employs. They include:

• The operation of landfill gas-to-energy, waste-to-energy and biomass plants 
that produce electricity and fuels that replace fossil fuel use. We plan to dou-
ble our output of renewable energy by 2020;

• Saving resources and energy by recovering valuable materials through the 
Nation’s largest recycling program. We plan to triple the amount of recyclable 
materials we manage by 2020;

• Advancing technology for alternative transportation fuels (e.g., landfill gas to 
liquefied natural gas) and engine design to lower GHG emissions from our ve-
hicles. We expect to direct capital spending of up to $500 million per year 
over a ten-year period to increase the fuel efficiency of our fleet by 15 percent 
and reduce our emissions by 15 percent by 2020;

• The continued recovery and destruction of methane gas from landfills; and
• Development of ‘‘Next Generation’’ technology landfills that offer enhanced 

collection and beneficial use of landfill gas.
Q5. As Congress considers ways to associate a cost with carbon dioxide emissions, 

a mechanism to create high quality emissions data is of increased importance. 
At the federal level, this mechanism will enable us to track progress and eco-
nomic impacts; at the individual facility level, managers will be able to make 
better investment decisions with robust emissions data.
a. Should industries be responsible for composing their own reporting stand-

ards?
b. Should NIST play a role in setting reporting standards?
c. Do voluntary emission registry firms supply the protocols and standards to 

properly capture all emissive activities with the same amount of reliability?
d. Is ANSI doing a sufficient job in pushing these standards to a consensus?

A5a,b,c,d. As Waste Management has worked over the last year to develop the tools 
to measure our company-wide carbon footprint, we have gained an appreciation for 
the complexity of the effort and the need to ensure our customers, our regulators 
and ourselves that we have done so correctly. One of the key challenges we have 
faced is the lack of broadly accepted protocols for measuring GHG emissions from 
our solid waste management operations, particularly landfills. 

To facilitate our voluntary reporting of methane emissions from landfills to the 
California Climate Action Registry, WM and other public and private owners and 
operators of landfills formed the Solid Waste Industry for Climate Solutions 
(SWICS), and commissioned SCS Engineers to conduct an in depth literature review 
and make recommendations on refining current landfill emissions models. The pro-
tocol, which has been shared with EPA, The States of California, Massachusetts, 
and New Jersey, along with CCAR and the Climate Registry, replaces default values 
for landfill gas collection efficiency and methane oxidation in existing EPA models 
with ranges, which better account for effects of climate, landfill design and landfill 
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cover types. The protocol was peer reviewed by a team of landfill academicians and 
practitioners. The protocol represents a first step in refining existing EPA models 
and protocols to improve landfill methane estimation. We are pleased that EPA’s 
proposed mandatory reporting rule adopted aspects of the protocol to allow reporters 
to either use default values supplied by EPA, or to undertake more rigorous emis-
sions estimation using site-specific information on collection system and landfill 
cover system design and operation. 

Our experience with developing a protocol for estimating landfill emissions leads 
us to believe that a consensus-based standards-setting process would be the most 
constructive means for developing generally accepted protocols for sectors that now 
lack such protocols. GHG emissions inventorying and accounting is an evolving art 
and science. The advent of federal GHG reporting requirements offers an excellent 
opportunity to develop consensus standards for emissions inventorying for key in-
dustry sectors. The National Technology Transfer and Advancement Act of 1995 
(P.L. 104–113) directs federal agencies to use consensus-based standards in lieu of 
government-unique standards except when inconsistent with law or otherwise im-
practicable. 

The American National Standards Institute (ANSI) process for voluntary stand-
ards development is the ‘‘gold standard’’ of such processes. It is guided by the prin-
ciples of consensus, due process and openness, and depends heavily upon data gath-
ering and compromises among a diverse range of stakeholders. The process ensures 
that access to the standards development process, including an appeals mechanism, 
is made available to anyone directly or materially affected by a standard that is 
under development. WM would welcome and support efforts by NIST and ANSI to 
develop consensus-based protocols to implement both mandatory and voluntary 
GHG emissions reporting programs.
Q6. Are there any significant obstacles to the monitoring or verifying of emissions 

that Congress should consider?
A6. Waste Management does not support a requirement for third-party verification 
of mandatory GHG emissions reporting. There is no precedent for third-party 
verification in any federal environmental statute under which we operate. The solid 
waste management sector is subject to numerous reporting requirements under fed-
eral statutory programs including the Resource Conservation and Recovery Act, 
Clean Air Act, Emergency Planning and Community Right-to-Know Act, Spill Con-
tainment and Countermeasures Program, the Clean Water Act, and Superfund to 
name a few. None of these programs require third-party verification of reporting, 
and many do not even require self-certification. All, however, include enforcement 
provisions, which create significant disincentives for faulty or false reporting. Any 
GHG reduction regime promulgated at the federal or State level will incorporate 
similar enforcement mechanisms designed to promote good behavior and penalize 
violators. 

Our experience with third-party verification under the CCX and CCAR, suggests 
that any requirement for third-party verification in a federal mandatory reporting 
program will add significant logistical issues and delays to the reporting process 
without enhancing the quality or reliability of reported data. EPA would have to de-
velop standards for the certification of third-party verifiers, approve a sufficient 
number to ensure that the thousands of reporters subject to the mandatory report-
ing rule would have ample access to certified verifiers, and then oversee the 
verification process. Should disputes arise between reporters and third-party 
verifiers, the likely venue for negotiation is the court system, which would add pro-
found delays to the confirmation of reported data. The EPA has proposed instead 
to require GHG emissions reporters to self-certify their emissions reports that EPA 
will then verify. EPA has outlined robust data requirements to ensure that it has 
the background information necessary to verify the completeness and quality of the 
emissions reports. We believe that this approach will avoid delays in program imple-
mentation, reduce the number of disputes and the time required to rectify them, as 
well as reduce costs for reporters who would have had to pay for third-party 
verification, while still ensuring the completeness and quality of emissions data, 
which itself in many cases will require the services of a third-party expert.
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ANSWERS TO POST-HEARING QUESTIONS 

Responses by Rob Ellis, Greenhouse Gas Program Manager, Advanced Waste Man-
agement Systems, Inc. (AWMS)

Questions submitted by Chair Brian Baird

Q1. In your testimony, you explain that the fundamental principle of the on-site 
verification is that an inventory calculation is only as good as the raw data used 
to make that calculation. In your experience, what are some of the challenges 
with gathering good quality raw data?

A1. For many companies the process of generating a complete GHG inventory is 
new. In AWMS’ experience the greatest challenge we see is the difficulty of creating 
a complete inventory. In the cases where a reporter has omitted a GHG source it 
is impossible for that reporter to go back in time and begin measuring that source. 
This can result in an unverifiable inventory if that omission exceeds materiality 
(five percent error) thresholds. This is a key point: a GHG inventory is not one point 
source, or a ‘‘tailpipe’’ measurement—there are many emissions sources at any given 
site.
Q2. Can you explain any drawbacks to using the data collected from the Continuous 

Emissions Monitoring Systems (CEMS)? What are the maintenance require-
ments for CEMS? Do CEMS measure methane and nitrous oxide or only carbon 
dioxide? Do you verify the emissions recorded with CEMS?

A2. The primary drawback to using the data collected from CEMS is that it can 
lead to a false sense that GHG inventories are measurable with a single point 
source measurement device. As stated, a GHG inventory comprises monitoring and 
measurement of many GHG sources, most of which will be outside the scope of 
CEMS. Should a power plant, for example, rely on solely CEMS then data sources 
such as emergency generator emissions, coal pile emissions, and fugitive emissions 
will be omitted. The maintenance requirements for CEMS are very specific, and in-
clude items such as automated calibrations and periodic stack testing to confirm the 
accuracy of the CEMS. In AWMS’ experience a power plant often will assign staff 
the specific job of CEMS maintenance full-time. Taken in this context, however, 
CEMS data provides a very reliable source of data. As a verifier AMWS would ac-
cept CEMS data in accordance with the applicable reporting protocol, but would still 
perform a verification of the data by checking items such as calibration records and 
the availability records of the CEMS. CEMS can be set to monitor almost any gas, 
however methane would not likely be one of these. Temperatures in stack gas would 
be so high any methane would probably combust.

Questions submitted by Representative Bob Inglis

Q1. How many companies in the U.S. at this time are third-party verifiers? How 
long does it take to get accreditation to be a third-party verifier?

A1. Utilizing the global best management practice of ISO 14065 accreditation, there 
are eight accredited verifiers (including AWMS). This accreditation program is over-
seen and managed by the American National Standards Institute (ANSI). ANSI rep-
resents the U.S. in the International Accreditation Forum (IAF) that ties this ac-
creditation to the international community. In AWMS’ case the process to become 
accredited by ANSI took about eight months (May 2008 thru December 2008). 
AWMS was a successful member of the pilot group of verifiers, so some of this time 
can be attributed to the fact that each step was being performed for the first time.
Q2. How long does it take for you to audit a single company’s greenhouse gas inven-

tory? Is your entire staff involved in every audit? What is the average number 
of staff assigned per audit? How many audits can your company conduct in a 
single year?

A2. As can be expected, the length of time to perform a verification varies greatly 
depending on the reporting entity. Having said that, there are a number of key indi-
cators that affect that time. For example, the homogeneity of a reporter’s operations 
drives the level of effort greatly. Reporters utilizing a small number of technologies 
(e.g., coal fired power plants) require a smaller number of site visits in order to sam-
ple the emissions inventory where reporters utilizing a large number of technologies 
(e.g., coal fired, gas fired, and waste-to-energy) require a larger number of site visits 
in order to sample the emissions inventory. AWMS does not involve the entire staff 
in any audit; the average number of staff assigned per audit is two to three (con-
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sisting of a Lead Verifier, an additional Verifier when necessary, and a Peer Re-
viewer). AWMS has not had to turn down any verification work due to a lack of 
resources.
Q3. Are the verification protocols utilized for auditing greenhouse gas inventories the 

same as protocols used for determining the validity of off-sets? How are these 
protocols different?

A3. The protocols for auditing greenhouse gas inventories are slightly different from 
those used to verify offset projects. The primary reason for this is there are different 
programs for inventories (e.g., TCR) and offset projects (e.g., CCX). Being different 
entities, they have developed their own protocols. The protocols differ primarily in 
the calculation methodologies but are based on international practices. There are 
key similarities, however, such as the requirement for third-party verification. This 
is the globally accepted best management practice.
Q4. What is the typical margin of error you have found during auditing? Do you as-

sist companies to reduce this error in reporting? Are there any penalties incurred 
by the companies that have significant errors in their reporting?

A4. TCR and international practices have set the acceptable error level at five per-
cent (assessed independently against direct and indirect emissions). AMWS has 
been able to successfully verify reporters against this requirement to-date. A very 
clear requirement of any third-party verification body is that we will in no way as-
sist companies. AWMS’ responsibility is to identify error and maintain our impar-
tiality by not participating in or recommending corrections. Along those lines any 
assessment of penalty is the responsibility of the relevant program. AWMS does 
have the responsibility to report our verification findings without consideration of 
reward or consequence.
Q5. Do you test the monitoring technologies to ensure that the data received from 

them is accurate?
A5. AMWS verifies whether the reporter assesses themselves to ensure that their 
data is accurate. This includes actions such as verifying proper maintenance, equip-
ment calibration, placement, and, where required, physical sampling such as stack 
tests. AWMS reviews the records of these actions to ensure they are being per-
formed.
Q6. As Congress considers ways to associate a cost with carbon dioxide emissions, 

a mechanism to create high quality emissions data is of increased importance. 
At the federal level, this mechanism will enable us to track progress and eco-
nomic impacts; at the individual facility level, managers will be able to make 
better investment decisions with robust emissions data.

Q6a. Should industries be responsible for composing their own reporting standards?
A6a. In order for any emissions inventory to be accepted at an international level, 
and thus gain access to the international market, industries need to follow the glob-
al best management practices. This necessitates a centralized set of protocols by 
which industries calculate their inventories. A prime example is that of The Climate 
Registry that creates a system of comparable inventories, i.e., comparing apples to 
apples. If industries are asked to compose their own reporting standards there will 
be no consistency and U.S. companies will be barred from any trading on the inter-
national market.
Q6b. Should NIST play a role in setting reporting standards?
A6b. Any role that NIST could play in GHG reporting is already being filled, with 
the American National Standards Institute (ANSI) being the best example. The 
unique value that ANSI brings to the role is their membership in the International 
Accreditation Forum (IAF). IAF is a global unifying body that ensures that accredi-
tation as a verifier under ANSI’s program is recognized internationally. This, in 
turn, ensures that a U.S. company that has their inventory verified by an ANSI ac-
credited verifier will be recognized at the international level. For this reason, ANSI 
is the best choice to provide oversight of any U.S. GHG program. As far as specific 
reporting protocols, those have also been developed and are in common use. These 
protocols, such as The Climate Registry’s General Reporting Protocol, have been de-
veloped with linkage to international protocols in mind, thus ensuring that U.S. 
verified inventories would be recognized internationally. Both ANSI and TCR are 
in practice today; there is no need to recreate these functions within NIST.
Q6c. Do voluntary emission registry firms supply the protocols and standards to 

properly capture all emissive activities with the same amount of reliability?
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A6c. In AWMS’ experience the voluntary emission registries in which we participate 
(TCR, CCX) are producing high quality protocols that do properly capture emissive 
activities. As with any protocol or standard it is up to the end-user (reporters in 
this case) to appropriately apply these protocols. That highlights the fact that third-
party verification is a critical element; it is in this phase of an inventory program 
that assurances are made that a reporter appropriately interpreted and applied the 
protocols and that no emissive activities were omitted. Relative to GHG programs, 
ANSI utilizes ISO 14065 and ISO 14064–3 which are Standards written and ratified 
by ISO member nations (159 nations). ANSI ensures that U.S. programs and 
verifiers operate in a fashion consistent with the international community, thus 
keeping the link to the international market open.
Q6d. Is ANSI doing a sufficient job in pushing these standards to a consensus?
A6d. Absolutely, ANSI is doing an excellent job in pushing these standards to a 
consensus. AWMS has experienced a great deal of two-way communication with 
ANSI, including updates on the status of various U.S. programs utilizing ANSI as 
the accreditation scheme of choice. Examples grow on a routine basis and ANSI con-
tinues to work towards bringing all verifier accreditation under one system. 
Through ANSI’s representation in the IAF this scheme ensures recognition of not 
only U.S. verifiers on the international level, but also the inventories verified by 
that same group.
Q7. Are there any significant obstacles to the monitoring or verifying of emissions 

that Congress should consider?
A7. A very recent obstacle presented itself with the release of the draft EPA manda-
tory greenhouse gas reporting rule. In this draft EPA recommends bypassing third-
party verification in favor of internalizing that function to the EPA. This imme-
diately would place the U.S. program in contradiction to every other GHG program 
in the world. In so doing, all U.S. reported inventories would be called into question 
internationally and would prevent U.S. reporters from entering the international 
trading market. The argument is presented within this draft rule that EPA has ex-
perience with this sort of work through the acid rain program. This is not true in 
that the comparison between monitoring and verifying data for the acid rain pro-
gram can be linked to CEMS, while those same CEMS comprise only a portion of 
a GHG inventory. A GHG verification involves much more than checking the data 
quality of a monitoring device; this is expertise that resides in the public sector with 
private companies specialized in emissions inventory verification. This relates di-
rectly to another argument presented in the draft EPA rule that states that third-
party verification is too expensive. Again, this argument is flawed in that third-
party verifiers are already operating in the marketplace. There is no ramp-up cost 
associated with these companies any longer, and third-party verifiers already have 
trained staff and management systems in place. Should EPA assume the responsi-
bility of verifier at this stage, all that ramp-up, learning, training, and program de-
velopment will need to be repeated in the EPA. The argument that there is no need 
for third-party verification and that spot checks by EPA are sufficient is a very 
shortsighted argument By ignoring the international best practice the U.S. will take 
itself out of the international carbon market and eliminate the vast potential of 
earnings for forward-minded companies who build carbon credits. This draft EPA 
rule poses an obstacle to international recognition and acceptance of a U.S. GHG 
inventory program and any future cap and trade program, should the decision to 
eliminate third-party verification stand. 

Further, the draft EPA rule replaces globally vetted emissions calculations and 
emissions factors with EPA’s own versions that have never been tested or inter-
nationally used. These EPA procedures further require numerous repetitive site and 
fuel specific calculations, the cost of which would be extreme. 
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HEARING CHARTER 

COMMITTEE ON SCIENCE AND TECHNOLOGY
U.S. HOUSE OF REPRESENTATIVES 

Monitoring, Measurement, and Verification
of Greenhouse Gas Emissions II:

The Role of Federal and Academic
Research and Monitoring Programs 

TUESDAY, APRIL 22, 2009
10:00 A.M.–12:00 P.M.

2318 RAYBURN HOUSE OFFICE BUILDING

Purpose 
On April 22, 2009, the House Committee on Science and Technology will hold a 

hearing entitled ‘‘Monitoring, Measurement, and Verification of Greenhouse Gas 
Emissions II: The Role of Federal and Academic Research and Monitoring Pro-
grams.’’ The purpose of the hearing is to examine existing and planned federal pro-
grams focused on monitoring, measuring, and verifying sources and sinks of green-
house gases, their atmospheric chemistry and their impacts on Earth’s climate. The 
Committee will examine both top-down and bottom-up methods for tracking green-
house gases including: ground-based, tropospheric, and space-based monitoring sys-
tems as well as facility-based monitoring systems and inventory and reporting 
methods. 

The Committee seeks to understand how the existing and planned federal meas-
urement and monitoring systems can be utilized to gain greater understanding of 
sources and sinks of greenhouse gases and to support research on greenhouse gases, 
evaluation of national and international greenhouse gas mitigation policies, and de-
velopment of projections of regional climate impacts to inform development and im-
plementation of mitigation and adaptation strategies. The Committee also seeks to 
identify the key requirements that need to be addressed in developing a scientif-
ically and operationally robust system for verifying compliance with potential cli-
mate agreements.

Witnesses

• Dr. Alexander ‘‘Sandy’’ MacDonald, Director, Earth Systems Research 
Laboratory, National Oceanic and Atmospheric Administration (NOAA)

• Dr. Beverly Law, Professor, Global Change Forest Science, Oregon State 
University, and Science Chair, AmeriFlux Network

• Dr. Richard Birdsey, Project Leader, Climate, Fire, and Carbon Cycle 
Science, USDA Forest Service, and Chair, Carbon Cycle Scientific Steering 
Group

• Dr. Michael Freilich, Director, Earth Science Division, National Aero-
nautics and Space Administration (NASA)

• Ms. Dina Kruger, Director, Climate Change Division, Office of Atmospheric 
Programs, Environmental Protection Agency (EPA)

• Dr. Patrick D. Gallagher, Deputy Director, National Institute of Standards 
and Technology (NIST)

• Dr. Albert J. Heber, Professor of Agricultural and Biological Engineering, 
Director, Purdue Agricultural Air Quality Laboratory, Purdue University, and 
Science Advisor, National Air Emission Monitoring Study

Background 
The Federal Government has a number of programs that gather observations on 

greenhouse gases, climate, ecosystem function, land use change, and primary pro-
duction on land and in the oceans using ground-based, aircraft-based, and space-
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based measurement techniques. These monitoring and measurement programs are 
integral parts of research and observation programs designed to gain greater under-
standing of the Earth’s carbon cycle, global nutrient budgets, atmospheric chem-
istry, the fate and transport of air pollutants, and ecosystem health and function. 

There are also several monitoring, measurement and reporting activities that are 
tied to voluntary reporting, regulatory programs, or international treaty obligations. 
The voluntary emissions reporting program at the Department of Energy (DOE) 
tracks the emissions of entities that volunteer to provide information about the 
greenhouse gas emissions associated with their activities. Under the Clean Air Act, 
the Environmental Protection Agency manages cap-and-trade programs to control 
the emissions of air pollutants from the power generating sector. The U.S. has rati-
fied two international treaties—the U.N. Framework Convention on Climate Change 
and the Montreal Protocol. Both of these treaties require monitoring and reporting 
of greenhouse and ozone depleting gases, respectively to ensure compliance and ef-
fectiveness of these treaties. 

Research efforts are also underway to quantify greenhouse gas emissions from 
previously unmonitored sources. For example, the National Air Emission Monitoring 
Study (NAEMS) is continuously monitoring levels of hydrogen sulfide, particulate 
matter, ammonia, nitrous oxide, volatile organic compounds and greenhouse gases 
released from lagoons and animal barns at 20 animal feeding operations in the 
United States. Led by researchers at Purdue University, the 2.5 year study was es-
tablished in 2006 by a voluntary Air Compliance Agreement between EPA and the 
pork, dairy, egg, and broiler industries. The study is currently in its second year 
of monitoring, and once complete will be used to develop protocols for measuring 
and quantifying air pollutants emitted by animal feeding operations. 

Several proposals are under consideration to develop mandatory programs to re-
port and to control the emissions of greenhouse gases associated with the burning 
of fossil fuels here in the U.S. At the same time, 192 countries are preparing to meet 
in Copenhagen, Denmark in December of this year to negotiate an agreement on 
an international framework to control emissions of greenhouse gases. 

The monitoring system now in place serves important ongoing functions in the 
support of research on the Earth’s climate and carbon cycling systems. The current 
observation system also provides us with information about the likely direction and 
magnitude of changes in climate and other phenomena, such as ocean acidification, 
that we are likely to experience as concentrations of greenhouse gases in the atmos-
phere continue to increase. 

A different configuration and level of investment may be required if we are to 
adapt the current monitoring and observation systems to address specific questions 
about the efficacy and level of compliance we are achieving as a result of a control 
program for greenhouse gases. This hearing will explore the following three issues:

• Is our current monitoring system being maintained to support research and 
general information needs to track the Earth’s climate and anticipate future 
impacts?

• What changes need to be made to the current monitoring systems to support 
the need for verification and compliance with a greenhouse gas control pro-
gram domestically?

• What is the status of the international effort to monitor greenhouse gases and 
will the international monitoring effort be able to support compliance with an 
international greenhouse gas control program?

The specific type of monitoring system needed is dependent upon the nature of 
the reporting or control program that is ultimately selected. The current observing 
and monitoring networks include both ‘‘top-down’’ and ‘‘bottom-up’’ measurements in 
addition to utilizing modeling, accounting, and other estimation methods. 

Top-down measures include satellite-based monitoring or ground-based moni-
toring focused on measurement of aggregate emissions over large areas or global 
averages such as the concentration of carbon dioxide in the atmosphere. Bottom-up 
measures include monitoring or reporting of emissions from specific facilities or geo-
graphic locations. Both general categories of measurements and observations will be 
needed. However, the extent and mix of top-down and bottom-up approaches will 
be different depending upon the design of the control program. 

In both cases, key parameters that need to be determined are the baselines from 
which changes in emissions will be measured. In some instances, these baselines 
will be relatively easy to determine. For example, the measurement of carbon diox-
ide (CO2) emissions associated with fossil fuel based electric generation has been di-
rectly measured using continuous emission monitors for some years. The determina-
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tion of baseline emissions for a forest or an agricultural area is much more chal-
lenging. 

While CO2 is the most prevalent greenhouse gas of concern, there are five other 
greenhouse gases that are included in reporting programs and are likely to be in-
cluded in a greenhouse gas control program. These are methane (CH4), nitrous oxide 
(N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulphur 
hexafluoride (SF6). These gases, the dynamics of their sources and sinks, and the 
monitoring and measurement of them is less well-developed than the systems for 
CO2. 

The witnesses will discuss the specific types of monitoring programs, how these 
are being used, and how they may need to be altered to provide information to 
verify compliance and effectiveness of a greenhouse gas control program. 

In addition to his role at the U.S. Forest Service, Dr. Richard Birdsey serves as 
Chair of the Carbon Cycle Scientific Steering Group which provides scientific advice 
to the North American Carbon Program and the Carbon Cycle Science Program. 
Interagency coordination of the research, observation, and monitoring efforts is done 
through the U.S. Global Change Research Program and is essential to this effort. 

The information in the Appendix that follows provides a brief overview of key pro-
grams supported by the Federal Government. They include programs of the Na-
tional Oceanic and Atmospheric Administration (NOAA), the Environmental Protec-
tion Agency (EPA), the National Institute of Technology and Standards (NIST), the 
U.S. Department of Agriculture Forest Service, and the National Aeronautics and 
Space Administration (NASA). In addition, two monitoring efforts managed by the 
academic community are also included. These programs are supported with federal 
funds provided by multiple agencies. 

APPENDIX 

INTERAGENCY RESEARCH AND MONITORING COORDINATION 

Climate Change Science Program (CCSP) 
The major goal of the CCSP initiatives to study and understand key aspects of 

the climate system, including the global carbon cycle. According to Our Changing 
Planet: The U.S. Climate Change Science Program for Fiscal Year 2009, the stra-
tegic research questions for the global carbon cycle are:

• What are the magnitudes and distributions of North American carbon sources 
and sinks on seasonal to centennial time scales, and what are the processes 
controlling their dynamics?

• What are the magnitudes and distributions of ocean carbon sources and sinks 
on seasonal to centennial time scales, and what are the processes controlling 
their dynamics?

• What are the effects on carbon sources and sinks of past, present, and future 
land-use change and resource management practices at local, regional, and 
global scales?

• How do global terrestrial, oceanic, and atmospheric carbon sources and sinks 
change on seasonal to centennial time scales, and how can this knowledge be 
integrated to quantify and explain annual global carbon budgets?

• What will be the future atmospheric concentrations of carbon dioxide, meth-
ane, and other carbon-containing greenhouse gases, and how will terrestrial 
and marine carbon sources and sinks change in the future?

• How will the Earth system, and its different components, respond to various 
options for managing carbon in the environment, and what scientific informa-
tion is needed for evaluating these options?

To address these questions, federal agencies, including the Department of Energy, 
NASA, the National Institute of Standards and Technology, the National Oceanic 
and Atmospheric Administration, the National Science Foundation, the U.S. Depart-
ment of Agriculture’s Agricultural Research Service, Cooperative State Research, 
Education, and Extension Service, Forest Service, and Natural Resources Conserva-
tion Service, and the U.S. Geological Survey contribute to and coordinate carbon 
cycle research. 

The major elements of the U.S. Carbon Cycle Science Program are:
• The North American Carbon Program (NACP). The NACP addresses some of 

the strategic questions on the global carbon cycle noted above. The goal is to 
better characterize and understand the factors that influence changes in the 
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concentrations of carbon dioxide and methane in the atmosphere and the 
amount of carbon, including the fraction of fossil fuel carbon, being taken up 
by North America’s ecosystems and adjacent coastal oceans.

• The Ocean Carbon and Climate Change (OCCC) Program. The OCCO ad-
dresses specific aspects of the global carbon cycle associated with ocean proc-
esses. The OCCC and the NACP are complementary programs with a focus 
on understanding the exchanges of carbon between terrestrial and coastal 
ocean systems.

There are several interagency working groups with the larger interagency effort 
that are focused on the carbon cycle and on the coordination of climate observations. 
These include the Carbon Cycle Interagency Working Group and the Observations 
Working Group of the U.S. Climate Change Science Program. 

U.S. observation and research efforts are linked to the broader international sci-
entific community through our participation in international organizations associ-
ated with the World Meteorological Organization (WMO) including the Global Cli-
mate Observing System (GCOS) and the Intergovernmental Panel on Climate 
Change (IPCC). 

MONITORING NETWORKS AND PROGRAMS 

The AmeriFlux Network 
The AmeriFlux network is a ground-based, terrestrial carbon observing system 

that measures the exchange of carbon dioxide, water vapor and energy between the 
atmosphere and terrestrial ecosystems. The 90 sites are located in different eco-
systems throughout North, Central, and South America and consist of towers 
equipped with instruments at various heights above ground level. These sites ad-
here to common protocols across the network to produce continuous, long-term 
measurements of temperature, wind, water, energy, and carbon dioxide. Using these 
measurements, researchers estimate terrestrial carbon sources and sinks, the re-
sponses of these sources and sinks to climate and land use change, and test models 
of the carbon cycle and the climate system. Data from ground-based sensors is also 
needed to calibrate remote sensing and space-based monitoring systems. 

The AmeriFlux Network is supported by a number of federal agencies. The De-
partment of Energy’s Office of Biological and Environmental Research supports ap-
proximately 20 of the sites, measurement and data quality assurance, and data 
archiving activities for the network. The network’s science office is funded by the 
National Science Foundation and the remaining sites are funded individually by 
other agencies such as the National Aeronautics and Space Administration, the Na-
tional Oceanic and Atmospheric Administration, the United States Geological Serv-
ice, the Forest Service, the Agricultural Research Service, and the National Science 
Foundation. 

The AmeriFlux Network’s carbon dioxide flux observations and carbon cycle mod-
eling are important contributions to other national and international observation 
networks. The Network’s information is linked to other federal agencies’ observing 
systems (i.e., NASA, NOAA, NSF, USDA Forest Service) through the North Amer-
ican Carbon Program’s (NACP) research plan. The NACP plan for research on the 
carbon cycle is focused on measuring and understanding the permanence of North 
American carbon sinks, and the AmeriFlux Network is an integral component of 
this effort. 

The AmeriFlux Network is linked to international carbon flux measurement net-
works (i.e., CarboEuroFlux, FluxNet-Canada, AsiaFlux and OzFlux) through the 
National Science Foundation’s global carbon flux network known as FluxNet. 
FluxNet provides infrastructure for managing, archiving and distributing data col-
lected at FluxNet sites to the science community. FluxNet also supports efforts to 
calibrate observations collected at different sites and to ensure data from these sites 
are inter-comparable. FluxNet also provides forums for exchange of research find-
ings and facilitates communication among scientists working in related fields. The 
goal is to build an integrated global network of information from the regional net-
works in place on each continent to better understand the carbon, energy and water 
balance of ecosystems and how they fluctuate seasonally and in response to changes 
in climate.

Monitoring Networks Managed by the National Oceanic and Atmospheric 
Administration (NOAA) 

NOAA’s climate observations are extensive and support a number of atmospheric 
measurement platforms. The majority of atmospheric measurements are conduced 
by NOAA’s Earth System Research Laboratory (ESRL), located in Boulder, Colo-



91

rado. ESRL’s Global Monitoring Division (GMD) conducts long-term continuous 
measurements on atmospheric gases, aerosols, and solar radiation to inform re-
search on source and sink strengths, global climate forcing, stratospheric ozone de-
pletion, and baseline air quality. The Division has a number of measurement capa-
bilities. However, the global baseline observations and the carbon cycle observations 
are most likely to have a role in verifying the effectiveness of emission reduction 
strategies. The programs which support these observations will be examined briefly 
below.

Global Atmospheric Baseline Observatories 
ESRL/GMD supports the Global Atmospheric Baseline Observatories in five loca-

tions around the world: Barrow, Alaska; Mauna Loa, Hawaii; Cape Matatula, Amer-
ican Samoa; the South Pole, Antarctica, and Trinidad Head, California. Up to 250 
different atmospheric parameters relevant to the study of climate change and ozone 
depletion are measured at each of these locations. Measurements are made to deter-
mine baseline greenhouse gas levels and are critical to the collection and continuity 
of the world’s atmospheric measurements. The first continuous carbon dioxide meas-
urements, for example, were taken in 1958 by Dr. Charles David Keeling at the 
Mauna Loa Observatory in Hawaii. The Mauna Loa observations are now the long-
est record of continuous monthly mean carbon dioxide measurements in the world 
and were the basis for the now-famous Keeling Curve. The Keeling Curve showed 
the first significant evidence of increasing carbon dioxide levels in the atmosphere 
and was instrumental in showing that human activity is changing the composition 
of the atmosphere through the combustion of fossil fuels.

Carbon Tracker and Related Observations 
ESRL/GMD also conducts a number of greenhouse gas measurements through its 

observation networks. The Division’s Carbon Cycle Greenhouse Gases Group con-
ducts measurements that document the spatial and temporal distributions of car-
bon-cycle gases and provide essential constraints to our understanding of the global 
carbon cycle. The Group conducts in-situ and flask sampling of CO2 and other at-
mospheric trace gases using platforms such as: tall towers and existing television, 
radio and cell phone towers; ships; cooperative fixed sampling sites; and aircraft. 

These observations are linked with other agencies’ and international observation 
networks to support the ESRL’s research and visualization projects. One of ESRL/
GMD’s programs that could have a role in verifying the effectiveness of emission re-
duction strategies is its CarbonTracker program. Launched in 2007, the Carbon 
Tracker a visualization tool for biological carbon flux on a regional and global basis. 
Carbon tracker uses the aforementioned measurement networks, other NOAA and 
DOE sampling sites, and sampling sites operated by Australia and Canada. The 
measurements are fed into a model with 135 ecosystems and 11 ocean basins world-
wide. The model then calculates carbon release or uptake by oceans, wildfires, fossil 
fuel combustion, and the biosphere and transforms the data into a color-coded map 
of sources and sinks. 

ESRL is also planning to support a future project known as CALNEX. CALNEX 
2010 is a joint NOAA, California Air Resources Board, and California Energy Com-
mission field study of atmospheric processes over California and the eastern Pacific 
coastal region set to begin in 2010. Direct emissions of a wide range of species will 
be studied, including aerosol, gas-phase ozone, aerosol precursors (e.g., VOCs, NOΧ, 
SO2, CO, etc.) and greenhouse gases (CO2, CH4, etc.). The top-down approach that 
that will be used is expected to provide an independent assessment of existing in-
ventories.

Carbon Inventory, Management, Monitoring and Reporting by the USDA 
Forest Service 

The Forest Inventory and Analysis (FIA) Program is one of the longest running 
and oldest research programs of the U.S. Forest Service. The U.S. program was 
modeled on inventory programs established in Scandinavian countries in the 1920s. 
The first comprehensive inventory of forests in the U.S. began in the early 1930s 
but was not completed until the 1960s. The need for more current information led 
to direction in the 1998 Farm Bill to the Forest Service to adopt a continuous an-
nual inventory system. The information in the inventory is used to estimate the 
greenhouse gas emissions associated with U.S. forest lands. These estimates are in-
corporated into the National Inventory of Emissions for the U.S. reported to the 
U.N. Framework Convention on Climate Change. 

In addition, the Forest Service has an active research program on carbon cycling 
in forests that includes more specific direct measurements of the flux of greenhouse 
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gases from forest vegetation and soils and change in these in response to changes 
in ecosystem conditions or management practices.

Compilation of the National Emissions Inventory and Monitoring by the 
Environmental Protection Agency (EPA) 

EPA is the lead agency charged with compiling the U.S. National Greenhouse Gas 
Emissions Inventory. Data from DOE, USDA, and other federal agencies are com-
piled to provide an annual accounting of U.S. greenhouse gas emissions. This Inven-
tory is submitted to the U.N. Framework Convention on Climate Change in accord-
ance with our obligations under this treaty. 

EPA receives data on carbon dioxide emissions from electric power generation fa-
cilities from continuous emission monitors at these facilities. These data are col-
lected as part of the cap-and-trade systems for controlling emissions of sulfur diox-
ide and nitrogen oxides in accordance with the Clean Air Act. The carbon emissions 
are monitored as a means of verifying individual facility emissions and ensuring 
compliance with the cap-and-trade program.

National Institute of Technology and Standards (NIST) 
NIST’s role is to develop standard reference materials and assist with calibration 

and characterization of the instruments used to observe and monitor greenhouse 
gases. Because these measurements are made over long period of time and from 
many sources and by many different groups and individuals, NIST’s role of ensuring 
comparability and accuracy of these measurements is very important. NIST works 
with federal agencies to ensure the quality of the data gathered through our moni-
toring and observation networks. In addition, NIST serves as the official U.S. rep-
resentative in international efforts to ensure quality and comparability of data con-
tributed by different nations to global data repositories.

Observations and Monitoring Programs of the National Aeronautics and 
Space Administration (NASA)

The Advanced Global Atmospheric Gases Experiment (AGAGE) 
The Advanced Global Atmospheric Gases Experiment (AGAGE) network is spon-

sored by NASA’s Atmospheric Composition Focus Area in Earth Science. AGAGE 
and previous experiments that measure the composition of the global atmosphere 
have been in place since 1978. The ground-based network supports high frequency 
measurements of gases specific to the Montreal Protocol—chlorofluorocarbons 
(CFCs) and hydrochlorofluorocarbons—and non-CO2 gases specific to the Kyoto Pro-
tocol (hydrochlorofluorocarbons, methane, and nitrous oxide). AGAGE includes sta-
tions in non-U.S. countries and is part of a collaboration with the System for Obser-
vation of Halogenated Greenhouse Gases in Europe (SOGE).

NASA Space-Based Greenhouse Gas Sensors 
NASA satellite and airborne data has in the past had an influence on environ-

mental policy, specifically in the case of the Montreal Protocol. NASA Earth observ-
ing data helped develop the scientific basis that led to the Montreal Protocol and 
contributes to the subsequent ozone monitoring program to support the Protocol. 

Data from existing NASA sensors on orbit are already being used to study GHGs. 
Planned satellites are expected to have a greater contribution. Satellites are ex-
pected to be a critical component in obtaining the measurements needed to support 
potential climate policies.

• Tropospheric Emission Spectrometer (TES) on NASA’s Aura spacecraft. TES 
is a high-resolution infrared spectrometer that makes direct measurements of 
the ozone globally and of other gases, including carbon monoxide and meth-
ane. TES takes a global survey on a 16-day repeat cycle. TES’ measurements 
of ozone at different altitudes are used to create an ozone profile.

• Atmospheric Infrared Sounder (AIRS) on NASA’s Earth observing Aqua sat-
ellite. AIRS measures temperatures, humidities and other properties to help 
researchers understand the climate system and to improve weather fore-
casting. Included in its measurements are global data on CO2 in the mid-tro-
posphere (about five miles above Earth). Researchers also use AIRS data to 
measure ozone, carbon monoxide, carbon dioxide, methane, sulfur dioxide, 
and dust particles. AIRS, however, does not measure CO2 near the surface 
where it is emitted and absorbed into the land and ocean. To detect the 
sources of emissions and the absorption of CO2 near the surface, a different 
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type of sensor was required; that requirement led to the development of the 
Orbiting Carbon Observatory.

• The Ozone Monitoring Instrument (OMI) on NASA’s Aura spacecraft con-
tinues the record of ozone measurements collected by the Total Ozone Map-
ping Spectrometer (TOMS) instrument and other ozone measurements col-
lected from previous NASA satellites in support of the Montreal Protocol. 
OMI also measures nitrogen dioxide (NO2), sulfur dioxide (SO2), bromine 
monoxide (BrO), and OCIO among other aspects of air quality.

Orbiting Carbon Observatory (OCO) 
The Orbiting Carbon Observatory (OCO), which was launched on February 24, 

2009 and failed to reach orbit, ‘‘is the first spacecraft dedicated to studying atmos-
pheric carbon dioxide,’’ according to a December 2008 NASA publication entitled, 
‘‘Orbiting Carbon Observatory: Science Writer’s Guide.’’ OCO carried three spectrom-
eters and would have detected CO2 at the level of one to two parts per million—
an increase of three times the precision of any earlier satellites that had trace gas 
sensors. ‘‘The surface footprint of each measurement is [was to have been] about 1 
square mile . . ..’’ OCO was to have collected eight million measurements of CO2 
atmospheric concentration every 16 days. The small size of the footprint and the 
number of measurements are important for achieving the quality and accuracy of 
OCO measurements, which are ‘‘accurate to 0.3 to 0.5 percent on regional to conti-
nental scales,’’ according the OCO Science Writers Guide. The Guide also notes that 
the level of precision at which OCO’s instrument was designed was necessary, ‘‘be-
cause atmospheric carbon dioxide concentrations rarely vary by more than two per-
cent from one pole to the other.’’

Better understanding of the absorption and emission of carbon and the variation 
of those changes over time, would have provided researchers with new knowledge 
about how carbon dioxide emissions contribute to climate change, the efficiency of 
carbon sinks, and helped researchers forecast changes in atmospheric carbon diox-
ide. This fundamental knowledge will be important for designing strategies to man-
age carbon emissions, according to researchers involved in the OCO project.

The Ice, Cloud and land Elevation Satellite (ICESat) 
ICESat is the satellite used to measure the mass balance of ice sheets, cloud and 

aerosol heights and variations in land elevation and vegetation cover. This satellite 
provides global coverage of topography and vegetation. This satellite also provides 
specific observations of the major polar ice sheets in Greenland and Antarctica. A 
follow-on mission is planned to provide continuity for the study of the major ice 
sheets.

Other Federal Agency Satellite and Airborne Measurement Projects 
The Landsat 5 and Landsat 7 satellites were developed by NASA and launched 

in 1985 and 1999 respectively. The satellites continue the space-based Landsat ob-
servations of the Earth’s land cover, which began in 1972. The Landsat satellites 
are currently operated by the Department of Interior’s U.S. Geological Survey. 
NASA is developing the Landsat Data Continuity Mission (LDCM)—the follow-on to 
Landsat 7—for the USGS. A proposed 2007 plan for a National Land Imaging Pro-
gram, which would sustain U.S. long-term space observations of the land has thus 
far not been implemented. 

A 2006 report, Reducing Greenhouse Gas Emissions from Deforestation in Devel-
oping Countries: Considerations for Monitoring and Measuring, noted that Landsat 
and other remote sensing data can be used to identify deforestation. Landsat data 
have also been used in studies to identify selective logging in the Brazilian Amazon. 
(Selective logging affects the carbon storage of tropical forests.) In addition, Landsat 
data have been applied to research on the use of satellite images for monitoring and 
verifying agricultural practices related to soil carbon sequestration. 

NASA was one of several agencies including the U.S. Department of Energy’s 
Lawrence Berkeley National Laboratory, the National Oceanic and Atmospheric Ad-
ministration, the University of California, and the California Air Resources Board 
that participated in an airborne research campaign to measure GHGs over Cali-
fornia. According to a June 2008 news release from the Berkeley Lab, the goal was 
to gain knowledge about how much California’s greenhouse gas emissions are con-
tributing to the overall GHG total worldwide. 

The flight was linked to the NASA ARCTAS (Arctic Research in the Composition 
of the Troposphere from Aircraft and Satellites) program. ARCTAS connects to the 
broader International Polar Year effort known as Polar Study using Aircraft, Re-
mote Sensing, Surface Measurements and Models (POLARCAT), which is an inter-
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national initiative to employ aircraft and remote sensing platforms to investigate cli-
mate change, air pollution, and atmospheric chemistry. 

In addition, the High Performance Instrumented Airborne Platform for Environ-
mental Research (HIAPER) Pole-to-Pole Observations (HIPPO) project is an exam-
ple of an airborne carbon measuring project that involved other research institutions 
and facilities. With funding support from NSF and NOAA, researchers from the Na-
tional Center for Atmospheric Research (NCAR), Scripps, and Harvard teamed-up 
to develop a project that would investigate whether northern forests were absorbing 
less carbon than had been estimated and tropical forests were absorbing more than 
estimated. 

The project used an NSF/NCAR Gulfstream V jet, which has long-range and high-
flying capabilities that suited the project. Repairs and spare parts were easily ob-
tained because Gulfstream is a commercial aircraft that is used around the world. 
In addition to carbon dioxide, HIPPO measured other greenhouse gases at one- to 
ten-second intervals.

Key Non-U.S. Satellites and Sensors 
Europe’s key greenhouse gas monitoring sensor is known as SCIAMACHY on the 

European Space Agency’s Envisat satellite. The SCIAMACHY instrument measures 
trace gases, including carbon dioxide, methane, and carbon monoxide in the tropo-
sphere and the stratosphere. 

Japan’s Greenhouse Gas Observing Satellite (GOSAT), named ‘‘Ibuki,’’ was devel-
oped to detect atmospheric carbon dioxide and methane to support compliance moni-
toring of the Kyoto Protocol. The Protocol is an international and binding agreement 
under the United Nations Framework Convention on Climate Change and estab-
lishes targets for reducing greenhouse gas emissions during the 2008–2012 period. 

Ibuki, which was launched on a Japanese H2–A rocket on January 23, 2009, in-
cludes an infrared spectrometer to detect carbon dioxide (CO2) and methane (CH4) 
concentrations and a cloud/aerosol sensor. 

Japan also operates the Advanced Land Observing Satellite (ALOS) and its 
Phased Array L–Band Synthetic Aperture Radar (PALSAR) is an advanced imaging 
radar which is particularly suited for forest and wetland observations. PALSAR 
measurements are strengthening the satellite capabilities for mapping tropical for-
ests for initiatives such as Reduced Emissions from Deforestation and Degradation 
(REDD). 

Finally, University of Toronto’s Canadian Advanced Nanospace eXperiment 
(CanX) program is a technology demonstration project. The CanX–2 micro-satellite 
includes an Argus spectrometer which was designed to record greenhouse gas con-
stituents in the near infrared band at a surface resolution of one kilometer.
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Chair GORDON. Good morning and welcome to the Committee’s 
second hearing to examine the systems we have to track the emis-
sions, sequestration, and transport of greenhouse gases in the at-
mosphere, on land, and on the oceans. We welcome our witnesses. 
We will be having more Members; this is like a lot of times in this 
committee, a busy day, but we are being televised so some of our 
Members are watching us, and we have our staff here watching 
here and in the back. And so we want to get all this information 
down. This is very important. 

In our first hearing we examined the greenhouse gas reporting 
systems and the methods used to verify the information reported 
to greenhouse gas registries. Today we will hear about federally-
sponsored programs to monitor greenhouse gases. 

Monitoring and verification of greenhouse gases doesn’t sound 
like a very exciting topic. It is a little like housekeeping; it is an 
essential task that goes unnoticed until it isn’t done well or isn’t 
done at all. 

So without robust monitoring and verification systems we cannot 
understand the sources and sinks of greenhouse gases. We cannot 
detect changes in atmospheric or ocean chemistry or understand 
the potential impacts of these changes, and we cannot evaluate the 
effectiveness of policies to control emissions of greenhouse gases. 
Equally important, we cannot verify compliance with emission re-
ductions agreements. 

Our nation is a leader in these areas of research. Some of the 
satellite observations that enable us to track Earth’s heat budget 
are available only because of our investment in science programs 
at NASA. The ground and satellite observations that we gather tell 
us a lot about local weather and climate patterns, air quality, and 
the health of ecosystems and the oceans. 

The monitoring and measurement systems that we have today 
serve primarily a research function. Some, such as the monitoring 
system associated with EPA’s Acid Rain Program serve as a regu-
latory purpose, and we also track emissions to meet our reporting 
obligations under international agreements: the United Nations 
Framework Convention on Climate Change and the Montreal Pro-
tocol. 

Our colleagues on Energy and Commerce have begun their work 
to develop a plan to reduce our nation’s greenhouse gas emissions. 
In December, 192 countries will meet in Copenhagen to forge an 
international agreement to reduce emissions. 

We will need a robust monitoring system that is capable of tell-
ing us whether we are reducing emissions and meeting our policy 
goals, and we need to know how the earth’s climate system is re-
sponding. Of course, the specific design of the monitoring system 
will depend upon the type of emissions control policy we ultimately 
decide upon. 

We have an excellent panel of witnesses with us here this morn-
ing who will offer constructive suggestions on how we can best uti-
lize the assets we already have in place and make strategic invest-
ments where necessary to develop a robust and reliable monitoring 
system. 

At a time when warming appears to be accelerating and people 
are experiencing regional climate impacts already, we need to en-
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sure that we have the information we need on a sustained basis 
to implement the most effective policies. 

So thank you all for participating in this important hearing. 
The Chair now recognizes Mr. Hall for an opening statement. 
[The prepared statement of Chair Gordon follows:]

PREPARED STATEMENT OF CHAIR BART GORDON 

Good morning and welcome to the Committee’s second hearing to examine the 
systems we have to track the emissions, sequestration and transport of greenhouse 
gases in the atmosphere, on land, and in the oceans. 

In our first hearing, we examined greenhouse gas reporting systems and the 
methods used to verify the information reported to greenhouse gas registries. Today, 
we will hear about federally sponsored programs to monitor greenhouse gases. 

Monitoring and verification of greenhouse gases doesn’t sound like a very exciting 
topic. It’s a little like housekeeping—it is an essential task that goes unnoticed—
until it isn’t done well or it isn’t done at all. 

Without robust monitoring and verification systems, we cannot understand the 
sources and sinks of greenhouse gases. We cannot detect changes in atmospheric or 
ocean chemistry or understand the potential impacts of those changes. And, we can-
not evaluate the effectiveness of policies to control emissions of greenhouse gases. 
Equally important, we cannot verify compliance with emissions reductions agree-
ments. 

Our nation is a leader in these areas of research. Some of the satellite observa-
tions that enable us to track Earth’s heat budget are available only because of our 
investments in science programs at NASA. The ground and satellite observations 
that we gather tell us a lot about local weather and climate patterns, air quality, 
and the health of ecosystems and oceans. 

The monitoring and measurement systems we have today serve primarily a re-
search function. Some, such as the monitoring system associated with EPA’s acid 
rain program, serve a regulatory purpose. And we also track emissions to meet our 
reporting obligations under international agreements—the United Nations Frame-
work Convention on Climate Change and the Montreal Protocol. 

The Intergovernmental Panel on Climate Change’s recent reports tell us that we 
must control greenhouse gas emissions if we are to avoid future accelerated warm-
ing and its most devastating consequences. 

Our colleagues on the Energy and Commerce Committee have begun their work 
to develop a plan to reduce our nation’s greenhouse gas emissions. In December, 192 
countries will meet in Copenhagen to forge an international agreement to reduce 
emissions. 

We will need a robust monitoring system that is capable of telling us whether we 
are reducing emissions and meeting our policy goals. And, we need to know how 
the Earth’s climate system is responding. 

Of course, the specific design of the monitoring system will depend upon the type 
of emission control policy we ultimately decide upon. 

We have an excellent panel of witnesses with us here this morning who will offer 
constructive suggestions on how we can best utilize the assets we already have in 
place and make strategic investments where necessary to develop a robust and reli-
able monitoring system. 

At a time when warming appears to be accelerating and people are experiencing 
regional climate impacts already, we need to ensure that we will have the informa-
tion we need on a sustained basis to implement the most effective policies. 

Thank you all for participating in this important hearing.

Mr. HALL. Mr. Chairman, I thank you, on I thank you for holding 
the hearing here and measuring and verifying greenhouse gas 
emissions, and I appreciate your leadership on this very, very im-
portant topic. 

While this may not be the most exciting part of the climate 
change debate that Congress is going to have this year, I truly be-
lieve it is one of the most important and appreciate those of you 
who have prepared for this, who have traveled for this, and who 
are giving us your time, because we listen to you because you know 
more about what we are talking about than we do, and we base 
the law on what you tell us, the part we believe and understand. 
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So speaking as American as you can for those of us that are not 
physicists or didn’t have the grade average that most of you had. 
I wouldn’t have liked any of you in college because you ruined the 
curve for guys like me, but I appreciate you being here. 

And while it is said it is not the most exciting part of the climate 
debate, but knowing exactly how many pollutants are being emit-
ted into the environment and establishing a verifiable baseline as 
a requirement for virtually every environmental law our country 
has ever passed, and without knowing the current state of things, 
it is impossible for us to truly assess the impact that we are having 
on the environment, whether that is good or whether it is bad. And 
if we don’t know where we are starting, how can we prove that we 
have made any progress? 

Mr. Chairman, you and I both sit on another committee that is 
focusing heavily on the climate change debate. The entire premise 
of this debate in the Energy and Commerce Committee is based on 
the idea that we can accurately measure, we can accurately mon-
itor, and accurately verify greenhouse gas emissions coming from 
all sectors of the economy. 

And it is also based on the idea that we can accurately measure, 
monitor, and verify greenhouse gases removed from the atmos-
phere through offsets. Setting a cap implies that we know where 
we currently stand. The trade part implies that we know where it 
is all coming from. We are betting the entire U.S. economy on the 
assumption that verifiable data collection and monitoring is as sim-
ple as some of the authors say it is going to be. 

The hearing we are having this morning demonstrates that we 
do not have these abilities yet. Our witnesses are going to tell us 
about the need for greater scientific information, about the need for 
an accurate emissions baseline in order to implement any regu-
latory scheme, about the necessity of developing tools and protocols 
for verifying sources and sinks of greenhouse gases. The fact that 
we are still early on in the research and development phase of 
these methods and monitoring technologies means that we cannot 
in good faith assure the American people that any regulatory 
framework designed to regulate greenhouse gas emissions based on 
such methods and technology will not be harmful to the economy. 

Accurate measurements, verifiable data, and the integrity of 
methodology are the very things that form the foundation of any 
regulatory scheme and are the instruments necessary for respon-
sible governance. Albert Einstein once said, and my kids think I 
knew Albert Einstein, and he wasn’t a bad guy. ‘‘If we knew what 
we were doing, it would not be called research, would it?’’

Mr. Chairman, I couldn’t agree more with Albert. He was a 
friend of mine, a good guy. 

Our committee has to continue to be at the forefront of this de-
bate because the work we do here is the groundwork needed by 
other committees to do their own work, so I have to thank you once 
again for holding the hearing, Mr. Chairman, and I look forward 
to hearing from these very distinguished witnesses, and I yield 
back my time, sir. 

[The prepared statement of Mr. Hall follows:]
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PREPARED STATEMENT OF REPRESENTATIVE RALPH M. HALL 

Thank you, Mr. Chairman. I would like to thank you for holding this hearing 
today on monitoring, measuring and verifying greenhouse gas emissions. I appre-
ciate your leadership on this very important topic. 

While this may not be the most exciting part of the climate change debate the 
Congress will have this year, I truly believe it is one of the most important. Know-
ing exactly how many pollutants are being emitted into the environment and estab-
lishing a verifiable baseline is a requirement for virtually every environmental law 
our country has passed. Without knowing the current state of things, it is impos-
sible for us to truly assess the impact we are having on the environment, good or 
bad. If we don’t know where we are starting, how can we prove that we have made 
any progress? 

Mr. Chairman, you and I both sit on another committee that is focusing heavily 
on the climate change debate. The entire premise of the debate in the Energy and 
Commerce Committee is based on the idea that we can accurately measure, monitor, 
and verify greenhouse gas emissions coming from all sectors of the economy. It is 
also based on the idea that we can accurately measure, monitor and verify green-
house gases removed from the atmosphere through off-sets. Setting a cap implies 
that we know where we currently stand; the trade part implies that we know where 
it is all coming from. We are betting the entire U.S. economy on the assumption 
that verifiable data collection and monitoring is as simple as wanting it to be. 

The hearing we are having this morning demonstrates that we do not have these 
abilities yet. Our witnesses are going to tell us about the need for greater scientific 
information. About the need for an accurate emission baseline in order to implement 
any regulatory scheme. About the necessity of developing tools and protocols for 
verifying sources and sinks of greenhouse gases. The fact that we are still early on 
in the research and development phase of these methods and monitoring tech-
nologies means that we cannot, in good faith, assure the American people that any 
regulatory framework designed to regulate greenhouse gas emissions based on such 
methods and technology will not be harmful to the economy. 

Accurate measurements, verifiable data and the integrity of methodology are the 
very things that form the foundation of any regulatory scheme and are the instru-
ments necessary for responsible governance. Albert Einstein once said, ‘‘If we knew 
what we were doing, it would not be called research, would it?’’ Mr. Chairman, I 
couldn’t agree more with this sentiment. 

Our committee must continue to be at the forefront of this debate because the 
work we do here is the groundwork needed by other committees to do their own 
work. So I have to thank you once again for holding this hearing, and I look forward 
to hearing from our distinguished witnesses.

Chair GORDON. Thank you, Mr. Hall, and we will try to get it in 
Texan so we can both understand it. 

If there are other Members who wish to submit additional open-
ing statements, your statements will be added to the record at this 
point. 

[The prepared statement of Mr. Costello follows:]

PREPARED STATEMENT OF REPRESENTATIVE JERRY F. COSTELLO 

Good Morning. Thank you, Mr. Chairman, for holding today’s hearing to discuss 
the monitoring and measuring of greenhouse gas emissions. 

President Obama has made addressing climate change and greenhouse gas emis-
sions a priority for the 111th Congress. As we prepare to tackle this major piece 
of legislation, it is imperative that we understand where and how we produce green-
house gases in the United States and around the world. A strong system for meas-
uring and monitoring greenhouse gas emissions will help ensure compliance with 
any emissions reduction programs and measure our progress towards decreasing our 
greenhouse gas emissions. 

I would like to hear from our witnesses today how our current array of measure-
ment systems can be most effectively and efficiently used to develop baselines and 
ensure compliance with a new greenhouse gas emissions reduction program. Fur-
ther, I would also like to know what new monitoring and measurement technologies 
will be necessary as we reduce our emissions to lower levels and how the Federal 
Government and U.S. academic research centers can remain on the forefront of this 
important technology. 

As we all know, the U.S. is not the sole producer of greenhouse gas emissions, 
and we will not be the sole country to establish a program to reduce greenhouse 
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gases. I am interested to hear how our systems can work internationally, especially 
as the United Nations prepares to consider a new climate change agreement in Jan-
uary. 

I welcome our panel of witnesses, and I look forward to their testimony.

[The prepared statement of Ms. Johnson follows:]

PREPARED STATEMENT OF REPRESENTATIVE EDDIE BERNICE JOHNSON 

Good morning, Mr. Chairman. 
I would like to welcome today’s panel to our hearing, focused on federal programs 

for monitoring, measuring, and verifying sources and sinks of greenhouse gases. 
Today’s hearing will also examine greenhouse gas impacts on Earth’s climate. 
The United States is the world’s biggest emitter of greenhouse gases. We are thus 

in the prime position to lead by example in mitigating those emissions. 
Doing so will not only improve our environment, but it may also influence the 

world’s biggest economies to do similar good. 
While the federal agencies are already utilizing various strategies to monitor and 

quantify greenhouse gas emissions, we are thinking towards the future. 
Today’s hearing will examine the status of our current monitoring systems. 
It will also help guide Members of Congress on changes that should be made to 

fulfill the need for verification and compliance with a greenhouse gas control pro-
gram. 

Mr. Chairman, it is my sense that our Administration and the American public 
favor progressive greenhouse gas mitigation policies. 

Also, I believe that other nations are waiting for our leadership in this area. 
Currently, the Department of Energy has a voluntary emissions reporting pro-

gram in place. 
It tracks the emissions of entities that volunteer to provide information about 

greenhouse gas emissions associated with their activities. 
A voluntary system has not worked to sufficiently bring down greenhouse gas 

emissions. The result is a slow up-tick in global warming. 
While I know that some fellow Members of this committee and a minority of sci-

entists may not agree, the consensus is that global warming is happening. 
At a local level, we have a problem with greenhouse gas and other harmful pollut-

ants that are emitted by a company just to the west of Dallas. 
This company has been authorized by the state to burn hazardous waste as fuel. 
The result is terrible air quality and a public health hazard. The jet stream car-

ries it into my district. 
According to the Environmental Protection Agency’s toxic release inventory, this 

entity more than doubled the release of toxics into the air between 1994 and 1995. 
During 1995, the company discharged 11,000 pounds of chromium, 2000 pounds 

of butadiene, 7000 pounds of benzene, 255 pounds of methyl ethyl ketone, 3000 
pounds of toluene, 750 pounds of xylene and 250 pounds of cyclohexane. 

While emitting ‘‘probable carcinogens’’ such as benzene, butadiene and chromium, 
this entity also releases toxic heavy metals including arsenic and mercury. 

The Environmental Protection Agency has determined that this business is the 
second largest source of dioxin emissions in the U.S. 

Mr. Chairman, clean air is a serious concern that is literally ‘‘close to home’’ for 
me. 

Thank you for hosting today’s Full Committee hearing to learn more about green-
house gas emissions. 

It is my hope that we can move forward proactively to devise policies for 
verification of compliance and effectiveness of a greenhouse gas control program.

[The prepared statement of Mr. Carnahan follows:]

PREPARED STATEMENT OF REPRESENTATIVE RUSS CARNAHAN 

Chairman Gordon, Ranking Member Hall, thank you for hosting this important 
hearing on ‘‘Monitoring, Measurement, and Verification of Greenhouse Gas Emis-
sions II: The Role of Federal and Academic Research and Monitoring Programs.’’ 
Thank you to the witnesses for appearing before the Committee today. 

As Congress considers legislation this year to address the emissions of greenhouse 
gasses, collecting accurate and comprehensive scientific data about the progress and 
potential effects of climate change has become ever more important. I am pleased 
that the scientific infrastructure we have developed in response to previous inter-
national agreements, such as the Montreal Protocol and the U.N. Framework Con-
vention on Climate Change, has enabled us to chart the disturbing trends in our 
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climate. However, we must further develop our scientific capacity if we are to collect 
the information necessary to implement and monitor comprehensive policy solutions 
to climate change. 

Today, I am interested in learning more about the efforts of our witnesses to col-
lect the data we need and what Congress can do to help. I am disheartened by the 
recent failure of the Orbiting Carbon Observatory to reach orbit, and I would like 
to know more about NASA’s plans to compensate for the loss of this critical tool. 
As a member of the Subcommittee on Research and Science Education, I am par-
ticularly interested in the role universities have to play in researching climate 
change, and I would be glad to hear the panelists’ opinions with regard to stream-
lining the flow of our scarce research dollars to the most promising projects. Finally, 
as Vice Chairman of the Subcommittee on International Organizations within the 
Foreign Affairs Committee, I am interested in learning more about opportunities to 
facilitate cooperation and coordination with international scientific bodies on climate 
science research. 

In closing, thank you again, Chairman Gordon, for calling this important hearing, 
and thank you to the witnesses for offering your testimony.

Chair GORDON. At this time I would like to introduce our wit-
nesses. Dr. Alexander MacDonald is the Director of the Earth Sys-
tems Research Laboratory at the National Oceanic and Atmos-
pheric Administration. Dr. Richard Birdsey is the Project Leader of 
the Research Work Unit, Climate, Fire, and Carbon Cycle Systems 
at the Northern Research Station of the U.S. Forest Service and 
the Chair of the Carbon Cycle Scientific Steering Group. Dr. Mi-
chael Freilich is the Director of the Earth Science Division at 
NASA. Ms. Dina Kruger is the Director of the Climate Change Di-
vision in the Office of Atmospheric Programs at EPA. Dr. Patrick 
Gallagher is the Deputy Director of NIST, and Dr. Albert Heber is 
the Professor of Agriculture and Biological Engineering at Purdue 
University and the Science Advisor to the National Air Emissions 
Monitoring Study. 

At this point I would like to recognize my friend from Oregon, 
Representative David Wu, to introduce our last witness. 

Mr. WU. Thank you very much, Mr. Chair. I would like to wel-
come Dr. Beverly Law for being here today. Dr. Law is a Professor 
of Global Change Forest Science at Oregon State University and 
currently serves as the Science Chair of the AmeriFlux Network 
and as a member of the Science Steering Groups of the U.S. Car-
bon Cycle Science Program and the North American Carbon Pro-
gram. She is also serving on the National Research Council, Com-
mittee on Methods for Estimating Greenhouse Gases. Her research 
is on the effects of climate and disturbances on carbon, water, and 
energy exchange between terrestrial ecosystems and the atmos-
phere and methods for integrating observations and modeling to 
quantify and understand regional carbon balances. Dr. Law has 
been an author of over 100 journal articles. We welcome you, and 
we are glad that we could turn out some Oregon weather for all 
the witnesses today. 

I yield back the balance of my time, Mr. Chair. 
Chair GORDON. Thank you, Mr. Wu, and Dr. Law, we hope you 

will take it back to Oregon with you. 
As our witnesses know, we try to limit our oral testimony to five 

minutes. But we are on a short track here. This is very important, 
and we want to hear from you, and we appreciate your earlier writ-
ten testimony, and I would encourage you when this is over if you 
have additional thoughts as we prepare legislation—Mr. Hall men-
tioned that we also serve on Energy and Commerce Committee, 
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and so we will be a part of it there, but we want to be sure the 
monitoring is right, and we need your help in doing that. 

And so your written testimony will be included as a part of the 
record, and when you have completed your testimony, we will start 
questions. Each Member will have five minutes to ask their ques-
tions. 

So we will start now with Dr. MacDonald. 

STATEMENT OF DR. ALEXANDER E. ‘‘SANDY’’ MACDONALD, 
DEPUTY ASSISTANT ADMINISTRATOR FOR LABORATORIES 
AND COOPERATIVE INSTITUTES, OFFICE OF OCEANIC AND 
ATMOSPHERIC RESEARCH, NATIONAL OCEANIC AND AT-
MOSPHERIC ADMINISTRATION, U.S. DEPARTMENT OF COM-
MERCE 

Dr. MACDONALD. Good morning, Chair Gordon, Ranking Member 
Hall, and Members of the Committee. Thank you for inviting me 
to discuss the key role that NOAA plays in monitoring greenhouse 
gases and aerosols. 

Emissions are the result of human activities, particularly of car-
bon dioxide, are changing the Earth’s environment. The unequivo-
cal warming of the atmosphere and ocean, along with increasing 
ocean acidity, are serious challenges to our future. 

In addressing this threat it is important to assess the effective-
ness of potential mitigation programs. This will be complex because 
in addition to fossil fuel emissions, soil and vegetation exchange 
CO2 at the atmosphere. We are fortunate that our advanced tech-
nical civilization has both the tools and expertise needed to imple-
ment the monitoring systems we will need. 

NOAA has decades of experience monitoring greenhouse gases. 
The current global system for monitoring can be traced back to the 
1950s when the first observations were made at the South Pole and 
Mauna Loa, Hawaii. NOAA has six comprehensive atmospheric ob-
servatories and routinely measures greenhouse gases at over 100 
sites worldwide with an accuracy of a 0.10 percent. Aircrafts, ship, 
and satellite measurements are also used to get global scale dis-
tributions. 

NOAA and its partners occasionally conduct field programs 
where they deploy aircraft with sensitive instruments. Here is a 
picture of our NOAA P–3, the flying chemistry lab, measuring 
aerosols and gases in an experiment conducted over Houston in 
2006. 

NOAA could improve its North American monitoring to provide 
a check on the success of the mitigation effort. It is helpful to think 
of greenhouse gases like one thinks about a bank account. The 
total amount of CO2 in the air, roughly three trillion tons, is the 
equivalent of the bank balance. Emissions increase the balance, 
which is bad, and when CO2 goes from the atmosphere into the 
ocean or land, it decreases the amount in the atmospheric bank. 

So there is two ways to check your bank balance. One is to track 
the income and outgo in your checkbook. Another way is to call the 
bank and say, how much money do I have? There are also two 
ways to calculate how much CO2 is in the air. First we would add 
the emissions, subtract the CO2 going into the land and ocean, and 
we call this the bottom-up approach. The top-down method would 
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be to simply measure, using our tools, the amount of carbon dioxide 
in the air. 

In the mitigation program it is very important that we do both 
of these. By carefully tracking total amounts we can independently 
check the emissions and tell us whether the mitigation efforts are 
working. This would also allow us to monitor the progress of the 
global program and see what other countries are doing. 

NOAA’s carbon tracker is a sophisticated computer program that 
measures the distribution and total amounts of carbon dioxide. On 
this poster carbon tracker is showing areas of high carbon dioxide 
in red. You see those in southern U.S., and areas with low amounts 
in blue, and in this case the blue is because the air flowed over Si-
beria and Canada, and the leaves were soaking up the carbon diox-
ide, so that is why that blue area northern U.S. is there. 

Programs like AmeriFlux tell us the biological sources, while fos-
sil fuel emissions give us the human contribution. History shows 
that accounting through self-reporting is not adequate. Carbon 
trackers’ top-down estimates are the ideal compliment to the bot-
tom-up emissions measurements. In the end we count on the at-
mosphere to tell us the complete story. 

Mitigation will require a more comprehensive program. Our sys-
tem for monitoring greenhouse gases was designed for research un-
derstanding on planetary and continental scales and wasn’t de-
signed for the regional scale that we will need for national mitiga-
tion. Fortunately, the system can be enhanced in the coming dec-
ade to meet our needs. Our surface networks, our satellites, and 
things like the orbiting carbon observatory of NASA would give us 
the horizontal coverage while aircraft and other instruments could 
give us the vertical coverage. A robust and complete emissions in-
ventory will need to be implemented by EPA and Department of 
Agriculture. 

In conclusion, NOAA has a broad mission to understand and pre-
dict the atmosphere and global ocean. We can serve as the honest 
broker to determine how well our mitigation policies are working 
and how they can be improved. We look forward to the role NOAA 
will play in this important endeavor. 

Thank you. 
[The prepared statement of Dr. MacDonald follows:]

PREPARED STATEMENT OF ALEXANDER E. ‘‘SANDY’’ MACDONALD 

INTRODUCTION 
Good morning Chairman Gordon, Ranking Member Hall, and other Members of 

the Committee. I am Alexander MacDonald, Deputy Assistant Administrator for 
Laboratories and Cooperative Institutes in the Office of Oceanic and Atmospheric 
Research at the National Oceanic and Atmospheric Administration (NOAA), in the 
Department of Commerce. Thank you for inviting me to discuss NOAA’s research 
and monitoring programs that support our understanding of greenhouse gases in 
the atmosphere, as well as the country’s needs with respect to monitoring of green-
house gases and aerosols in light of potential future mitigation policy and overall 
advancement of climate science and research. 

NOAA’s mission is to understand and predict changes in Earth’s environment and 
conserve and manage coastal and marine resources to meet our nation’s economic, 
social, and environmental needs. In support of its mission, NOAA has developed a 
long-standing capability to monitor and understand climate and climate change. 
From observatories and cooperative sampling sites and satellites around the world, 
NOAA measures virtually all greenhouse gases, ozone-depleting gases, and aerosols 
to understand their trends, distributions, and fluxes. NOAA, in cooperation with 
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other agencies, conducts intensive research campaigns to understand the impacts of 
regional emissions on climate and air quality. Oceanic distributions and exchange 
of carbon dioxide (CO2) and other gases with the atmosphere are monitored inten-
sively by NOAA scientists. From these measurements and models to support them, 
NOAA scientists quantify and improve our understanding of the sources, sinks, and 
trends of a host of related greenhouse gases (including CO2, methane, and nitrous 
oxide), aerosols, and atmospheric tracers. These continuing data records, maintained 
by NOAA and its interagency partners (e.g., National Aeronautics and Space Ad-
ministration (NASA), Department of Energy (DOE), U.S. Department of Agriculture 
(USDA), et al.), reflect the U.S. scientific leadership in this area, and are essential 
to diagnose current global climate trends and project future climate impacts, includ-
ing effects on global weather extremes. NOAA’s field missions and global networks 
for long-term monitoring of greenhouse gases, ozone, ozone precursors, ozone-deplet-
ing compounds, aerosols, aerosol precursors and surface radiation produce the high-
est quality atmospheric data. These data provide a reference for accurate climate 
model initialization and validation necessary to develop credible scenarios for the fu-
ture, and for developing national and international emission management strate-
gies. 

In this testimony, I will briefly describe the issues related to reducing greenhouse 
gas emissions, identify some of the needs and collaborative efforts underway for 
science-based support of emission reduction efforts, summarize NOAA’s capabilities 
and expertise in providing information on greenhouse gases and aerosols, and ad-
dress what NOAA can do to provide the information society will need for reducing 
emissions in this century.

WHAT ARE THE ISSUES? 
The carbon cycle and influences of greenhouse gases are complex and dynamic. An 

efficient emissions policy requires a robust bottom-up and top-down monitoring ap-
proach. Identifying and quantifying human and natural emissions of these climate 
forcing agents, such as CO2, methane, nitrous oxide, several halocarbons, and cer-
tain aerosol and ozone-forming agents is necessary for informing emission reduction 
strategies. We must understand where the emissions are coming from in order to 
reduce their quantity. We also must be able to identify which areas act as carbon 
‘‘sinks,’’ removing CO2 from the atmosphere and possibly offsetting CO2 emissions, 
and which areas act as ‘‘sources,’’ adding CO2 to the atmosphere, e.g., areas of oce-
anic up-welling. To answer these questions and ensure effective, efficient policy re-
quires monitoring and validation of emissions from specific sources and projects. In 
addition, monitoring the concentrations of gases in the atmosphere for verification 
with reported emissions is critical to understand whether policies are having the de-
sired result. 

According to the IPCC Assessments, the increase of CO2 in the atmosphere is the 
single largest contributor to observed climate change. Increasing atmospheric CO2, 
mainly from burning of fossil fuels, has not only substantially altered global climate, 
but has also increased the acidity of the oceans. This trend will continue as long 
as humans continue to increase atmospheric CO2. It is well understood that CO2, 
once emitted, remains in the atmosphere and oceans for a very long time—many 
thousands of years. Thus, the changes induced today will have a long-term impact 
on climate and ocean acidity. For these reasons, reduction of CO2 emissions is often 
the primary focus in discussions about mitigating climate change; urgency in doing 
so is well understood throughout the scientific community. 

Other greenhouse gases and aerosol influences must be considered in any emission 
reduction strategy. Although gases such as methane and nitrous oxide are not rising 
as fast as CO2, they still contribute substantially to climate change, and their future 
growth rates are uncertain. Anticipated changes in climate are likely to affect the 
emission from land and water surfaces. Some aerosols, such as black carbon, have 
a warming effect and others, which are mostly associated with poor air quality, have 
a cooling effect. Aerosols, for the most part, are partly offsetting the warming caused 
by greenhouse gases. Therefore, it is important to know how changes in emissions 
will alter atmospheric concentrations of greenhouse gases and aerosol. 

There is a definite urgency to reduce greenhouse gas emissions, but we cannot ex-
pect to see the effects of reduced emissions immediately on the rate of climate change. 
There are various reasons as to why this is the case: (1) many greenhouse gases, 
especially CO2, persist in the atmosphere long after emissions are reduced or halted; 
(2) even though the emissions are local, the climate change they bring about is glob-
al and takes time to realize; (3) links between trends in greenhouse gas concentra-
tion and North American weather extremes, including hurricanes, tornadoes, dam-
aging winds, floods, droughts, cold waves, and heat waves have not been fully estab-
lished; (4) there are natural variations in climate and it will take time before we 
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have the necessary data to show that changes in climate have grown larger than 
the natural variation (i.e., to establish statistical significance between what we are 
experiencing and what is part of natural variation); and (5) since climate change is 
a global problem, the actions of other nations also have an effect on climate. In the 
short-term, then, we must rely on reporting and measurement of human-caused 
emissions and observations of the greenhouse gas and aerosol abundances in the at-
mosphere to provide the sole basis for evaluating the effectiveness of actions to miti-
gate climate change. 

Greenhouse gas emissions are generated by practically all economic sectors, in-
cluding energy, agriculture, manufacturing, transportation, housing and urban plan-
ning, and public health.

A NEED FOR SCIENTIFIC INFORMATION 
NOAA maintains a widespread global monitoring network, including a dense ob-

servation system in North America, and an ability to measure many atmospheric 
tracers to characterize the origins of greenhouse gases. NOAA works in partnership 
with many federal agencies and international organizations, and has been providing 
greenhouse gas information on global, hemispheric, and continental scales for a long 
time. NOAA’s observation systems and partnerships have evolved over several dec-
ades around the goal to resolve scientific questions about the global carbon cycle and 
climate change. But today the question has become, ‘‘How can we provide scientific 
information to support and enhance emission reduction efforts?’’ An observation and 
analysis system developed to effectively support and enhance emission reduction ef-
forts would have significant economic and environmental value, and would support 
the efforts of decision-makers at all levels of government. At regional levels, 
verification that reported emission reductions are consistent with what is observed 
in the atmosphere will require many more observations of greenhouse gases and 
tracers (including those from satellites like those currently being built or planned 
at NASA), improved and higher resolution modeling, and an enhanced under-
standing of biospheric responses to climate change. It will require the expertise con-
tained in several federal agencies, especially DOE, NASA, USDA, the Environ-
mental Protection Agency (EPA), and the National Institute of Standards and Tech-
nology (NIST). 

The need for sound scientific information regarding climate change mitigation will 
accelerate. The Committee has identified several questions with respect to green-
house gas emissions, climate change, and the research endeavors and capabilities 
currently underway in our nation. Chosen courses of action will require a firm 
grounding in science and a reasonable expectation of success. Taking action to miti-
gate climate change is followed by the need to answer questions of accountability—
Are the actions working as intended? Do we need to do something different? Do we 
need to accelerate or can we relax emission reduction efforts? How do these reduc-
tion efforts affect other air pollutants and solid and liquid effluents? The lead-up 
to actions, and the follow-through of determining the effectiveness of those actions, 
are both rooted in science. 

Science-based information is needed to support greenhouse gas emission reduction 
policy and includes knowledge of the current emissions and atmospheric composition 
of greenhouse gases, on-going verification that emission reduction efforts are having 
their intended effect, and an understanding of how natural greenhouse gas emis-
sions and uptake are impacted by climate change. 

History shows that emission measurements are most reliable when there is a robust 
verification process. Reported emissions (i.e., emissions inventories) are necessary 
for regulation and initiating emission models, but we will have to verify that re-
ported emissions are consistent with what is observed in the atmosphere. No large-
scale emission reduction effort has succeeded without independent verification of its 
progress, whether it is ozone depletion, air quality, acid rain, or wastewater man-
agement. For example, such efforts by NOAA and NASA, required by the Clean Air 
Act Amendments of 1990, has been critical to verifying the success of emission re-
ductions related to stratospheric ozone depletion. This and other efforts, however, 
are simple compared to what lies ahead with climate change forcing agents. The 
complexity and variability of the carbon cycle alone present a challenging task of 
verifying that reported emission reductions are consistent with what we observe in 
the atmosphere. In the end, the atmosphere tells the story—do observed changes in 
the atmospheric levels reflect calculated emissions? 

Objective, credible, and specific information about the effectiveness of mitigation ef-
forts undertaken, and about the response of the natural carbon cycle to climate 
change itself, will be necessary to guide policies. Given the sustained investments 
required to meet this challenge, it is critical that efforts to reduce emissions be 
verifiable at local, regional and national levels and consistent with evidence in the 
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atmosphere. It is also possible that potential feedbacks in the climate system could 
exacerbate the problem. For example, there is a real possibility that the melting of 
Arctic permafrost soils in response to global warming will liberate enormous 
amounts of methane and CO2, and would be at that time out of our control. Aerosols 
also need to be watched, as they can have both warming and cooling effects and are 
linked to some potential greenhouse gas emission reduction strategies. Thus, in ad-
dition to verification of the efficacy of emission reduction programs and offsets, 
based on observed atmospheric conditions, we must focus on climate information at 
regional and local levels to confirm the effectiveness of any efforts or policies to miti-
gate climate change, and understand distributions, trends, and Earth-system im-
pacts of increasing CO2 and other greenhouse gases in the atmosphere. For manage-
ment to be effective, society will require the best information that research can de-
liver. 

It is also important to clarify the limits to what monitoring (and efforts to verify 
that reported emissions are consistent with what is observed in the atmosphere) at 
the local and regional level can accomplish. A comprehensive climate policy will re-
quire compliance at the individual source level and a ‘‘bottom-up’’ reporting ap-
proach. NOAA’s capabilities will not verify emissions at individual sources, this will 
be the responsibility of the EPA through compliance assistance efforts. However, at 
the aggregated level, the information NOAA can provide will serve to inform EPA’s 
efforts.

WHAT ARE NOAA’S CAPABILITIES? 
NOAA’s capabilities span a range of activities relevant to climate science, includ-

ing observations, analysis, modeling, prediction and assessment. NOAA maintains 
global observational networks and numerous field programs, and works closely with 
partnering agencies, institutes, and universities across the Nation and around the 
world. NOAA is well-poised to work with key federal agencies and other partners 
to determine the effectiveness of mitigation efforts, and to integrate new information 
into its natural resource management efforts. 

Measurements and products of NOAA’s research contribute significantly to the U.S. 
Global Change Research Program. NOAA is active with 12 other agencies in the 
Carbon Cycle Science Program (now part of the U.S. Climate Change Science Pro-
gram, CCSP). This is coordinated through the NASA/USDA-led Carbon Cycle Inter-
agency Working Group (CCIWG), which meets tri-weekly and sponsors the North 
American Carbon Program and Ocean Carbon Biogeochemistry Program. Research 
in these programs, involving both agency and university scientists, is coordinated 
through separate CCIWG-sponsored Scientific Steering Groups that meet twice 
yearly. The CCIWG also sponsors biennial all-investigators meetings, workshops at 
national conferences, and the development of the First State of the Carbon Cycle 
Report, 2007 (CCSP Synthesis Report 2.2) for North America. This report summa-
rized our current understanding of the sources and sinks of carbon in North Amer-
ica, based primarily upon bottom up (i.e., ecosystem measurements and calculations) 
approaches which are compared to top down (i.e., atmospheric measurement and 
analysis) approaches, driven mainly by NOAA’s measurements and CarbonTracker. 
Currently the CCIWG agencies are working with carbon cycle scientists across the 
Nation to develop a new Carbon Cycle Science Program for the coming decade. Ef-
forts coordinated through the CCIWG have been extraordinarily successful in bring-
ing the diverse research capabilities of scientists and organizations across the coun-
try to understand how human and natural systems contribute to CO2 and related 
greenhouse gases in the atmosphere. NOAA is proud of its on-going role at all levels 
in this effort. 

On a global basis, NOAA’s observations of greenhouse gases and aerosols form the 
backbone of the World Meteorological Organization’s (WMO) Global Atmosphere 
Watch Programme. NOAA’s carbon cycle monitoring network currently constitutes 
two-thirds of the atmospheric monitoring sites reporting to the WMO Greenhouse 
Gas Data Centre (WDCGG). Data from the WDCGG are a primary component of 
the Global Climate Observation System. Updated and displayed daily, NOAA’s high-
quality measurements of carbon cycle and other greenhouse gases from all of its 
sites are available worldwide to all interested parties. Because of this strong global 
role, NOAA has leadership positions on the GEO (Group on Earth Observations) 
Task Team for Carbon and the WMO Scientific Advisory Groups for greenhouse 
gases, aerosols, and ozone. 

Greenhouse Gas and Aerosol Monitoring. NOAA has monitored all of the major 
greenhouse gases, along with aerosols, for nearly 40 years at its baseline observ-
atories and its cooperative sampling sites. This long-term commitment to monitoring 
these substances has required detailed, accurate measurements, high quality re-
search, and technological advancement over the decades. NOAA’s skills and commit-
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ment in this effort are unsurpassed. For example, the measurement of CO2 in the 
atmosphere and oceans has flourished under NOAA since its work began several 
decades ago. This science-based effort requires sustained, comparable measurements 
at an accuracy level of 0.05 percent or better. NOAA’s capabilities and commitment 
is acknowledged by the scientific community throughout universities, federal agen-
cies, and international organizations. Scientists researching the carbon cycle or con-
ducting climate research depend upon NOAA to provide the world calibration scale 
and to deliver consistent, accurate field measurements of CO2 and other climate-rel-
evant gases. The significance of NOAA’s capabilities is exemplified by the agency’s 
high level of quality control and assurance (e.g., ongoing, long-term comparisons of 
field measurements), its involvement in national and international planning and 
execution, and its leadership role in the world community—via the WMO—for cali-
bration. 

Oceanic Measurements. The largest, active reservoir of CO2 is the ocean, which 
accumulates 40–50 percent of the CO2 emitted into the atmosphere. Processes in the 
ocean constitute the ultimate sink for atmospheric CO2, though those removal proc-
esses take thousands of years. Understanding the cycling of carbon in the ocean has 
been at the core of NOAA’s mission for decades. NOAA scientists provide about half 
of the Nation’s measurements of CO2 in both deep and surface waters globally and 
are leaders in understanding the processes that drive gas exchange between the 
ocean and atmosphere. NOAA scientists also are leaders in understanding ocean 
acidification, which is driven by increasing CO2 in the atmosphere, and they are 
major players in the international effort to monitor, understand, and assess the 
trends of carbon in the ocean and its impacts on ocean habitat and living resources. 

Satellite Observations. NOAA retrieves data on CO2 and other greenhouse gases 
and aerosols from NASA satellites. NASA and international satellites complement 
NOAA’s global in situ observing system for greenhouse gases by providing global 
coverage, high-spatial resolution and vertically integrated measurements. To ensure 
data comparability, it is critical that the satellite retrievals be consistent in form 
with long-standing, high quality, accurate measurements made on the ground or 
from aircraft and with reanalysis output such as that of NOAA’s CarbonTracker. 
Data comparability requires a coherent, on-going research effort among groups in-
volved in both ground-based and remote measurements and traceability to inter-
national standards such as provided by NIST; these efforts provide NOAA with an 
opportunity to work closely with national and international partners in this endeav-
or. 

Intensive Field Campaigns. NOAA has a demonstrated capability of carrying out 
intensive observational campaigns using NOAA aircraft as a ‘‘flying chemistry lab-
oratory’’ to measure all the major greenhouse gases, tracers that help ascertain the 
origin of the gases, tropospheric ozone and its precursors, and aerosols and their 
precursors (Figure 1). This capability can be deployed anywhere in the U.S. and in 
most places in the world to ‘‘spot check’’ emissions of climate forcing agents from 
specific regions and establish internal relationships among emissions of different 
gases. Suitably planned observational campaigns can help quantify emissions of cli-
mate-forcing agents and identify their locations and emission sectors. NOAA’s capa-
bility can help establish a reasonably useful baseline of emissions from various 
parts of the country. 

Process Understanding. NOAA has a demonstrated capability in carrying out re-
search to understand and quantify the transformation of chemicals to climate rel-
evant agents such as ozone and aerosols. NOAA also is a leader in seeking to under-
stand and quantify the transport of chemicals. These capabilities enable NOAA to 
translate observations into information that can be used in models to predict what 
actually happens in the Earth system. 

Integration of Observations through CarbonTracker. NOAA’s CarbonTracker tool 
is widely acknowledged as the most open and effective reanalysis approach to date 
for estimating CO2 emissions and uptake (Figure 2), particularly at large spatial 
scales. When fully developed, CarbonTracker will make it possible to track regional 
emissions of CO2 over long periods of time and to determine which areas are absorb-
ing CO2 from the atmosphere. CarbonTracker uses an existing land model, recog-
nized as the best for this work. The land model is informed in part by measure-
ments carried out in the DOE’s Ameriflux Network, which provides information on 
ecosystem function on kilometer scales. (Augmenting Ameriflux sites in the future 
would allow for incorporation of additional atmospheric measurements into 
CarbonTracker and help improve its resolution, particularly near Ameriflux sites.) 
The land model also is informed by NASA and NOAA satellite observations of land 
surface and biosphere characteristics. CarbonTracker uses a transport model with 
satellite-supported meteorological fields that can exploit the current distribution of 
observing sites. Finally, CarbonTracker incorporates global fossil emission estimates 
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(DOE), fires (NASA MODIS instruments on NASA Aqua and Terra satellites) and 
a modification of NOAA’s world-class ocean circulation model. Because 
CarbonTracker constrains the model results with atmospheric observations, it was 
able to identify the impact of the 2002 drought on North American absorption of 
CO2. This suggests that, under its current configuration, CarbonTracker is effective 
in capturing large-scale, North American phenomena. There is not, however, a cur-
rent greenhouse gas monitoring network large enough for CarbonTracker to provide 
fine scale resolution with low uncertainty. 

An important role that a ‘‘top down’’ system like CarbonTracker plays is to inde-
pendently validate the combined fluxes calculated from ‘‘bottom up’’ efforts such as 
estimated fossil fuel emissions and biological sources. If estimates of sources and 
sinks do not agree with measured atmospheric concentrations, the ‘‘top down’’ ap-
proach provides the information needed to continually improve our understanding 
of the carbon cycle. 

Analysis of data to predict climate change and its impacts. NOAA has a dem-
onstrated capability in climate and chemistry modeling. Such modeling is essential 
for providing information about why past changes occurred, knowing what the ‘‘cli-
mate baseline’’ is now, and identifying what can be expected when emissions are al-
tered. These models can quantify consequences of changes in emissions on both cli-
mate and air quality. They also are useful in predicting what will happen in the 
future and how ecosystems and human systems will respond, with and without 
emission regulations—information that will be important for decision-makers.

WHAT NOAA CAN DO TO HELP VERIFY EMISSION REDUCTIONS 
Based on the capabilities described above, NOAA will play a central role providing 

in scientific information that will be necessary to verify whether reported greenhouse 
gas emission reductions are consistent with what is observed in the atmosphere. 
NOAA can help, along with other agencies, in characterizing a baseline for atmos-
pheric composition, supporting EPA’s development of greenhouse gas emission inven-
tories, and setting up a greenhouse gas information system for the 21st century. 
NOAA, along with other agencies, can provide timely analyses on the impacts of the 
proposed regulatory action by verifying reported emissions at the aggregated level, as-
sessing the effectiveness of offsets, and characterizing the impacts of emission reduc-
tion efforts across sectors and regions of the Nation and world. 

Upgrade the Greenhouse Gas and Aerosol Monitoring System. The current green-
house gas monitoring systems implemented by the federal science agencies are de-
signed to support research to understand the role of gases and aerosols in climate 
forcing. The growing need to provide scientific verification and support to efforts to 
mitigate climate change through changes in human-caused emissions requires a 
more comprehensive monitoring system. Such a system will need to be developed 
over the next decade with cooperation among federal agencies, particularly NOAA, 
NASA, National Science Foundation (NSF), Environmental Protection Agency 
(EPA), Department of Transportation (DOT), and DOE, and with our international 
partners. Global measurements of CO2, such as those NASA’s Orbiting Carbon Ob-
servatory (recently lost on launch), would have made is one example of the new ca-
pabilities that will be needed. NASA’s and NOAA’s roles in verifying NASA satellite 
data through comparisons with CarbonTracker profiles and with direct measure-
ments by aircraft and ground-based facilities will be critical for demonstrating the 
potential for incorporating satellite measurements into a comprehensive system of 
observations. NOAA and NASA have recently developed a method to measure mid-
troposphere CO2 from the NASA Atmospheric Infrared Sounder instrument on 
NASA’s Aqua satellite. NOAA is investigating other new technologies, including use 
of manned and unmanned aircraft, commercial aircraft, and tall towers to sample 
air above the surface. We are also working on exciting new possibilities, such as the 
Air Core, a method of bringing air from all altitudes (a chemical sounding) back to 
the laboratory for analysis. Air Core was invented by Dr. Pieter Tans of NOAA’s 
Earth System Research Laboratory. A major advantage of retrieving air samples is 
that it allows the measurement of many tracers which can be used to attribute 
sources and sinks of CO2. 

Establish a Greenhouse Gas Information System for the 21st Century. The ability 
of the United States and other nations to effectively implement policies for limiting 
atmospheric greenhouse gas concentrations would benefit considerably by ensuring 
that reported emission reductions and offsets are consistent with atmospheric obser-
vations at regional and national scales. A U.S. program to reduce human-caused 
concentrations of CO2 that incorporates such a system would help guarantee an effi-
cient, effective, and economic approach to emission reduction. It would have consid-
erable value for improving our approach to reducing emissions and verifying treaty 
agreements. 
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Such a system would combine ground-based, air-based, ocean-based, and space-
based measurements with facility and site-specific measurements, carbon-cycle mod-
eling, fossil-fuel emission inventories, land-use data, and an extensive distribution 
system for information about sources and sinks of greenhouse gases at policy-rel-
evant temporal and spatial scales. A greenhouse gas information system would need 
to be linked to enhanced capabilities for seamless weather-climate modeling and 
prediction across timescales. 

A global greenhouse gas information system would build from existing capabilities 
and require collaboration to expand and develop improved ground, sea, and air-
based measurements; sustained space-based observations; and measurements of 
non-CO2 short-lived gases for fossil-fuel combustion attribution. Ground-based ob-
servations must be focused on accuracy as well as long-term continuity to be of 
value to the climate record. Deriving actionable information from these observation 
sources further requires coordinated efforts in carbon-cycle modeling, data assimila-
tion, and data analysis—spanning several networks, spatial scales, disciplines, and 
agencies. The specific requirements of such a system would be dictated by policy ob-
jectives and by the degree of international cooperation. 

This information system could build on NOAA’s current global leadership, obser-
vation, modeling, prediction, and analysis capabilities and would involve coordina-
tion with other federal agencies, national and international partners, and the pri-
vate sector. This information system also would be a structural, operational, and re-
search backbone in a global effort to verify reduction of CO2 and other greenhouse 
gas and certain aerosol emissions and quantify changes in emissions or uptake by 
natural systems. Such a system would have lasting value for national and inter-
national assessments and would serve as the ultimate tool for guiding these efforts 
globally. To successfully simulate the atmospheric CO2 record, a reanalysis tool like 
CarbonTracker must work with the most advanced models of the coupled oceanic 
and terrestrial carbon cycle, which would require collaborations with federal and 
State agencies, universities, and international partners. A dense observing network 
and targeted field campaigns combined with a data assimilation capability would 
provide an objective check on efforts to track emissions and the contributions of fos-
sil fuel use. 

Deliver early information to establish a baseline characterizing the influence of 
current and past emissions on atmospheric composition. There are near-term oppor-
tunities for helping establish a baseline of current emissions and providing process 
information in support of model development. Verification of emissions from some 
individual sources can be started almost immediately. Climate change forcing 
agents, their precursors, and related tracers can be measured with existing instru-
ments placed on NOAA’s aircraft, ships, and ground-based stations. This early infor-
mation would aid in evaluating overall emission reduction strategies. Such measure-
ments can be coordinated with those from other agencies (e.g., NASA, DOE, NSF, 
DOT, and EPA) to provide a more comprehensive coverage of sources, geographic 
regions, and temporal characteristics for providing baseline information on emis-
sions as quickly as possible. 

Support development of robust emission inventory of climate forcing agents for the 
country. A systematic, up-to-date inventory of emissions, their distributions, and 
their variations will help decision-makers base their decisions on accurate informa-
tion, climate scientists more accurately model future climate and its impacts, and 
stakeholders feel confident of the consequences of the emission changes. A robust, 
accurate, updated, emissions inventory can be developed, refined, and maintained 
through close interaction with other agencies, most notably by supporting EPA, 
DOE’s Energy Information Administration, and others maintaining accounting reg-
istries. Development of an improved inventory would go hand-in-hand with develop-
ment of a greenhouse gas information system for the 21st century, as improvements 
in emission estimates inform model development and vice-versa. 

Model, predict and analyze the impacts of proposed mitigation actions on climate 
change. NOAA has the capability to make climate predictions, and this capability 
is being continually improved. NOAA’s capabilities will be critical for predicting the 
consequences of any actions taken to reduce emissions. Such information will be es-
sential to support the best possible decisions.

CONCLUDING REMARKS 
In conclusion, I have described the issues involved in dealing with reduction of 

emissions for the benefit of climate, the science-based information needs for dealing 
with reductions, the expertise NOAA currently has to address some of the issues, 
and what more NOAA—in conjunction and coordination with other federal agen-
cies—can do to provide science-based information for emission reductions. 
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NOAA—with its broad mission responsibilities for physical and life sciences, and 
its stewardship responsibilities—and its national and international partners have 
the technological prowess to implement the comprehensive and highly sophisticated 
global information systems needed to measure the effectiveness of greenhouse gas 
mitigation strategies. Such a system should include new satellite sensors, an im-
proved monitoring network in the atmosphere and oceans, and powerful new tech-
niques to analyze the data in support of policy. We look forward to the role NOAA 
will play in providing the information society will need for reducing emissions in 
this century.



110

BIOGRAPHY FOR ALEXANDER E. ‘‘SANDY’’ MACDONALD 

Dr. Alexander E. (Sandy) MacDonald was named the first Director of the Earth 
System Research Laboratory and first Deputy Assistant Administrator for NOAA 
Research Laboratories and Cooperative Institutes on July 27, 2006. Dr. MacDonald 
served as Acting Director for the Earth System Research Laboratory and Director 
of the ESRL Global Systems Division during the consolidation of the Boulder Lab-
oratories into the Earth System Research Laboratory in 2006. Prior to the consolida-
tion, Dr. MacDonald led the Forecast Systems Laboratory. 

Dr. MacDonald was the Director of the Program for Regional Observing and Fore-
casting Services (PROFS) from 1983 to 1988. From 1980–1982, he was Chief of 
PROFS’ Exploratory Development Group and from 1975–1980 he was a Techniques 
Improvement Meteorologist in the Scientific Services Division, Western Region, Na-



111

tional Weather Service in Salt Lake City, UT. He was an Air Force Officer while 
a member of the U.S. Air Force from 1967–1971.

Chair GORDON. Thank you, Dr. MacDonald. I agree. NOAA is a 
very important player in this equation. 

Dr. Law, you are recognized for five minutes. 

STATEMENT OF DR. BEVERLY LAW, PROFESSOR, DEPART-
MENT OF FOREST ECOSYSTEMS AND SOCIETY; SCIENCE 
CHAIR, AMERIFLUX NETWORK, OREGON STATE UNIVERSITY 

Dr. LAW. Chair Gordon, Ranking Member Hall, and Members of 
the Committee, thank you for inviting me here today to talk about 
the AmeriFlux Network and the potential to quantify fluxes from 
natural and managed systems in the context of greenhouse gas 
emissions. 

The AmeriFlux Network has about 90 flux sites currently, and 
it has great potential to improve understanding of the carbon cycle 
and land-based contributions to greenhouse gases. AmeriFlux pro-
vides ecosystem-level measurements of the net of ecosystem carbon 
processes that produce a source or a sink to the atmosphere. The 
data are used to calibrate remote sensing data and models. Carbon 
cycle and climate system monitors use flux data to characterize 
land sources and sinks for carbon and to understand ecosystem re-
sponses to climate and land use. 

So the most effective tool to measure the net carbon fluxes from 
natural and managed systems is an array of flux sites. The most 
powerful tool to produce spatial estimates of fluxes from ecosystems 
is a bottom-up process model that ingests the flux data as well as 
data from inventories and remote sensing of land characteristics, 
and this is used to map the carbon stocks and fluxes for every 
square kilometer. 

The output of a bottom-up process model could be used to con-
strain estimates of the terrestrial portion of the observed green-
house gases. Continuity of AmeriFlux needs to be ensured. The net-
work is built on a model of cooperating investigators, primarily uni-
versity professors. The AmeriFlux records are now seven to fifteen 
years in length and are beginning to show long-term trends. 
AmeriFlux sites are supported by multiple agencies with the De-
partment of Energy funding about half the sites. 

I am in the unique position of heading a regional project that 
uses observations and models that are going to be discussed today. 
To develop a sustained and robust carbon monitoring system, I 
think it is necessary to enhance the AmeriFlux Network, intensify 
the greenhouse gas concentration network, improve crop and forest 
inventories, ensure continuity of critical remote sensing data, in-
cluding Landsat and MODIS for the land or bottom-up approach, 
provide more resources for coordinated data management for as-
similation in models, and accelerate data availability and analysis 
for a more comprehensive modeling and assessment. 

For AmeriFlux some required resources would be to add sites in 
under-represented regions and disturbances classes of forests, add 
measurements of methane fluxes and isotopes for identifying 
sources, and add well-calibrated CO2 concentration measurements 
to augment NOAA’s CO2 observations. Additional resources are re-
quired for AmeriFlux data management and data processing and 
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regional to global analysis. The resources needed for a robust moni-
toring system are about the same as that for carbon cycle research. 

The effects mechanism for communication between academic 
community and federal agencies are the science steering groups of 
the North American Carbon Program and the Carbon Cycle Science 
Program. The NACP is the best organizing mechanism for devel-
oping an integrated national network of observations and modeling 
the challenges implementing an integrated national system quick-
ly. 

Mechanisms for international coordination of infrastructure and 
analysis could build on the NACP and the new European infra-
structure called the International Carbon Observation System. 
ICOS is a system for carbon monitoring and verification based on 
observations and modeling of ecosystem fluxes to assess terrestrial 
sources and sinks and greenhouse gases to quantify anthropogenic 
sources. 

FluxNet is a network of networks, and FluxNet and the FAO 
Global Terrestrial Observing System could operate within this 
framework. To ensure that data collected by different nations are 
comparable, institutional support is required for coordinating ob-
servation systems and developing high-quality data systems. 

In summary, the tools and communication mechanisms exist for 
monitoring, measuring, and understanding greenhouse gas sources 
and sinks. Each of the agencies has been working on their piece of 
the puzzle. Now what is required is a high level of commitment 
and coordination to build an integrated national system. 

Thank you. 
[The prepared statement of Dr. Law follows:]

PREPARED STATEMENT OF BEVERLY LAW 

Introduction 
Good morning Chairman Gordon, Ranking Member Hall, and other Members of 

the Committee. I am Dr. Beverly Law, Professor of Global Change Forest Science 
at Oregon State University, and Science Chair of the AmeriFlux Network. Thank 
you for the opportunity to appear before you today to discuss the AmeriFlux Net-
work, and the potential to quantify GHG fluxes from natural or managed eco-
systems with respect to potential mitigation strategies and advancing carbon cycle 
science.

Purpose and Status of the AmeriFlux Network 
AmeriFlux was initiated in 1996. It currently consists of 90 research sites that 

measure biology properties, meteorology, and carbon, water vapor and energy ex-
changes between terrestrial ecosystems and the atmosphere. The sites are in dif-
ferent vegetation types, climatic conditions, and stages of response to natural events 
and management. Most of the sites are in the lower 48 states, with a few sites in 
Alaska, Central and S. America (Fig. 1). Similar networks exist on other continents 
and are loosely coordinated through FLUXNET (Baldocchi, 2008), with over 500 
sites from the tropics to high northern latitudes. 

The aim of AmeriFlux is to:
• quantify and explain the amounts and variation in carbon storage and the ex-

changes of carbon dioxide, water vapor and energy at multiple timescales, and
• provide systematic data and analysis that has value for monitoring climate 

variables and change in terrestrial ecosystem processes in response to cli-
mate, land use and management

The AmeriFlux records are now seven to fifteen years in length and continuation 
is essential for understanding long-term trends in ecosystem response to climate 
and management. Support for AmeriFlux is currently provided on a site-by-site 
basis, and is funded by multiple agencies, with DOE funding about half of the sites. 
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Some long-term, high-quality records are endangered by lack of continued support. 
Most of the sites are run by academic researchers. 

The network plays a major role in the North American Carbon Program (part of 
the U.S. Climate Change Science Program), where flux data are used to test model 
assumptions, or to optimize models and apply them spatially. The models also re-
quire inputs of remote sensing data on land surface characteristics (Law et al., 
2004). Carbon cycle and climate system modelers use the flux data to characterize 
terrestrial sources and sinks for carbon, effects of climate and land use change on 
ecosystem fluxes, and effects of ecosystems on climate.

Potential to Improve Understanding of the Carbon Cycle and Accuracy of 
GHG Inventories 

The AmeriFlux Network has great potential to improve understanding of the car-
bon cycle, and land-based contributions to greenhouse gases (GHG). Response of eco-
systems to management can be detected by AmeriFlux measurements, which pro-
vide direct measurements of net carbon dioxide exchange at the stand-scale that 
represents the integrated effect of various ecosystem processes. The area coverage 
of a flux site is the appropriate scale for understanding the effects of climatic events 
and management activities on terrestrial sources and sinks, such as the outcome of 
mitigation strategies. For example, the effects of thinning 30 percent of tree biomass 
in a forest stand were evaluated using net carbon dioxide exchange measurements 
in the years before and after the thinning (Misson et al., 2006). 

Models optimized with flux data can be used to test scenarios of response to miti-
gation actions. Mitigation actions cannot be detected by top-down methods that in-
corporate atmospheric CO2 concentration observations, but this role can be filled by 
AmeriFlux, which was designed to be a land-based observation network. 

Long-term flux data at individual sites show trends that allow one to identify the 
relative importance of factors influencing carbon uptake. For example, at Harvard 
Forest, annual net carbon uptake over 15 years has averaged ∼2.5 tons carbon/hec-
tare/year, and has increased at an average rate of ∼0.2 tons carbon/hectare/year. 
The 15 years of data track changes in net carbon uptake driven by long-term in-
creases in tree biomass, successional change in forest composition, and climatic 
events, processes not well represented in current models (Urbanski et al., 2006). 
Along with the energy fluxes, the data have proven valuable in evaluating and im-
proving carbon cycle and climate system models, as indicated in many publications 
and model comparisons. 

The potential to improve accuracy of GHG inventories relies on increasing the 
density of GHG measurements across the continent. A small subset of AmeriFlux 
sites measure well-calibrated carbon dioxide concentration profiles in an above the 
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vegetation canopy, and more sites could be augmented. These data would improve 
the density of GHG concentration measurements made by NOAA over the continent 
so that it might become possible to resolve regional GHG sources and sinks.

Potential to define reliable baselines of GHG fluxes from natural or man-
aged ecosystems 

The most effective tool to measure the effect of natural events and management 
at annual timescales is an array of flux sites. The most powerful tool to produce 
spatial estimate of GHG fluxes from ecosystems is a bottom-up process model that 
ingests these data. A bottom-up approach starts with measurements where the ac-
tion is taking place. For example, a regional project uses observations from forest 
and agricultural inventories, AmeriFlux sites, and Landsat data in a process model 
to produce estimates of terrestrial carbon stocks and fluxes for every square kilo-
meter (Law et al., 2004, 2006). The model grows forests after disturbances and data 
compare well with forest biomass from inventories. This type of approach can be ap-
plied across the U.S. to track changes in terrestrial sources and sinks at a resolution 
appropriate for the scale of spatial variability that exists. The output of bottom-up 
process models could be used in CarbonTracker to improve its estimates of the ter-
restrial contributions to observed greenhouse gas concentrations. 

The potential of the network to define reliable baselines of sources and sinks in 
the U.S. is high in the near future, but it will require enhancements and a more 
coordinated effort of the different science communities and agencies. The coordina-
tion could be improved through the North American Carbon Program (NACP), part 
of the Carbon Cycle Science Program. 

Internationally, the potential to define baselines of GHG fluxes from natural or 
managed ecosystems using tower flux measurements is low in the next few years. 
The distribution of sites is variable, with a sufficient density of sites in Europe and 
Japan, but no sites in some countries. China and India recently started their own 
networks. In the past 10 years, the global network of sites has mushroomed from 
about 100 sites to over 500 flux sites in the regional international networks, so it 
is possible that the status will change quickly. However, continuity of existing obser-
vations remains threatened in some countries, like Canada. In addition, it requires 
technical expertise both in instrument maintenance and data analysis that isn’t 
likely to be available everywhere.

Additional resources required to develop and sustain a robust carbon mon-
itoring system 

This is something that is required; the details are yet to be determined. It would 
be necessary to enhance the AmeriFlux Network, intensify the CO2 concentration 
network, enhance the crop and forest inventory programs, ensure continuity of crit-
ical remote sensing data, provide more resources for coordinated data management 
systems for data assimilation, and accelerate analysis of available data for more 
comprehensive modeling and assessment. 

Continuity of the AmeriFlux sites needs to be ensured. Improvements in the 
AmeriFlux Network would require adding new sites in under-represented biomes, 
eco-climatic regions, and early stages of forest growth following disturbance events 
and management/mitigation actions. In 2005, an analysis indicated locations where 
new towers were needed (Fig. 2 and Hargrove et al., 2003); gaps have since been 
filled in the SE and SW U.S. Sites should be enhanced with measurements of meth-
ane fluxes, another carbon source from land surfaces. New measurements could in-
clude isotopes for distinguishing sources and well-calibrated CO2 concentration 
measurements that could augment NOAA’s GHG observations. The required re-
sources for a robust monitoring system are the same as if the primary purpose of 
the network remains focused on carbon cycle research. 

More resources are needed for AmeriFlux data management to serve a broad user 
community. Increased computational resources are needed for data processing and 
modeling for regional, continental and global scale analysis (e.g., distributed com-
puter clusters, and time on a super computer). 

Many of the products needed for integrating AmeriFlux observations with other 
data and models are provided by individual investigators or programs with other 
missions, some with significant lags (years) in data availability and others lacking 
continuity. Additional resources are required for more rapid delivery of upstream 
data products that are critical to modeling and assessment, such as the State of the 
Carbon Cycle Report (CCSSP, 2007). Examples are Landsat data products, spatially 
derived weather data, and inventory estimates of biomass and productivity.
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Relationship between academic community involved in carbon cycle re-
search and regional to continental mapping of fluxes of GHG, and 
the federal agencies supporting this work 

There are existing mechanisms for communication between the academic commu-
nity and the federal agencies supporting the work. The academic community in-
volved in NACP projects is using the range of observation networks and models to 
produce maps of fluxes of GHG. The observation and modeling communities are rep-
resented on the steering groups. The Science Steering Groups of the NACP and Car-
bon Cycle Science Program meet a couple of times a year with the program man-
agers in the Interagency Working Group. This has proved to be an effective way for 
scientists to discuss current gaps in observations or knowledge, and future research 
needs. The challenge is in responding to these needs in a timely manner.

Mechanism for Coordinating Efforts with Other Nations to Better Under-
stand Carbon and GHG 

A mechanism for coordinating observation networks among nations could build on 
the NACP and the Integrated Carbon Observation System (ICOS), a new European 
Research Infrastructure for quantifying and understanding the greenhouse balance 
of the European continent and of adjacent regions. ICOS aims to build a network 
of standardized, long-term, high precision integrated monitoring of (1) atmospheric 
greenhouse gas concentrations to quantify the fossil fuel component; (2) ecosystem 
fluxes of carbon dioxide, water vapor and energy and ecosystem variables (http://
icos-infrastructure.ipsl.jussieu.fr/). The ICOS infrastructure would integrate terres-
trial and atmospheric observations at various sites into a single, coherent, highly 
precise database, which would allow a regional top-down assessment of fluxes from 
atmospheric data, and a bottom-up assessment from ecosystem measurements and 
fossil fuel inventories. This is similar to aspirations of the U.S. North American Car-
bon Program (NACP). 

One of the activities of the North American Carbon Program is ongoing coordina-
tion with Canada and Mexico on carbon observations and modeling. Here, the 
framework and science plan are under development, but again, there aren’t enough 
resources for a high degree of coordination. Additional support necessary to ensure 
that data collected by different nations are comparable includes institutional sup-
port for coordination of observation systems, interchange of standards, and develop-
ment of curated, active data management systems for data assimilation. 

Within the frameworks of NACP/ICOS, a mechanism for coordinating tower flux 
work with other nations is the scientific bodies FAO Global Terrestrial Observing 
System—Terrestrial Carbon (GTOS–TCO) and FLUXNET. These frameworks exist, 
but there isn’t enough support for a high degree of coordination. GTOS is supported 
by the Food & Agricultural Organization, and the role of GTOS–TCO is to organize 
and coordinate reliable data and information on carbon, linking the scientific com-
munity with potential end users. One important recent product is the guidelines for 
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terrestrial carbon measurements and global standardization of protocols for submit-
ting data to a database for international comparisons (Law et al., 2008). 

The FLUXNET project is a ‘‘network of regional flux networks,’’ serving a syn-
thesis coordination role rather than primary data collection. The intent is to stimu-
late regional and global analysis of observations from tower flux sites. It is operated 
from the U.S., and has functioned intermittently depending on grants (http://
www.fluxnet.ornl.gov/fluxnet/index.cfm). Through FLUXNET, we produced a global 
database using the data standardization protocols we developed for AmeriFlux (and 
published in the GTOS document, Law et al., 2008). However, the FLUXNET data-
base is currently static and no one is responsible for continually updating it. To con-
tinue these developments and building international continuity in methods and 
databases, it would make sense for the community to have FLUXNET regularly 
funded. Along with guidelines for instrumentation and calibration we provide on the 
AmeriFlux web site, we have the templates for international coordination; they just 
need to be implemented.

Summary 
The AmeriFlux Network of 90 sites has great potential to improve understanding 

of the carbon cycle, and land-based contributions to GHG. AmeriFlux provides direct 
measurements of net carbon dioxide exchange at the stand-scale that represents the 
integrated effect of various ecosystem processes. The area coverage of a tower is the 
appropriate scale for understanding the effects of climatic events and management 
activities, such as the outcome of mitigation strategies. 

The network plays a major role in the North American Carbon Program, where 
modeling approaches use the flux data to test model processes, or to optimize the 
models and apply them spatially with inputs of weather data and remote sensing 
data on land surface characteristics (e.g., Landsat products, MODIS; Goward et al., 
2008). Carbon cycle and climate system modelers use flux data to characterize ter-
restrial sources and sinks for carbon, responses of carbon and energy fluxes to cli-
mate and land use change, and resulting radiative forcing feedbacks to climate. 

The potential of the network to define reliable baselines of sources and sinks in 
the U.S. is high in the near future, but it will take enhancements and a more co-
ordinated effort of the science communities and federal agencies. Critical to this ef-
fort is timely availability of upstream observations and data products that are used 
in terrestrial models to map fluxes. The coordination could be improved through the 
North American Carbon Program. 

Internationally, the potential to define baselines of GHG fluxes from natural or 
managed ecosystems using tower flux measurements is low in the next few years. 
The distribution of sites is variable, with a sufficient density of sites in many devel-
oped countries, but no sites in some countries. It also requires technical expertise 
both in instrument maintenance and data analysis that isn’t likely to be available 
everywhere. Continuity of existing observations remains threatened in countries like 
Canada. 

Additional resources will be required to develop and sustain a robust carbon moni-
toring system. It would be necessary to enhance the AmeriFlux Network, intensify 
the GHG observation network, improve terrestrial inventories, ensure continuity of 
remote sensing data, develop coordinated data management, and accelerate analysis 
of available data for more comprehensive modeling and assessment. 

Additional resources are needed to ensure continuity of the AmeriFlux sites. Re-
quired resources would fill gaps in coverage by existing AmeriFlux sites, particu-
larly in under-represented regions and biomes, and in different stages of forest 
growth such as following management/mitigation actions. The sites should be en-
hanced with additional measurements to include methane fluxes (another GHG), 
isotopes for distinguishing sources, and well-calibrated CO2 concentration measure-
ments. NOAA CO2 concentration measurements and CarbonTracker would benefit 
from addition of well-calibrated CO2 concentration measurements on more of the 
AmeriFlux towers. More resources are needed for AmeriFlux data management, 
data processing and modeling for regional to global scale analysis (e.g., distributed 
computer clusters, and access to super computers). The required resources for a ro-
bust monitoring system are the same as if the primary purpose of the network re-
mains focused on carbon cycle research. 

There are existing mechanisms for communication between the academic commu-
nity and the federal agencies supporting the work. The observation and modeling 
communities are represented on the steering committees of the Carbon Cycle 
Science Program and NACP, and meet regularly with the Interagency Working 
Group of the federal agencies to identify gaps and needs. The challenge is meeting 
those needs in a timely manner. 
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Mechanisms for international coordination of infrastructure and analysis could 
build on the NACP and the new European infrastructure called the International 
Carbon Observation System (ICOS). FLUXNET, a ‘network of regional flux net-
works,’ and the FAO Global Terrestrial Observing System would operate within this 
framework. Additional support necessary to ensure that data collected by different 
nations are comparable includes institutional support for coordination of observation 
systems, interchange of standards, and development of high quality data manage-
ment systems. 

In summary, the tools and communication mechanisms exist for monitoring, 
measuring and understanding GHG sources and sinks. Each of the agencies has 
been working on their piece of the puzzle. Now what is required is a high level of 
commitment and coordination to build an integrated national system. For successful 
implementation, the observation networks, analysis teams, and data management 
need to be enhanced in the near term to develop and sustain a robust carbon moni-
toring system.
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Chair GORDON. Thank you, Dr. Law. 
And Dr. Birdsey, you are recognized for five minutes. 

STATEMENT OF DR. RICHARD A. BIRDSEY, PROJECT LEADER 
AND SCIENTIST, USDA FOREST SERVICE; CHAIR, CARBON 
CYCLE SCIENTIFIC STEERING GROUP 

Dr. BIRDSEY. Thank you, Mr. Chair and Members of the Com-
mittee. Thanks for inviting me here. I appreciate the opportunity 
to talk for a little while about monitoring, measuring, and verifying 
greenhouse gas emissions. I will talk a little bit about USDA inven-
tory and monitoring programs, about how they may be used to 
verify greenhouse gas mitigation activities, and then about some 
interagency activities we are involved in. 

First I want to spend a minute discussing the role of U.S. forests 
in the climate system. U.S. forests currently take up about 12 per-
cent of the carbon dioxide emissions from the United States. This 
is a terrific service that these forests provide. We are not sure how 
that will evolve in the future, but it is something we want to take 
a good track of. We want to maintain these forests in a healthy 
way so that as climate changes they are adaptable and can con-
tinue to provide these ecosystem services. 

Department of Agriculture has conducted inventories of the land 
for about 75 years, and we have a network of experimental forests 
and ranges that have been continuously collecting data for in some 
cases more than 100 years. These information systems are the 
basis for the U.S. Greenhouse Gas Inventory, the Forestry Sector, 
and this—these inputs are reviewed periodically, and based on 
these reviews we do thinks some improvements are needed. 

USDA also provides data for land managers to use. We have de-
veloped very practical and cost-effective methods for estimating 
greenhouse gas sources and sinks at the level of farms or forestry 
projects. So these are very small-scale activities that we provide 
services to those land owners. 

We also have developed some user-friendly estimation tools so 
that private owners and land managers can have a little easier 
time developing estimates that are specific for their circumstances. 

Our ground-based observation systems are also essential for de-
tecting the signs of climate change and eventually for monitoring 
our ability to respond to climate changes. For interagency and aca-
demic collaborations the U.S. Department of Agriculture and the 
Forest Service works closely with Environmental Protection Agen-
cy, NOAA, NASA, DOE, and other agencies and universities to de-
velop the state-of-the-art greenhouse gas inventories. 

The Carbon Cycle Interagency Working Group coordinates car-
bon cycle research under the U.S. Climate Change Science Pro-
gram. I have been associated with this group for something like 
eight years. I find it quite fascinating how they are able to bring 
ten or more different agencies together to the table periodically to 
talk about the research that is going on, to do the best job they can 
to coordinate it, and then go back to their individual agencies and 
departments and work through those systems. I think it has been 
very effective. 

The Carbon Cycle Steering Group that I chair provides input 
about carbon cycle science and particularly its relevance to the var-
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ious stakeholder communities so we can assure that science is 
meeting the needs of society. 

We have found that key elements of a national observation net-
work are lacking or at risk of loss, and you are hearing about some 
of those from the other witnesses today. 

As I mentioned at the beginning, U.S. forests provide a tremen-
dous service of taking up a large percentage of our greenhouse gas 
emissions. The future of this is somewhat uncertain. There are 
many threats to the forests; climate change, land use change, fire, 
insects, and so forth, as well as the opportunity to manage those 
forests to remain healthy and continue to provide this service. 
Properly-managed forests across all ownerships; public, private, 
and in urban and rural areas can make a big difference in the fu-
ture of mitigating and adapting to climate change. 

These forests in rural areas and communities can really help im-
prove people’s lives, and we appreciate the opportunity to discuss 
the role of monitoring and ensuring that these forests continue to 
provide those services. 

Thanks for the opportunity, and I will be glad to answer any 
questions that you have. 

[The prepared statement of Dr. Birdsey follows:]

PREPARED STATEMENT OF RICHARD A. BIRDSEY 

Mr. Chairman and Members of the Committee, thank you for inviting me today 
to discuss monitoring, measuring, and verifying greenhouse gas emissions. I am the 
Project Leader of the Research Work Unit ‘‘Climate, Fire, and Carbon Cycle 
Sciences’’ in the Northern Research Station of the U.S. Forest Service. In addition, 
I currently Chair the Carbon Cycle Science Steering Group. This Steering Group, 
comprised of about 20 experts involved in carbon cycle research and application 
from federal, State, university, and non-government organizations, reviews the sta-
tus of carbon cycle science sponsored by U.S. agencies and departments. I will focus 
my remarks on the purpose and current status of USDA inventory and monitoring 
programs, their use in verifying greenhouse gas mitigation activities, and relevant 
federal interagency activities regarding carbon cycle research and monitoring.

Status of USDA Inventory and Monitoring Programs 
Forestry, agriculture, and other land uses may either contribute to or remove 

greenhouse gases (GHG) from the atmosphere. Land use practices have affected 
GHG levels in the atmosphere through management of perennial systems and for-
ests, land use changes, cultivation and fertilization of soils, production of ruminant 
livestock, management of livestock manure, and fuel consumption. Carbon is accu-
mulating in U.S. forests, wood products, croplands, and urban lands, offsetting over-
all U.S. GHG emissions by about 12 percent.1 

USDA conducts critical research, observation, survey, and analysis needed to as-
sess greenhouse gas emissions and carbon storage on U.S. lands. We work closely 
with our partners in the Environmental Protection Agency and the Department of 
Energy on national, regional, local, and entity scale greenhouse gas inventories and 
methods. 

USDA also maintains critical observation and data systems that will be needed 
to monitor and track changes in climate and the implications of climate change. 
USDA contributions include:

• Providing the greenhouse gas estimates from land use, land use change, and 
forestry and agricultural statistics to EPA for the Official U.S. Greenhouse 
Gas Inventory.

• Periodically producing a stand-alone inventory of greenhouse gas sources and 
sinks from the forestry and agriculture sectors to accompany the Official EPA 
inventory.
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• Preparing project and farm-scale methods for estimating greenhouse gas 
sources and sinks for the Department of Energy’s Voluntary Greenhouse Gas 
Reporting System.

• Creating user-friendly estimation tools for private landowners and land man-
agers. These tools are designed to provide a ‘‘greenhouse gas footprint’’ of in-
dividual forest lands and farms.

These systems include: the U.S. Forest Inventory (FIA), the National Resources 
Inventory (NRI), the Census of Agriculture, climate and weather observations, Ex-
perimental Forests and Ranges, and various surveys of cropping and management 
practices. 

The Forest Inventory and Analysis Program (FIA) of the Forest Service has 
tracked the condition and changes in vegetation on public and private lands for 
more than 75 years, and is the longest running forest inventory program if its kind 
in the U.S. The nationwide network of experimental forests and ranges provides up 
to 100 years of data on vegetation, climate and hydrology. Scientific support comes 
from partnerships with universities, federal and State agencies, non-governmental 
organizations, and the forest industry. Scientists and managers are using this infor-
mation and working together to develop strategies for managing our changing for-
ests and rangelands. 

FIA data has been the basis of the reported changes in carbon stocks of the for-
estry sector of the U.S. Greenhouse Gas Inventory, as reported annually to the 
United Nations Framework Convention on Climate Change by the Environmental 
Protection Agency.2 This is the national monitoring baseline for carbon in forests 
and wood products, following international reporting requirements and guidelines, 
and undergoing annual review by an international panel of experts. Its basis in the 
existing forest inventory program has advantages because of the extensive sample 
plot network which confers the ability to attribute observed changes geographically 
(e.g., by state), by broad ownership category (e.g., public, private) and by other char-
acteristics of the land such as forest type or productivity class. Since the estimates 
are based on a statistical sampling approach involving remote sensing and direct 
field observations, the error of the reported estimates can be statistically described. 
The extensive FIA data, inventory, and analytical framework has the capacity to an-
swer questions now that will arise as actions are implemented to increase carbon 
storage. 

To improve the data from forest inventories as a basis for monitoring carbon, ad-
ditional sampling is needed for carbon in soils, dead wood and down woody debris. 
Areas recently disturbed from events such as hurricanes and large wildfires need 
additional sampling to assess impacts. If reports are required for areas smaller than 
states, such as groups of counties or specific national forests, remote sensing aug-
mented with intensified sampling density will be required. Movement of carbon in 
wood products from specific regions and ownerships are important but are not 
tracked through the chain of custody. Land-use and land-cover changes are not esti-
mated accurately for small areas, which could be resolved with enhanced use of re-
mote sensing and better coordination between agricultural and forest inventories. 
Some U.S. regions important to understanding forest carbon dynamics are currently 
under-sampled, such as Alaskan boreal forests and forested urban areas. Imple-
menting these changes would improve the U.S. greenhouse gas inventory and pro-
vide additional capability to report estimates for specific land areas of interest. 

The National Resources Inventory (NRI) is a statistically-based, longitudinal sur-
vey administered by the USDA Natural Resources Conservation Service (NRCS) 
that has provided conditions and trends for multiple environmental resources on 
non-federal U.S. lands since 1956 (known as the Conservation Needs Inventories 
until 1977). The National Resources Inventory samples more than 800,000 points 
nationally; each year 210,000 of these are studied remotely and 5,000 to 10,000 
field-visited. Much of the sampling relies heavily on information provided by Nat-
ural Resources Conservation Service Soil Survey databases. Soil carbon is estimated 
from biomass production, disturbance (e.g., tillage, grazing or timber harvest) and 
loss by erosion, decomposition or removal of plant material. Effects of soils, land-
scape position and climate are factored into the estimates. Scientists from Natural 
Resources Conservation Service and Agricultural Research Service (ARS) are using 
National Resources Inventory data to assess the effectiveness of conservation prac-
tices in the Conservation Effects Assessment Project (CEAP). 

In 2006, USDA prepared the only set of comprehensive landowner-scale green-
house gas inventory methods available in the U.S. These methods were established 
by USDA for use the Department of Energy’s Voluntary Greenhouse Gas Reporting 



121

3 Smith, James E.; Heath, Linda S.; Skog, Kenneth E.; Birdsey, Richard A. 2006. Methods for 
calculating forest ecosystem and harvested carbon with standard estimates for forest types of 
the United States. Gen. Tech. Rep. NE–343. Newtown Square, PA. USDA NE–343: 216 p. 

4 http://ncasi.uml.edu/COLE/
5 http://www.cometvr.colostate.edu/
6 http://www.itreetools.org/
7 National Soil Survey Center http://ssldata.nrcs.usda.gov/
8 NRS–INF–06–08. May 2008. Who owns America’s Forests? Family Ownership Patterns and 

Family Forest Highlights from the National Woodland Owner Survey. 

Registry.3 Uniform standards and definitions provide consistent assessments of 
greenhouse gases at the landowner scale. To accompany these methods, the USDA 
Forest Service and Natural Resources Conservation Service provide decision-support 
tools. The COLE4 and COMET–VR5 models are examples of on-line estimators that 
support greenhouse gas registries and markets. Another example is i-Tree,6 the For-
est Service’s suite of on-line tools developed to measure urban forestry benefits. 

Section 2709 of the 2008 Farm Bill authorized the Secretary of Agriculture to es-
tablish technical guidelines for science-based measurement of environmental serv-
ices benefits derived from conservation and land management activities. The Farm 
Bill specifically directs the Secretary to give priority to the establishment measure-
ment standards—in consultation with research community and others—for carbon 
credits in order to facilitate landowner participation. The Secretary has established 
the Office of Ecosystem Services and Markets as a separate agency and is pro-
ceeding to staff the office to accomplish this work. 

The Forest Service is an active participant in the U.S. network of flux towers 
(known as AmeriFlux) along with other sponsoring agencies such as Department of 
Energy. We have found that locating these intensive measurement systems in areas 
where other kinds of data collection takes place, such as our network of long-term 
Experimental Forests, facilitates integration of data across space and time, which 
improves verification as well as providing critical parameters for models that are 
used to diagnose the causes of current changes in carbon flux and to project changes 
under future climate scenarios. Integration of data and models can improve annual 
estimates and help attribute observed annual changes in carbon stocks to natural 
causes such as climate variability. 

Other Forest Service monitoring and mapping programs are becoming highly rel-
evant for understanding and monitoring changes and impacts on forest carbon 
stocks. For example, under the National Fire Plan, annual mapping of burned areas 
and intensity of wildfires provides critical data to estimate the contribution of fire 
emissions to the overall carbon budget of the Nation’s forests. Mapping for the en-
tire U.S. is currently incomplete, and there could be some improvement in linking 
maps of burned areas with vegetation classifications and better estimates of emis-
sions based on fire intensity. 

In addition to the National Resources Inventory, the Soil Survey Division of the 
Natural Resources Conservation Service routinely samples soils and measures soil 
organic carbon. This information is available for about 30,000 sites through the U.S. 
and its territories.7 Nearly 650 sites are added annually. Land use data is available 
for many of these sites along with soil landscape attributes. 

Characteristics of a Robust Carbon Monitoring System for GHG Mitigation

Project Monitoring 
Monitoring needs for GHG mitigation projects are highly dependent on the spe-

cific reporting requirements, which are currently inconsistent among emerging GHG 
registries and markets. Critical determinants of monitoring needs are the definition 
of the reporting entity, and optional requirements to separate out changes in carbon 
stocks caused by natural events from those caused by human activities. 

Reporting entities may be defined as any legally defined entity; examples include 
individuals, businesses, non-profit organizations, or government entities such as cit-
ies or states. Some of the registries and markets allow reporting by one entity on 
behalf of others. These organizations are known as ‘‘aggregators’’ because their pur-
pose is to work with groups of reporters and thus achieve some efficiency in moni-
toring and reporting costs. There are 10 million family forest landowners in the 
U.S.8 For a small landowner who wishes to participate in a carbon program, the 
monitoring and reporting cost per acre may be high, or they may lack the technical 
skills to perform the monitoring. But if the landowner is willing to be grouped with 
others, aggregators can serve their needs. 

At the project or landscape level, we have the technology to measure and monitor 
changes in carbon stocks using remote sensing and field sampling. Most of the cur-
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rent and proposed markets and registries rely on sampling and measurements, 
which may be coupled with predictive models, to track or project changes in carbon 
emissions or sequestration. These approaches are practical and cost effective, and 
can be independently verified by a third party. 

It may be difficult to separate human-induced causes from natural causes of ob-
served changes at the project level. This is because inventory approaches measure 
the changes in ecosystem carbon that result from all causal factors combined. For 
example, if tree growth rates increase as a result of both physiological response to 
increasing atmospheric carbon dioxide and nitrogen fertilization, inventory measure-
ments will not separate the effects of these two causes. Currently, the only ways 
to separate such causes are to conduct controlled experiments in the ecosystems of 
interest or to employ ecosystem process models which may or may not be available.

National-scale Monitoring: Capabilities and Gaps9 
Successful CO2 management requires robust and sustained carbon cycle observa-

tions, yet key elements of a national observation network are lacking or risk dis-
placement on the basis of competing priorities. 

Major threats to existing programs involve sustainability of the National Aero-
nautics and Space Administration (NASA) high accuracy well-calibrated satellite ob-
servations of land and oceans, and continuity of land/atmosphere CO2 flux measure-
ments. Major gaps include an improved spectral range and resolution for satellite 
measurements of oceans, sustained field observations at sea, insufficient density of 
atmospheric observations, incomplete geographic coverage of land inventories, lack 
of soil carbon monitoring, and lack of observations of the terrestrial-ocean interface. 
Steps could be taken to better integrate monitoring programs, and close current 
data gaps. 

Since 1972, the Landsat series of satellites has provided spatial and temporal rep-
resentation of land cover/land use change, classification of vegetation, and detection 
of natural disturbances. Landsat enables quantification of land vegetation and soil 
carbon fluxes to and from the atmosphere by providing spatially continuous and ex-
tensive estimates of above-aground biomass and/or land cover type that aid in the 
extrapolation of in situ measurements over large regions. The critically important 
Landsat data are expected to continue without a data gap, or if one should develop 
it is expected to be very brief, until the Landsat Data Continuity Mission (LDCM). 
The Landsat 5 and Landsat 7 satellites are very resilient. Refined projections of fuel 
usage computed by the United States Geological Survey (USGS), which operates the 
NASA-developed Landsat 5 and Landsat 7 satellites, suggest that Landsat 5 and 
Landsat 7 could have sufficient fuel to operate at least through 2012, exceeding pre-
vious expectations. The NASA and USGS LDCM has a launch readiness data of De-
cember 2012. 

The NASA Moderate Resolution Imaging Spectroradiometer (MODIS) instruments 
on NASA’s Aqua and Terra satellites, which were launched in May 2002 and De-
cember 1999, respectively, produce crucial global observations of primary production 
and vegetation phenology. A continuous record of primary production and phenology 
started with the National Oceanic and Atmospheric Administration (NOAA) Ad-
vanced Very High Resolution Radiometer (AVHRR) instruments in 1981 and con-
tinues with higher accuracy measurements by MODIS. This information is used in 
combination with ground observations and models to provide regional estimates and 
maps of carbon stocks and fluxes. 

The global network of inter-calibrated measurements of atmospheric carbon diox-
ide (CO2) and methane (CH4) concentrations has been central to climate and carbon 
cycle studies for decades. These properties reflect the net effect of all global carbon 
sources and sinks to the atmosphere (anthropogenic, terrestrial and aquatic fluxes). 
The observational system also provides trace gas measurements (e.g., O2, 13CO2, 
CO, and other species) indicative of carbon sources. Current in situ measurements 
are made in limited areas from aircraft, towers, and marine, mountaintop and coast-
al observatories. NASA Aqua and Aura satellites measure global distributions of 
CO, CO2, CH4, and a myriad of greenhouse gases. 

Land-based inventories periodically quantify carbon stocks and fluxes for biomass, 
soil, and fossil fuel emissions, but as already noted, there are some gaps in sampling 
of carbon pools and some geographic regions are under-sampled. Expanded forest in-
ventories, if deemed necessary, could provide sampling of carbon in soils, dead wood 
and down woody detritus, especially areas where incidents of natural disturbance 
have accelerated and where large quantities of soil carbon are vulnerable. Agricul-
tural inventories primarily focus on non-federal lands—federal rangelands are 
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under-sampled. Data on land use management and management history, both of 
which significantly influence changes in carbon, are lacking. The fate of carbon as 
it is transported across the landscape and accumulates in other terrestrial or aquat-
ic systems is largely unknown. With a coordinated and consistent suite of core ob-
servations, forest and agriculture inventories would be integrated and better posi-
tioned to inform emerging policies and actions. 

Soil carbon monitoring has large spatial and temporal gaps; this is significant be-
cause soil carbon is the largest terrestrial carbon stock and highly vulnerable to loss 
with warming. If determined to be necessary, a multi-agency supported network of 
soil carbon observations, with the capacity for performing measurements over dec-
ades and associated with other networks of terrestrial observations and inventories, 
would radically improve estimates of soil and ecosystem carbon dynamics at mul-
tiple scales. 

Direct observations of CO2 fluxes over decades are necessary to capture terrestrial 
carbon and water cycle responses to climate variability and to improve carbon and 
climate system model simulations. The AmeriFlux Network, initiated in 1996, cur-
rently has more than 100 sites observing biological properties, meteorology, and car-
bon, water and energy exchanges between terrestrial ecosystems and the atmos-
phere. Continuation would provide understanding of long-term trends in response 
to climate, yet support for AmeriFlux is currently provided on a site-by-site basis, 
and some long-term, high-quality records are endangered. 

Rivers and groundwater at the land-ocean margins play a central role in linking 
terrestrial and marine cycles of carbon. The magnitude of weathering and erosion 
processes on land, sediment storage within the river system, and transport, trans-
formation and burial processes in adjacent ocean margins demonstrate that these 
systems are an important part of the global carbon cycle. Existing research plans 
stress the importance of examining both the terrestrial and oceanic sinks for organic 
and inorganic carbon; however, the primary connection between these two environ-
ments is not adequately addressed. Despite a long history by the U.S. Geological 
Survey of gauging U.S. rivers and streams, there has been a gradual loss of long-
term discharge monitoring stations and decreased number of annual carbon meas-
urements. These long-term measurements provide understanding of anthropogenic 
changes to the hydrologic cycle. 

Observational network design will need to respond in an effective and highly co-
ordinated fashion among agencies, closely integrated with policy, land management, 
and scientific communities. Long-term global carbon observations can inform climate 
change mitigation policy and management decisions, and permit steps to be taken 
to close critical current gaps and avoid future gaps in observation continuity.

Verifying Compliance with Potential Climate Agreements 
International climate treaties are likely to require monitoring and verification at 

the national scale; therefore, the discussion of gaps and threats contained in the 
previous section is most relevant. However, individual projects and activities that 
collectively affect national estimates and that may be governed by programs or mar-
kets also need monitoring and verification at much more detailed scales. As pre-
viously described, at the field plots or small watersheds scale of a project, there are 
published and practiced methods for sampling and measuring ecosystem carbon 
pools and how they change over time. At more regional scales such as a state or 
country, there are ongoing inventories and direct observations of CO2 flux that form 
an internationally accepted basis for estimating ecosystem carbon and changes over 
time. 

The difference between detection capabilities of atmospheric measurements and 
project-level measurements is one of scale. The current level of greenhouse gas miti-
gation would not produce an effect on the atmosphere that is detectable by direct 
atmospheric measurements, especially considering that there are other causes of at-
mospheric CO2 changes that cannot be easily factored out (e.g., climate variability). 
Eventually, under a larger global offset program, such changes should be detectable 
by atmospheric measurements of CO2 concentrations, and the sum of direct observa-
tions of activities on the land would add up to the aggregate observations of effects 
on the atmosphere.

Federal Interagency Activities Regarding Carbon Cycle Research and Mon-
itoring 

The Carbon Cycle Interagency Working Group (CCIWG), currently co-chaired by 
USDA and NASA, coordinates carbon cycle research under the U.S. Climate Change 



124

10 Additional information about U.S. carbon cycle science is available at: http://
www.carboncyclescience.gov/programs.php

11 http://www.climatescience.gov/Library/stratplan2003/final/default.htm

Science Program (CCSP).10 This entails coordinating research programs within and 
across agencies, coordinating the solicitation and review of research proposals (when 
appropriate), implementing targeted research, providing an interface with the sci-
entific community conducting carbon cycle research, updating needs assessments, 
working to secure resources for new activities, and reporting results and accomplish-
ments. The CCIWG is comprised of members from 10 participating federal agencies 
and departments that support and execute U.S. carbon cycle science research. 

In order to both improve scientific knowledge and understanding of the carbon 
cycle and support application of this scientific knowledge to societal needs, a number 
of strategic research questions are used to guide the efforts of the Carbon Cycle 
Science Program. These research questions are part of the U.S. Climate Change 
Science Program strategic plan and indicate the complete scope of the research co-
ordinated by the Carbon Cycle Interagency Working Group.11 

• What are the magnitudes and distributions of North American carbon 
sources and sinks on seasonal to centennial time scales, and what are the 
processes controlling their dynamics?

• What are the magnitudes and distributions of ocean carbon sources and 
sinks on seasonal to centennial time scales, and what are the processes con-
trolling their dynamics?

• What are the effects on carbon sources and sinks of past, present, and future 
land-use change and resource management practices at local, regional, 
and global scales?

• How do global terrestrial, oceanic, and atmospheric carbon sources 
and sinks change on seasonal to centennial time scales, and how can this 
knowledge be integrated to quantify and explain annual global carbon budg-
ets?

• What will be the future atmospheric concentrations of carbon dioxide, 
methane, and other carbon-containing greenhouse gases, and how will 
terrestrial and marine carbon sources and sinks change in the future?

• How will the Earth system, and its different components, respond to various 
options for managing carbon in the environment, and what scientific in-
formation is needed for evaluating these options?

The Carbon Cycle Science Steering Group reviews the status of carbon cycle 
science. As mentioned earlier, I currently Chair this Steering Group, comprised of 
about 20 experts involved in carbon cycle research and application from federal, 
State, university, and non-government organizations. The function of this group is 
to provide individual as well as broad scientific and application input to the U.S. 
Climate Change Science Program about the direction of carbon cycle science and its 
relevance to the various stakeholder communities, and to identify gaps and potential 
new areas of emphasis. One of the main recent activities of this group has been to 
charter a team to update the U.S. Carbon Cycle Science Plan which is now about 
10 years old. 

One of the principal coordinated interagency activities with a very strong observ-
ing component is the North American Carbon Program. The North American Carbon 
Program is designed to address the strategic research question:

• What are the magnitudes and distributions of North American carbon 
sources and sinks on seasonal to centennial time scales, and what are the 
processes controlling their dynamics?

Scientists participating in the North American Carbon Program work in a coordi-
nated fashion to assess the status of understanding of the magnitudes and distribu-
tions of terrestrial, freshwater, oceanic, and atmospheric carbon sources and sinks 
for North America and adjacent oceans; enhance understanding of the processes con-
trolling source and sink dynamics; and produce consistent analyses of North Amer-
ica’s carbon budget that explain regional and continental contributions and year-to-
year variability. This program is committed to reducing uncertainties related to the 
increase of carbon dioxide and methane in the atmosphere and the amount of car-
bon, including the fraction of fossil fuel carbon, being taken up by North America’s 
ecosystems and adjacent oceans, including uncertainty regarding the fraction of fos-
sil fuel carbon. 
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Similarly, the Ocean Carbon and Climate Change (OCCC) program was designed 
as an ocean component of the U.S. Carbon Cycle Science Program. A strategic plan 
provides the scientific rationale for coordinated ocean surface and space observa-
tions, experimental study, numerical modeling, and data assimilation efforts for the 
coastal ocean, ocean basins and atmospheric components of the carbon cycle over 
North America and adjacent coastal ocean and ocean basins.12 The strategy consists 
of several coordinated and integrated elements on global ocean carbon observing 
networks, multi-disciplinary process studies, data fusion and integration, synthesis 
and numerical modeling, and new technological development. While the program en-
compasses a wide breadth of ocean biology, chemistry, and physical research, the 
program promotes linkages and interactions with related ongoing oceanographic, cli-
matic, and carbon cycle programs to address the full range of scientific elements rel-
evant to marine carbon dynamics and climate change. 

One of the major products of the Carbon Cycle Science Program is the CCSP Syn-
thesis and Assessment Product 2.2, The First State of the Carbon Cycle Report 
(SOCCR): North American Carbon Budget and Implications for the Global Carbon 
Cycle.13 This report involved dozens of scientists from many disciplines interacting 
with stakeholders to assess knowledge and progress in understanding and managing 
the carbon cycles. The report highlighted the magnitude and sources of carbon emis-
sions and sinks for North America, how they are changing, and what options are 
available to reduce emissions or enhance sinks. The future of this North American 
terrestrial sink is highly uncertain because we lack sufficient predictive capability 
to know how regrowing forests and other sinks will respond to changes in climate 
and CO2 concentration in the atmosphere. 

Summary and Conclusions

• USDA plays a leadership role in assessing land based greenhouse gas sources 
and sinks. U.S. forests currently offset about 12 percent of all U.S. green-
house gas emissions.

• Forest Inventory and Analysis data has been the basis of the reported 
changes in carbon stocks of the forestry sector of the U.S. Greenhouse Gas 
Inventory, as reported annually to the United Nations Framework Conven-
tion on Climate Change.

• Improvements are needed in forest inventories for monitoring carbon: addi-
tional sampling is needed for some carbon pools and areas recently disturbed 
from events such as hurricanes and large wildfires; uncertain estimates of 
land-use and land-cover changes could be resolved; and some critical U.S. re-
gions important to carbon dynamics are currently under-sampled, such as 
Alaskan boreal forests and forested urban areas.

• National Resources Inventory data estimates soil carbon from biomass pro-
duction, disturbance and loss. An expansion of efforts to collect agricultural 
land management data could provide information for modeling carbon dynam-
ics.

• At the smaller scale of a project, there are published and practiced methods 
for sampling and measuring ecosystem carbon pools and how they change 
over time.

• USDA has defined the accounting rules and guidelines for forestry and agri-
culture in a national greenhouse gas registry. This work may inform develop-
ment of a federal program under which forestry and agriculture carbon cred-
its could be generated.

• Successful CO2 management requires robust and sustained carbon cycle ob-
servations, yet key elements of a national observation network(s) are lacking 
or at risk of loss. These gaps and threats limit ability to estimate current car-
bon budgets or to make projections of baselines.

• Threats to existing monitoring programs involve continuity of satellite obser-
vations of land and oceans, and continuity of land/atmosphere CO2 flux meas-
urements.

• Major gaps in existing carbon cycle monitoring include a need for improved 
spectral range and resolution for satellite measurements, insufficient density 
of atmospheric observations, incomplete geographic coverage of land inven-
tories, lack of land use and management histories, lack of long-term soil car-
bon monitoring, and lack of observations of the terrestrial-ocean interface.
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• International climate treaties are likely to require monitoring and verification 
at the national scale; however, individual projects and activities that collec-
tively affect national estimates and that may be governed by programs or 
markets also need monitoring and verification at much smaller scales.

• Carbon cycle research under the U.S. Climate Change Science Program is co-
ordinated by the Carbon Cycle Interagency Working Group.

• The Carbon Cycle Science Steering Group is a group of about 20 experts in-
volved in carbon cycle research and application from federal, State, univer-
sity, and non-government organizations. The function of this group is to pro-
vide individual as well as broad scientific and application input to the U.S. 
Climate Change Science Program.

• One of the principal coordinated interagency activities with a very strong ob-
serving component is the North American Carbon Program. The North Amer-
ican Carbon Program is designed to improve monitoring of the magnitudes 
and distributions of North American carbon sources and sinks on seasonal to 
centennial time scales, and improve understanding of the processes control-
ling their dynamics.

• There are globally important carbon sinks in North America in plant material 
and soil organic matter. The future of this North American terrestrial sink 
is highly uncertain because we lack sufficient predictive capability to know 
how regrowing forests and other sinks will respond to changes in climate and 
CO2 concentration in the atmosphere.

Thank you for the opportunity to discuss these issues with the Committee. I 
would be happy to answer any questions that you have.
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neered the development of methods to estimate national carbon budgets for forest 
lands from forest inventory data. He has compiled and published estimates of histor-
ical and prospective U.S. forest carbon sources and sinks, and analyzed options for 
increasing the role of U.S. forests as carbon sinks for offsetting fossil fuel emissions. 
Dr. Birdsey has coordinated a national effort to update accounting rules and report-
ing guidelines for U.S. forests in the national greenhouse gas registry, and identified 
forest management strategies to increase carbon sequestration. He manages a re-
search program involving several U.S. Forest Service Laboratories and Experi-
mental Forests, and cooperating Universities and other institutions, with research 
emphases on basic plant processes, ecosystem nutrient cycling, and measurement 
and modeling techniques.

Chair GORDON. Thank you, and Dr. Freilich, you are recognized 
for five minutes. 

STATEMENT OF DR. MICHAEL H. FREILICH, DIRECTOR, EARTH 
SCIENCE DIVISION, SCIENCE MISSION DIRECTORATE, NA-
TIONAL AERONAUTICS AND SPACE ADMINISTRATION (NASA) 

Dr. FREILICH. Chair Gordon, Members of the Committee, thank 
you for the opportunity to discuss NASA’s greenhouse gas measure-
ments and analysis activities conducted in conjunction with other 
federal agencies. 

NASA develops satellites to make global measurements of green-
house gases and many other environmental quantities. NASA Re-
search and Applied Sciences Program coordinated with other agen-
cies to analyze space-born, aircraft, and ground-based measure-
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ments to advance our understanding of greenhouse gases and their 
impacts on climate. 

As a result of efforts by NASA and our sister agencies we know 
beyond a doubt that nearly half of human CO2 emissions remain 
in the atmosphere with the other half removed from the atmos-
phere into the ocean and the land biosphere. When accumulated 
over large areas such as ferial forests, these natural exchange proc-
esses clearly have considerable impact, but we have much to learn 
about their details and about how they will evolve as the climate 
changes. 

We are measuring aspects of the carbon cycle from space today. 
Data from the MODIS instruments are used to estimate regional 
carbon uptake by terrestrial and aquatic vegetation. The AIRES in-
strument on the ACWA Mission and the ORA spacecraft test in-
strument measure upper-air profiles of CO2. However, elucidating 
air sea and air land exchange processes requires accurate CO2 
measurements near the surface. This is what the Orbiting Carbon 
Observatory, OCO, would have accomplished. 

In February, as you know, NASA’s OCO Mission crashed due to 
a launch vehicle failure. OCO would have acquired global, accurate, 
near-surface measurements of atmospheric carbon dioxide. A com-
prehensive validation activity was planned and funded using 
ground-based instrumentation from NASA and auxiliary measure-
ments from NOAA, NSF, and other agencies. OCO would have pro-
vided unique global information on spatially-extensive regional 
scale, natural sources, and sinks of carbon. 

We have been investigating recovery approaches. A team of im-
minent U.S. and international researchers has assessed the state 
of carbon cycle science and considered whether a new space mission 
is warranted now in light of present and planned NASA and inter-
national missions. They conclude that an OCO re-flight or an 
equivalent mission will, indeed, advance carbon cycle science and 
could provide a basis for thoughtful policy decisions and long-term 
monitoring. 

NASA engineering teams, in parallel, are examining mission op-
tions including a near identical carbon copy mission and combining 
a copy of the OCO instrument with a thermal infrared sensor on 
a single spacecraft to fly in constellation with the Landsat Data 
Continuity Mission. It is our objective to have solid technical and 
programmatic understandings of both the carbon copy and the com-
bined OCO thermal infrared missions by the end of May. 

We have also been coordinating with our Japanese colleagues to 
expand previously-planned U.S. validation contributions to their 
GOSAT Ibuki Mission and to utilize data from that mission to test 
the existing OCO algorithms. The use of the GOSAT measure-
ments, while they can’t address all of the science issues that had 
been planned for OCO, will accelerate the production of quality 
products from any future NASA mission. 

U.S. interagency groups like the CCSP Program Office, the Cli-
mate Change Technology Program, U.S. Ocean Action Plan Com-
mittees, and USGEO, the group on earth observations, coordinate 
many agency activities. NASA relies on DOE, USDA, NOAA, and 
other agencies for critical in situ and airborne observations of 
greenhouse gases and carbon storage in soil and plants, and of 
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course, they rely on NASA for high-quality global remote sensing 
products to extend the reach and resolution of the existing net-
works. 

Together we have developed vastly-improved understanding of 
the atmosphere and carbon cycle that can now inform climate pol-
icy and carbon management approaches. 

Uncertainties of climate predictions for the 21st century are driv-
en as much by our inability to quantify the feedback between bio-
geochemical cycles and climate change as by the uncertainty in the 
physical models of the climate and water vapor feedback of eco-
nomic projections of fossil fuel emissions. 

However, sustained, accurate, space-based observations are now 
improving the science of climate change and enabling better re-
source management and decision-making. In situ and airborne ob-
servations, research activities, and technology advancement are in-
creasing our understanding of the carbon cycle. All of the agencies 
must continue our collaborations to achieve these ends. 

The potential benefits are immense, coupling our present knowl-
edge of emission inventories with new understanding of fluxes will 
not only support policy development and evaluation but may also 
identify areas for mitigation efforts and lower the cost of compli-
ance. 

Thank you very much. 
[The prepared statement of Dr. Freilich follows:]

PREPARED STATEMENT OF MICHAEL H. FREILICH 

Good morning Chairman Gordon, Ranking Member Hall and Members of the 
Committee. Thank you for the opportunity to appear today to discuss NASA activi-
ties in conjunction with other federal agencies in the measurement and monitoring 
of atmospheric greenhouse gases and the exchange processes between the atmos-
phere, the oceans, and the land. 

As the Nation’s civil space agency and as a leader in Earth System Science, NASA 
develops and flies instruments and missions to measure greenhouse gases—and a 
host of other vitally important environmental quantities—globally, from the vantage 
point of space. Through our vigorous research program, NASA uses measurements 
from space, air, and land to advance our understanding of key natural processes 
that determine amounts, transports, and climate impacts of the greenhouse gases 
in the atmosphere, with particular attention paid to the ways in which these gases 
are exchanged between the air, the land, and the sea. The quantitative knowledge 
we gain through the measurements and research is codified in numerical models, 
which can then be combined with future measurements to provide predictions of fu-
ture conditions and to anticipate the effects of different policies and mitigation ap-
proaches. Through our Applied Sciences program, NASA develops products that 
combine the measurements with the understanding to provide information required 
by stakeholders and in particular by other federal agencies. Once developed and 
demonstrated by NASA, space-borne measurement approaches can be used to mon-
itor greenhouse gases and their impacts over the entire globe and for long periods 
of time. The satellite data, in conjunction with essential ground-based and airborne 
measurements acquired by many agencies and combined in an integrated, coordi-
nated way, provide critical information related to verification and to the efficacy of 
policy decisions. 

Greenhouse gases, and especially carbon dioxide (CO2), are extremely important 
components of the Earth system. They play key roles in determining the Earth’s en-
ergy balance—how much of the incoming energy from the Sun is trapped within the 
Earth system of atmosphere, land, and ocean, and how much of that energy is re-
radiated back out to space. In contrast with other greenhouse gas species which are 
broken down by chemical reactions in the atmosphere, CO2 is not destroyed; rather, 
the carbon is primarily cycled between the atmosphere, the surface layers of the 
ocean, and terrestrial vegetation over time scales of a few centuries. Therefore, deci-
sions that we make today, and mitigation approaches that we take today, will still 
be determining conditions on Earth many generations into the future. As another 
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consequence of long residence times and relatively rapid transport within the atmos-
phere, emissions originally localized at specific geographic locations influence envi-
ronmental conditions around the entire globe. The distributions and concentrations 
of CO2 and other greenhouse gases must thus be measured and predicted globally—
a job that requires the global coverage and high spatial resolution of satellite meas-
urements, combined with ground-based and airborne data and the use of com-
prehensive numerical Earth system models. 

As will be discussed later in my testimony, we know beyond a doubt that over 
periods of a few years, about half of the CO2 emissions remain in the atmosphere 
and the remainder of the emitted CO2 is removed from the atmosphere and goes 
into the ocean and the land for long time periods. While the localized magnitudes 
of these natural exchange processes are small, their overall impacts can be consider-
able when accumulated over huge areas such as boreal forests and the oceans. 
While we know the global net effects of these exchanges over time scales of a few 
years, we must make and analyze new measurements of near-surface atmospheric 
greenhouse gas mixing ratios and land use/land cover conditions in order to under-
stand the details of the processes, and to be able to make accurate predictions as 
to how the processes will change as the Earth’s climate evolves. 

Make no mistake about it, however: the measurements of greenhouse gases that 
are necessary to accurately define important, spatially extensive, natural atmos-
phere-land and atmosphere-ocean exchange processes are difficult to make and re-
quire the Nation’s cutting edge technological as well as scientific skills. The benefits, 
however, are immense. Coupling our present extensive knowledge of emission inven-
tories with new information and understanding we will gain on the magnitudes and 
uncertainties of natural and human-induced fluxes from land use changes and man-
agement practices will not only provide additional information to support policy de-
velopment and evaluation, but also may identify additional areas for mitigation ef-
forts and lower the cost of compliance.

NASA’s Existing Capabilities for Measuring Carbon 
Climate encompasses more than Earth’s physical climate and physical observa-

tions. Greenhouse gases include carbon dioxide (CO2), methane (CH4), 
chlorofluorocarbons (CFCs), nitrous oxide (N2O), ozone, and water vapor. These 
gases play key roles in climate change, which involves the biogeochemistry of 
Earth’s atmosphere and biosphere (land and ocean). NASA’s satellites, along with 
coordinated in situ and remote sensing networks and airborne science programs es-
tablished and operated by many other agencies, help to quantify, characterize, and 
improve the accuracy and precision of greenhouse gas measurements over the land, 
as well as in the atmosphere and ocean. NASA ground-based networks provide crit-
ical long-term data for the validation of remote observations and contribute to na-
tional and international observational databases. NASA modeling activities along 
with measurements synthesize our understanding of the importance of greenhouse 
gases to climate change. While NASA does not have an operational aspect to its mis-
sion for monitoring practices, NASA data are utilized by partners in other agencies 
for operational activities. 

Given the importance of understanding how CO2 cycles through the environment, 
the NASA Earth Science Division maintains a vigorous research program through 
its carbon cycle and atmospheric composition focus areas to study the distribution 
and the forces determining the atmospheric concentrations of carbon dioxide and 
other key carbon-containing atmospheric gases (especially methane), as well as car-
bon-containing aerosols. Data from NASA satellites are studied, and observations 
are also made from airborne platforms and surface-based measurements in ways 
that can be used to validate and complement space-based observations. Satellite 
data are obtained for land cover and terrestrial and oceanic productivity, as these 
are critical in providing quantitative information about the distribution of the bio-
sphere and the biospheric activity that exchanges carbon-containing gases between 
the land, ocean surface and the atmosphere. They can also provide critical informa-
tion about the distribution and impact of fires, which play an important role in add-
ing carbon-containing (and other) trace gases into the atmosphere. Models are then 
used to assimilate observations to produce accurate yet consistent global data sets, 
to infer information about sources and sinks, and to simulate future concentrations 
of atmospheric greenhouse gases that contribute to, and are affected by, climate 
change. 

Through a series of direct measurements and models, NASA helps to characterize 
and quantify greenhouse gases and related controlling processes in the terrestrial, 
near-surface aquatic, and atmospheric environments. Data from the Atmospheric In-
frared Sounder (AIRS) on the Aqua spacecraft delivers ozone, water vapor, methane, 
and CO2 concentrations. The Aura spacecraft’s Tropospheric Emission Spectrometer 
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(TES) provides information on ozone, CO2, methane, and water vapor, while its 
Microwave Limb Sounder (MLS) provides ozone, nitrous oxide, and water vapor mix-
ing ratios and the Ozone Monitoring Instrument (OMI) measures Nitrogen Dioxide 
(NO2), ozone, Sulfur Dioxide (SO2), and aerosols. However, the policy and science 
issues associated with methods for enhancing carbon uptake in forest and agricul-
tural land, and with spatially extensive air-land/air-sea exchange processes, require 
accurate measurements near the surface. Because of the techniques used to make 
the measurements, both the AIRS and the TES CO2 data correspond to upper-level 
concentrations (above about 13,000 to 36,000 feet), while the MLS measurements 
correspond to even higher levels in the stratosphere. Had the Orbiting Carbon Ob-
servatory (OCO) been successful, the combination of its accurate surface CO2 meas-
urements and the upper-level profiles obtained by AIRS would have provided a valu-
able component of a global data acquisition capability. 

The NASA airborne fleet can detect and help quantify all of the aforementioned 
greenhouse gases in the atmosphere. For the ocean, Moderate Resolution Imaging 
Spectrometer (MODIS) data from the Terra and Aqua spacecraft can be used to esti-
mate CO2 exchange between the ocean and atmosphere. MODIS data are also used 
to estimate annual carbon uptake by terrestrial and aquatic vegetation over broad 
regions. 

These observations are particularly powerful when the measurements from mul-
tiple assets are combined. One recent example of NASA’s activity in this area is the 
Arctic Research of the Composition of the Troposphere from Aircraft and Satellites 
(ARCTAS) field campaign carried out in the spring and summer of 2008. In the 
ARCTAS campaign, data from three NASA aircraft based in Canada and Alaska, 
making flights as far away as Greenland, studied the gas phase and particulate 
composition of the troposphere, emphasizing their distribution in the atmosphere 
over North America and the Arctic. In particular, in the summer campaign, numer-
ous observations of air affected by forest fires were made. By combining data from 
aircraft and satellites, scientists are now better able to understand the regional 
scale impacts of fires and long-range pollutant transport on air quality and the im-
plications for climate. 

Within planned future missions, the Deformation, Ecosystem Structure and Dy-
namics of Ice (DESDynI) mission, and to a lesser extent the Ice, Cloud, and land 
Elevation Satellite-II (ICESat-II), will contribute to improved estimates of above-
ground carbon storage in vegetation that can be used to monitor the activity of for-
est carbon sinks and quantify carbon losses from them to the atmosphere due to 
major disturbances (storms, harvest, fire, etc.). Among later Decadal Survey-rec-
ommended missions presently under study, the Active Sensing of CO2 Emissions 
Over Nights, Days, and Seasons (ASCENDS) mission will measure CO2, the Geo-
stationary Coastal and Air Pollution Events mission (GEO–CAPE) will measure 
ozone and CO2 exchange between atmosphere and ocean, the Aerosol-Cloud-Eco-
systems (ACE) will be used to estimate annual carbon uptake by aquatic vegetation, 
and the Global Atmospheric Composition Mission (GACM) will measure ozone, 
water vapor, and aerosols. 

The NASA Earth Science Research Program goals in carbon cycle science are to 
improve understanding of the global carbon cycle and to quantify changes in atmos-
pheric CO2 and CH4 concentrations as well as terrestrial and aquatic carbon storage 
in response to fossil fuel combustion, land use and land cover change, and other 
human activities and natural events. NASA carbon cycle research encompasses mul-
tiple temporal and spatial scales and addresses atmospheric, terrestrial, and aquatic 
carbon reservoirs, their coupling within the global carbon cycle, and interactions 
with climate and other aspects of the Earth system. The primary disciplinary re-
search programs that support carbon cycle science at NASA are conducted within 
its Carbon Cycle and Ecosystems, and Atmospheric Composition focus areas (includ-
ing the Upper Atmosphere, Tropospheric Chemistry, Atmospheric Chemistry Mod-
eling, analysis, and Prediction, Ocean Biology and Biogeochemistry, Radiation 
Sciences, Terrestrial Ecology, Land Cover/Land Use Change, the Modeling Analysis 
and Prediction, Interdisciplinary Science, Carbon Cycle Science, Ozone Trends, 
Earth Observation Satellites Science, Aura Science programs, and to some extent, 
Physical Oceanography programs). 

A focus on observations from space pervades carbon cycle research by NASA and 
is a basis for partnerships with other U.S. Government agencies and institutions. 
NASA carbon cycle research contributes toward the goals of major U.S. Climate 
Change Science Program (CCSP) activities, including the U.S. North American Car-
bon Program (NACP) and the Ocean Carbon and Climate Change Program (OCCC). 

As an example, NASA working with other agencies and Departments under the 
NACP is working to improve estimates of carbon storage in forests and the impacts 
of disturbance (fire, insects and pathogens, severe storms, etc.) on this carbon stor-
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age. Other NASA NACP studies are developing regional carbon budgets, docu-
menting year-to-year variations in sources and sinks, and attempting to attribute 
those changes to particular factors. Other NASA satellite studies are documenting 
changes in growing season length and the occurrence of critical seasonal events in 
ecosystems (e.g., budburst, flowering, leaf fall, algal blooms) that also affect carbon 
dynamics. All of these studies are advancing our scientific understanding and moni-
toring capacity—as well as advancing our abilities to evaluate the carbon cycle im-
plications of land management practices. 

NASA research has also focused on developing the scientific foundation for sound 
decision-making with respect to climate policy and the management of carbon in the 
environment. NASA’s current and future well-calibrated measurements from space 
facilitated by NIST standards, in combination with decades of scientific under-
standing achieved through such studies, and the Agency’s experience in dem-
onstrating new decision support capability put NASA in a strong position to con-
tribute to the Nation’s responses to climate change. NASA’s global observations and 
global modeling capabilities also will help to reduce regional and global climate and 
carbon cycle science model uncertainties. 

The NASA Applied Sciences Program projects extend the products of Earth 
science research and the tools associated with that research, including observations, 
measurements, predictive models, and systems engineering, to meet societal needs 
beyond NASA Earth Science Research Program objectives. The Applied Science Pro-
gram also addresses carbon management. For example, projects exploit NASA car-
bon cycle research results and related capabilities to enhance decision-making with-
in agencies responsible for resource management and policy decisions that affect 
carbon emissions, sequestration, and fluxes among terrestrial, aquatic, and atmos-
pheric environments. 

NASA can provide its research observations, well-calibrated and well-validated for 
assessment and quantification of greenhouse gases and of aggregate changes in car-
bon sources and sinks on the land and in the ocean. Space-based measurements of 
greenhouse gases in the atmosphere are available now, albeit limited in utility, and 
will only improve in the future (with potential recovery from OCO and future devel-
opment of ASCENDS, and ACE). Current observations of land cover, vegetation dy-
namics and ocean color, as well as numerous climate variables, allow for the identi-
fication and characterization of terrestrial and aquatic carbon sources and sinks as 
well as for attribution of some of the processes controlling their dynamics. Future 
observations of vegetation canopy height profiles will demonstrate and prove new 
abilities to support the estimation of carbon sequestration in forests.

The Role of the Orbiting Carbon Observatory (OCO) 
On February 24, 2009, NASA’s Orbiting Carbon Observatory (OCO) failed to 

reach orbit after liftoff from Vandenberg Air Force Base in California due to a 
launch vehicle mishap. This mission was designed to make near-global measure-
ments of atmospheric carbon dioxide mixing ratios (approximately equivalent to the 
CO2 concentration in a vertical column of the atmosphere) over the sunlit hemi-
sphere of the Earth. The OCO measurements were designed to have high precision 
and dense spatial sampling. Indeed, OCO was designed to make the most chal-
lenging atmospheric trace gas measurements ever made from space. 

The OCO measurement approach was designed to be most accurate in the lower 
troposphere close to the air-sea and land-air interface, which is where the transfers 
of atmospheric CO2 to the ocean and the terrestrial biosphere take place. OCO was 
thus optimized to allow study of the CO2 transfer processes, and quantification of 
the spatially extensive, regional-scale (several hundreds of miles in extent) sources 
and sinks of carbon in the natural system, and to allow their monitoring on seasonal 
time scales. To accomplish these tasks, OCO was designed to measure total column 
CO2 with a precision of almost one part per million (ppm), spatial resolution less 
than one mile for instantaneous measurements, and a sampling pattern (a combina-
tion of orbit and swath width) that allowed global coverage on approximately month-
ly time scales. The on-orbit measurement strategy for OCO would have allowed ac-
curate data to be obtained both over land and over the harder-to-measure, but larg-
er, areas of the global oceans. The relatively small spatial footprints (high resolu-
tion) would have allowed measurements through clear-sky regions even in the pres-
ence of broken clouds. The OCO measurements would have been more accurate, had 
higher spatial resolution, and had greater coverage than those of any other existing 
space-borne trace gas measurement system. A comprehensive validation activity 
was planned and funded as part of the OCO mission. Using precisely calibrated 
measurements from upward-looking, ground-based instruments in the multi-agency 
Total Carbon Column Observing Network (TCCON) along with auxiliary informa-
tion from NOAA, NSF, and other agency programs, residual errors in the OCO 
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measurements were to have been identified and removed, resulting in a calibrated 
OCO data set referenced to the World Meteorological Organization standard. In-
deed, the OCO mission activity has contributed three of the primary TCCON sites 
(Park Falls, Wisconsin; Lamont, Oklahoma; and Darwin, Australia) in this global 
network. 

As a research, science, and technology demonstration agency, NASA rarely plans 
from the start to build multiple copies of instruments or missions. Given the impor-
tance of making multiple simultaneous measurements of many different quantities 
in order to understand the interactions between processes that define the Earth as 
a complex but integral system, the NASA Earth Science Division has historically fo-
cused on breadth of missions and measurements, rather than building multiple cop-
ies of instruments and missions in order to proactively assure rapid replacements 
in the event of launch catastrophes or early mission failures. Indeed, our careful de-
sign, construction, and extensive testing at every step of the process have resulted 
in spectacular success rates and long lifetimes for many of our Earth missions. 

Prior to February 24, 2009, NASA had neither plans nor resources to build a re-
placement mission, either as a ‘‘carbon copy’’ of OCO itself or as a functional equiva-
lent mission or instrument. 

Following the launch failure, the NASA science and engineering teams have been 
actively investigating recovery from many different approaches. From the start, 
NASA has ensured that the OCO Science Team, augmented with researchers from 
our Research and Analysis programs and international scientists, have been kept 
intact and funded to investigate the state of carbon cycle science, whether the 
present key issues should or must be addressed through space-based measurements, 
and whether a new space mission was warranted in light of the present on-orbit as-
sets of NASA and our international partners. 

On April 9, 2009, the science team’s thoughtful, well-documented white paper was 
completed. The science team concluded that an OCO reflight or a functionally equiv-
alent mission is necessary to advance carbon cycle science and to provide the basis 
for thoughtful policy decisions and societal benefits. Based on this scientific founda-
tion (and working in parallel with the science analyses, anticipating the result), 
NASA tasked the engineering teams to examine several options for rapid mission 
implementation. The Team identified the top three candidate approaches as: (1) re-
building an OCO mission with as few changes as possible and launching the so-
called ‘‘Carbon Copy’’ into its planned orbit as an element of the ‘‘A-Train,’’ the con-
stellation of five U.S. and international satellites flying in close formation to make 
a ‘‘virtual observatory’’ with highly synergistic, near-simultaneous measurements; 
(2) combining a near-copy of the OCO instrument with a Thermal Infrared (TIR) 
sensor on a single spacecraft, to be launched into close constellation with the 
Landsat Data Continuity Mission (LDCM), presently under construction for launch 
in December 2012; and (3) building a near-copy of the OCO instrument for launch 
to and flight on the International Space Station (ISS). 

Each of these options has challenges, ranging from electronic parts obsolescence 
which preclude any complete identical rebuild of the OCO instrument and space-
craft, to significantly degraded coverage from the ISS orbit and the need to provide 
a dedicated pointing mechanism for the OCO instrument, and accommodation issues 
associated with the flight of both a TIR and an OCO-like instrument on the same 
spacecraft. There are also advantages to each of these approaches, which help offset 
the challenges described above, including early launch availability and relative sim-
plicity for the ‘‘Carbon Copy,’’ possible lower launch costs and servicing potential for 
the ISS flight, and chances for an LDCM launch to allow more overlap than other-
wise possible with the now-ancient Landsat 7 and Landsat 5 missions, while still 
providing synergistic multi-spectral and thermal infrared measurements within 
about six to twelve months after the LDCM launch. 

At present, our understanding of the Carbon Copy option is most mature, while 
the OCO/TIR combined mission is being studied vigorously to refine its parameters. 
The scientific degradations associated with the flight of OCO on the ISS discourage 
near-term focus on this option. It is our objective to have solid technical and pro-
grammatic understandings of both the Carbon Copy and combined OCO/TIR mis-
sions by the end of May. 

In parallel with NASA investigation of OCO reflight options, we have been col-
laborating substantively with our Japanese colleagues to expand and accelerate pre-
viously planned U.S. contributions to the validation of GOSAT/IBUKI CO2 measure-
ments and to utilize GOSAT/IBUKI data to help refine existing high-level OCO al-
gorithms. While the accuracy and sampling characteristics of GOSAT/IBUKI are in-
sufficient to allow key OCO science and policy questions to be addressed adequately, 
the use of the GOSAT/IBUKI measurements to help refine OCO algorithms now will 
accelerate the production of quality products from a future mission. 
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It should be noted that one of the mid-term missions that the Decadal Survey rec-
ommended for NASA to develop was a laser-based, carbon dioxide-measuring mis-
sion called ‘‘ASCENDS’’ (Active Sensing of CO2 Emissions over Nights, Days, and 
Seasons). Using active lasers rather than reflected sunlight, ASCENDS is expected 
to provide CO2 measurements in polar regions during the winter and at night. Tech-
nology development advances required for the lasers on ASCENDS preclude its 
early flight within the next three years. Furthermore, the use of reflected sunlight 
for OCO measurements (versus the active lasers for ASCENDS) makes the smaller 
and simpler OCO-like instrument attractive for long-term monitoring of near-sur-
face CO2 levels and offset processes. 

We will keep the Committee informed as we develop the technical and pro-
grammatic understanding necessary for future decisions on OCO recovery options 
and their associated budget implications within the broader context of other Earth 
Science priorities.

Working With Our Interagency Partners 
U.S. interagency programs provide the fora for coordination of the respective 

agency activities. These bodies include the CCSP Program Office, the Climate 
Change Technology Program, the U.S. Ocean Action Plan committees, and U.S. 
Group on Earth Observations (U.S. GEO). The majority of the collaborations and co-
ordination are achieved through informal interagency interactions among the pro-
gram managers and scientists that are responsible for the aforementioned research 
efforts. There are important inter-dependencies that both require and challenge 
interagency coordination. NASA relies on the Department of Energy, the United 
States Department of Agriculture, and the National Oceanographic and Atmospheric 
Administration for critical in situ and airborne observations of greenhouse gases 
and carbon storage in soils and plants—and, of course, they rely on NASA for cali-
brated, validated remote sensing data products. Together, we have developed vastly 
improved understanding of the atmosphere and carbon cycle to go with those meas-
urements that can now be applied to the development of climate policy and carbon 
management. 

Internationally, partnerships are made in many fora, examples include Global 
Earth Observation System of Systems (GEOSS), the Committee on Earth Observing 
Satellites (CEOS), the Global Carbon Project, the World Climate Research Program, 
and other IGBP and UNEP–WMO programs. International bilateral meetings are 
also helpful for the international coordination. 

The academic research community and federal efforts are mainly coordinated by 
the program managers in the Earth Science Division, who take great strides at 
NASA among flight programs, research, and applied sciences to ensure the research 
community and management communities provide feedback to the overall efforts of 
the NASA Earth Sciences Division. The National Research Council of the National 
Academies of Sciences has provided valuable inputs from the community regarding 
future research directions for NASA (e.g., the recent Decadal Survey). NASA also 
listens closely to its advisory subcommittee and the Science Steering Groups associ-
ated with the U.S. Carbon Cycle Science Program, the North American Carbon Pro-
gram, and the Ocean Carbon and Biogeochemistry Program.

Going Forward 
Uncertainty of climate for the 21st century is driven as much by our inability to 

quantify the feedback between biogeochemical cycles and climate change, as it is by 
uncertainty in the physical modeling of the cloud and water vapor feedback or eco-
nomic projections of fossil fuel emission. These uncertainties in the feedback proc-
esses result in large differences in the predictions of climate models. At present, 
even for fixed, prescribed fossil fuel emission scenarios, the predicted atmospheric 
CO2 levels in 2100 from the best coupled carbon-climate models differ by more than 
300 ppm, which is equivalent to about 40 years of present anthropogenic CO2 emis-
sion levels (e.g., Freidlingstein et al., J. Climate, 19 (2006), 3337–3353). 

Space-based observations sustained over a long period of time at the current level 
of quality or better are critical to improving the science of climate change and ena-
bling better resource management and decision-making. Well-calibrated in situ and 
airborne observations for validation and for study and diagnosis of process controls, 
complementary research activities, as well as technology advancement, are nec-
essary to improve observational capabilities. NASA, NOAA, NSF, and USGS must 
continue and enhance their collaborations to achieve these ends. 

Thank you for the opportunity to discuss NASA activities in the measurement and 
monitoring of atmospheric greenhouse gases and the exchange processes between 
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the atmosphere, the oceans, and the land. I would be pleased to respond to any 
questions that you or the other Members of the Committee may have.
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model functions, as well as innovative validation techniques for accurately quanti-
fying the accuracy of space-borne environmental measurements. 

Dr. Freilich served as the NSCAT Project Scientist from 1983–1991 and as the 
Mission Principal Investigator for NSCAT from 1992–1997. Until he relinquished 
his project posts to join NASA HQ, he was the Mission PI for QuikSCAT (launched 
in June, 1999) and SeaWinds/ADEOS–2 (launched in December, 2002). He was the 
team leader of the NASA Ocean Vector Winds Science Team and is a member of 
the QuikSCAT, SeaWinds, and Terra/AMSR Validation Teams, as well as the 
NASDA (Japanese Space Agency) ADEOS–2 Science Team. 

Dr. Freilich has served on many NASA, National Research Council (NRC), and 
research community advisory and steering groups, including the WOCE Science 
Steering Committee, the NASA EOS Science Executive Committee, the NRC Ocean 
Studies Board, and several NASA data system review committees. He chaired the 
NRC Committee on Earth Studies, and served on the NRC Space Studies Board and 
the Committee on NASA/NOAA Transition from Research to Operations. 

His honors include the JPL Director’s Research Achievement Award (1988), the 
NASA Public Service Medal (1999), and the American Meteorological Society’s 
Verner E. Suomi Award (2004), as well as several NASA Group Achievement 
awards. Freilich was named a Fellow of the American Meteorological Society in 
2004. 

Freilich’s non-scientific passions include nature photography and soccer refereeing 
at the youth, high school, and adult levels.

Chair GORDON. Thank you, Dr. Freilich, and Ms. Kruger, you are 
recognized for five minutes. 

STATEMENT OF MS. DINA KRUGER, DIRECTOR, CLIMATE 
CHANGE DIVISION, OFFICE OF ATMOSPHERIC PROGRAMS, 
ENVIRONMENTAL PROTECTION AGENCY 

Ms. KRUGER. Good morning, Chair Gordon and Members of the 
Committee. Thank you for inviting me to testify this morning about 
monitoring, measurement, and verification of greenhouse gas emis-
sions. My name is Dina Kruger, and I am the Director of EPA’s Cli-
mate Change Division, and my testimony this morning is going to 
focus on the data that EPA already collects, our National Green-
house Gas Inventory, the proposed Greenhouse Gas Reporting 
Rule, and our assessment of international reporting programs. 

I would like to begin by offering background information about 
some EPA programs that are relevant to today’s topic. We imple-
ment successful cap-and-trade programs such as the one for acid 
rain, which has served as a model for greenhouse gas trading. EPA 
also heads an annual interagency effort to develop and publish the 
official U.S. inventory of greenhouse gas emissions, and just last 
month we issued a proposed rule to establish an economy-wide, fa-
cility-level reporting system for greenhouse gas emissions. 

What is common to all of the work that we do is the emphasis 
on accurate, comprehensive, transparent, and timely monitoring. 
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Simply put, you cannot manage what you do not measure. More-
over, one size does not fit all. The best methods and systems for 
obtaining high quality greenhouse gas data must be customized to 
suit the specific policies we are implementing and the emission 
sources we are addressing. 

For example, the monitoring system required to establish base-
lines and assess progress under a facility-based regulatory program 
must provide timely and accurate emissions data from each af-
fected facility. 

Since 1995, under EPA’s Acid Rain Trading Program, power 
plants have reported sulfur dioxide emissions measured by contin-
uous monitors in their stacks. Importantly, over the same period 
each unit has also reported carbon dioxide data. With power plants 
representing over one-third of the Nation’s CO2 emissions, we al-
ready have a head start on the monitoring program for greenhouse 
gas emissions. 

Other large stationary sources could also potentially monitor 
greenhouse gas emissions, and these additional sources are the pri-
mary focus of EPA’s proposed Greenhouse Gas Reporting Rule, 
which was signed by Administrator Jackson on March 10. In this 
rule EPA proposed to collect emissions data from entities that emit 
more than 25,000 metric tons of CO2 equivalent per year. Many 
emission sources, including many agricultural sources, as well as 
cars, trucks, homes, and small businesses would not be subject to 
monitoring and reporting requirements under our proposed thresh-
olds because of their small size or the complexity or cost of accu-
rately monitoring their emissions. 

Instead, greenhouse gas emissions from these smaller sources 
are covered by upstream providers of fossil fuels and industrial 
gases. EPA estimates that the proposed reporting program would 
provide baseline data for facilities representing between 85 and 90 
percent of the national greenhouse gas emissions. 

I would also like to highlight the U.S. National Greenhouse Gas 
Inventory, which is an annual accounting of all human-caused 
sources and sinks and provides a means of measuring progress 
against our national goals. EPA has published this inventory since 
1993, in cooperation with numerous federal agencies including the 
Departments of Energy, Agriculture, Defense, and State. 

Given its scope, the National Inventory requires a variety of 
methodological approaches and technologies. Fossil fuel combustion 
is the source of approximately 80 percent of our national green-
house gas emissions, and estimates for this source are accurate to 
within a few percentage points. In the forest and agriculture sec-
tors we believe that the data are good but could be improved 
through continued coordination between the land agencies such as 
USDA and agencies with remote sensing capabilities such as NASA 
and NOAA. 

Finally, I will address greenhouse gas monitoring in other coun-
tries. We expect the same level of effort and accuracy from other 
industrialized countries as we have achieved with our own Na-
tional Inventory, and to a large extent, our expectations are met. 
However, there is room for improvement in developing countries, 
and we have identified three main obstacles to better data. 
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First, reporting requirements for developing countries are inad-
equate because the reporting is currently too infrequent. Second, 
government agencies and technical experts in these countries do 
not receive the sustained support necessary for strong, for a strong 
inventory, and investments in fundamental data such as national 
statistics in many developing countries are lacking. 

Third, deforestation and agricultural practices are the primary 
emission sources in many developing countries, and these are also 
the most technically-difficult sources to monitor. Approaches like 
remote sensing techniques could be a cost-effective tool to improve 
land use data in these countries. 

In conclusion, the greenhouse gas monitoring challenge is com-
plex but solvable. While our primary focus at EPA is on the man-
agement of emissions from specific emission sources and projects, 
we also need to be sure that the reported and verified bottom-up 
emissions data are representative of what we see in the atmos-
phere. We may find that our monitoring approaches need to be 
modified, obtain insights that lead to better policies, or identify ad-
ditional ways to reduce greenhouse gas emissions. Agencies such as 
NOAA, NASA, DOE, and USDA are important players in this 
realm and a coordinated effort with and among these agencies can 
achieve the necessary comprehensive top-down understanding. 

Thank you for the opportunity to speak to the Committee today, 
and I look forward to answering your questions. 

[The prepared statement of Ms. Kruger follows:]

PREPARED STATEMENT OF DINA KRUGER 

Introduction 
Chairman Gordon, Ranking Member Hall, and Members of the Committee, thank 

you for inviting me to testify about monitoring, measurement and verification of 
greenhouse gas emissions. I am Dina Kruger, Director of EPA’s Climate Change Di-
vision. Today my testimony will focus on what data EPA already collects under ex-
isting regulatory programs; EPA’s proposed Mandatory Greenhouse Gas Reporting 
Rule; as well as international reporting programs. Accurate data on greenhouse gas 
emissions are an essential component for climate change research and the founda-
tion for implementing and assessing programs to reduce emissions. EPA looks for-
ward to continued opportunities to work with the Committee in this area.

Existing Data 
I would like to begin by offering some background about programs EPA imple-

ments that are relevant to today’s topic. We implement two successful cap and trade 
programs: the Acid Rain Trading Program and the NOΧ Budget Trading Program. 
These two programs have served as models for greenhouse gas cap and trade pro-
grams such as the Regional Greenhouse Gas Initiative (RGGI), the Western Climate 
Initiative (WCI), and the European Union Emissions Trading System (EUETS). In 
order to fulfill reporting obligations under the United Nations Framework Conven-
tion on Climate Change (UNFCCC), ratified by the United States in 1992, EPA 
leads an annual interagency effort to develop and publish a national inventory of 
human-caused greenhouse gas emissions, the most recent of which was submitted 
last week on April 13. We also implement a number of partnership programs tar-
geting non-CO2 greenhouse gases such as methane, hydrofluorocarbons, 
perfluorocarbons, and sulfur hexafluoride. And, just last month, EPA issued a pro-
posed rule to establish an economy-wide mandatory reporting system for greenhouse 
gas emissions. This Reporting Rule was discussed during your first hearing on this 
topic in February, and will be the focus of part of my testimony today. 

Mr. Chairman, what is common to all of the work we do across the entire suite 
of EPA air programs, is the emphasis on accurate, comprehensive, transparent and 
timely monitoring. Simply put, you cannot manage what you cannot measure. More-
over, we recognize that effective greenhouse gas monitoring is inextricably linked 
to the specific policies being considered, and the types of emission sources we are 
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addressing. One size does not fit all. The best methods and systems for obtaining 
high quality greenhouse gas data must be customized to suit our specific policies 
and purposes. 

The monitoring equipment and systems required to establish baselines and assess 
progress under a facility-based regulatory program, for example, need to provide 
timely and accurate data of emissions from each affected facility. We collect this 
type of data under EPA’s Acid Rain Cap and Trade Program, which covers elec-
tricity generating units. These units are required to install and operate continuous 
sulfur dioxide emission monitors in their stacks, or for smaller or low emitting units 
a continuous fuel monitor of comparable accuracy. Each facility measures hourly 
and reports to EPA on a quarterly basis. All of these measurements are uploaded 
to EPA’s database automatically through secure Internet connections, where the 
data are then checked and checked again by sophisticated software routines. The 
end result is emissions data that provide empirical support for the trading program 
and assurance that each facility is operating on a fair and level playing field. Impor-
tantly, since the program began in 1995, each electricity generating unit also has 
reported carbon dioxide emissions data through the same procedures, as required 
under Section 821 of the 1990 Clean Air Act Amendments. With the electricity sector 
representing over one-third of the Nation’s CO2 emissions, we already have a head 
start on the monitoring program for greenhouse gas emissions.

Proposed Greenhouse Gas Reporting Rule 
Other large stationary sources could also potentially monitor greenhouse gas 

(GHG) emissions. These additional sources are the primary focus of EPA’s proposed 
Greenhouse Gas Reporting Rule, signed by Administrator Lisa Jackson on March 
10th and published in the Federal Register on April 10th. Pursuant to the direction 
of Congress, EPA’s proposed GHG Reporting Rule focuses on emissions from sources 
above appropriate thresholds in all sectors of the economy. The proposed Reporting 
Rule has not been designed to track project-based offsets, such as carbon sequestra-
tion from agricultural or forest lands, or to create a comprehensive national inven-
tory—both of which I will discuss later. 

In this rule, EPA proposes to collect greenhouse gas emissions data from about 
13,000 entities that emit more than 25,000 metric tons of CO2 equivalent per year, 
or produce or import fuel or industrial gases. In total, the proposed rule is estimated 
to cover 85 to 90 percent of U.S. greenhouse gas emissions. The 25,000 ton threshold 
is roughly equivalent to the amount of CO2 that would be produced by burning 131 
rail cars of coal. The proposed rule attempts to mitigate any impacts on small busi-
nesses by including the 25,000 metric tons of CO2 equivalent per year threshold. 
As a result, this rule would affect larger industrial facilities, such as refineries, iron 
and steel mills, cement and petrochemical plants. 

Many emission sources would not be subject to monitoring and reporting require-
ments under the thresholds proposed in the proposed Reporting Rule because of 
their small size or the complexity or cost of accurately monitoring their emissions. 
This includes many agricultural sources as well as emissions from individual cars 
and trucks, homes, and small businesses. Instead, emissions from the use of fossil 
fuels in smaller sources is covered ‘‘upstream,’’ by which we mean that coal mines, 
petroleum refineries, natural gas processing facilities, and natural gas distribution 
companies would report on the carbon contained in fuel they supply to the economy. 
While there are tens of millions of cars and houses, there are approximately 3,500 
suppliers of fossil fuel in the economy, representing approximately 30–35 percent of 
U.S. greenhouse gas emissions, and the estimation of emissions from these sources 
is both manageable and accurate. 

EPA estimates that with the 25,000 ton annual threshold and the inclusion of 
‘‘upstream’’ providers of fossil fuels and industrial gases, the greenhouse gas report-
ing program could provide baseline emissions data for facilities representing be-
tween 85 percent and 90 percent of national greenhouse gas emissions. We are 
working hard to complete the Reporting Rule this fall, and are proposing that the 
first reports will be due in March of 2011 and cover year 2010 emissions. 

At this point, let me say a few words about verification in the proposed reporting 
program, as this issue has been the subject of discussions in this committee and in 
other venues. EPA is proposing a centralized verification program modeled on our 
experience in the Acid Rain program, which I just summarized. EPA has success-
fully verified data across its Clean Air Act programs for decades. The northeast 
states through the Regional Greenhouse Gas Initiative chose to run their green-
house gas cap and trade program using the CO2 data that EPA collects and verifies 
through the Acid Rain Program rather than reinvent the wheel. We are confident 
that this system currently applied to the Acid Rain program can be extended to the 
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verification of all emissions data reported under EPA’s greenhouse gas reporting 
program (i.e., 85–90 percent of U.S. greenhouse gas emissions). 

Effective monitoring tools and protocols for offset projects must also be customized 
to the specific emission sources and project categories under consideration. In our 
experience, methane capture projects, such as landfill gas or coal mine methane, can 
be monitored effectively using off-the-shelf technology. EPA has experience with 
these technologies by virtue of having implemented partnership programs with 
these industries for more than fifteen years. Other offset projects, particularly in the 
agriculture and forestry sectors, pose unique monitoring challenges. While data may 
meet national inventory needs, project-level estimates can be more challenging in 
these sectors due in part to the variability of the emission reductions or sequestra-
tion levels. In the case of sequestered carbon specifically, there is also the risk of 
reversals back to the atmosphere, through natural disturbances like forest fires or 
changes in management practices, like tilling soil.

U.S. National Greenhouse Gas Inventory 
The second greenhouse gas monitoring program that I would like to highlight is 

the U.S. National Greenhouse Gas Inventory which is an annual accounting of 
human-caused emissions and sequestration across all sectors. This inventory pro-
vides the means of measuring progress against national goals, including President 
Obama’s goal to reduce emissions by 14 percent from 2005 levels by the year 2020 
and by 83 percent by the year 2050, and will be the metric by which success is 
judged. EPA has coordinated our nation’s annual greenhouse gas inventory since 
1993, in cooperation with numerous other federal agencies. The Department of En-
ergy provides essential data on the national fossil energy accounts. The Department 
of Agriculture (USDA) provides data and methodological support for land-based 
emissions and sequestration. The Department of Defense has proactively taken the 
lead on improving our understanding of emissions from their aircraft and ship oper-
ations. And the State Department, as the lead agency for United Nations (UN) trea-
ties, submits the inventory each year to the UN Framework Convention on Climate 
Change. 

As I indicated, the national greenhouse gas inventory includes all sources and 
sinks, from the burning of fossil fuels for transportation, to methane generated from 
decomposing organic wastes, to sequestration of CO2 in our forests and soils. Such 
a wide-ranging effort necessarily requires a variety of methodological approaches 
and technologies, and the quality of the data varies across source categories. Fossil 
fuel combustion is the source of approximately 80 percent of our national green-
house gas emissions—and our colleagues at the Energy Information Administration 
take great effort to ensure that the national energy snapshot is accurate and up to 
date. Our own studies and independent reviews confirm that this largest component 
of our national inventory is accurate to within a few percentage points, and because 
EPA and the Department of Energy (DOE) have ‘‘piggy-backed’’ on existing govern-
ment systems, the American taxpayer has not needed to fund redundant projects. 

Other sources are considerably more challenging. For example, nitrous oxide, a 
very potent greenhouse gas, is emitted primarily from highly variable biological 
process in soils, lakes and streams. These biological processes can be accelerated by 
the application of fertilizer, or through deposition of industrial pollutants, but our 
scientific understanding and our ability to predict emissions are incomplete. 

As I indicated earlier, sequestration of CO2 in soils and forests is a special case. 
We cannot realistically measure the carbon in every acre of land, so we must use 
a sampling approach. The Forest Service has an extensive national system of meas-
urement plots covering much but not all of the country’s forests. The U.S. Depart-
ment of Agriculture’s (USDA’s) National Resources Conservation Service also col-
lects data on our agricultural soils. From EPA’s perspective, the data are good but 
our national inventory would benefit from the development of additional monitoring 
and measurement approaches and continued integration of the data currently col-
lected by land agencies such as USDA and agencies with remote sensing capabilities 
such as the National Aeronautics and Space Administration (NASA) and the Na-
tional Oceanic and Atmospheric Administration (NOAA).

International Reporting Programs 
The third topic I would like to address is greenhouse gas monitoring in other 

countries. We expect the same level of effort and accuracy from other industrialized 
countries as we have achieved with our national inventory, and to a large extent 
our expectations are met. Europe, Japan, Canada, and Australia have strong green-
house gas monitoring systems due to investments by each government and a rig-
orous system of international annual expert peer review. In addition to monitoring 
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and reporting greenhouse gas emissions at the national level under the United Na-
tions Framework Convention on Climate Change, many of these countries have de-
veloped or are developing, facility-level reporting systems, similar in scope to EPA’s 
recent proposal for our domestic mandatory GHG reporting system. Among these 
countries there is a strong foundation of mutual trust in each other’s data. 

There is more room for improvement in the major developing countries. EPA has 
worked with many of these countries to build greenhouse gas monitoring capacity, 
and we have found that there are three main obstacles standing in the way of better 
data. First, the reporting requirements are inadequate for developing country par-
ties to the UN Framework Convention on Climate Change. Developing countries are 
required to submit only a summary level inventory approximately every five to six 
years. Modest and infrequent international reporting commitments give the wrong 
signal to government agencies and technical experts in these countries—they do not 
receive the political and financial support necessary for a strong inventory. Second, 
there are low-tech or ‘‘no-tech’’ opportunities that are being missed. In many devel-
oping countries there is a need to strengthen government and research institutions 
so that agencies communicate and greenhouse gas monitoring expertise is built up 
and retained over time. The collection and retention of basic national statistics for 
the energy, transportation, and waste sectors by these organizations and institu-
tions would provide a solid first step in developing national estimates of greenhouse 
gas emissions, without the use of prohibitively expensive monitoring technologies or 
practices. Third, deforestation and the addition of new agricultural lands are the 
primary sources of GHG emissions in many developing countries and these are also 
the most technically challenging sources to monitor. Remote sensing techniques 
could be a cost-effective tool to improve agricultural and land-use data in these 
countries. Given the lack of resources and capacity in many developing countries 
and a range of assurances necessary with regard to competitiveness, the U.S. may 
benefit from a robust global atmospheric greenhouse monitoring program. Such a 
program could verify that efforts to reduce emissions leads to real reductions in the 
atmospheric concentration of greenhouse gases, and that offsets agreed to by the 
international community are having the intended effects. Such a system should com-
plement ongoing programs in developed countries and a concerted effort by devel-
oping countries to improve reporting.

Conclusion 
EPA also recognizes the scientific community’s important role in verifying the ef-

fectiveness of our domestic and international policies. EPA’s focus is primarily on 
the management of emissions from specific emission sources and projects, but we 
also need to be sure that reported and verified bottom-up emissions data are rep-
resentative of atmospheric measurements and to know whether these policies are 
having the desired result on the climate. This is a challenging task for an issue as 
complex as climate change, but it is essential. Agencies including NOAA, NASA, 
DOE, and USDA are important players in this realm and a coordinated effort 
among those agencies can achieve the necessary comprehensive ‘‘top-down’’ under-
standing. In some cases, we may find that our monitoring approaches need to be 
modified, as we identify new information about greenhouse gas sources, sinks or 
processes. Moreover, as we gain better understanding of how the atmosphere is re-
sponding to our policies through these top-down measurements, we can use that in-
formation to modify our policy goals or identify additional verifiable measures that 
can reduce greenhouse gas emissions. To the extent that this hearing serves to ad-
vance this important discussion, it will be very useful to EPA and our partner fed-
eral agencies. 

In conclusion, I would like to emphasize that the greenhouse gas monitoring chal-
lenge is complex but solvable. We have high quality GHG emissions data for the 
large facilities that could be included in a future regulatory program such as cap-
and-trade. Our national inventory is solid but could be improved in certain areas, 
particularly outside the energy sector. Inventories in major developing countries 
need to be improved through a combination of institutional and technological steps. 
And it is clear that collecting top-down measurement data can also play an impor-
tant role in informing whether the bottom-up data being collected are comprehen-
sive, helping policy-makers further evaluate the effectiveness of any policies imple-
mented. 

Mr. Chairman, thank you for the opportunity to speak to the Committee today. 
I hope the information I have provided is useful, and I look forward to the answer-
ing the Members’ questions.
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Chair GORDON. Thank you, Ms. Kruger, and Dr. Gallagher. 

STATEMENT OF DR. PATRICK D. GALLAGHER, DEPUTY DIREC-
TOR, NATIONAL INSTITUTE OF STANDARDS AND TECH-
NOLOGY, U.S. DEPARTMENT OF COMMERCE 
Dr. GALLAGHER. Good morning, Chairman Gordon and Members 

of the Committee. I want to thank you for the opportunity to ap-
pear before you today and discuss the National Institute of Stand-
ards and Technology’s role and interactions with other federal 
agencies in measuring, monitoring, and verifying greenhouse gas 
emissions. 

Today what I would like to do is highlight how NIST works with 
these other agencies to support climate monitoring programs and 
to measure and verify greenhouse gas emissions. Climate change 
measurements require high accuracy, excellent comparability, and 
exceptional stability to meet the stringent requirements for detect-
ing changes in the earth’s climate over very long timescales. Rig-
orous traceability of measurements to the international system of 
units called the SI are essential for meeting these requirements 
and provide a firm scientific basis for policy decisions and to help 
ensure that our measurements are accepted internationally. 

The NIST Laboratories support other federal agencies that have 
a primary mission for climate research and monitoring, many of 
them represented here today with me on the panel. The NIST Lab-
oratories provide the measurement science, measurement 
traceability, the production and dissemination of fundamental data, 
standards development, and dissemination to support these agen-
cies in their satellite air and surface space measurement programs. 

By statute, NIST is the national measurement institute of the 
United States, and in this capacity is responsible for the national 
standards of measurement and for their compatibility within the SI 
framework with the standards of other nations. To achieve inter-
national compatibility of measurement, NIST works with its coun-
terpart agencies in other countries, and NIST advancement, main-
tenance, and dissemination of base SI units underpins private sec-
tor investments and measurement technology and standards, and 
it provides the means for assessing the quality of measurements. 

We also provide benchmark references for so-called second and 
third tier suppliers of measurement services, including private sec-
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tor test and calibration laboratories, manufacturers of test equip-
ment and control systems, and the businesses that rely on these 
services and tools. 

Today I would like to illustrate how NIST carries out this role 
by using two examples. First, NIST has a major role in supporting 
satellite remote sensing programs by developing the appropriate 
standards, calibration, and characterization methods and by cre-
ating the tools to analyze measurement uncertainties. This is im-
portant not only to the government satellite programs but also to 
the commercial satellite industry and various other civilian and 
government programs. 

The NIST Laboratories possess unique measurement science ca-
pabilities such as specialized laser facilities, radiometers, and opti-
cal radiation sources that are developed at NIST to tie the meas-
urements performed by the satellites to fundamental standards 
traceable to the SI units. Current NIST research is lowering the 
uncertainties on fundamental standards to meet the increasingly 
stringent measurement requirements for climate research. The re-
quirements for these measurements are directly defined through 
our collaborations with other agencies and their satellite programs. 

A second major area of activity at NIST is in the accurate meas-
urement of gas emissions, including greenhouse gases. For over 15 
years NIST has worked closely with the EPA to provide the meas-
urement technologies and measurement traceability to the SI for 
gas emissions controlled under the Clean Air Act. This includes the 
cap-and-trade program for industrial sulfur emissions. This pro-
gram provides measurement traceability to the SI for cylinder gas 
standards used to calibrate emission stack monitors and works di-
rectly with specialty gas suppliers to provide calibrated gases 
through the NIST Traceable Reference Materials Program. This 
program has been credited with resulting in a 30 percent reduction 
in sulfur dioxide emissions relative to 1980 levels. 

This experience serves as a useful model for developing green-
house gas mitigation programs. The ability to accurately measure 
and verify greenhouse gas emissions is an important foundation for 
policy-makers and regulators charged with the development and 
implementation of policies. Understanding the measurement tech-
nologies required and how they are deployed into the market are 
key considerations in the establishment of realistic and effective 
limits. 

In my written testimony I have included further details on cur-
rent capability and on some of the emerging measurement chal-
lenges for greenhouse gases and verification programs. Accurate 
climate change measurements provide confidence in measured and 
predicted climate change trends and aid the development and as-
sessment of mitigation strategies. The NIST Laboratory Program is 
committed to providing the measurement science, traceability data, 
and standards to support other federal agencies in their climate 
programs and to ensure that their measurements tie to inter-
national standards as needed. We also work with the private sector 
so that they can provide the needed accurate and traceable meas-
urement services to support any mitigation program. 

I want to thank you for inviting me to testify today, and I look 
forward to answering any questions you may have. 
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1 Surface denotes both land and ocean. 
2 http://www1.bipm.org/en/CGPM/db/23/11/

[The prepared statement of Dr. Gallagher follows:]

PREPARED STATEMENT OF PATRICK D. GALLAGHER 

Good morning Chairman Gordon, Ranking Member Hall and Members of the 
Committee. Thank you for the opportunity to appear before you today to discuss the 
National Institute of Standards and Technology’s (NIST’s) role and interactions with 
other federal agencies in the measurement, monitoring, and verification of green-
house gas emissions. The NIST Laboratories, with core competencies in measure-
ment science, traceability, fundamental data, and standards development and dis-
semination, have a long history of supporting the measurements needed for climate 
change research and greenhouse gas emission monitoring carried out by other fed-
eral agencies, including the Environmental Protection Agency (EPA), the National 
Aeronautics and Space Administration (NASA), and the National Oceanic and At-
mospheric Administration (NOAA), all of which are represented here today.

Overview of NIST’s Role 
Today, I will discuss how NIST works to identify the necessary measurement re-

quirements needed to accurately assess not only baseline inventories of greenhouse 
gases important to understanding climate change but also for supporting the imple-
mentation of greenhouse gas mitigation policies. Climate change measurements re-
quire high accuracy, excellent comparability, and exceptional stability to meet the 
stringent requirements for detecting changes in the Earth’s climate over long time 
scales. Rigorous traceability of measurements to the International System of Units 
(SI) is essential for meeting these requirements and for providing a firm scientific 
basis for policy decisions. NIST’s role in working with the climate change research 
community to help meet traceability requirements is well recognized and has been 
highlighted, for example, in the strategic plan for the U.S. Climate Change Science 
Program:

‘‘. . . Instrument calibration, characterization, and stability become paramount 
considerations. Instruments must be tied to national and international stand-
ards such as those provided by the National Institute of Standards and Tech-
nology (NIST) . . .’’

The NIST laboratory programs support those in other federal agencies involved 
in climate change monitoring activities, which include NASA, NOAA, and EPA rep-
resented here today as well as DOE, USGS, USDA, and NSF. The NIST laboratories 
provide the measurement science, measurement traceability, production and dis-
semination of fundamental data, and standards development and dissemination 
(both artifact and documentary) to support other government agencies and their sat-
ellite, air, and surface1-based measurement programs by ensuring the accuracy, 
comparability, and stability of their data. 

By federal statute NIST is the National Measurement Institute (NMI) of the 
United States responsible for national standards of measurement and for their com-
patibility, within the SI framework, with the standards of other nations. To achieve 
international compatibility in measurement, NIST works with its counterpart NMIs 
in other countries. These government-established entities exist in nearly every in-
dustrialized nation. NIST’s advancement, maintenance, and dissemination of base 
SI units (length, mass, time, electric current, temperature, amount of substance, 
and luminous intensity) and a growing number of derived units underpin private-
sector investments in measurement technology and standards. The measurement 
foundation laid by NIST provides the necessary means for assessing the quality of 
measurements made daily during the design, production, inspection, and sale of 
goods and services. They provide benchmark references for so-called second and 
third-tier suppliers of measurement services, including private-sector test and cali-
bration laboratories, manufacturers of measurement tools and control systems, and 
the businesses that rely on these services and tools. 

The international community, through the 23rd General Conference on Weights 
and Measures, has acknowledged the importance of SI traceable measurements to 
monitor climate change (2007)2 through: 

• the expansion in the number of international and national initiatives to ad-
dress the challenges and implications of climate change for the world,
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3 Achieving Satellite Instrument Calibration for Climate Change (ASIC3), edited by G. Ohring, 
available at http://www.star.nesdis.noaa.gov/star/documents/ASIC3-071218-webversfinal.pdf

4 The complete set of Global Climate Monitoring Principles are found at http://www.wmo.int/
pages/prog/gcos/index.php?name=monitoringprinciples

• working arrangements between the International Committee for Weights and 
Measures (CIPM) and the United Nation’s World Meterological Organization 
(WMO),

• the increasing importance of optical radiation measurements and physico-
chemical measurements of air, ground-based as well as airborne, and physico-
chemical measurements of ocean water, which support research into the un-
derstanding of the causes and impacts of climate change, and

• the importance of basing long-term measurements which relate to climate 
change on the stable references of the SI.

Through international agreements, measurement results traceable to different 
NMIs can be accepted across international borders, thereby improving transaction 
efficiency and eliminating potential regulatory burdens and technical barriers to 
international trade.

NIST’s Measurement Science and Standards Role in Assessing Climate 
Change 

Predicting the Earth’s future climate and monitoring the effects of climate change 
depend upon highly accurate, comparable, and stable measurements that are often 
made by a variety of organizations, instruments, and nations over decades or longer 
time scales and need to be integrated. Thus, traceability of a range of measurements 
to international standards with known uncertainties is critical for assessing accu-
racy and quality. Accurate SI-traceable climate change measurements provide con-
fidence in measured and predicted climate change trends and aid the development 
and assessment of mitigation strategies. 

There are unique challenges in climate monitoring associated with measurements 
from space, air, and surface1-sensors. Climate change monitoring has more stringent 
measurement requirements than those for weather forecasting. Strategies are re-
quired to improve the accuracy and stability of weather-forecast measurements to 
enhance their utility for climate monitoring and prediction. A 2006 workshop on 
Achieving Satellite Instrument Calibration for Climate Change (ASIC3),3 sponsored 
by NIST, NOAA, NASA and others, highlighted the challenges of using weather sat-
ellites for climate monitoring. Many of the challenges have also been highlighted in 
the 2004 NRC report, ‘‘Climate Data Records from Environmental Satellites.’’ This 
report stresses sensor accuracy, characterization, uncertainty analysis, interagency 
collaboration, and continued reanalysis of climate data records. Furthermore, sat-
ellite programs within NASA and NOAA generally have requirements that the pre-
launch calibration be tied to international standards based on the SI system of 
units. The WMO affirmed this goal by stating in one of the twenty Global Climate 
Observing System (GCOS) Climate Monitoring Principles4 that ‘‘Rigorous pre-launch 
instrument characterization and calibration, including radiance confirmation 
against an international radiance scale provided by a national metrology institute, 
should be ensured.’’ Airborne- and surface-based measurements likewise need such 
traceability to help validate and calibrate satellite measurements and provide com-
parability with satellite measurements when integrated into climate data records. 

NIST’s role is in addressing the unique challenges associated with satellite remote 
sensing by developing the appropriate standards, calibration and characterization 
methods, and creating the tools to analyze measurement uncertainties. NIST’s role 
is important not only to government satellite programs but also to the commercial 
satellite industry and various civilian and government programs that depend on re-
mote sensing measurements and data. The NIST laboratories possess unique meas-
urement science capabilities needed to address the demanding accuracy of remote 
sensing for climate change monitoring. Specialized laser facilities, radiometers, and 
optical radiation sources developed at NIST tie measurements performed by satellite 
sensors to fundamental standards traceable to SI units. To ensure the quality of 
NIST standards and of climate change measurements tied to these standards, NIST 
participates in measurement comparisons with the climate change research commu-
nity and with national standards laboratories around the world. Current NIST re-
search is lowering the uncertainties on fundamental standards to meet the increas-
ingly stringent measurement requirements for climate research. The requirements 
for such measurements are defined through our collaborations with NASA, NOAA, 
USGS in their satellite-based climate change research and monitoring programs.
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5 Clean Air Act of 1990, Public Law 101–549, http://thomas.loc.gov/cgi-bin/bdquery/
z?d101:SN01630:%7CTOM:/bss/d101query.html%7C

6 S.A. Martin, et al., ‘‘Economic Impact of Standard Reference Materials for Sulfur in Fossil 
Fuel,’’ http://www.nist.gov/director/prog-ofc/report00-1.pdf

7 J.T. Schakenbach, Use of Calibration Gases in the U.S. Acid Rain Program, Accreditation 
and Quality Assurance 6(7), 297–301 (2001).

8 U.S. EPA, Methane Sources and Emissions, www.epa.gov/methane/sources.html
1 Surface denotes both land and ocean. 

NIST’s Role in Supporting Mitigation Efforts 
Rigorous and traceable measurements will also be needed to support and imple-

ment any climate change mitigation strategy. Recently, various approaches for miti-
gating greenhouse gas emissions have been proposed. Many proposals are modeled 
on the successful 15-year-old cap-and-trade system for industrial sulfur emissions 
within the U.S.,5 which enabled the reduction of sulfur dioxide emissions by ap-
proximately 30 percent relative to 1980 levels. The sulfur dioxide program focused 
on the relatively small number of electricity generating plants in the central U.S. 
It is based upon: 

• emission source monitoring, with support from NIST measurement stand-
ards,6,7 

• the use of SO2 mitigation technologies, and
• energy efficiency improvements by users.

NIST’s primary role in the sulfur dioxide emissions program was to provide meas-
urement traceability to the SI for cylinder gas standards used to calibrate emission 
stack monitors. This was accomplished by supplying calibrated gases through our 
establishment of the NIST-Traceable Reference Materials (NTRM) program in con-
junction with the private sector. 

Confidence in greenhouse gas mitigation policies also depend on accurate meas-
urements of greenhouse gases. Accurate measurements of all greenhouse gas emis-
sions are critical for establishing emission baselines, monitoring compliance, and 
verifying performance of other policies and offset or project-based approaches. Meas-
urement strategies are strongly influenced by the nature of the greenhouse gas 
emission, e.g., CO2 emissions are generated by many economic sectors ranging from 
power generation and manufacturing to transportation vehicles and residential 
heating to land use and land use change, but methane, with a global warming po-
tential 25 times that of CO2, is emitted primarily from landfills, the transport and 
use of natural gas, livestock production, and coal mining.8 The geographical charac-
teristics of greenhouse gas emissions also vary from localized point sources, such as 
electricity generation and manufacturing plants, to those that span a broad spatial 
scale, such as landfills and agriculture. Advances in measurement science can pro-
vide new and additional scientifically credible metrics to support implementation of 
effective policies to reduce greenhouse gas emissions. 

Measurement capabilities necessary to support a robust and effective greenhouse 
gas mitigation program will also rely on various technological approaches. Since 
CO2 and other greenhouse gas emissions are generated from a wide number of eco-
nomic sectors, the range of greenhouse gas measurement and estimation capabilities 
range from established technologies, such as commercially available continuous 
emission monitoring instruments that are often used for large point source emission 
quantification (and are a mainstay of the successful sulfur emissions cap-and-trade 
system), to approaches to estimate emissions as a function of levels of activity or 
production. Indeed some quantification systems, such as the continuous monitoring 
of extended geographical areas, are currently not available. 

Although the measurement and estimation requirements to implement green-
house gas reduction policies are still being defined, NIST, as the Nation’s NMI, of-
fers unique capabilities to support such policies through its measurement science 
mission and expertise. Such support includes measurement science research, sensor 
calibration, artifact and chemical standards, documentary standards, fundamental 
data, and laboratory accreditation programs that allow transparent and efficient 
emissions measurements by ensuring the accuracy and comparability of quantitative 
measurements of greenhouse gas emissions and reductions (e.g., offsets). 

A host of recent workshops has highlighted the increasing interest in imple-
menting a greenhouse gas mitigation program and active discussions are ongoing 
to determine the attributes of a possible U.S. program. NIST participates in meas-
urement and monitoring discussions in many strategic working groups, committees 
and workshops along with other federal agencies, the academic climate change re-
search community and the private sector. Such groups have produced reports and 
recommendations, including the U.S. Climate Change Science Program report on 
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the State of the Carbon Cycle, the international Committee on Earth Observation 
Satellites, the workshop on Achieving Satellite Instrument Calibration for Climate 
Change (ASIC3), and most recently, the Air and Waste Management Association’s 
First International Greenhouse Gas Measurement Symposium. NIST’s active par-
ticipation in such working groups helps to facilitate the measurements and stand-
ards development component of this effort. NIST also teams with the private sector 
and others to undertake a continuous assessment to identify new measurement 
needs. 

Through NIST’s identification of measurement needs, multiple issues stand out:
• Assess Baseline Emissions—There is a clear and critical need for more accu-

rate methods to assess baseline amounts of CO2 and other greenhouse gases 
emitted by multiple industries and technology sectors in a consistent and 
verifiable manner both nationally and internationally. The UN has issued 
guidelines for how countries should estimate CO2 emissions, but even with 
best practice guidelines, the question of uncertainty in emissions from key 
sectors remains a major issue. Additional research to support better emission 
measurement, monitoring, and modeling techniques is necessary to reduce 
these uncertainties.

• Need for Improved Monitoring Technologies—Accurate and standardized 
monitoring technologies are needed to support greenhouse gas emission in-
ventory efforts. The greenhouse gas inventory community needs to reconcile 
measurements of greenhouse gases made from top-down approaches, typically 
used by the climate science community for long-term climate records, and the 
bottom-up approaches that are essential to the implementation of policies to 
reduce greenhouse gas emissions. A variety of measurement approaches and 
techniques will be required to address the many specific sources of green-
house gas emissions, spanning point or local sources to emissions from broad 
spatial scales. Methods based on ground- and satellite-based remote sensing 
are anticipated to require new scientific and technological developments.

• Need for Accurate Data for Determining Limits for Greenhouse Gas Emis-
sions—Accurate inventories of emissions and the methods for verifying them 
are an important foundation for policy-makers and regulators charged with 
the development and implementation of policies, as well as for the facilities 
and sources that must comply. Such data, and an understanding of the meas-
urement technologies required, are also critical to the establishment of real-
istic and effective limits.

• International Recognition—Ensuring transparency and trustworthiness in 
international carbon markets requires a centralized and agreed-upon set of 
standards and methods for accrediting various monitoring organizations and 
laboratories. Implementation of such a system will benefit from the existing 
infrastructure of the international SI system of units and the international 
metrology community.

Furthermore, successful implementation of U.S. greenhouse gas reduction policies 
is a multi-faceted issue and will involve several federal agencies. NIST has a long 
history of successful collaborations with EPA on emission measurements and stand-
ards, e.g., the highly successful sulfur emissions trading system, collaboration on de-
velopment and maintenance of the NIST/EPA Gas-Phase Infrared Database and the 
NIST/EPA/NIH Mass Spectral Library, and the standards that underpin automobile 
emissions testing. NIST also has strong partnerships with NOAA and NASA in the 
area of sensor calibration for environmental measurements and has, for example, 
provided spectroscopic data for NASA’s Orbiting Carbon Observatory (OCO) and the 
Active Sensing of CO2 Emissions over Nights, Days, and Seasons (ASCENDS) mis-
sion concept.

Summary 
Accurate SI-traceable climate change measurements provide confidence in meas-

ured and predicted climate change trends and aid the development and assessment 
of mitigation strategies. The NIST laboratory programs provide the measurement 
science, measurement traceability, production and dissemination of fundamental 
data, and standards development and dissemination (both artifact and documen-
tary) to support other federal agencies and their satellite, air, and surface-based 
measurement programs by ensuring the accuracy, comparability, and stability of 
their data. NIST is also uniquely poised to provide private-sector manufacturers and 
users of greenhouse gas emissions monitoring equipment with the tools to make ac-
curate measurements and assess measurement accuracy. 
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Thank you for the opportunity to testify today on NIST’s work on measuring, 
monitoring, and verifying greenhouse gas emissions. I would be happy to answer 
any questions the Committee may have.

BIOGRAPHY FOR PATRICK D. GALLAGHER 

Dr. Patrick Gallagher is the Deputy Director of the U.S. Department of Com-
merce’s National Institute of Standards and Technology (NIST). He is also carrying 
out the responsibilities of the Director. (The NIST Director position is vacant.) Gal-
lagher provides high-level oversight and direction for NIST. The agency promotes 
U.S. innovation and industrial competitiveness by advancing measurement science, 
standards, and technology. NIST’s FY 2008 resources total $931.5 million and the 
agency employs about 2,900 scientists, engineers, technicians, support staff and ad-
ministrative personnel at two main locations in Gaithersburg, MD, and Boulder, 
CO. 

Prior to becoming Deputy Director, Gallagher served as Director of the NIST Cen-
ter for Neutron Research (NCNR), a national user facility for neutron scattering on 
the NIST Gaithersburg campus, since 2004. The NCNR provides a broad range of 
neutron diffraction and spectroscopy capability with thermal and cold neutron 
beams and is presently the Nation’s most used facility of this type. Gallagher re-
ceived his Ph.D. in Physics at the University of Pittsburgh in 1991. His research 
interests include neutron and X-ray instrumentation and studies of soft condensed 
matter systems such as liquids, polymers and gels. In 2000, Gallagher was a NIST 
agency representative at the National Science and Technology Council (NSTC). He 
has been active in the area of U.S. policy for scientific user facilities and was Chair 
of the Interagency Working Group on neutron and light source facilities under the 
Office of Science and Technology Policy.

Chair GORDON. Thank you, Dr. Gallagher. Dr. Heber, when my 
family gets together on Sundays, oftentimes my daughter and her 
cousins have to sit at the children’s table because it is not big 
enough for everybody else. We still love them, and we are glad you 
are here and sorry you had to be pushed off a little bit, but your 
testimony still is as important as everyone else’s. So you are recog-
nized for five minutes. 

STATEMENT OF DR. ALBERT J. HEBER, PROFESSOR, AGRICUL-
TURAL AND BIOLOGICAL ENGINEERING DEPARTMENT, PUR-
DUE UNIVERSITY 

Dr. HEBER. Chair Gordon, Ranking Member Hall, and other 
Members of this committee, thank you for the opportunity to speak 
to you about the measurement and mitigation of greenhouse gases 
from livestock operation. 

All farms generate various air pollutants to some degree. The big 
question is how much, and that is not an easy question to answer 
because on-farm measurements are difficult and costly. 

Methane comes from enteric fermentation and anaerobic decom-
position of manure. Enteric fermentation is primarily derived from 
beef and dairy cattle in this country. Nitrous oxide is generated di-
rectly and indirectly from the nitrogen in livestock manure. Carbon 
dioxide is produced by anaerobic digestion of manure and animal 
respiration. 

Animal agriculture emits only two and a half percent of the total 
of United States greenhouse gas emissions according to a recent 
EPA report. According to a recent article by Dr. Capper in the 
Journal of Animal Science, greenhouse gas reductions occur with 
increased production efficiency. 

For example, the carbon footprint was reduced by one-third since 
1944, as milk yield per cow quadrupled. Other reductions occur 
through methane utilization by anaerobic digesters, good compost 
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management, applying manure to land agronomically, and diet 
modification. 

We have much to learn about greenhouse gas emissions from 
livestock operations, and we do this through laboratory and field 
studies. The field studies can give us baseline source emission 
rates, and they allow us to test mitigation strategies. The use of 
scientific emission models to estimate emissions is the least expen-
sive, but they need to be validated with the expensive field data. 
While regulatory models have inherent limitations, science—aca-
demic scientific studies have, can have a great influence on them. 

The National Air Emission Monitoring Study was funded by the 
livestock commodity groups. The objectives are to quantify air 
emissions from livestock production, provide reliable data for devel-
oping and validating barn and lagoon emission models, and to pro-
mote a national consensus on methods of measuring, calculating, 
and reporting air emissions in general. 

The approach of the NAEMS is to monitor 38 barns at 15 dif-
ferent sites, and they are monitoring the regulated pollutants and 
also at ten open sources. Overall 20 farms are involved in this 
study. Prior studies that we conducted at pork and egg layer facili-
ties are very similar, but they are not as comprehensive as what 
we are doing in the NAEMS. Each barn site monitoring site uses 
state-of-the-art equipment and an instrumentation trailer at the 
farm. 

The open source measurements utilize open path laser tech-
nology to measure ammonia and other gases. The open paths sur-
round the source. The 20 farms in the National Air Emission Moni-
toring Study are located throughout the United States and were se-
lected to be representative of other livestock species or representa-
tive of other farms in their respective livestock species. 

A 2,000-page protocol document was written in 2006, and was 
approved by the EPA prior to setting up the project, and all sites 
were set up in 2007, and so the two-year monitoring effort will be 
completed by the end of this year. 

The NAEMS infrastructure and the expertise developed by it are 
a tremendous resource for conducting a similar comprehensive 
study of emissions of greenhouse gases as recommended in a recent 
report by the General Accounting Office. Such a study as a follow 
on to the NAEMS should continue to: One, refine and improve 
measurement methods, two, provide data to develop and validate 
computer models, three, consider expanding measurements to other 
farm sources like the land application of manure, which wasn’t ad-
dressed by the NAEMS, and four, to test mitigation strategies that 
can reduce greenhouse gas emissions. 

Thank you. 
[The prepared statement of Dr. Heber follows:]

PREPARED STATEMENT OF ALBERT J. HEBER 

Introduction 
Chairman Gordon, Ranking Member Hall, and other Members of the Committee, 

I am Dr. Albert Heber, Professor of Agricultural and Biological Engineering at Pur-
due University, and Director of the National Air Emissions Monitoring Study. 
Thank you for the invitation and opportunity to speak to you about measurements 
and mitigation of GHG on livestock operations. 

My statement will cover the following topics:
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1. Agricultural sources of greenhouse gases.
2. Description of National Air Emission Monitoring Study.
3. Estimated costs of on-farm GHG monitoring.
4. Potential for using NAEMS infrastructure for follow-on GHG studies.
5. Measuring GHG emissions.
6. Uncertainty of on-farm GHG monitoring.

Agricultural Sources of Greenhouse Gases

1. Methane (CH4) from ruminant livestock (sheep and cattle) and from anaer-
obic digestion of organic wastes.

2. Carbon dioxide (CO2) from anaerobic digestion of organic wastes and from 
animal exhalation.

3. Nitrous oxide (N2O) from conversion of nitrogen compounds in nitrification 
(NH4 to NO3) and denitrification (NO3 to N2) processes (McGinn, 2006).

4. GHG emission from agricultural land.
Research on quantifying GHG from agricultural sources started in the 1970s (e.g., 

Bremner and Blackmer, 1978). The International Atomic Energy Agency published 
a manual on measurement of methane and nitrous oxide emissions from agriculture 
in 1992 (IAEA, 1992). The First International Greenhouse Gas Measurement Sym-
posium was held in San Francisco, CA from March 23–25, 2009. Research on mitiga-
tion of agricultural GHG emissions from soil started in the 1990s (e.g., Mosier et 
al., 1996; Mosier et al., 1998). Recent investigations on GHG emission reductions 
were conducted in animal barns and manure treatment facilities (e.g., Tada et al., 
2005; Weiske et al., 2006; VanderZaag et al., 2008; Cabaraux et al., 2009). The 
warming potential of greenhouse gases (N2O + CH4) were about 22g, 34g and 168g 
CO2 equivalents per day and per pig on fully slatted floor, straw or sawdust deep 
litter respectively (Cabaraux et al., 2009). 

The latest inventory of GHG emissions and sinks in U.S. was published by 
USEPA (2009).

National Air Emissions Monitoring Study 
BACKGROUND 

Animal feeding operations (AFOs) commonly emit certain amounts of particulate 
matter (PM), ammonia (NH3), hydrogen sulfide (H2S), volatile organic compounds 
(VOCs), greenhouse gases (GHG), and odorous compounds. Historically, concern 
about non-GHG pollutants arose first from potential worker and animal health 
issues, and with nuisance complaints. The U.S. Government assumed a greater role 
in regulating air emissions from agriculture during the last decade. The U.S. Envi-
ronmental Protection Agency (EPA) began applying federal air quality regulations 
to AFOs around the year 2000 (Schutz, et al., 2005). Particulate matter and non-
methane VOCs are criteria air pollutants under the U.S. Clean Air Act (CAA) of 
1990 (U.S. EPA, 1990). The Comprehensive Environmental Response, Compensation, 
and Liability Act (CERCLA) and the Emergency Planning and Community Right-
to-Know Act (EPCRA) required reporting of NH3 and H2S emissions exceeding 100 
lb/day. However the U.S. EPA recognized a lack of reliable data for emissions of 
these pollutants from AFOs (Schutz et al., 2005). 

As the EPA began enforcing air laws at AFOs, the agricultural community voiced 
their concern that the current air contaminant emission estimates for AFOs were 
either based on data from outdated studies or did not represent modern livestock 
farms (Schutz et al., 2005). The National Research Council (National Research 
Council, 2003) shared this concern, and recommended that EPA improve its meth-
ods of estimating AFO air emissions. In January, 2005, the Air Consent Agreement 
(ACA) was announced in the Federal Register (U.S. EPA, 2005). The ACA is an 
agreement between livestock (dairy, pork, egg, and broiler chicken) commodity 
groups and U.S. EPA. The ACA required an industry-funded nationwide AFO emis-
sion study that would provide a scientific basis for the determination of compliance 
with the air laws. Industry participation in the ACA included 2,568 livestock pro-
duction operations representing a total of 6,267 farms. 

The objectives of the NAEMS were to: 1) quantify rates of air emission from pork, 
dairy, egg, and broiler production facilities, 2) provide reliable data for developing 
and validating models for estimating emissions from livestock operations, and 3) 
promote standardized methodology for measuring livestock and poultry farm emis-
sions.
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Unique Characteristics of the NAEMS 
The barn portion of the NAEMS has several unique characteristics compared to 

previous baseline studies.

1. It is measuring a comprehensive set of pollutants (PM2.5, PM10, TSP, NH3, 
H2S, and CO2 at all 15 barn sites, CH4 at five sites, and non-methane VOC 
at two sites).

2. The monitoring period is 24 months. The longest previous baseline study was 
15 months long (Jacobson et al., 2004).

3. Largest number of farm buildings (38) measured among four livestock spe-
cies using the same protocols. Jacobson et al. (2004) monitored 12 buildings 
among three livestock species in their study of PM10, TSP, NH3, H2S, and 
odor.

4. Sites were selected to maximize representativeness under the constraints of 
the other site selection criteria.

5. Quality assurance and quality control was improved with a Category 1 Qual-
ity Assurance Project Plan (QAPP).

6. The EPA-approved QAPP (barn portion) included 57 standard operating pro-
cedures (SOPs) and 14 site monitoring plans (SMPs).

7. Novel methods include the use of ultrasonic technology to measure the ven-
tilation airflow of naturally ventilated barns (Ndegwa et al., 2008).

8. The NAEMS is measuring gas and PM emissions from barns (Heber et al., 
2008) and gas emissions from lagoons, basins and dairy corrals (Grant et al., 
2008) and both measurements are being conducted at four of the twenty 
farms.

BARN MONITORING SITES (taken from Heber et al., 2008) 
The barn monitoring sites (Table 1) were selected based on the following criteria:

1. Producer participation in the ACA.
2. Representativeness of the farm for its livestock type.
3. Proximity to academic expertise in air quality research.
4. Conduciveness and suitability of the site for collecting reliable data.
5. Producer collaboration (very important to successful long-term, on-farm stud-

ies).
6. Potential for measurement of outdoor manure storage systems at the same 

site.

The sow farms in North Carolina (NC4) and Oklahoma (OK4) have pull-plug pits 
with outdoor (lagoon) manure storages (Table 1). The Iowa sow farm (IA4) uses deep 
pits in the barns to store manure. The North Carolina and Indiana finisher oper-
ations are flush and deep pit barns, respectively. Emissions at sow farms are meas-
ured at two gestation barns and one farrowing room. Three separate barns (NC) or 
four rooms of a ‘‘quad’’ barn (IN) are being monitored at swine finishing sites. 

Egg laying buildings are either high-rise houses, in which manure accumulates 
in the lower level, or manure belt houses with belts under the cages that transfer 
manure to an external storage. Two high-rise houses and two manure belt houses 
with the associated manure shed are being monitored in Indiana (IN2). The layer 
sites in California (CA2) and North Carolina (NC2) are each monitoring two high-
rise houses. Two barns monitored at a broiler ranch in California (CA1) consist of 
broiler chickens raised on a concrete floor covered with litter.
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Two western dairy sites have naturally-ventilated free-stall dairy barns with out-
door exercise lots. The free-stall barns in California (CA5) have open walls. The free-
stall barns in Washington (WA5) have open end walls and adjustable curtains on 
most of the sidewalls (Heber et al., 2008). Two MV free-stall barns per site are being 
monitored in Wisconsin (WI5) and Indiana (IN5). The New York (NY5) site is moni-
toring one MV free-stall barn. MV milking centers are also monitored at IN5 and 
NY5. Sites NY5 and IN5 have tunnel-ventilated barns and Site WI5 uses cross-flow 
ventilation (Heber et al., 2008).

Methodology and Instrumentation 
An on-farm instrument shelter (OFIS) houses instruments and equipment for 

measuring pollutant concentrations at representative air inlets and outlets, barn 
airflows, operational processes, and environmental variables. 

A multi-point gas-sampling system (GSS) inside the OFIS draws air sequentially 
from various barn locations and ambient air, and sequentially delivers selected 
streams to a manifold from which gas monitors draw continuous sub-samples. The 
number of sampling points per site ranges from four to forty-five. The average sam-
pling tube length is 77m. The sampling periods for exhaust air are typically 10 min-
utes long. 

Gas sensors include a photo-acoustic multi-gas analyzer (Innova Model 1412, Cali-
fornia Analytical Instruments, Orange, CA) for NH3 and CO2, a pulsed-fluorescence 
analyzer (Model 450I, Thermo Environmental Instruments, Franklin, MA) for H2S, 
and a gas chromatograph—flame ionization detector (Model 55C, Thermo Environ-
mental Instruments, Franklin, MA) for CH4 and non-CH4 hydrocarbons. The Model 
55C is used only at sites IN3 and CA5. 

The ambient PM concentrations are measured with a beta attenuation PM mon-
itor (Model FH62 C–14, Thermo Scientific, Waltham, NY). Exhaust PM concentra-
tions are measured continuously with a tapered element oscillating micro-balance 
(Model 1400a, Thermo Scientific, Waltham, NY) at a minimum winter ventilation 
fan in each MV barn and in the ridge exhaust of each NV barn. The sampling loca-
tion inside MV barns is near the fan inlet. PM10 is measured seven of eight weeks 
and TSP is measured every 8th week. PM2.5 is monitored during two-week periods 
during winter and summer. 

Fan airflow rates are spot checked using the portable fan tester (Gates et al., 
2004), or a traverse method using a portable anemometer. Airflow data from spot 
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checks are correlated with continuous data from rpm sensors and/or impeller 
anemometers. At least one fan per fan model is continuously monitored using a bi-
directional impeller anemometer. The impeller anemometer accounts for the signifi-
cant effects of wind and building static pressure. Individual fans are monitored 
using rpm sensors, current switches, or vibration sensors. At most sites, the oper-
ation of fan stages is monitored via fan motor control relays. Airflow through NV 
barns is measured using three-dimensional sonic anemometers. 

All measured variables are listed in Table 2. Meteorological measurements (solar 
radiation, wind direction and velocity, temperature, humidity) are needed to study 
the influence of weather on emissions. Measurements such as feed composition, ma-
nure characteristics, pit flushing, and animal activity help to determine methods of 
abating emissions. The effect of weather on air emissions is coupled with the effect 
of manure accumulation, animal age and growth cycles, moisture content in manure 
storages, and animal live weight and feed consumption. 

Standard operating procedures were written for all measurements and instrumen-
tation to assure that the same methods would be used at all sites, and to maximize 
data comparability. The total number of monitored variables varies from 85 at sow 
site NC4 to 466 at layer site IN2. The data acquisition system reads data at 1.0 
Hz, and records 15-s and 60-s data averages. 

Milk, feed, bedding, manure, water and VOC are collected for ex-situ analysis. 
VOC samples are also collected in passivated canisters and multi-sorbent tubes, and 
analyzed by gas chromatography and mass spectrometry. Manure is analyzed for 
pH, total solids and ash content, and concentrations of total nitrogen (N) and ammo-
niacal N. Total manure N will be used in conjunction with total feed, bedding, milk, 
eggs, and/or meat nitrogen contents to generate a nitrogen mass-balance for each 
barn as a whole. Ash contents will be used at some sites to estimate manure volume 
(Keener and Zhao, 2008) which cannot be measured directly at some sites. The va-
lidity of the ash-balance method will be validated at sites where manure volume can 
be measured.
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The final processing of NAEMS data is facilitated with CAPECAB, a custom-writ-
ten data analysis program. Data is invalidated for various reasons including: cali-
bration of a sensor or analyzer, low flow through the GSS, sensor malfunction, elec-
tronic noise, DAC hardware or software problem, condensation in sampling lines, or 
gas analyzer equilibration. CAPECAB allows users to adjust gas concentration data 
based on calibration, extract equilibrium data, calculate ventilation rates, and cal-
culate emission rates. Hourly and daily averages of emission rates and other param-
eters will be provided to the EPA.

OPEN SOURCE MONITORING SITES (taken from Grant et al., 2008) 
Emissions of NH3, H2S, and CH4 are being measured throughout the year at 

dairy and swine farms, along with other parameters that affect emissions such as 
time of year, atmosphere stability, and farm operation (Grant et al., 2008).

Experimental Methods 
Instruments used with open sources include ultrasonic (sonic) anemometers to 

characterize the wind, sensors to measure the atmosphere (temperature, relative 
humidity, solar radiation, barometric pressure, wetness), sensors to characterize the 
source (temperature, pH, and oxidation-reduction potential for lagoons), and state-
of-the-art instruments for measuring concentrations of target gases along open 
paths near the source. Manure samples from corrals and basins are analyzed for 
pH, and concentrations of solids, and NH2 ± N. 

Measurements at ten sites in seven states began in the summer of 2007, and will 
continue through the summer 2009. Two sites are each measured continuously for 
one year. Eight sites are sequentially measured for 10 to 20 days during each sea-
son for two years.
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Scanning NH3 TDLAS 
At a typical open source, TDLAS units are set up at opposite corners and 16m 

towers at the other two corners. Six retro-reflectors are mounted on each tower, 
with three facing each TDLAS system at heights of about 1m, 7m, and 15m. Two 
additional retro-reflectors are placed at 1m heights on tripods at one-third and two-
thirds of the distance down each side of the source. Thus, each side of the source 
has three near-surface paths and two elevated paths. A computer-controlled scanner 
sequentially aims a TDLAS at each retro-reflector among two adjacent sides of the 
source. The advantage of scanning open-path TDLAS for continuous long-term 
measurements of NH3 is that wind direction becomes a minor factor in determining 
the emitted gases because the plume location is not needed to properly measure it 
(Grant et al., 2008). Quality control (QC) procedures of the TDLAS measurements 
include checks for path obstruction, internal calibration checks, spectral feature 
checks and single-point calibration verifications, and multi-point calibrations. The 
minimum detection limits of the TDLAS units are about 2ppm-m or less.

S–OPS/GSS 
The synthetic open-path system (S–OPS) consists of a 50m section of Teflon tub-

ing, outfitted with 10 equally-spaced, flow-balanced inlets, through which a blended 
air sample of a plume is drawn and sampled by gas analyzers in the trailer. Two 
S–OPS are placed on opposite sides of the source. Proper sample flow is verified by 
continuously monitoring sample pressure, flow rate and direction. Extensive QC 
checks are conducted to maintain system integrity. 

A multi-gas analyzer using the photo-acoustic spectroscopy is used to measure 
NH3 and CH4 for which the stated detection limits for CH4 and NH3 are 100ppb 
and 200ppb, respectively. A pulsed fluorescence SO2/H2S analyzer is used to meas-
ure H2S. The manufacturer stated MDL is 1ppb. Interferents include methyl 
mercaptan and water vapor. The difference between the upwind and downwind gas 
concentration in the S–OPS air samples is used to determine gas flux from the area 
source.

Weather Measurements 
In a typical setup, three-dimensional sonic anemometers are mounted at heights 

of 2m, 4m, and 16m and measurements in the three orthogonal directions are made 
at 16 Hz. Field inter-comparisons are made at least every 21 days by mounting the 
three anemometers next to each other and measuring wind for one hour. Typically, 
differences between sensors are less than 0.1m/s.

Emissions of NH3 
Emissions of NH3 are determined at one-half hour intervals from wind profiles 

based on the three anemometers, and concentration profiles obtained by multiple 
TDLAS-measured path-integrated concentrations (PIC) using the vertical radial 
plume mapping (RPM) method. This method is limited by the need to have valid 
data for all five PIC and all three wind sensors. Weather conditions such as fog, 
heavy rain, high winds, and low winds (<0.2m/s) limit the availability of both PIC 
and wind data, thus limiting the periods during which emissions can be calculated.

Emissions of H2S and CH4 
The gaseous emissions of H2S and CH4 are determined from one-half hour aver-

ages of concentration measurements of the air sequentially sampled from upwind 
and downwind S–OPS systems and either: 1) the bLS emission model using wind 
turbulence measurements of the 2m sonic anemometer, or 2) the ratio of the S–OPS 
measurement of H2S and CH4 concentrations to TDLAS PIC measurement of NH3 
of the nearest path to the S–OPS inlets multiplied by the RPM-measured NH3 emis-
sion. Fog, heavy rain, high winds, and low winds limit the availability of both PIC 
and wind measurements, thus limiting the periods during which emissions based on 
the RPM emissions can be calculated. Emissions based on the bLS model are limited 
by low winds, very unstable or stable conditions, and upwind fetch.

COSTS OF ON–FARM GHG MEASUREMENTS 
Costs for on-farm measurements of GHGs vary with the complexity of the farm. 

Factors include the number, size and ventilation type of the barns, and the pres-
ence, number, and type of other external or outside sources. 

The following conservative cost estimates for monitoring enclosed building sources 
assume a focus on GHG emissions only, and are based on the costs to conduct the 
NAEMS at various types of barn sites (two to four buildings per site), including a 
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‘‘simple’’ barn site (e.g., a small broiler operation) and a ‘‘complex’’ one (a large dairy 
or egg-layer facility). Naturally-ventilated facilities (most frequently dairies) present 
special challenges and additional costs, mostly due to the need to measure barn air-
flow with a large array of ultrasonic anemometers.

These estimates include a climate-controlled mobile laboratory, gas analyzer(s) for 
CO2, CH4 and N2O, calibration equipment and supplies, site-customized systems for 
gas sampling and data acquisition, and sensors and equipment for monitoring build-
ing airflow. Setup time estimates above include both the time to design and cus-
tomize these systems, and to deploy them in the field. Maintenance time estimates 
include equipment maintenance and calibration, and processing and interpretation 
of the data. 

Monitoring of outside sources can be conducted in different ways. If CH4 is the 
only gas of interest, the initial cost of open-path spectroscopy with methane-specific 
lasers is approximately $60,000 and monthly cost is approximately $14,000. This ap-
proach might be sufficient for sources such as anaerobic manure lagoons, which may 
(Monteny et al., 2001) or may not (Jones et al., 2000; Berg et al., 2006) have mini-
mal emissions of N2O. Expanding monitoring to CO2 and N2O in addition to CH4 
would most likely be done by open-path Fourier Transform Infrared (FTIR) spectros-
copy, or by deploying synthetic open-path systems (Grant et al., 2008). The approxi-
mate cost of a fully-automated FTIR system to measure gas concentrations on all 
sides of a source such as a lagoon, feed storage pile, etc., could be as high as 
$300,000. A synthetic open-path system, with its associated gas analyzer(s), can be 
set up for approximately $75,000.

UTILIZING NAEMS INFRASTRUCTURE FOR GHG STUDIES 
It required about one year (2006) to develop the 2000-page NAEMS Quality As-

surance Project Plan and gain EPA’s approval, and another year (2007) to set up 
the monitoring equipment at 20 farms across the U.S. The two years of monitoring 
(2008–09) will be completed in about eight months, at which time the monitoring 
sites will dismantled or used in follow-on studies. 

The NAEMS was not designed to measure baseline greenhouse gas emissions. In 
the process of determining non-methane hydrocarbons, methane was measured at 
five of fifteen barn sites and in less than one-third of the open source measure-
ments. Carbon dioxide was measured at the barn sites but not at the open source 
sites. Nitrous oxide was measured at only a sow operation and at a dairy site with 
local add-on studies. 

To take advantage of the existing NAEMS infrastructure and expertise, the dairy 
industry funded a project to add all three major GHG to all the dairy sites for the 
last few months of the NAEMS and to extend three of the barn sites until January 
31, 2010 to obtain some baseline GHG emissions data over a limited period of time. 

Federal support of follow-on GHG studies using the NAEMS infrastructure and 
expertise could provide:

1. Long-term monitoring of baseline GHG emissions at existing or other sites.
2. Tests of GHG mitigation strategies at existing or other sites.
3. Expansion of monitoring to all sources at the farms, e.g., land application, 

feed storage, feedlots, lagoons, etc.
4. Refinement of on-farm GHG measurements.

The GAO (2008) recommended that, at a minimum, a comprehensive study of 
greenhouse gas emissions from AFOs would require a study, or combination of stud-
ies, of similar scope and size to the NAEMS.

MEASURING GHG EMISSIONS 
Emissions cannot be directly measured. Emissions can only be estimated/cal-

culated based on concentration measurements and airflow measurements. Accurate 
concentration and airflow measurements in barns are challenging in barns because 
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of the number of emitting locations (i.e., fans) and/or the lack of well-defined emit-
ting locations (i.e., a naturally-ventilated barn). 

The comprehensive emission measurements for the NAEMS sites require between 
80 to 300 measured variables at each site (includes concentration, temperature, 
weather information, fan operation, and site operation variables), with each variable 
monitored on a one-minute basis. The number of data points in the NAEMS is ex-
pected to exceed 2.4 billion (Ni et al., 2008). All data collected requires evaluation 
and further processing by trained individuals to generate the required emission 
data.

UNCERTAINTY OF ON–FARM GHG MONITORING 
Multi-gas analyzers based on photo-acoustic infrared (PIR) detection are commer-

cially available, and are designed for simultaneous detection/measurement of all the 
greenhouse gases relevant to agriculture (CO2, CH4, N2O). Preliminary CO2 con-
centration control chart data from three out of fourteen sites of the NAEMS indicate 
that the total relative uncertainties for the CO2 concentration were between four 
and nine percent. The order of magnitude of these values are representative of the 
expected uncertainty in the concentration of the other GHG being monitored (CH4, 
N2O). This determination is based on calibration with a single gas standard in dry 
air. 

However, besides the typical uncertainty of measurements of single gases, there 
is the added uncertainty caused by interferences of other gases including water 
vapor. The analyzer manufacturer has corrections in place for those interferences 
but improvements are needed in the compensations to reduce the uncertainty in-
curred when measuring at livestock facilities as compared with other applications 
of the multi-gas analyzer. For example, cross-compensation calibrations are gen-
erally performed with single concentrations of gases (or a single humidity level), but 
if the relationship between the interfering gas concentration and light absorbence 
is not linear over the relevant concentration/humidity range, errors will be intro-
duced. As compared with other applications for the multi-gas analyzer, carbon diox-
ide and water vapor (major interferents) concentrations are high. The effects of 
these interfering gases need to be carefully accounted for in GHG measurements.

SUMMARY 
The NAEMS consists of two components: measurement of gas and particulate 

emission from barns (Heber et al., 2008) and the measurement of gas emissions 
from open-air sources (Grant et al., 2008) including dairy corrals and manure stor-
age lagoons and basins. In the open-source component, gaseous emissions of NH3, 
H2S, and CH4 are being measured throughout the year at four dairy and six swine 
operations, along with a range of other parameters that affect emissions such as 
time of year, stability of the atmosphere, and facility operation. 

In the barn component, the NAEMS is collecting continuous air emission data 
from 38 barns at five dairies, five pork production sites, three egg layer operations, 
one layer manure shed, and one broiler facility for a period of two years. Concentra-
tions of NH3, H2S, VOC, and PM (PM10, PM2.5, and TSP), building ventilation rate, 
and supporting parameters are monitored. Motion sensors monitor animal, worker 
and vehicle activity. Barn ventilation rate is assessed by monitoring fans and barn 
static pressure in MV barns, and air velocities through ventilation openings in natu-
rally-ventilated buildings. Custom software (CAPECAB) efficiently handles large 
amounts of data being generated by NAEMS, and is used to validate, and process 
the data. 

The costs of conducting long-term continuous emission monitoring studies at com-
mercial farms are significant. There is a significant cost savings if the existing set-
ups at farms are used to conduct needed additional studies. While a limited number 
of GHG measurements were obtained at some of the farms, a comprehensive GHG 
study conducted at existing NAEMS sites or with the NAEMS equipment and exper-
tise could potentially answer a lot of important questions in a timely manner.
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DISCUSSION 

Chair GORDON. Thank you, Dr. Heber. 
We will now start the questioning, and we will begin with the 

Chair recognizing himself for five minutes. 
Let me—well, first of all, as Mr. Hall pointed out, we wear two 

hats, and we are also on the Energy and Commerce Committee and 
will be a part of developing some type of a carbon reduction pro-
gram here for the United States. To be successful, obviously, we 
have to monitor it, and secondly, I think there needs to be an inter-
national component. 

CLIMATE MODELING PROGRAMS 

So let me ask a couple of questions in that regard, quick ones, 
and then I want to get to a more threshold-type question. Dr. Law, 
you had talked about this FluxNet Program in Europe and about 
how they use it in terms of modeling. Do they verify that modeling 
with any type of atmospheric sensors? 

Dr. LAW. The ICOS, Integrated Carbon Observation System, I 
think is what you are talking about, and they have very similar 
components as we have in the North American Carbon Program. So 
they are both top-down greenhouse gas observations in modeling 
and bottom-up inventories and flux sites. 

Chair GORDON. And what is the vehicle for coordination between 
those agencies and the U.S.? 

Dr. LAW. It is primarily through, right now through the FAO 
Global Terrestrial Observing System and through the FluxNet Net-
work of networks, flux sites particularly are covered by that. 
FluxNet, the primary goal of that is to standardize data and to be 
able to synthesize data. 

Chair GORDON. Are you satisfied that it is doing an adequate 
job? 

Dr. LAW. I think we need a lot more infrastructure on that. That 
has been an intermittent-type project. It has been on and off again. 

Chair GORDON. Is that European infrastructure? 
Dr. LAW. That is the U.S. 
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Chair GORDON. Oh. 
Dr. LAW. That is U.S. Yeah. 
Chair GORDON. Let me—I am just going to flip through some 

things. 
Dr. LAW. Sure. 

REMOTE SENSING DATA AND STANDARDS COORDINATION 

Chair GORDON. Ms. Kruger, you had mentioned the developing 
countries and the obvious difficulties there. Is remote sensing—can 
we—will that be adequate for us to be able to monitor these other 
countries? 

Ms. KRUGER. Remote sensing would certainly be very helpful for 
monitoring what is happening with the issue of deforestation, 
which is a very important one now in the international context. 
That would need to be coupled with ground truthing and with a ca-
pacity in the country to actually track what is happening on the 
ground as well. 

Chair GORDON. We would have to have their cooperation to do 
that. 

Ms. KRUGER. So we do need to have their cooperation and more 
broadly, remote sensing does not apply to all the different emission 
sources that we would be looking at. 

Chair GORDON. And on this same theme, Dr. Gallagher, you 
talked about it with NIST, having to coordinate international 
standards. Is there a central coordinating body for that? 

Dr. GALLAGHER. Well, I think that it is happening on several 
fronts, and so there is a lot of coordination happening with con-
sensus bodies, for example, through the U.N. and the world mete-
orological organizations and so forth that are coordinating global 
climate measurements, but what is happening in addition is that 
the international measurement system, the—what is called the 
BIPM, the International Bureau of Weights of Measures, is also be-
ginning to be brought into these questions, and that is the system 
that ties with national measurement institutes in all of the mem-
ber countries. And so that is particularly important as measure-
ments need to be pushed into the market. 

Chair GORDON. Well, I guess here is where I am getting to. 
Clearly there is an international component, international in the 
sense of undeveloped or non-cooperating countries. Certainly there 
is an international component in terms of cooperating countries. 
Here at this table you have demonstrated the enormous amount of 
assets that we have in this, in the country. 

And so I guess my question is two-fold, is do we have adequate 
assets here? Do we need a separate system? And just—I won’t say 
more importantly, I am a little concerned about the coordinating 
aspect of all of this, bringing the information together and then 
being able to have it effectively analyzed. 

Do, you know, do we have an adequate coordinating system now 
in the U.S. and internationally, and if not, what do we need to do 
for that coordinating system, and what additional assets do we 
need? And I will start with whoever wants to start. 

Okay. Yes, sir. Dr. MacDonald. 
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Dr. MACDONALD. Congressman, we have a program where we 
inter-compare our carbon measurements, and we work together 
with the other countries, and you have heard sort of the——

Chair GORDON. You say a program. So what is the coordinating 
body? Or what is the vehicle for that? 

Dr. MACDONALD. The vehicle is that the standards are all 
checked against the NOAA standard that we have developed. 

Chair GORDON. But who says meeting come to order, everybody 
get started? What is the coordinating body? 

Dr. MACDONALD. I will have to get back to you on the name of 
it. 

Chair GORDON. Okay. So would you say that we have an ade-
quate coordinating national or international agency? 

Dr. MACDONALD. Yes. We are calibrating against each other 
and——

Chair GORDON. Okay. So what is that agency? 
Dr. MACDONALD. Well, what we do is we bring the other samples 

and test them against our NOAA standard, so they have all agreed 
to do this, so that is how we have been doing it in the past. 

Chair GORDON. But is someone saying, NIST, you are not cooper-
ating. We need to get this over here or——

Dr. MACDONALD. No. It is a voluntary——
Chair GORDON. And is that going to be, you know, if we are going 

to bed billions of dollars on a system and raise people’s rates 
and——

Dr. MACDONALD. I think we will——
Chair GORDON.—be concerned about our children’s future, is that 

adequate? 
Dr. MACDONALD. No. I think we will have to improve it, but it 

has been a cooperative effort so far. 
Chair GORDON. Okay. Well, that is what I am—my question is—

so is your answer then, no, it is not adequate? 
Dr. MACDONALD. My question [sic] is that we have the right 

kinds of cooperation going on and that we will have to basically in-
crease it significantly. 

Chair GORDON. Okay, and so does anybody disagree with that 
statement, that we need to do—okay. So what—I am telling you, 
we are getting ready to write some legislation here pretty soon, and 
I would like a little, you know, some help in determining do we 
have enough assets, how we coordinate it, what needs to be the 
body to bring it together, and who needs to coordinate that. 

Ms. Kruger, you mean EPA has played a role I think in trying 
to synthesize a lot of this information. What is your view? 

Ms. KRUGER. Well, I would say the perspective that I bring to 
this is as someone who is really thinking about it from the stand-
point of what are sources, specific sources emitting and how are we 
managing that and implementing those policies. And I would—I 
think that the—my impression is that the coordination that is 
going on at the scientific level is very robust among all of the agen-
cies. It may need expansion in the policy dimension because I don’t 
know if the coordination between the scientific research and the 
policy is as well developed or mature as the coordination on the 
science side. 
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Chair GORDON. Okay. I am getting a little scared here because 
we are getting ready to make a multi-billion-dollar bet, and again, 
in our children’s future and in our industry and in our pocketbook, 
and so we got to sort of have a, you know, a little more than faith 
here. 

Yes, sir. 
Dr. BIRDSEY. Yeah. I would like to mention again the Inter-

agency Working Group that has done quite well at coordinating the 
science side of things and——

Chair GORDON. Is this the North American Carbon——
Dr. BIRDSEY. Well, the North American Carbon Program was an 

activity that was fostered by the Interagency Working Group, and 
that program has brought together literally hundreds of scientists 
from all kinds of disciplines working on methods to bring our as-
sets together. We do have a lot of inventories and remote sensing 
and sampling and so forth. 

Chair GORDON. So who chairs that? 
Dr. BIRDSEY. Well, the Chair is rotated among agencies. It is cur-

rently co-chaired by USDA and NOAA, I believe. Is that right? 
VOICE. NASA. 
Dr. BIRDSEY. USDA and NASA. Sorry. 
Chair GORDON. Okay. Well, we are going to have to a little more 

delving. I don’t want to get into my time. 

MONITORING RESOURCES 

The last quick question is do we have adequate resources now, 
assets in terms of monitoring, or do we need to authorize more? If 
you think we are okay, then you don’t need to say anything. If we 
need more, please tell me what it needs to be. 

Yes, sir. 
Dr. FREILICH. Well, as you heard in the accumulation of testi-

mony here, within the confines of North America and the Conti-
nental United States in particular, we have, I believe, an excellent 
mix of in situ, airborne, and remote sensing. To extend that under-
standing globally clearly requires additional resources for non-co-
operating countries or difficult to get to places. And the unique 
vantage point of space with broad coverage but high resolution and 
frequent revisit needs to play a key role there. However, as was 
pointed out, those measurements are at the limits of our techno-
logical ability. We are succeeding at them, but they do require 
ground truthing verification and validation, but that is the basis 
for a global monitoring system. 

Chair GORDON. So that is something that we need to keep in 
mind when we go to Copenhagen. 

Dr. FREILICH. Definitely. 
Chair GORDON. Okay. Unless—did you want to say something? 

I don’t want to take other people’s—okay. Then this is, again, I 
would hope that, I know that it is difficult for many of you because 
you are within an agency and you got to get clearance, and you 
can’t get a free agent, but if your brother-in-law has, with your 
maybe consultation, some suggestions as to how we can set up 
some type of system, what we need, I would, we would like to have 
that, and we would like to have that, you know, pretty soon. 

So Mr. Hall, you are recognized for five minutes. 



179

REGULATING CARBON CREDIT SOURCES 

Mr. HALL. I would have yielded you more time if you needed it. 
Dr. Heber, a lot of people are looking to forestry and agriculture 

as potential sources of carbon credits, planting trees, switching to 
no-till farming practices, and some other projects, what they call 
low-hanging fruit for some of these folks. 

If you are unable to take direct measurements, how are these re-
ductions verified? And what would this mean in terms of gener-
ating offset credits in a mandatory regulatory regime? 

Dr. HEBER. I have not studied the methodology for determining 
those offsets, but I understand that models are used, inventorying 
of practices, agricultural practices and so on. Some assumptions 
are made, but direct measurements can help to refine those meth-
odologies and make them more accurate. That is about how I would 
answer that question. 

Mr. HALL. Anybody else care to answer it? 
Dr. BIRDSEY. Yeah. I would like to mention that in practice there 

are a number of greenhouse gas registries and markets emerging 
and many of them have implemented ways to directly measure 
what is going on on the land. They are usually combined with re-
mote sensing and models to provide a more complete picture and 
a better annual tracking of what is going on. So there is some tech-
nology available. 

There is some concern about the cost of the measurement rel-
ative to the value of the credits, and so that is an issue of folks 
trying to come up with efficient ways to bring these information 
systems together. 

Mr. HALL. We have had—excuse me. Go ahead. 
Dr. MACDONALD. Congressman Hall, I would like to mention that 

we have, we actually instrument tall towers like television towers. 
We actually measure the amount of CO2 being sucked out of the 
air by things like soybean crops and so on, so you can actually tell 
how much is being taken up by some of the plant life. 

Mr. HALL. Well, you know, we have gone through some litigation 
and then some areas, particularly in Texas and Oklahoma and 
maybe other areas of the country where cities in the proximity of 
ranches or oil fields or something that the cities felt like had in-
vaded their lakes or their supply of water, you all are familiar with 
those—some of that litigation, I take it. 

In the interest of litigation I guess I am asking this question be-
cause their suits are still pending, and a lot of the cities are trying 
to use against ranches and they track the Superfund legislation we 
passed several years ago, because the Superfund legislation has 
more serious consequences of violation and increases their oppor-
tunity to get better and a more lasting and a more punishing judg-
ment or verdict against the ranches or the oil fields or whatever 
they say pollutes the cities. 

Like Waco, Texas, for example, has litigation against the farm 
bureau group that the farm bureau-supported group of farmers and 
ranchers whose ranches are probably polluting some of the water-
ways. 

How would the use of this technology that you all have offset or 
how would this affect the emissions or the profile of the animal 
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feeding operation industry, and how would the cost of this tech-
nology compare with the cost of the monitoring technologies? 

I will go back to you if I might on that, Dr. Heber. 
Dr. HEBER. Would you repeat the question about which tech-

nology——
Mr. HALL. I am not sure I can, but I will try. 
Dr. HEBER. Sorry. 
Mr. HALL. There has been interest on both sides of the Capitol 

the concept of poop to power or the use of—I wish you hadn’t writ-
ten that, the use of anaerobic digestion to generate pipeline quality 
methane. How would the use of the technology affect the emissions 
profile of the animal feeding operation industry, and how would the 
cost of this technology compare with the cost of the monitoring 
technologies? 

Dr. HEBER. The anaerobic digestion process affects other pollut-
ants in addition to utilizing the methane and reducing greenhouse 
gases. It reduces odor and so improves the neighborhood, a nui-
sance issue. It reduces hydrogen sulfide, which is also a regulated 
pollutant, and so it is very—it also helps the manure handling for 
the farm, the solid waste management issue. So there is a lot of 
benefits there and generates electricity, so there is some revenue 
available because of the heat and the electricity that can be gen-
erated from anaerobic digestion. 

There is an economy of scale. These anaerobic digesters are typi-
cally put on large farms, and now, the monitoring of the emissions 
from an anaerobic digester can be kind of, you know, rather expen-
sive. I can’t really address how, you know, whether that expense 
is really too much or not or whether, you know, measurements—
measurements need to be taken at anaerobic digesters to deter-
mine, you know, what the emission reductions are and then those 
measurements can then be used in models that would then predict 
the reductions at other sites or for other farms. 

So I think models, if they are validated by measurements, that 
may be sufficient rather than requiring monitoring at each one. 

Mr. HALL. I thank you, and I think my time is up. 
Chair GORDON. Thank you, Mr. Hall, and Mr. Wu is recognized. 
Mr. WU. Thank you very much, Mr. Chair. 

BASELINES AND INVENTORIES 

I want to ask a couple of narrow technical questions, but first I 
would just like to express my concern that we have gone from one 
era where we have been in almost complete denial that there is a 
problem to a period when we are charging ahead with doing some-
thing about it and at least consensus amongst many groups that 
there is a problem out there. And it makes me think of other chal-
lenging situations such as colonial countries that have had their 
political systems repressed for a very long time, and all of a sudden 
they are independent, and they are supposed to be self-governing, 
democratic systems. 

It is not that I question the scope of the environmental challenge 
in front of us. It is just that looking back on that colonial experi-
ence it is a checkered history about success in going from sup-
pressing certain forms of things and then running them well after-
wards. I am very concerned that we are able to technically manage 
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the systems that we are proposing, and I would like to get some 
assurance from you all. 

Now, none of you all addressed baseline issues, and if you could 
discuss the importance of baselines. My understanding is that the 
Europeans, in not getting baselines quite right, created some issues 
for themselves and what each of your groups can contribute to get-
ting accurate baselines so that we can adequately manage what we 
need to. 

Dr. Birdsey. 
Dr. BIRDSEY. Yeah. Thank you. I will take a—I will start on it 

anyways. We do have a national forest inventory and a national re-
sources inventory that have been monitoring historical trends for 
quite a number of years, and this certainly gives a baseline for 
where we have been. 

I think a lot of the greenhouse gas management systems that are 
being proposed, however, try to look to the future as to what 
things—what would happen without taking actions. So here you 
have to merge the inventory information with very good prognostic 
models, models that can pull together different sources of informa-
tion and make accurate projections. Then you can see how well we 
have done compared to what was expected. 

Mr. WU. Are you confident about those forest baselines, and is 
anybody else confident about any of the other baselines that we 
would need for the Continental United States? 

Dr. BIRDSEY. Well, I think the historical baseline record is quite 
good. I would have less confidence in the projections actually be-
cause there you are dealing with events that are hard to anticipate. 

Mr. WU. Do any of the other panelists—Ms. Kruger. 
Ms. KRUGER. I think one of the primary reasons why we were 

asked by Congress to undertake the development of the Green-
house Gas Reporting Rule, which we recently proposed, was so that 
we could establish, have the data that we needed for policy devel-
opment and the establishment of baselines across the economy. 
And in the proposal that we have got out for comment right now, 
we have laid out methods for how we would collect facility-specific 
information on greenhouse gas emissions across the economy, and 
that is the kind of information that we would draw on to inform 
future actions. 

So you are right. When the Europeans tried to start—were cre-
ating their emissions trading system, they had a good national in-
ventory, but they didn’t have that data disaggregated down to the 
facility level, and that caused some problems for them. 

With the data that we are collecting, and it is our goal to have 
that data, 2010 data reported to us early in 2011, we are looking 
forward to having the kinds of information that we will need to de-
velop the bottom-up policies. 

Mr. WU. Well, my clock is ticking down now, so perhaps I could 
rephrase the question. What work do we need going forward to 
more accurately hone baselines so that they are useful for a regu-
latory process? 

Dr. Heber. 
Dr. HEBER. On the animal agriculture side we think that the 

field studies are needed for having more accurate reporting, and as 
I indicated in my testimony, we have the technology, and we have 
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been measuring baseline of other air pollutants and actually green-
house gas emissions are being added to that network now by the 
dairy industry. 

Mr. WU. Dr. Law, a FluxNet perspective, or Dr. Gallagher, a 
NIST perspective on this? 

Dr. LAW. I think that we need more sites in the FluxNet Net-
work that are in managed systems. So I went through a rundown 
of that, and we don’t have enough sites in early stages of forest de-
velopment, for example, or after you have thinned forests and 
watch them recover. We don’t have enough measurements there. 

Again, the sites are used to calibrate models, and once we get 
that and the remote sensing data like Landsat goes back to 1972, 
we can go back and retrospectively look at the trends backwards 
and then go forward with estimates. 

In terms of the inventory data, AmeriFlux also measures more 
of the carbon budget components and ecosystems. So beyond what 
the Forest Service does, it would be great if the forest inventory 
grew—did add some of those measurements like soil carbon. 

Dr. GALLAGHER. Quickly, I guess, you know, I think you said it 
very well that the, you know, in terms of policy generation the 
more accurate and the more specific information you have the bet-
ter off you are, and I think some of this will be a problem of look-
ing at, making sure that, you know, baseline measurements are 
more and more detailed and more and more accurate. 

One of the issues we see in this is an overriding trend that we 
are paying attention to is that, you know, sort of global average 
baselines in terms of, you know, large length scales, in other words, 
averaging over large geographic areas. That—the status of that is 
actually quite good. 

I think one of the issues is where you start pushing to baseline 
levels, local emission levels at more localized measurements and 
how do those get incorporated, and that becomes important if you 
are looking at points of regulation or other things where you need 
specific information about greenhouse gas emissions over a sink or 
over an emission source. 

Mr. WU. Thank you very much, Mr. Chair. 
Chair GORDON. Thank you, Mr. Wu, and Mr. Rohrabacher is rec-

ommended for five—or recognized for five minutes. 

SKEPTICAL ARGUMENTS 

Mr. ROHRABACHER. Recommended for five minutes. That would 
be hard to do. 

First of all, let me ask how much money is being spent in moni-
toring these greenhouse gases maybe over the last 10 years? What 
have we spent? Are we talking about billions of dollars? 

Dr. Heber. 
Dr. HEBER. On the animal agriculture side and pertaining to this 

study that we have done I would say, well, a half a million dollars 
has been put forward by the dairy industry to add greenhouse 
gases to five of the sites. 

Mr. ROHRABACHER. Uh-huh. 
Dr. HEBER. And with the limited amount of greenhouse gas 

measurements that were done by the National Air Emission Moni-



183

toring Study itself, I would estimate at least another half a million 
dollars. So approximately $1 million. 

Mr. ROHRABACHER. But, I mean, in terms of overall in our na-
tional commitment to studying these greenhouse gases in the at-
mosphere. I mean, this is really a major commitment of resources, 
is it not? The answer I guess is yes. 

Let me then for the record just put into the record this quote 
from maybe ten various resources that I have talked to and for ex-
ample, one quote here is from Dr. Yuri Izrael from the—who is the 
Director of Global Climate and Ecology Institute and a member of 
the Russian Academy of Sciences and was the Vice President of the 
UNIPCC in which he suggests, and these other quotes are sug-
gesting that CO2 and these greenhouse gases really do not create 
global warming and do not change the, basically change the cli-
mate, which is what we are talking about. 

I would imagine that you folks disagree with these assessments 
of your fellow scientific colleagues. Yes. The answer is yes. All 
right. 

Then maybe what we could—let me just suggest that I am put-
ting these in the record, Mr. Chairman, for the record of the hear-
ing. If I could submit this now for the record of the hearing where 
we have 10 prominent scientists who are in disagreement with the 
theory that greenhouse gases are——

Chair GORDON. With no objection. 
[The information follows:]
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Chair GORDON. And I want to get one thing clarified is that, Mr. 
Rohrabacher, you are quoting a Russian scientist. 

Mr. ROHRABACHER. I certainly am. 
Chair GORDON. And you are betting on this Russian scientist? 
Mr. ROHRABACHER. I certainly am. Along with the other nine 

who are American. 
Chair GORDON. I wanted to get a clarification, because that 

hasn’t been consistent with some of your past actions. 
Mr. ROHRABACHER. In the past I have called into question the 

Russians, that is correct, although——
Chair GORDON. Thank you, Mr. Rohrabacher. 
Mr. ROHRABACHER.—let me just note that I do recognize that 

they have a great deal of knowledge about the Arctic and about 
Greenland and all the rest. 
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So with that said, would you concede, would this panel concede 
that there are prominent members of the scientific community that 
have offered alternative viewpoints to this idea that greenhouse 
gases are causing a change in the climate that deserve to be—and 
their arguments deserve to be addressed? Or is it case closed, de-
bate is over, let us spend the money? Come on. Here is your 
chance. The skeptics are just totally irrational, or yeah, maybe they 
have got some points that need to be addressed. 

We will start with Dr. Heber down here. 
Dr. HEBER. I am not an expert in this area of, you know, in this 

research area but——
Mr. ROHRABACHER. Uh-huh. 
Dr. HEBER.—I think the skeptics ought to be heard and that 

their points ought to be addressed. 
Mr. ROHRABACHER. Yeah. I would like to see a debate on the 

issue actually before this committee, Mr. Chairman. I would like to 
see several people just get up and have, with our participation, a—
just a back and forth, rather than simply, which we have done, is 
base hearings on the premise that this is already an accepted tru-
ism and thus what do we need to do now to implement policy. I 
would suggest that this country is about to spend hundreds of bil-
lions of dollars on policies that are based on premises that have not 
been proven scientifically, and please feel free to disagree with me 
and if not, I would yield back the balance of my time. 

Chair GORDON. Thank you, Mr. Rohrabacher. We had a skeptic 
today that had an opportunity. You know, we have had those dis-
cussions here, and again, I think it is valid that we continue to look 
for skeptics to keep us honest, but the fact of the matter is over 
170 nations, including the United States, certified by President 
Bush, confirmed that we do have global warming with 100 percent 
certainty and within 90 or 95 percent certainty that it is a direct 
result of human activity. 

Clearly, we need to continue to ask the questions, but I think 
that we have enough consensus that we need to move forward. But 
you serve a constructive part by making us continue to rethink. 

And, let us see, Ms. Dahlkemper, I believe you are next. 
Ms. DAHLKEMPER. Mine is not working. I will use yours. Thank 

you. Thank you, Mr. Chair. 

THE EFFECTS OF FOREST DEGRADATION 

According to an article in the October ’08 issue of EOS, deforest-
ation and forest degradation account for about seven to thirty per-
cent of total anthropogenic carbon emissions. How well do we really 
understand the emissions from deforestation and degradation, and 
how much research is being done on the ways that we estimate 
these emissions from deforestation? 

I open this up to the panel. Whoever would like to answer this. 
Dr. Birdsey. 
Dr. BIRDSEY. I will take a start at it. You are interested globally 

in these estimates. Right? 
Ms. DAHLKEMPER. Yes. 
Dr. BIRDSEY. Yeah. I think over the years the—with the continu-

ation of the remote sensing programs we have learned a lot about 
the rate of deforestation in countries of the globe where we didn’t 
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know much about that before. But there is quite a bit more dif-
ficulty in monitoring and estimating the impact of forest degrada-
tion because this is a lot more subtle process. We are not—land is 
not being cleared and put into some other use but rather some part 
of the growing stock or the biomass is being removed, and when 
you are taking a smaller portion of that out, it is not quite as de-
tectable from space. 

So we know part of the answer, but the degradation part I think 
really needs quite a bit more work. 

Ms. DAHLKEMPER. Does any agency have the lead in this type of 
work? 

Dr. BIRDSEY. I think, I don’t think it is a U.S. agency. Really, the 
Food and Agriculture Organization of the United Nations has real-
ly worked on this over the decades more than anyone, and so they 
have tried to organize reporting by the individual countries and 
tried to build up the capacity of individual countries to make their 
own estimates. They have done some independent work looking at 
remote sensing globally, but I don’t believe that has evolved into 
a robust system yet. 

Ms. DAHLKEMPER. Anyone else like to address it? 
Dr. Freilich. 
Dr. FREILICH. Yes. To put some numbers on your assertion, if I 

can remember correctly from the last papers that I read, based on 
satellite measurements as well as modeling and in situ analyses 
over several decades, I think the estimate is that we as a species 
have put about 300 billion tons of carbon into the atmosphere from 
burning fossil fuels and that there have been about another 160 
billion tons of carbon excess put into the atmosphere through land 
use and land use changes in the industrial era. 

So those are relatively precise numbers that come from pretty so-
phisticated analyses of a whole wide range of global data, including 
the remote sensing data. 

GAPS IN THE NATIONAL OBSERVATION NETWORK 

Ms. DAHLKEMPER. Thank you. My other question really—Dr. 
Birdsey, you indicated that key elements of a National Observation 
Network are lacking, and I would ask you to maybe expand on this 
and of the major gaps in our National Observation Network, what 
two or three are particularly important to fill. 

Dr. BIRDSEY. Yeah. Thank you. Well, on the land side our inven-
tories are fairly comprehensive but as Dr. Law mentioned, we are 
not capturing changes in forest soils as well as we should, and 
there are some parts of the country like Alaska where our inven-
tory systems are not as intense as they should be. That is the sam-
pling intensity is not as good as it should be. So those are a couple 
of areas on the land side. 

Our—we are concerned about the continuity of some of our obser-
vation systems. AmeriFlux, for example, is funded on an individual 
site basis, and sometimes they come and go is one example. Our 
atmospheric monitoring system, I am looking at direct measure-
ments of the concentration of carbon dioxide in the atmosphere, 
shows great promise, but it is a very sparse system, so they are un-
able to resolve fluxes at a very small scale. 

Those are the few that come to mind. 
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Ms. DAHLKEMPER. So if you were going to prioritize the gaps that 
need to be filled, number one, number two would be? 

Dr. BIRDSEY. Well, coming from the Forest Service I would like 
to see the land inventories beefed up a little bit, but I would also 
associate that with FluxNet. I think that would give us a really ro-
bust picture of what is going on on the land. 

My second area would probably be in measuring atmospheric 
CO2 concentrations. 

Ms. DALHKEMPER. Okay. Thank you. I yield back. 
Chair GORDON. And Dr. Broun is recognized for five minutes. 
Mr. BROUN. Thank you, Mr. Chairman. 

MORE ON SKEPTICAL ARGUMENTS 

Panel, I am a scientist. I am an applied scientist. I am a physi-
cian, and I believe in science. I believe in scientific integrity, and 
I believe when Mr. Rohrabacher asked you all a question the an-
swer of silence was deafening except for from one individual, and 
that is Dr. Heber. 

And I must say that I am extremely disappointed. I think you 
all have absolutely zero scientific integrity, because you all have 
drank the Kool-Aid and have decided absolutely this belief process 
of human-induced global warming is absolutely a fact. And I dis-
agree with the Chair, respectfully so, that—and our former Presi-
dent, he was misled, he was wrong, you are wrong, there is a tre-
mendous panel, a thousand or more scientists around the world 
that disagree with human-induced global warming. 

My question to each of you all, are you all absolutely bound and 
determined to shut down the economy, create massive job losses, 
create a huge increase in the cost of food, medicine, all goods and 
services in this country to pursue an agenda, a political agenda 
that has absolutely no scientific consensus that there is human-in-
duced global warming? And I would like each of you to answer just 
yes or no. Are you bound and determined to pursue this human-
induced global warming idea that has no scientific consensus. Yes 
or no? 

We will start with Dr. Heber. 
Dr. HEBER. I would say no, and I applaud EPA for negotiating 

with the livestock industries to get the science before regulation on 
the Clean Air Act pollutants and also the CERCLA (Comprehensive 
Environmental Response, Compensation, and Liability Act) and 
(Emergency Planning & Community Right-to-Know Act) of pollut-
ants. Get—make sure the science is there first before proceeding 
with regulations. Regulations can get ahead of the science, and I 
think it is important to get the science and even if we have to wait. 

Mr. BROUN. Dr. Gallagher, just vote yes or no. 
Dr. GALLAGHER. I, you know, our position in this is we are ready 

to carry out the policies that are needed and to support them with 
good measurements. We are really not a climate change agency, 
and as a scientist I have to say that there is a strong preponder-
ance of evidence that there are climatic affects associated with the 
gases, and that seems to be what we see in the policy. 

Mr. BROUN. Well, there are a lot of other theories about that. In 
fact, that have just as much data as human-induced global warm-
ing. In fact, we have had global cooling over the last almost decade 
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now, and we—a volcano creates as much CO2 emissions as every 
human being in the world. Yes or no? 

Ms. KRUGER. Yes. I believe that we do need to act to deal with 
the threat of climate change, but I don’t believe that we, that doing 
that needs to jeopardize our economic growth. 

Mr. BROUN. It is going to. Yes or no? 
Dr. FREILICH. I agree that we do need to act. The data are clear, 

the preponderance of evidence is in favor of human-induced global 
warming. I agree with Ms. Kruger that getting ahead of this issue 
will, in fact, be good for this country as opposed to shutting down 
the economy. 

Mr. BROUN. Well, I am out of my time, but I want to reiterate. 
You all have shown me you have no scientific integrity, because 
you do not consider the skeptics and the other folks. You have 
just—you have drank the Kool-Aid, and I just ask you, in fact, the 
Secretary of Energy was here, and I asked him the same question 
about shutting down the economy. This Administration seems bent 
on shutting down our economy to pursue something that has no 
scientific consensus and no scientific, really no scientific basis. It 
is a theory, it is a belief system, it is a religion with you guys, and 
you are totally wrong. 

And with that, Mr. Chairman, I will yield back. 
Mr. BAIRD. [Presiding] I thank the gentleman. I would just en-

courage the panelists to be respectful of our panel and to avoid con-
cluding that because someone disagrees with you that they have no 
integrity and you do. This is a committee that respects diversity of 
opinion, and in this case it is not just opinion, it is also scientific 
evidence. And questions of integrity we try to refrain from impugn-
ing the integrity of our colleagues here. I would just urge the panel 
members to show the similar respect for our witnesses. 

With that I will recognize Ms. Dahlkemper. Sorry. Mr. Lipinski. 

GREENHOUSE GAS MEASUREMENT 

Mr. LIPINSKI. Thank you, Mr. Chair. I want to get back to the 
issue at hand in terms of measurement. There are a lot of debates 
going on right now about what to do about global climate change, 
and the two general categories of ways of addressing it right now 
that are being discussed here in Congress are going with a cap 
and—some type of cap-and-trade system or some type of tax or 
user fee, whatever you would like to call it. 

Is there—does either one of these require a greater degree of cer-
tainty on—in terms of measurement than the other one does? That 
is, what we know, what we can measure right now, what we have 
available. Does either of those two systems in general require more 
or less? Can we get away with less measurement accuracy with one 
rather than another? I just wanted to throw that general question 
out there. 

Ms. Kruger. 
Ms. KRUGER. I think you are asking a very good question, and 

I think that the—that actually whether one were to do a cap-and-
trade program or a tax, you would still need to measure the emis-
sions accurately from the facilities or the entities that you are plac-
ing that tax on. So from the standpoint of the facility level of those 
bottom-up measurements, you are going to need, you would need 
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a very similar type of measurement approach, whether that is con-
tinuous emission monitors or other means of measuring the emis-
sions. 

In a cap-and-trade system you may have other types of policies 
that come along with it like offset policies that might not be part 
of a tax, and so there might be some things that wouldn’t be done 
under a tax. But the fundamental measurement to determine what 
the amount of the tax is going to be is very similar to what you 
would need to do to determine compliance with a cap. 

Mr. LIPINSKI. Anyone else have—would agree with that then? 
Dr. MacDonald. 
Dr. MACDONALD. Yes. I agree. Fundamentally from the top-down 

viewpoint both of these would require a very similar monitoring 
system. 

Mr. LIPINSKI. Dr. Birdsey. 
Dr. BIRDSEY. Yeah. I would like to mention just that the details 

of the program are not independent of the monitoring system, or 
maybe I should say vice versa. I completely agree that considering 
the cost of monitoring needs to be part of the consideration of the 
program and, some of those details may or may not increase the 
cost. 

For example, if you are looking at estimating a change in emis-
sions or sequestration in forests and you want to separate out the 
effect of a human action from some natural variability in climate 
or a wildfire and so forth, it may cost more to do that separation 
than simply to look at the total change. 

So there are ways the rules—the way the rules are written may 
affect the cost of the monitoring. So it is important to keep that in 
mind. 

Mr. LIPINSKI. I want to ask, following up, Ms. Kruger, the Re-
porting Rule as you say in your testimony does not establish proto-
cols for offset projects. What would have to be—what kind of re-
search projects would be needed to address that, the monitoring 
challenges of the offsets? 

Ms. KRUGER. Well, I think if we were developing an approach 
like this for offsets, we would approach it the way that we did 
when we did, when we looked at, when we started working on the 
reporting rule. That is there are a number of monitoring protocols 
that have been developed in voluntary markets dealing with a wide 
range of possible offset sources. We have done that at EPA under 
our Climate Leaders Program, but there are many others, and you 
would basically want to look at what has been done out there, take 
the lessons from that, and use that to establish the types of moni-
toring protocols that would be needed. 

This would need to be supplemented, I think particularly in the 
agriculture and forestry area, with some additional policy consider-
ations around whether the actions are additional and what hap-
pens if there is leakage or reversals. But broadly we could, we 
would draw on the—on a lot of good information that has been de-
veloped already. 

Mr. LIPINSKI. Thank you, and I want to thank all of you for your 
testimony. It is a difficult position because we are here today—you 
are here today to talk about measurement in the bigger question 
of what we are going to do about global climate change. It is sort 
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of a separate issue, those policies, but it all comes down to the abil-
ity to measure as accurately as possible emissions, offsets, and so 
it is critical that we get that right in order to be able to have a 
policy that can work. 

So I yield back. Thank you, Mr. Chair. 
Mr. BAIRD. Thank you. I recognize Mr. Bilbray for five minutes. 
Mr. BILBRAY. Thank you, Mr. Chairman. 

MEASURING IN SECOND AND THIRD WORLD NATIONS 

My question is, traditionally we have used air indexing as an in-
dication of traditional emissions, basically a paper chase in the 
United States, in North America, and Europe. What is the credi-
bility of our emissions measurement at this time in the Third 
World? Anybody want to talk about how you go down into Nica-
ragua right now and determine what is the emissions coming off 
of Nicaragua right now? 

Go ahead. 
Dr. MACDONALD. Congressman, one thing we can do is with both 

our satellite assets and our aircraft assets, you can actually get es-
timates of the total amount of greenhouse gases coming off of a 
country by measurements that you take offshore and around it and 
that are observatory. So you get some estimate of what the source 
is. 

Mr. BILBRAY. Because in the Third World right now this is the 
season where they are burning off half the forest right now. Any-
body flies over Latin America right now will see the fires going off. 

My biggest concern is that traditionally we have always based it 
on the paper chase, because it is like if it isn’t filed, it isn’t there. 
China, you know, when we are facing areas like China and India, 
in fact, I—last report I saw China’s increase last year was more 
than the total emissions of India. 

How do we monitor that kind where you end up having not only 
the massive industrial but also the urban practices that may have 
a massive increase in emissions, everything from the way they 
raise their poultry to the fact of the way they handle their lifestyle 
totally to their ag uses? How do we monitor it in places like China 
and India? 

Dr. MACDONALD. Congressman, there is a similar answer. You 
know, we had this problem in the ’50s where we tried to monitor 
if there were nuclear bombs, and we would actually measure the 
flow of various carbon isotopes. When we make measurements, 
both with our satellite assets and out over the ocean, we can actu-
ally determine how much the gases are in these quantities and at 
our observatories, and I think you are right that it is not a very 
precise measurement, but it does give us an estimate of what they 
are doing. 

Mr. BILBRAY. Yeah. Anybody comment about that challenge? Be-
cause let me tell you something. I worked with cap-and-trade in 
California, and I know the Committee gets sick and tired of hear-
ing about my air resources background, but I was a big supporter 
of cap-and-trade when it was, when it could be actually monitored. 
What scares me to death, and I see a huge potential for corruption, 
when we start going overseas with the cap-and-trade to where the 
monitoring and accountability, that there will be a teak forest that 
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was grown anyways, it was going to be cut down, all at once be-
comes part of a sink program, and the ability to account for this 
scares me to death. I just think there are people out there looking 
to make a fortune off of this, and I will say this to the Chairman. 
Mark my words. We go into an international cap-and-trade, the 
scandal of what the diversion of funds and the way this is being 
hit is going to be a big one. 

So I will raise that. And let me just say to my colleagues that 
are frustrated at some of our colleagues attacking you guys about 
the whole concept of the climate change issue, my real concern is 
based on ice core samples. I am just looking at historical levels 
from ice core samples. I work with my scripps guys on that, but 
the problem is the credibility of the whole climate change issue was 
really hurt when the same people that are screaming that the 
world is coming to an end and that we must do extraordinary 
things to save the planet will not even stand up and say that the 
Federal Government’s subsidy of corn ethanol is not only not solv-
ing the problem, in fact, the latest report from Duke University is 
it would be better to burn regular gasoline than to do what we are 
doing with corn ethanol. You know, that is the kind of thing that 
comes down. 

When the State Air Resources Board—Duke said it is better 
never to plant the crop. The California Air Resources scientists, the 
best in the world, said that it is better to burn regular gasoline 
than ethanol, but this town continues to subsidize it, under what 
justification? That we care about the planet? Our whole credibility 
is being destroyed. So when you see someone like Dana Rohr-
abacher throwing a fit, his argument is if you really cared about 
the planet, you would be taking on the corn industry, you would 
be willing to stand up for next generation nuclear, but you are not 
willing to take the heat to do what needs to address the problem 
that you are claiming around. 

And so actions do not reflect the concerns, and that is the credi-
bility problem we have here. 

I apologize, Mr. Chairman, but every chance to be able to rattle 
a cage, you know, I will do it. Thank you. 

Mr. BAIRD. We do know that, and I would only point out that ar-
ticles in Science Magazine and Nature and others have addressed 
precisely the gentleman’s point. So it is not at all that the science 
community has been silent on this. They actually have spoken 
about it. 

Mr. BROUN. I am talking about this——
Mr. BAIRD. Oh, well, then don’t take it out on these folks. Take 

it out on our folks. 
I will recognize myself for five minutes. 

FORESTRY AND OCEAN ACIDIFICATION ISSUES 

I thank the panel. Two major issues for me are forests and 
oceans. Dr. Birdsey, when you were asked earlier by Ms. 
Dalhkemper about the lack of monitoring, I would added to that 
the CO2 in the oceans. While the skeptics can talk about climate 
change, to be skeptical about ocean acidification is to skeptical 
about chemistry. This is an abstract computer modeling. This is 
CO2, goes in water, makes carbonic acid, carbonic acid makes the 
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minerals less available, less available minerals means coral die. 
You can do that. It has been done. It has been replicated. It has 
been tested in a number of ways, and I hope you can talk a little 
bit about monitoring the oceans. I have the belief that that satellite 
that went into the oceans instead of the atmosphere was trying to 
tell us something. 

The second issue is forestry. So I am going to put that out there 
and ask the panel in a second to talk about the second issue, for-
estry. The renewable fuel standard and the new legislation being 
debated elsewhere in this building at this moment proscribes, pro-
hibits the use of fuels from federal forests as part of biomass that 
would be subsidized. I think that is a terrible mistake. The dead 
trees and dying trees, we have a million acres of forests that need 
treatment in the pacific northwest. If you don’t take those trees 
out, they are going to become carbon because they are going to 
burn or going to be eaten by insects, and yet we have in the name 
of the environment prescribed using this wood for a fuel source. I 
don’t get it. If somebody can tell me scientifically why that is the 
case, I would sure welcome that. 

So let me put those two things on the table and open it up. 
Dr. BIRDSEY. Yeah. First I will respond a little bit about the 

question about monitoring oceans. I am not an expert on the 
oceans. I work with trees, so I am a little bit outside my area here, 
but as Chair of the Carbon Cycle Science Steering Group I do hear 
about oceans, and I can report a little bit about what that commu-
nity has said. 

Everything we have said about continuity of satellites and the 
need to continue to improve the spectral resolution of those sensors 
applies to the oceans as well as the land, and so I hear a lot about 
the need to do a better job of sensing ocean color, for example, 
which indicates a lot about the biological activity there. 

I think the other part on the ocean side is there is not a very 
coordinated or sustained I should say system of direct observations. 
It is just a little harder to get out there. You know, there is no 
roads and so forth, and so to actually confirm the satellite observa-
tions with direct measurements is much more difficult in the 
oceans. And so I believe that is an important component that needs 
to be added. 

Mr. BAIRD. Given that they take up 25 percent of the carbon and 
the——

Dr. BIRDSEY. Yeah. 
Mr. BAIRD.—a great portion of our oxygen is produced by the 

oceans, we got problems here with that lack of data. 
Dr. BIRDSEY. Yeah. I agree. 
Mr. BAIRD. Dr. MacDonald. 
Dr. MACDONALD. I would like to agree with your comment. The 

CO2 going in the ocean is a simple process. It does create acid, and 
we do go out on the ocean in NOAA with our ships and have made 
literally thousands of measurements, and it is very clear. The 
ocean is becoming more acidic, and it really is almost a completely 
independent problem associated with the release of CO2. 

Mr. BAIRD. Thank you. Would someone like to address the forest 
issue, because this is a critical—Dr. Freilich, if you wanted to talk 
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about the ocean some more, that is fine, too, but I would sure like 
the forest issue addressed as well. 

Dr. FREILICH. I will just say one word as an oceanographer by 
training, I don’t know much about forests, and I do a little bit 
about the ocean, you mentioned some of the direct measurements 
and the validation. And in fact, there was a joint NASA, NOAA 
field campaign to the Southern Ocean, which is a huge expanse, 
which is very difficult to get to, has very high winds, and large gas 
transfer rates, and it was a very successful experiment about a 
year, about—just about a year ago, which actually pinned down 
some of the key transfer rates. And this coupled with satellite 
measurements such as we hope to get will actually open up those 
huge areas to calculation. 

Mr. BAIRD. Okay. Someone address the forest issue, please. 
Dr. BIRDSEY. I will get started on that. Obviously there are a lot 

of natural disturbances taking place in the forest; wildfire, insects, 
and so forth. If you go into the Rocky Mountains, vast areas of 
dead trees are visible. 

Mr. BAIRD. Go in the Cascades it is the same. 
Dr. BIRDSEY. Yeah. And so we—it would essential, I think, I 

didn’t mention this in my previous response about some of the 
things that are needed, but some more direct measurement of im-
pacts of these disturbances as they occur or right after they occur 
would be very useful to providing a much more accurate annual es-
timate of emissions from forests from these disturbances. 

But perhaps more important would be to understand a little bit 
more what is going to happen to these lands in the future. How 
fast are those dead, standing dead trees, for example, how fast are 
they going to decompose, what happens when they hit the ground, 
what is going to regenerate on those lands, how fast will it re-
grow? 

Mr. BAIRD. Let me ask you a simple question, because I am out 
of time. Would it be better to let them burn in a forest fire or to 
use them as—succinct them in a form of a house or to use them 
at least, if you are going to burn them, to create energy as an alter-
native to coal? 

Dr. BIRDSEY. It is clearly better to make some use of that dead 
material rather than let it simply decompose and add CO2 to the 
atmosphere. 

Mr. BAIRD. Thank you. 
Mr. Tonko. 
Mr. TONKO. Yes. Just briefly. 
Mr. BAIRD. Actually, you are recognized for five minutes. 
Mr. TONKO. Okay. I—thank you. I wasn’t here for the start of the 

interaction with the panel and the Committee, so forgive me if it 
has been asked, but I think for clarification sake it is important. 
First, let me thank you for your professionalism and for your will-
ingness to contribute to what is a very important dialogue. 

COORDINATING DATA COLLECTION 

There are a number of groups independently from the scientific 
community and federal agencies that get into data collection, and 
the ground-based and space-based information feed, the data that 
are collected are important, I think, to developing policy. 
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Is there this structural concept that consolidates and coordinates 
all of the work done, the data collection, in a way that can drive 
the most meaningful policy response? I think that is critical to a 
sound outcome. 

Dr. BIRDSEY. We talked earlier that there is an interagency 
working group that tries to coordinate the activities of ten or so dif-
ferent federal agencies, all of which collect data in some fashion or 
manage the data and so forth. 

But in the end a lot of that goes back to the individual agencies 
and departments to manage those programs. In fact, many of those 
programs like the forest inventory that I am most familiar with is 
there anyways. It is not—it wasn’t set up for a climate change type 
of program. It was set up for a lot of other purposes to assess the 
status of the forests in our country, to keep track of the changes, 
and so forth. 

But that data has become essential as a baseline for under-
standing what has happened for—beginning to take a look into the 
future as to where these forests are going, and you need that infor-
mation to design the policies. 

Mr. TONKO. And is it, is there a connection to the scientific com-
munity, or is it just work done within an agency or a group of 
agencies that is feeding that system? 

Dr. BIRDSEY. I think it is really very well integrated among the 
scientific community. Many of the users, if not the majority of the 
users, are from universities or private institutions. 

Mr. TONKO. Uh-huh. 
Dr. BIRDSEY. Companies, and so forth. So these data systems are 

very widely used. 
Mr. TONKO. Are there improvements any of you could cite in 

terms of data collection and consolidation? 
Yes, sir. Dr. MacDonald. 
Dr. MACDONALD. I think that our existing systems, a lot were de-

signed for scientific reasons to, you know, understand what was 
happening. I think a mitigation regulatory regime will require 
probably a denser resolution. It will require more surface ops and 
actual measurements. 

So we are using them for a more extensive purpose, and it will 
probably require additional capabilities. 

Mr. TONKO. Uh-huh. Dr. Law, were you going to comment on it? 
Dr. LAW. Yeah. I was going to say the same thing, is there will 

need to be more of a density of measurements and more com-
prehensive data system. Right now we have several databases, and 
we need a good connection between data streams and final product. 

Mr. TONKO. Is there like an example, a dynamic that you could 
cite for us that would reinforce that thinking? 

Dr. LAW. I guess I would say with the North American Carbon 
Program a lot of the activity that is going on there right now is 
bringing all of this information together to feed into the models. 

Mr. TONKO. Yes. Ms. Kruger. 
Ms. KRUGER. I think from the perspective of implementing a pol-

icy, we do have the measuring and monitoring technologies that we 
need to be confident in what we see happening, say, at a power 
plant or at an industrial facility. The new dimension to this discus-
sion is to connect this now up to the scientific verification that is 
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being done through the atmospheric measurements. I guess the sci-
entists talk about ground truthing, and I sort of think about it as 
sky truthing. So is our, you know, is our policy, our policies in an 
aggregate way having the intended result, and if we see things that 
surprise us or we don’t see the results that we were expecting, then 
we need to dig in and figure out why. Is it something that needs 
to happen in terms of the monitoring technologies we are using? Is 
there some interaction that we are missing that needs to be dealt 
with? 

And so I agree with the comments of the others on the panel that 
more monitoring stations, more spatial dis-aggregation, more fre-
quent monitoring so that we can get a better picture from the at-
mospheric side to be able to reconcile with what we are seeing at 
the very bottom-up, but the facility side will be helpful to this proc-
ess that we need to engage in going forward. 

Mr. BAIRD. We have been asked for a second round of questions, 
and I will now thank the gentleman from New York. 

We will recognize the gentleman from Texas, Mr. Hall. 
Mr. HALL. Yeah. I will be very brief because I am supposed to 

be somewhere right now. All of us have about four committees that 
we are trying to attend. 

Mr. Chairman——
Mr. BAIRD. You are somewhere right now. 

ECONOMIC CONSIDERATIONS 

Mr. HALL. I am somewhere right now. I want to just, I want to 
ask you a question and ask you for a yes or no answer, because 
that is very difficult, and I know that you are here and were asked 
to beef your memories up on that that you are knowledgeable 
about, and that is monitoring and measuring and verifying green-
house gases, and that is what we asked you to come here and tes-
tify to, and that is what you have testified to, and I appreciate 
that. 

But what I—and I am going to make a presumption here that 
all of you have either been in a store, a Sears, a Wal-Mart, a 
Kmart, Walgreens, any of you that haven’t been in some of those 
stores? Almost all of you have, haven’t you? And I don’t know much 
about forests or oceans, and Mr. Chairman, I know a story about 
an old man about my age that had applied for a job cutting timber 
with a company, and they asked him for a background, and he 
said, well, he worked for the Sahara Forest Company. And they 
said, well, Sahara is a desert. He said, yeah. It is now. That’s 
not——

Mr. BAIRD. We don’t get our fire policy right——
Mr. HALL. So I know nothing about forest or oceans, but I do 

know about——
Mr. BAIRD. Texas has neither I noticed. 
Mr. HALL.—cash registers, and I want to ask you about a cash 

register, because that is very important. Each of you are probably 
pretty huge taxpayers, and as such you know that the government 
has a tax, has a cash register, and you send in the 15th of April 
every year, and we are all affected by that. 

I just wanted to ask you if you will do this. As you go down 
through your testimony, as you go down making a decision on the 
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future direction that we ought to go in the global warming thrust, 
is that you remember that there is a cash register and that some-
body has got to pay, and remember that there are costs involved 
in it, and remember that there are taxes involved in it. That is the 
way the government extracts its money to pursue something like 
this. That you will certainly know that if we don’t have help from 
China, Russia, Mexico, India, and I could go on and on, that we 
can’t clean the world. 

And I just ask you to take all that into consideration and remem-
ber that there is a giant thing there as you can’t get out of any of 
those stores without going by that cash register. And that is what 
this Nation has got to do, not to endanger the economy or have 
generational theft from youngsters not even born yet by putting 
taxes upon them. That you consider that. 

And that is all I ask. You are good Americans, and you care 
about this country, and you cared enough to come give your time 
today. I just want to ask you to remember that. 

Mr. Chairman, I yield back my time. 
Mr. BAIRD. I thank the gentleman. 
I will recognize myself for five minutes. 
Could you talk briefly about the percentage—very briefly. What 

is the percentage of CO2 put out, global CO2 put out by the United 
States of America at present? 

Ms. KRUGER. I don’t have the exact percentage for you, but it is 
on the order of 20 percent. 

Mr. BAIRD. And we are about what percentage of the world’s pop-
ulation? Three. 

Ms. KRUGER. Three. 
Mr. BAIRD. I think. Three to five. I mean, you can quibble a little 

but—so we are a small percentage of the population, we produce 
a large percentage of the greenhouse gases. So follow up on Mr. 
Hall’s observations. If there is accuracy that ocean acidification, 
overheating of the climate are occurring, what are the economic 
costs to the next generation of that if we don’t keep that in check? 

Any thoughts about that? We got to get some economists. My 
wife is an economist. She will whack me over the head and say, 
get an economist there. They will talk about that. 

Ms. Kruger. 
Ms. KRUGER. I am not an economist. I am not a scientist either, 

so I am not going to——
Mr. BAIRD. You are perfect. I am not getting much from the sci-

entists here so——
Ms. KRUGER. Yeah. Yeah. What I would say is there is an enor-

mous amount of work under way in the economic community co-
ordinating with the scientific community to try to understand the 
costs of various climate change impacts, including the impacts of 
ocean acidification on coral reefs and in terms of both the eco-
systems and the—and tourism and the like and—but looking across 
the broad range. 

And I think it is a very complicated and challenging topic be-
cause some of these costs can be readily monetized and other 
things are much more difficult to put a value on. But there is a 
major effort underway in the economic community to tackle that. 
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Mr. BAIRD. Given the topic of the hearing about monitoring an-
thropogenic CO2 or not just anthropogenic really, but in your sci-
entific judgment do we have sufficient evidence of a linkage be-
tween anthropogenic CO2 and increase in CO2 in the atmosphere? 
Let us take that first. Let us set the temperature change aside and 
the acidification change aside. Is there a link between anthropo-
genic CO2 and global atmosphere? Just quick yes or no around, 
down the line. 

Dr. MACDONALD. Yes. 
Dr. LAW. Yes. 
Dr. BIRDSEY. Yes. 
Dr. FREILICH. Yes. 
Ms. KRUGER. Yes. 
Dr. HEBER. I am—this is not my area, but I am skeptical as I 

indicated earlier. 
Mr. BAIRD. Meaning you don’t think that the historical measure-

ments of CO2, atmospheric CO2 concentration suggests that there 
is any relationship to all this fossil fuel we have been burning and 
the concentration of CO2 in the atmosphere change? Let us set 
aside the temperature change. Just CO2. 

Dr. HEBER. Right. I am skeptical that there is sufficient evidence 
to absolutely conclude that CO2 production from human activities 
has created that significant amount of increase in CO2. There are 
other effects such as volcanoes, et cetera, and natural cycles. 

Mr. BAIRD. Okay. Do you believe that there has been an increase 
in CO2 based on historical monitoring? 

Dr. HEBER. I am not an expert in studying ice cores and that sort 
of thing, but I understand that there has been an increase in CO2 
in recent years, since it has been measured. 

Mr. BAIRD. Yes. Do you believe that the burning of fossil fuels 
creates CO2? 

Dr. HEBER. Yes. 
Mr. BAIRD. Do you believe we burn a lot of fossil fuels? 
Dr. HEBER. Yes. 
Mr. BAIRD. Do you believe that produces a lot of CO2? 
Dr. HEBER. Yes. 
Mr. BAIRD. And do you—where do you think it goes? 
Dr. HEBER. It goes into the atmosphere. 
Mr. BAIRD. Okay. And the ocean. Apparently 25 percent roughly. 
Dr. HEBER. And some of it is used by plants, too. 
Mr. BAIRD. Yes. No question about that. If we look at the moni-

toring process, we actually had a hearing a few weeks back that 
suggested there was enough ambiguity that might make a cap-and-
trade system somewhat difficult to monitor, even domestically. Cer-
tainly the non-point source. If you look at, you know, we have got 
some mechanisms to monitor coal plants, for example, but it is 
much more difficult to track at the pump or the tailpipe, those. 

Is there any reason—well, I am going to—I will defer. The ques-
tion would run us into far more than—the question I was going to 
ask is there is a lot of folks in this town wedded to cap-and-trade. 
I think there is a legitimate argument that the complexities of a 
cap-and-trade system along the lines of what Mr. Bilbray presented 
might cause us to suggest that a carbon tax is more elegant, more 
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efficient, more defensible in many ways economically, but I will 
leave that. 

Mr. Rohrabacher is recognized for five minutes. 
Mr. ROHRABACHER. Thank you, Mr. Chairman. 

THE HUMAN CONTRIBUTION OF GREENHOUSE GASES 

What percentage of the atmosphere, of the air, what percentage 
of that is CO2? Come on. We got the experts here. What percentage 
of the air is CO2? 

Dr. GALLAGHER. Approximately 21 percent. 
Mr. ROHRABACHER. Twenty-one percent of the air is CO2? 
Dr. GALLAGHER. No, no. That is——
Dr. HEBER. CO2 is approximately, around 400 PPM, which is 

around——
Dr. GALLAGHER. Point 03 percent. 
Dr. HEBER. Point 03? 
Mr. ROHRABACHER. So it is not 21 percent. It is .0—what was 

that? Three? Point 03 percent of the—what we are studying is CO2. 
Dr. HEBER. Dr. Gallagher, you were talking about oxygen, 

weren’t you? Okay. 
Mr. ROHRABACHER. All right. Now——
Dr. GALLAGHER. O2. 
Mr. ROHRABACHER. Yeah. CO2. Of that CO2 how much of that—

now, we have—we keep hearing this other 20 percent figure that 
the United States is responsible for 20 percent of the CO2. Well, 
that really isn’t the case, is it? Of the CO2 that is 20 percent of 
the man-made CO2. Correct? And how much of that .03 percent of 
that, how much of that is man made? 

Dr. MACDONALD. The—about a third of it, Congressman. 
Mr. ROHRABACHER. Okay. 
Dr. MACDONALD. So we started——
Mr. ROHRABACHER. Do we agree? Is that agreed with the panel? 

That is a lot higher than anything—I have been through many 
hearings like this. The biggest thing I have ever heard is five to 
10 percent. Now you are saying it has gone up to 30 percent. Is 
that right? 

Dr. MACDONALD. Congressman, we started at 280 when we start-
ed putting industrial gases in, and we are now at 385, so it is ap-
proximately a third. 

Mr. ROHRABACHER. So the panel agrees with that? A third of all 
the CO2 that is being put into the atmosphere comes from human 
sources. Is that agreed? Agree with that? Okay. I don’t hear any—
what about you? Do you agree with that? Okay. 

That is contrary, let me just note that that is contrary to what 
has been testified before this committee on several occasions by 
other scientists. But—so it is one-third of the .03, so you say .01 
is what human beings are contributing to this. Is that what you are 
saying? Is that right? 

Dr. MACDONALD. Yes, sir. 
Mr. ROHRABACHER. Okay, and .01 and of that 20 percent of that 

is America’s contribution of that. That would be—I am not—it is 
miniscule, ultra miniscule, and the changes the you would expect 
that we can actually change the amount of CO2 through severe reg-
ulation or whatever cap-and-trade or whatever, what percentage of 
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that human contribution to CO2 could we expect to see without de-
stroying the economy, et cetera, which we have heard about? What 
is the percentage would you expect that we would be able to elimi-
nate? Are we talking about just setting the cap on where it is now? 
Are we talking about actually decreasing it? How much could we 
decrease it without hurting our economy? Maybe 10 percent or 20 
percent of what we are currently contributing? Would that be fair? 

In other words, are we expecting a 10 to 20 percent decrease of 
what we are currently contributing? Would that be something that 
would not be so catastrophic to our economy that it would damage 
the standard of living of our people? And then what percentage of 
that, what percentage of that is the percentage that we are talking 
about in the air? What kind of contribution would that make? 

I think what we are talking about, Mr. Chairman, is a massive 
effect on the lives of our people and a miniscule, if not even record-
able, impact on the amount of CO2 going into the air. It is very 
easy to say, oh, the United States put 20 percent of the CO2 into 
the air, as if that is a huge impact on the air, but what we are now 
seeing that just represents a very tiny, insignificant part of what 
is going on on this planet in terms of air. 

Were there other times before humankind even existed when the 
CO2 was a lot higher than that? How much higher was it in the 
past even before human beings existed? 

Dr. MACDONALD. Congressman, in the last several hundred thou-
sand years we are well above what we were in——

Mr. ROHRABACHER. Yeah. 
Dr. MACDONALD.—very ancient times——
Mr. ROHRABACHER. Uh-huh. 
Dr. MACDONALD.—say 100 million years ago. There were higher 

amount than there are now. 
Mr. ROHRABACHER. Okay. Right. And in terms of the history of 

the planet, you know, we are talking about the last 5,000 years as 
being, you know, a very miniscule part of the history of the planet. 
In the history of the planet there have been times when say 100 
million years ago what level of CO2 was in the air at that time? 

Dr. MACDONALD. Congressman, in ancient history like 100 mil-
lion years ago there was significantly higher than there is now. 

Mr. ROHRABACHER. Right. I have heard, you know, perhaps four 
or five times the amount, maybe even ten times the amount. Dur-
ing that time period did plants—oh, I am sorry. 

Mr. BAIRD. That is all right. 
Mr. ROHRABACHER. Could I ask one last-minute—did plants and 

animal life thrive during that time period, or was there some huge 
problem that plagued humankind so the plants were less abundant 
and the animals were less healthy? 

By the way, I am sorry I have used my time. Obviously the an-
swer is——

Mr. BAIRD. It is a dangerous thing——
Mr. ROHRABACHER.—there were abundance of dinosaurs and 

other animals and an abundance of plant life, and that is why this 
issue is a threat. 

Mr. BAIRD. It is a dangerous thing when someone has already ex-
ceeded their time limit by a minute and a half and they begin to 
ask you about the Mesozoic Era. 
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Mr. ROHRABACHER. Thank you, Mr. Chairman. 
Mr. BAIRD. Mr. Bilbray for five minutes and beyond. 
Mr. BILBRAY. For the record it was extra-terrestrial intervention 

that eliminated that dinosaur, not the CO2 level. Okay. So, we can 
agree on that. 

My question, Dr. MacDonald, is your baseline. You assume that 
everything above our baseline when we start testing is man in-
duced. Right? 

Dr. MACDONALD. The predominance of the CO2 added is man in-
duced. 

Mr. BILBRAY. Okay. So that assumption sort of really moves to-
wards the one extreme of an assumption rather than mostly be-
cause it is hard to quantify how much of the natural fluctuation 
is going on because we haven’t had measurements. Right? We don’t 
have a history of measurements prior to the baseline. 

Dr. MACDONALD. We really have quite a good history in the ice 
cores, Congressman. 

Mr. BILBRAY. Okay. The—and it is the ice cores that we are look-
ing at. I am just looking at two issues that really kind of frustrate 
me with our policy is that we keep talking about the 28 percent 
of mobile sources and developing technology to address those as the 
Chairman pointed out, at the same time that we have the tech-
nology to eliminate 38 percent of just the stationary sources at the 
same time, you know, I guess what is it, black fuel they were talk-
ing about, Mr. Chairman? Trying to eliminate the credit for it? 

Mr. BAIRD. They have already kept it out of the bill. The current 
bill would say that forest biomass from federal forests——

Mr. BILBRAY. Yeah. 
Mr. BAIRD.—does not count towards renewable fuel. 
Mr. BILBRAY. And the term black fuel or whatever they call it. 
Mr. BAIRD. Well, it is a—it could be that. It depends on how you 

process it. 
Mr. BILBRAY. That is one of the things. 
Mr. BAIRD. Yes. 
Mr. BILBRAY. But it is that kind of winners and losers we get 

into rather than looking at outcome. 

CLOSING 

One of the things that I really encourage with your science and 
let me just tell you this from practical knowledge, a huge mistake 
we made in California was assuming that our modeling, that our 
original assumptions were right. We were operating off of tailpipe 
emissions when we were working on automobile industry, and I 
think you will agree we are light years ahead of a lot of other peo-
ple. I think there is over a third of the states are following our new 
emission standards. 

But one of the things that really helped us get back on track that 
we were totally off, the so-called experts were dead wrong about 
was we grossly underestimated evaporation of emissions with auto-
mobiles, and the only reason why we were able to detect that fail-
ure is that we had remote sensing that detected that our emission 
reductions did not reflect our modeling standards. That is some-
thing that the experts were wrong, and the ability to go back and 
be able to do a reality check is why your industry or your science 
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is so important. Because so often we love to make these assump-
tions and then—and not go back to make sure that, as good sci-
entists would, that our assumptions can be proven not just in the 
laboratory but in real-world applications. 

And there was a great example where the evaporative emission 
issue was so grossly underestimated, it was like 85 percent, that 
the air quality was not improving in the LA area basin, even 
though we had done extraordinary improvements with the tailpipe 
emissions. 

And I would just like to point that out, Mr. Chairman, because 
I think a lot of people—I do not want to see us spending millions, 
if not billions of dollars about arguing the climate change issue. I 
want us to get—use that money to research what is and isn’t work-
ing, where it is working, and continue to talk about the issue of 
what can be done to reduce it. 

And I will say it again and again and again. I really resent the 
fact that this town is into winners, picking winners and losers on 
this issue rather than going with the good science. And the Chair-
man has been very cooperative with me, being brave enough for us 
to talk about the outcome is what matters, not who contributes to 
it and who is supposedly a good guy and who is a bad guy. And 
that is the frustration I have working again and again on this issue 
is everybody is looking—the bill that is being proposed on this 
Floor as pointed out by the Chairman is picking winners and losers 
based on some assumption that to me does not reflect the science 
that you are—you have presented to us on a lot of things and other 
scientists have presented to us. 

And what I hate is it is being done under the guise of science, 
under the guise of saving the planet, and frankly—I will use the 
term I am sick of a town full of environmental Jimmy Swaggerts 
who wrap themselves in green blankets and claim that God de-
mands that we give their money to them because they will save the 
earth, when, in fact, the science doesn’t reflect that. And I think 
a lot of us got to be brave enough—and the challenge to you as sci-
entists being willing to stand up and say what is not politically cor-
rect at the moment or acceptable among certain groups, being able 
to say here is the science, and that science leads me to an assump-
tion that the system or those who are trying to say they are ad-
dressing the problem are not working with that. 

And I appreciate the chance to jump into this again, Mr. Chair-
man, but I just think we got to stand up and say the emperor has 
no clothes on this issue. This is a crisis we need to address. We 
need to address it with real answers, not manufactured ones that 
reflect some agenda that has been sitting around for 30 years. 

Thank you, Mr. Chairman. 
Mr. BAIRD. Thank you, Mr. Bilbray. 
I think at this point we will thank our witnesses and thank those 

others in attendance, thank the colleagues on the panel, and I ap-
preciate very much your insightful and informative testimony. The 
hearing will stand adjourned. Thank you very much. 

[Whereupon, at 12:13 p.m., the Committee was adjourned.] 
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ANSWERS TO POST-HEARING QUESTIONS 

Responses by Dr. Alexander E. ‘‘Sandy’’ MacDonald, Deputy Assistant Administrator 
for Laboratories and Cooperative Institutes, Office of Oceanic and Atmospheric 
Research, National Oceanic and Atmospheric Administration, U.S. Department 
of Commerce

Questions submitted by Representative Ralph M. Hall

Q1. Dr. MacDonald, in your testimony, you state that the only way to prove that any 
greenhouse gas reduction policies are actually working is through reporting and 
measurement of human-caused emissions.

Q1a. Do you consider emissions as a result of land-use change as human-caused? 
How are the indirect emissions associated with land-use change measured?

A1a. Land-use change as referred to in my testimony and in discussions of climate 
change is human-caused. Emissions from land-use change usually result from con-
version of forests or other natural systems into agricultural land, or conversion of 
agricultural land into cities and suburbs. Other phenomena, such as desertification 
(i.e., the extreme deterioration of land in arid and dry sub-humid areas due to loss 
of vegetation and soil moisture), include a significant human-caused component. 
Human-caused land-use change can also reduce emissions. For example, carbon se-
questration through reforestation is one strategy for reducing the accumulation of 
carbon dioxide in the atmosphere. 

There are a number of ways emissions associated with land-use are measured and 
understood. The most recent Intergovernmental Panel on Climate Change Assess-
ment Report (IPCC–AR4) evaluated a multitude of published, peer-reviewed, sci-
entific reports and determined that about 20% of the increase in carbon dioxide 
(CO2) emissions in the 1990s could be traced to land-use change; the remainder 
could be attributed to fossil-fuel emissions and cement production. Making such a 
determination requires information from individual ecosystems (e.g., forest and soil 
carbon inventories), chemical/isotopic information on emissions, and comprehensive 
measurements of atmospheric components. It is the combination of these approaches 
that allows such assessments to be made with a high degree of confidence. Without 
such a comprehensive approach, it is difficult to assess with certainty the influence 
of the locations, types, and distributions of emissions on the global atmosphere. 

Measurements are typically classified by the scientific community as ‘‘top-down’’ 
or ‘‘bottom-up.’’ Common ‘‘bottom-up’’ measurements include source-specific emis-
sions measurements, inventory-based reporting and accounting processes, which 
measure the amount and estimate relative contributions of different emissions on 
local-to regional-scales. ‘‘Top down’’ measurements calculate emissions from meas-
ured global burdens, atmospheric gradients, and atmospheric lifetimes. Bottom-up 
approaches generally provide more accurate measurements of individual and aggre-
gate emissions sources. Top-down approaches typically provide a more robust esti-
mate of total, global emissions or uptake because they look at the overall picture, 
whereas bottom-up approaches typically provide more robust estimates of the con-
tribution of specific sources and sinks within countries and other political jurisdic-
tions. To fully understand the impact of emissions and the effectiveness of green-
house gas mitigation strategies, a combination of top-down and bottom-up measure-
ments should be utilized. For example, recent advances in measurement technology 
and modeling techniques have allowed regional estimates of emissions from top-
down analyses to verify regional or national bottom-up inventories.
Q1b. What about from agricultural by-products such as livestock manure?

A1b. Besides CO2, the other two major long-lived greenhouse gases emitted as a re-
sults of land use change and agricultural activity—are methane (CH4) and nitrous 
oxide. The IPCC–AR4 notes that while ‘‘the global increases in carbon dioxide con-
centration are due primarily to fossil fuel use and land-use change . . . those of 
methane and nitrous oxide are primarily due to agriculture.’’ Livestock manure 
management, fertilizer application, tilling and growing practices are all human ac-
tivities that lead to the emission of greenhouse gases. 

Emissions produced by agricultural activities and by-products are measured 
through both bottom-up and top-down approaches. The IPCC conclusions are de-
rived from an abundance of published studies, particularly those including isotopes, 
which allow scientists to identify and quantify the sources of these emissions. These 
studies involve from measurements associated with the atmosphere, ecosystem 
types, and specific human activities.
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Q1c. Forest fires can be generated through either natural or human-induced means. 
How would these be counted?

A1c. For the purpose of national GHG reporting, emissions from forest wildfire, no 
matter whether of natural or man-caused origins, are currently included if they 
occur/are on ‘‘managed lands’’ and are not included otherwise. (Managed forest lands 
include all forests in the lower contiguous 48 States). Annual wildfire emissions are 
area-based, derived from estimates of area burned and estimates of average emis-
sions per area from fire. These two numbers are multiplied together to arrive at an 
emissions due to fires estimate. Wildfire emissions from interior Alaska and range-
lands have not historically been included in the estimates because it has only been 
in the last few years the entire land-base has been considered as good practice. Pre-
scribed fire emissions are included also in the national inventories based on the 
same approach and data sources.

Q2. You state that NOAA maintains a ‘‘dense observation system in North America.’’ 
Please describe what you mean by dense.

Q2a. What types of monitoring and observational sensors are currently deployed in 
North America?

A2a. The NOAA observation system in North America is ‘‘dense’’ in that there are 
many more sites per unit area over North America than there are in the rest of 
NOAA’s network. NOAA’s sites constitute over half of the World Meteorological Or-
ganization (WMO)’s network for long-term global monitoring of greenhouse gases. 

As part of its global monitoring network across North America, NOAA deploys tall 
tower systems, routinely deploys monitoring aircraft, and maintains surface sam-
pling sites. Each tall tower system continuously monitors CO2 and carbon monoxide 
(CO) at several heights from the ground up to 1,500 feet. Additionally, flasks are 
collected twice daily at these sites to obtain measures of other greenhouse gases and 
tracers and are subsequently analyzed for as many as 50 atmospheric gases and iso-
topic tracers. Aircraft fly every two weeks at each of our aircraft sites, filling flasks 
at 12 heights from take off up to 25,000–30,000 ft. These flasks are similarly ana-
lyzed for the full suite of greenhouse gases and tracers. NOAA also maintains one 
baseline observatory in North America in Barrow, Alaska. 

In addition to these atmospheric observing sites maintained by NOAA, the 
Ameriflux program, primarily funded by the Department of Energy, operates a num-
ber of sites for measuring CO2 fluxes from ecosystems. These measurements, though 
very useful, are not currently configured in such a way as to achieve the high qual-
ity, large footprint, and measurement continuity of the NOAA atmospheric observ-
ing network. NOAA is working with its Ameriflux partners to modify their sites to 
contribute measurements that also could be of use for top down inversions. NOAA 
also conducts flux measurements at some of these sites.

Q2b. How many sensors are there? How many per square mile?

A2b. Currently there are about 30 independent NOAA sampling sites in North 
America, which would represent about 300,000 square miles per sampling site, on 
average, if the sites were evenly spaced. Due to the scientific sampling design de-
scribed in Question 2c that is used to site these sensors based on numerous factors 
including geography, the spacing of sensors on a per square mile basis is not evenly 
distributed across North America. A ‘‘per square mile’’ average, therefore, is not a 
useful descriptor of system coverage.
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Q2c. What protocols were used to determine their placement?

A4c. The overall sampling design for North America, including the approximate 
number and location of air sampling sites, was developed with the U.S. scientific 
community and reported in the U.S. Carbon Cycle Science Plan (1999), the Report 
on the North American Carbon Program (2002), and the Science Implementation 
Strategy for the North American Carbon Program (2005). These reports were pre-
pared by an interagency and multi-university group under the authority of the U.S. 
Global Change Research Program. As sites are added and models improved, how-
ever, site locations are adjusted to ensure maximum representation of each moni-
toring site in a comprehensive analysis. This is done with several considerations, 
but observing system simulation experiments are part of that process.

Q2d. Is the observation system complete enough to be considered an operational 
asset? What type of upgrades would be needed to make the system operational? 
How long would that take to implement? How much would it cost? Does your 
observation system interact, complement or easily integrate with observation 
systems built by other Federal Agencies? What is needed to make that happen?

A2d. While still considered a research and development, rather than a operational 
asset due to its low density, NOAA’s observation system has provided a half century 
of highly accurate, globally distributed measurements that are routine, well cali-
brated, compared through a strong quality assurance program, and interconnected 
with and driving the course of the international observational network for green-
house gases through the WMO. Up-to-date data from the network are available on 
the internet and dozens of publications using these data have been produced each 
year for decades. NOAA’s CO2 and CH4 measurements are considered the ‘‘gold 
standard’’ for global measurements; its network is unparalleled. However, the net-
work must be expanded and strengthened if it is to serve in an operational capacity. 

For NOAA’s observation system to be transitioned from research and development 
to an operational system that can discern the effectiveness of individual greenhouse 
gas mitigation strategies or the relative success of such efforts in specific regions, 
the network would need to be roughly 10 times denser than that of today. More 
broadly, at an interagency level, an operational system would also require higher 
resolution global emission transport models, better measurements of boundary layer 
meteorology, and higher resolution integrated land models. Finally, satellite meas-
urements of greenhouse gases today are in their infancy and need to address issues 
of accuracy, precision, atmospheric interference, and regional bias. These improve-
ments could enhance spatial coverage of CO2, CH4, and possibly other greenhouse 
gases. Validating satellite measurements properly will require a globally coherent 
observation and analysis system of surface- and aircraft-based measurements. Sat-
ellite measurements, once sufficiently precise and stable, could be particularly valu-
able for covering areas where ground-based or aircraft measurements are limited, 
but they will need to work together with a surface-based network, as is done for 
other satellite observations. 
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Existing information and measurement capabilities are adequate to support the 
initiation of national climate policies. The comprehensive interagency effort de-
scribed above to improve our understanding of and ability to measure stocks and 
flows of carbon and nitrogen at global, regional and local scales will be important 
for building confidence among decision-makers and the public that we can assess 
whether our emission reduction and sequestration programs are effective towards 
mitigating climate change. We envision these tools ultimately being integrated into 
a comprehensive operational system of measurements. 

This must be an interagency effort, as capabilities are spread among US agencies.
Q2e. Does your observation system duplicate observation or monitoring activities in 

other Federal agencies?
A2e. No, NOAA’s observation system does not duplicate observation or monitoring 
activities in other Federal agencies. Observation and monitoring activities in other 
Federal agencies are generally complimentary to NOAA’s observation system. In ad-
dition, we continue to work and collaborate with other Federal agencies engaged in 
greenhouse gas observation or monitoring to enhance our nation’s greenhouse gas 
monitoring and observation network. For example, part of the NOAA greenhouse 
gas observation system’s quality control requires comparison of results from inde-
pendent measurement systems to ensure we are all on the right track. The National 
Science Foundation’s program funds research involving longer-term greenhouse gas 
measurements of CO2 at several sites, which is critical to that quality assurance ef-
fort for CO2. 

Similarly, the Department of Energy (DOE)’s Ameriflux system measures fluxes 
of CO2 to improve ‘‘bottom-up’’ estimates; it does not duplicate NOAA’s measure-
ments, but rather is complementary. Ameriflux measurements, although extremely 
useful, are not currently configured in comparable quality, large footprint, and 
measurement continuity as the NOAA atmospheric observing network. NOAA is 
working with its Ameriflux partners to modify their sites to contribute measure-
ments that also could be of use for top down inversions, thus improving the overall 
network.
Q3. The level of investment necessary to achieve significant emission reductions will 

be enormous. If the only verification of reduction policies is the fact that they 
are being complied with and not that they are actually helping to mitigate cli-
mate change, how can we be assured that the investments we make are the right 
ones?

A3. The IPCC–AR4 determined that costs for addressing climate change through 
the reduction of greenhouse gas emissions between now and 2050 range from an in-
crease of 1% to a decrease of 5.5% of the global GDP, depending upon region, ap-
proaches taken, and the target value for atmospheric greenhouse gas concentrations. 
Models deriving these costs, however, do not consider the value of climate and eco-
nomic benefits of mitigation measures, which could be significant. 

The scientific evidence is very strong that the pronounced warming of the last 
part of the 20th century, continuing into the 21St, has been and is being driven pri-
marily by the build-up in the atmosphere of CO2 and other heat-trapping gases and 
particles caused by human activities. 

There is however a distinction that needs to be made between ensuring that re-
duction policies are working (i.e., reductions are in fact taking place), and that the 
impacts of these policies are having their intended impact on the global climate sys-
tem. On the first question, the federal government has a number of existing systems 
in place to accomplish much of the first task, including the national inventory and 
facility-level reporting, although there are improvements that will be needed, par-
ticularly with respect to land-use and agriculture. These improvements can be 
achieved through a thoughtful combination of bottom-up and top-down techniques 
that will necessarily vary depending on the nature of the sources and types of poli-
cies in place. 

On the second question, how we detect changes in the climate as a result of emis-
sions reductions will be addressed by numerous, diverse studies as has been done 
for the past several decades. Climate change is made evident not only by an overall 
temperature increase, but by melting of glaciers around the world, larger and more 
sustained extreme weather events, disrupted ecosystems, reduced water supplies, ag-
ricultural impacts, sea level rise, etc., as summarized and evaluated in the IPCC 
and national assessments. These assessments, driven by thousands of peer-reviewed 
publications, are typically performed every four years, although capturing sustained 
changes in climate trends due to human influences would likely require a longer 
term record of observations. Tackling human-caused climate change is a process 
that will require decades, at a minimum, so quadrennial evaluations of emission re-
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duction strategies and climate change will be immensely valuable to society during 
the coming century.
Q4. Dr. MacDonald, in your testimony you state that objective, credible and specific 

information about the effectiveness of mitigation efforts is necessary to guide na-
tional policies. However, you also state that we cannot expect to see the effects 
of reduced emissions immediately on the rate of climate change. How do you rec-
oncile these two concepts?

A4. The effect of greenhouse gas emissions on climate change has a built-in time 
delay—analogous to the time lag between when you turn up the dial on your electric 
blanket versus the time when the blanket actually reaches the selected tempera-
ture. In the Earth System, the amount of greenhouse gas in the atmosphere is the 
setting on the dial, whereas climate change represents the ultimate temperature of 
the blanket. Efforts to reduce greenhouse gas emissions are an attempt to stop turn-
ing up the dial. Effective greenhouse gas monitoring and information are critical to 
determining whether those efforts are succeeding, in other words,—is the dial con-
tinuing to be turned up and if so, what is causing it and how fast is it turning? 
This verification system does not verify the final temperature of the blanket (i.e., 
the ultimate climate change effects), but rather helps us determine what is working 
to stop the dial from turning up. Other information systems can provide the infor-
mation on climate change effects, although this one would help in parts of those ef-
forts as well. 

Between now and roughly 2020, we have the opportunity to enhance our current 
observation and analysis capability and our understanding of tradeoffs and offsets 
to a level that will be needed over the subsequent decades. We also will establish 
baselines and gain information along the way that will help inform the relative suc-
cess of early efforts. The myriad efforts to reduce greenhouse gas emissions and the 
skill with which we will be able to verify those successes will evolve and improve 
together with time.
Q5. Dr. MacDonald, you state that NOAA’s science-based effort for monitoring green-

house gases and aerosols in the atmosphere requires sustained, comparable 
measurements at an accuracy level of 0.05% or better. If this is the level of accu-
racy that NOAA has achieved for monitoring greenhouse gas emissions for sci-
entific reasons, could the same level of accuracy be attained in monitoring green-
house gas emissions in the bottom-up, individual source level that would form 
the basis for any mandatory emission reduction policy?

A5. The accuracies referred to in the question are for measurements of atmospheric 
concentrations, not source-specific emissions. Fortunately, bottom-up measurements 
of individual sources of CO2. for example, do not require the high degree of accuracy 
required by atmospheric top down measurements of concentrations. The amount of 
CO2 in a given volume of emissions from a power plant is proportionately huge com-
pared to the amount of CO2 that resides in the same volume of the atmosphere, on 
average. Because CO2 readily disperses in the atmosphere after it is emitted, a 
much higher degree of accuracy is required to measure its atmospheric concentra-
tion, relative to the accuracy required to measure its emission at the source. A limi-
tation of bottom-up measurements, however, is the accuracy of global estimates that 
are derived by extrapolating with bottom-up measurements.

For example, some greenhouse gas inventory estimates (e.g., transportation) do 
not require actual measurements, but rather are based on aggregate motor vehicle 
fuel consumption statistics. Others, such as estimates of forest carbon uptake, re-
quire considerable assumption about trunk and root storage. Further, emissions 
from soils are broadly dispersed and not readily suited to simple bottom-up meas-
urements, and are typically addressed in greenhouse gas inventories using soil proc-
ess models. Finally, as noted in the answer to question lb, methane and nitrous 
oxide emissions derive mainly from wetlands and agriculture. Bottom-up measure-
ments of these emissions, while immensely valuable for understanding processes, 
have significant limitations with respect to capturing regional-scale or even global 
scale information. 

Despite their limitations, these bottom-up measurements are extremely valuable 
and provide information at source-specific and local to regional scales that are not 
attainable with top-down measurements. It is only through a combination of top-
down and bottom-up measurements; however, that we will be able to attain the ac-
curate measures from source to regional to global scales that decision-makers and 
the public will ultimately want.
Q6. If there is currently no greenhouse gas monitoring network large enough for 

CarbonTracker to provide fine scale resolution with low uncertainty, what would 
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it take to get such a network in place? How long would it take and much would 
it cost?

A6. Please also see response to questions 2d and 3.
As I noted in my written testimony, NOAA’s CarbonTracker tool is widely ac-

knowledged as the most open and effective approach to date for estimating CO2 
emissions and uptake, particularly at large spatial scales. When fully developed, 
CarbonTracker will make it possible to track regional emissions of CO2 over long 
periods of time and to determine which areas are absorbing CO2 from the atmos-
phere. Under its current configuration, CarbonTracker is effective in capturing 
large-scale, North American phenomena. A ‘‘top down’’ system like CarbonTracker 
helps independently validate the combined fluxes calculated from ‘‘bottom up’’ ef-
forts such as estimated and measured fossil fuel emissions and biological sources. 
If estimates of sources and sinks do not agree with measured atmospheric con-
centrations, the ‘‘top down’’ approach provides the information needed to continually 
improve our understanding of the carbon cycle. 

This must be an interagency effort, as the capabilities are spread among US agen-
cies.
Q7. With the reduced functionality of the GOES–R satellite series, the never-ending 

problems with NPOESS that have jeopardized the ability of the program to suc-
ceed and the loss of NASA’s Orbiting Carbon Observatory, how do these setbacks 
affect NOAA’s ability to rely on space-based observations? How does this affect 
your assessment about NOAA’s ability to assist in the development of an accu-
rate baseline and maintaining of data continuity?

A7. Despite the challenges that NOAA, NASA and the Department of Defense are 
facing with the National Polar-Orbiting Operational Environmental Satellite System 
(NPOESS) program, the data that will result from the NPOESS instruments will 
significantly advance the ability to monitor global weather and climate. Similarly, 
NOAA and NASA are developing the Geostationary Operational Environmental Sat-
ellites-R series (GOES–R) program which will advance weather forecasting capabili-
ties beyond what current geostationary weather satellites provide. NASA is cur-
rently assessing the next steps regarding the Orbiting Carbon Observatory and 
NOAA awaits its decision. 

NOAA currently monitors the climate from a variety of ground-based, space-
based, and airborne platforms. Existing platforms contribute significantly to an ac-
curate greenhouse gas baselines. In fact, data continuity over time is guaranteed by 
the ground-based network, rather than the spacebased network. The GOES–R and 
NPOESS operational satellites and NASA’s research satellites will provide advance-
ments over the current monitoring platforms by providing enhanced data in areas 
that are remote and sparsely sampled. These new data sources will complement and 
improve NOAA’s existing global observing capabilities. As such, NOAA will continue 
to use existing platforms to monitor climate changes and as data from the NPOESS, 
GOES–R, and NASA research satellite become available, NOAA will incorporate 
these data into its existing monitoring systems.

Questions submitted by Representative Pete Olson

Q1. If the rate of climate change is such that we will not see the effects of emission 
reductions except through monitoring and verification of anthropogenic emis-
sions, how will science determine that the actions taken are actually effective? 
What type of time lag are we talking about here?

A1. The effect of greenhouse gas emissions on climate change has a built-in time 
delay—analogous to the time lag between when you turn up the dial on your electric 
blanket versus the time when the blanket actually reaches the selected tempera-
ture. In the Earth System, the amount of greenhouse gas in the atmosphere is the 
setting on the dial, whereas climate change represents the ultimate temperature of 
the blanket. Efforts to reduce greenhouse gas emissions are an attempt to stop turn-
ing up the dial. Effective greenhouse gas monitoring and information are critical to 
determining whether those efforts are succeeding, in other words,—is the dial con-
tinuing to be turned up and if so, what is causing it and how fast is it turning? 
This verification system does not verify the final temperature of the blanket (i.e., 
the ultimate climate change effects), but rather helps us determine what is working 
to stop the dial from turning up. 

How fast climate itself is changing and how we detect it will be addressed by nu-
merous, diverse studies as has been done for the past several decades. Climate 
change is expressed not only by an overall temperature increase, but by melting of 
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glaciers around the world, larger and more sustained extremes in weather and cli-
mate, disrupted ecosystems, reduced water supplies, agricultural impacts, sea level 
rise, etc., as summarized and evaluated in the IPCC and national assessments. 
These assessments, driven by thousands of peer-reviewed publications, are typically 
performed every four years, although capturing sustained changes in climate trends 
due to human influences would likely require a longer term record of observations. 
It is important to keep in mind, however, that tackling human-caused climate 
change is a process that will require decades, at a minimum, so quadrennial evalua-
tions of emission reduction strategies and climate change will be immensely valu-
able to society during the coming century. 

The top-down and bottom up approach discussed in my testimony is that which 
will be needed to validate, on regional scales, the effectiveness of emission reduction 
and sequestration strategies of society’s choosing. NOAA is in a unique position to 
contribute to this need, in addition to analyzing and monitoring the complex reac-
tions of the climate system to increased greenhouse gases over time. Both efforts 
will further inform society’s decisions regarding greenhouse gas emissions and cli-
mate change. By monitoring tracers of emissions as well as greenhouse gases, sci-
entists will be able to determine not only how greenhouse gas emissions are chang-
ing, but what those changes can be attributed to with respect to changes in the cli-
mate.
Q2. What type of research is being conducted that ensures the investment on the 

scale of billions and trillions of dollars is actually in the areas that will have 
the most impact on mitigating climate change?

A2. There is little doubt that direct and indirect human emissions of greenhouse 
gases are responsible for climate change. Three fundamental IPCC–AR4 statements 
together support this: (1) ‘‘warming of the climate system is unequivocal’’, (2) ‘‘most 
of the observed increase in globally averaged temperatures since the mid-20th cen-
tury is very likely due to the observed increase in anthropogenic greenhouse gas 
concentrations,’’ and (3) ‘‘carbon dioxide is the most important anthropogenic green-
house gas’’. Thus, the ‘‘area that will have the most impact on mitigating climate 
change’’ is that of reducing greenhouse gas emissions, with an emphasis on carbon 
dioxide. Considerable research is being conducted, and has been for decades, to un-
derstand the causes and consequences of climate change, leading in part to the 
three statements above. In the U.S., much of this research has been conducted 
under the authority of the U.S. Global Change Research Act of 1990 and the U.S. 
Clean Air Act of 1990. This research has involved understanding the interactions 
among atmospheric greenhouse gases, the ocean, and the terrestrial biosphere and 
the relative contribution of human emissions to the current and evolving atmos-
pheric amounts of these gases. Research to date shows that CO2 emissions, owing 
to fossil fuel burning and land use change, have accelerated over the past 200 years, 
doubling the rate of emission three times per century. If society begins making ef-
forts to change this trend and reduce CO2 and other greenhouse gas emissions, it 
will be well served by an enhanced monitoring system to ensure its efforts lead to 
success.
Q3. In years past we have frequently heard some measure of frustration from mem-

bers of the research community about the challenge of transitioning NASA-devel-
oped technologies to an operational user. Researchers often find immense value 
in a new NASA-developed sensor, but then become discouraged when NASA 
chooses not to develop a serial mission to ensure a long-term data record. With 
specific regard to climate monitoring, measurement and verification, how would 
you describe the cooperation between NASA and NOAA on the issue of research 
to operations?

A3. NOAA and NASA have had a long history of cooperation and collaboration pur-
suing the United States’ goal of providing sustained space-based monitoring of the 
global environment. NOAA scientists frequently evaluate the measurements from 
relevant NASA research satellites to determine if these research missions could pro-
vide improvements to NOAA’s operational products and services. Research measure-
ments are introduced into NOAA’s operational product generation process as the 
first stage of a research-to-operations transition. When research measurements 
prove to add value to NOAA’s operational services, efforts are initiated to sustain 
the measurements after termination of the research mission. When appropriate, 
NOAA’s National Environmental Satellite, Data, and Information Service develops 
plans to bring these measurements into an operational mode either on a NOAA 
platform, through partnerships with other space agencies, or through a data buy 
from the aerospace industry. The process of transitioning NASA research satellites 
to NOAA operations programs involves joint planning, mitigation, collaboration, and 
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the development of scientific studies and approaches for coordinating Earth science 
and operational Earth monitoring programs. 

NOAA works with the research community to ensure that its science needs are 
considered in the joint NASA-NOAA planning efforts. NOAA and NASA have devel-
oped and are implementing plans to transition the following climate measurements, 
which represent sensors demanifested from the NPOESS platform, from research to 
operational space missions:
- Altimetry measurements
- Total Solar Irradiance measurements
- Earth radiation budget measurements
- Ozone measurements

NOAA and NASA are doing collaborative planning that could support a transition 
of other measurements to operations platforms in the future. 

NOAA and NASA agree that the current research to operations transition plan-
ning is exploratory. Institutionalizing a robust and routine transition process re-
quires additional work. Both agencies have benefited from clear recommendations 
provided by the National Academies of Science and the research community to im-
prove this process. An example of a successful NOAA-NASA-Environmental Protec-
tion Agency (EPA) collaboration is the monitoring of depletion of stratospheric ozone 
over Antarctica. Title VI of the Clean Air Act of 1990 required U.S. agencies to mar-
shal their resources and bring their capabilities to bear on the problem of strato-
spheric ozone depletion. This section was placed in the Act in support of the Mon-
treal Protocol on Substances that Deplete Ozone, an international agreement to 
which the United States is a party. Scientific analysis has shown that human emis-
sions of chlorofluorocarbons and a few other gases were primarily responsible for 
changing the chemistry of the stratosphere in such a way as to rapidly and deleteri-
ously deplete Earth’s protective ozone layer. Congress authorized EPA to regulate 
emissions and, in Section 603 of the Clean Air Act, NOAA and NASA to monitor 
and report on ozone and ozone depleting substances in the atmosphere. A combina-
tion of EPA’s regulation and bottom-up inventories with NOAA and NASA’s satellite 
monitoring and assessments was necessary for success. Today, the long-lived, ozone-
depleting compounds are decreasing in the atmosphere, the ozone hole has virtually 
stabilized, and we anticipate complete recovery in several decades. 

Part of the complex space-based and in-situ monitoring effort to address atmos-
pheric ozone depletion involved using NOAA’s operational satellites and NASA re-
search satellites, in conjunction with NOAA’s world-wide network of ground-based 
spectrometers and its World Calibration Center for ozone to ensure consistency and 
enable improvement of satellite ozone measurements over the years. We anticipate 
a similar arrangement with greenhouse gases and look forward to working with 
NASA in this effort. NOAA will continue to provide space-based ozone monitoring 
capabilities on its next generation polar-orbiting satellites.
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ANSWERS TO POST-HEARING QUESTIONS 

Responses by Dr. Beverly Law, Professor, Department of Forest Ecosystems and Soci-
ety; Science Chair, AmeriFlux Network, Oregon State University

Questions submitted by Representative Ralph M. Hall

Q1. Many people look to forestry and agriculture as potential sources of carbon cred-
its. Planting trees, switching to no-till farming practices and other projects are 
seen as a low-hanging fruit for greenhouse gas reductions. If you are unable to 
take direct measurements, how are these reductions verified? What would this 
mean in terms of generating offset credits in a mandatory regulatory regime?

A1. Because direct measurements do not cover 100% of the land surface, inventories 
and eddy covariance data need to be supplemented with moderate and high resolu-
tion remote sensing data and models to map carbon stocks and fluxes. The change 
in carbon flux say five years after planting a forest would be based on the same 
methods used for the baseline, thus the uncertainty would be related to change in 
area (from remote sensing data) that has been treated for the project. That uncer-
tainty is estimated to be 10–25%. It would require annual to bi-annual monitoring 
with remote sensing data that are used to determine area afforested or deforested 
as input to modeling that produces the carbon stocks and flux estimates. In terms 
of generating offset credits, monitoring and audits of carbon sequestration will be 
necessary to determine status of carbon uptake, insurance will be necessary to pro-
tect past carbon sequestration from destruction by fire or windstorms, and penalty 
payments will be necessary if the forest is eventually cut. Such efforts will be costly 
to administer, diminishing the value of the rather modest carbon credits expected 
from forestry (Schlesinger 2006).
Q2. In your testimony, you indicate your organization monitors and evaluates the ef-

fects of changes in land use on carbon dioxide levels. To what extent is such 
monitoring being done in developing countries and how confident are you in the 
accuracy of such measurements?

A2. The distribution of flux sites is determined by national scientific research pro-
grams, with a relatively large number in many developed countries, but few or none 
in developing countries. China and India recently started their own networks. Over 
the past 10 years, the number of sites in the global network has increased to over 
400 sites worldwide with ∼103 in the AmeriFlux network. The regional networks op-
erate independently, but protocols exist or are being developed to coordinate or 
standardize measurements across networks for various purposes. Evaluation of the 
current global dataset indicates that annual errors in eddy covariance tower data 
typically range from 30 to 100 grams carbon per square meter ground per year 
(Baldocchi 2008). The AmeriFlux network has a quality assurance group to help re-
duce measurement and analysis error, but many developing countries do not have 
this, so I would think the accuracy of measurements at recently installed sites in 
developing countries would not be as good as in the U.S. if they do not have a QA 
program. Currently, uncertainties in national inventories for the net CO2 emissions 
from agriculture, forestry, and other land use often range from 50% to more than 
100% using inventory data for the estimates and this could be reduced by incor-
porating eddy covariance data and remote sensing data in ecosystem modeling, as 
noted earlier.
Q3. Dr. Gallagher indicated that we have not yet developed quantification systems 

for continuous monitoring of emissions of extended geographical areas. How 
large an area is generally evaluated by your measurements? To what extent do 
you think your methods could be applied to provide measurements on a larger 
scale?

A3. The spatial scale of observations from one eddy covariance tower is about one 
kilometer. However, the information produced at each tower reaches far beyond its 
proximate geographical region due to its wider scale representativeness (Hargrove 
et al. 2003). The towers provide valuable information on trends in ecosystem re-
sponses to management and climate, and a subset could be maintained to support 
verification research at relatively low cost (∼$100,000 per station per year). The 
greatest value of eddy covariance flux data for global carbon cycle modeling is evalu-
ating process representation in the models or assimilation of the data into the mod-
els (which is an active area of research). The integrated methods of combining eddy 
covariance data, inventories and modeling could be applied over the U.S. This re-
quires sustained observations over the long-term for the remote sensing data such 
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as Landsat (extending beyond the Landsat Data Continuity Mission), the eddy co-
variance data, and improvements in the forest inventories for better carbon account-
ing.
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ANSWERS TO POST-HEARING QUESTIONS 

Responses by Dr. Richard A. Birdsey, Project Leader and Scientist, USDA Forest 
Service; Chair, Carbon Cycle Scientific Steering Group

Questions submitted by Chair Bart Gordon

Q1. Many people look to forestry and agriculture as potential sources of carbon cred-
its. Planting trees, switching to no-till farming practices and other projects are 
seen as low-hanging fruit for greenhouse gas reductions. If you are unable to 
take direct measurements, how are these reductions verified? What would this 
mean in terms of generating off-set credits in a mandatory regulatory regime?

A1. To estimate greenhouse gas reductions from forestry or agriculture without tak-
ing direct measurements, it is feasible and practical to use estimated reductions 
from validated models or default conversion factors, which are applied to the area 
of land that is treated. Such models and conversion factors are widely available for 
most of the common practices applied to farms and forests in the U.S., and are con-
tinuously updated as additional measurements and research studies are imple-
mented. Default conversation factors are available for afforestation, reforestation, 
and deforestation. Carbon yield models would be needed to estimate effects of 
changes in specific management practices such as thinning or rotation lengths. As 
with any estimation approach, using models or default factors may require 
verification. Verification may focus on whether the practice has been appropriately 
implemented and the technical greenhouse gas calculation methods applied cor-
rectly, although actual measurement of reductions or sequestration may be required. 
Examples of these approaches are available. The Department of Energy greenhouse 
gas registry (known as ‘‘1605b) allows reporters to use 3 estimation approaches: di-
rect measurement, modeling, and default factors. Variations on these 3 approaches 
are used by California’s Climate Action Reserve and the Chicago Climate Exchange. 
Generally, uncertainty is likely to be lower for estimates generated from direct 
measurements compared against models or default conversion factors. However, 
when many projects are aggregated together, the uncertainty associated with mod-
els or default factors is often less than that of a single project. The value of offset 
credits will be quantified using methods consistent with the rules as stated in the 
guidelines that are adopted during the rule-making process, and they will receive 
credit if the rules and guidelines are followed. 

Complementary to these verification approaches, measurements of atmospheric 
greenhouse gas concentrations can also shed valuable insight into the effectiveness 
of greenhouse gas management strategies. Regional-scale atmospheric greenhouse 
gas observations can further aid in the evaluation of how a reduction or offset ap-
proach or conglomerate of approaches is working. Such information can be provided 
through a comprehensive, integrated, interagency greenhouse gas observation and 
analysis system that can reliably test estimates and models against long-term at-
mospheric observations, be they the result of offsets or emission reductions.

A2. Since the passage of the Renewable Fuel Standard, the numbers of acres of 
land that participate in the Conservation Resource Program at USDA have de-
creased. How has this changed the amount of carbon that is able to be stored in 
America’s farmlands?

A2. There are several factors that influence the amount of carbon stored in farm-
land vegetation and soil. These include the land use, tillage practice, crop rotation, 
and conservation management system employed. Your question refers to the farm-
land land use, and in particular the land enrolled in the Conservation Reserve pro-
gram (CRP). 

Enrollment in the CRP has declined from 36.8 million acres at the close of fiscal 
year 2007 to 31.1 million acres in October, 2009 (Table 1), a 5.7 million acre decline. 
This decline is a net of the contract expiration for 6.5 million acres plus new enroll-
ment of 0.8 million acres. There are several factors that contribute to this decline. 
First although 26 million acres were set to expire between FY 2007 and FY 2009, 
these acres were all given an opportunity to re-enroll or extend their contracts, so 
any expirations during this time were due to contract holders choosing to opt out 
of CRP. Second, in late 2006 crop prices began to increase, peaking in the summer 
of 2008, so there was less demand for CRP enrollment. Third, the Food, Conserva-
tion, and Energy Act of 2008 reduced the maximum enrollment in the CRP to 32 
million acres as of October 1, 2009. 
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However, an offer to extend contracts on 1.5 million expiring acres in FY 2009 
resulted in the extension of contracts on 1.1 million acres. These are included in the 
October 2009 figure of 31.1 million acres. 

When considering the potential for CRP to sequester carbon, it is important to re-
member that CRP contracts are not permanent—they last 10–15 years, and after 
the contract expires, farmers may always choose to put their land back in produc-
tion. So CRP per se does not ensure permanent carbon sequestration. However, the 
carbon sequestered by CRP has decreased as the acres enrolled decreased. Between 
September 2007 and September 2009 annual carbon sequestration on CRP land de-
creased 3.5 million metric tons, from 50.4 mmt to 46.9 mmt. Another 2.8 million 
acres expired on September 30, 2009, reducing estimated carbon sequestration by 
an estimated 2.6 mmt to 44.3 mmt.

Q3. Dr. Birdsey, you state ‘‘steps should be taken to better integrate monitoring pro-
grams and close current data gaps’’ while discussing several of NASA’s ongoing 
and future satellite systems. Could you elaborate on what steps should be taken? 
Are they specific to NASA, or are you speaking more broadly?

A3. A recently published paper in Eos (Birdsey et al. 2009) summarizes the re-
quired steps to integrate monitoring programs and close current data gaps: ‘‘Three 
major observation systems need improvements and must be well-coordinated to sup-
port climate policy and management for the remainder of this century: (1) an Earth 
observing satellite system that provides continuous measurements of key carbon-re-
lated characteristics of the Earth’s atmosphere, ocean, and lands; (2) an integrated 
terrestrial observation system of inventories coupled with a coordinated, permanent 
network of intensive land and atmosphere monitoring sites; and (3) a long-term, 
continuous, in situ ocean observation system with appropriate sensors and density 
of monitoring sites.’’ These steps are not specific to NASA, but rather, require inter-
agency coordination to implement efficiently. The USGS Climate Effects Network, 
the NOAA climate services, and integration initiatives within the Forest Service are 
examples of agency efforts underway to build collaborations and fill these data gaps. 
Additional detail about each of these steps may be found in the following paper: 

Birdsey, Richard, Nick Bates, Mike Behrenfeld, Kenneth Davis, Scott Doney, 
Richard Feely, Dennis Hansell, Linda Heath, Eric Kasischke, Haroon Kheshgi, Bev-
erly Law, Cindy Lee, A. David McGuire, Peter Raymond, Compton J. Tucker. 2009. 
Carbon Cycle Observations: Gaps Threaten Climate Mitigation Policies Eos, Vol. 90, 
No. 34 p. 292.
Q4. In your testimony, you mention the need to improve data from forest inventories, 

carbon in soil, dead wood, and down woody debris. You also mention that large 
wildfires and tornadoes present a need for additional sampling to assess im-
pacts. To what extent has the Forest Service been able to observe specific changes 
in greenhouse gas levels after these events? In your estimation, what are the 
most important steps we can take to try to prevent wildfires in order to preserve 
these ecosystems and their ability to reduce emissions?

A4. After large disturbance events, the Forest Service Forest Inventory and Anal-
ysis (FLA) program often conducts a special damage assessment that involves re-
measuring permanent monitoring sample plots in the disturbed area. These are tra-
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ditional forest inventory remeasurements, augmented to provide specific information 
about damage that can be used to estimate the amount of CO2 and other green-
house gases emitted to the atmosphere during and after the event. Examples in-
clude special inventories conducted after hurricanes Hugo and Katrina, and after 
the large blow down event in the Boundary Waters wilderness area. After large fires 
on National Forest lands, damage intensity and restoration needs are assessed. 
Greenhouse gas emissions from individual fires are not usually estimated, although 
some individual fires have been studied intensively with regard to greenhouse gas 
impacts, and a national estimate of greenhouse gas emissions from all forest fires 
combined is reported annually in EPA’s U.S. greenhouse gas inventory report. Note 
that even very large individual disturbance events will not have a measurable effect 
on globally averaged greenhouse gas concentrations, though the emissions from each 
event may be estimated. This is because the effect of a single event on the average 
concentration of global greenhouse gases is below the detection threshold of about 
1 part per million (for CO2). 

Many ecosystems are naturally dependent on fire, so their viability may be best 
served by facilitating fires of a frequency and intensity that are consistent with 
these dependencies. Because fire has been suppressed for a long time in many areas, 
fuels (and carbon stock) have built up to very high levels. It may be impossible to 
return these ecosystems to a more natural state without releasing some stored car-
bon to the atmosphere. This effect can be minimized to some extent when removed 
carbon stocks can be substituted for energy from fossil fuels without requiring large 
inputs of fossil fuel for transportation of the wood to the site where it is used. 

Regarding steps that can be taken to prevent wildfires, there are 3 major factors 
that govern the probability of a wildfire: weather, fuel, and ignition. Since we cannot 
control the weather, prevention is focused on managing fuels and human-caused ig-
nitions. Of these, strategic management of fuels areas is probably the best approach.
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ANSWERS TO POST-HEARING QUESTIONS 

Responses by Dr. Michael H. Freilich, Director, Earth Science Division, Science Mis-
sion Directorate, National Aeronautics and Space Administration (NASA)

Questions submitted by Representative Ralph M. Hall

Q1. What is notional time and cost required to re-fly OCO, and how would it com-
pare with other similar sensors, such as the ASCENDS or the LDCM missions?

A1. Following the loss of OCO in February 2009, the mission’s science team con-
cluded that an OCO reflight or a functionally equivalent mission was necessary to 
advance carbon cycle science and to provide the basis for thoughtful policy decisions 
and societal benefits, In response, NASA evaluated a range of options to develop and 
launch a replacement instrument or acquire data from international missions. Of 
the options under consideration, the most mature and best-understood option is to 
rebuild an OCO mission with as few changes as possible and launch the so-called 
‘‘Carbon Copy’’ into its planned orbit as an element of the ‘‘A-Train.’’ Such a mission 
would have a development time of 28 months and cost approximately $331M. NASA 
also evaluated either co-manifesting an OCO standalone mission on a shared launch 
vehicle with LDCM or flying an OCO-Thermal Infrared Sensor (TMRS) mission, but 
concluded that such options would have higher costs, increased technical risk, and 
would likely delay the launch of LDCM; these mission scenarios are no longer under 
consideration. 

ASCENDS has a different mission concept and uses a different technology (i.e. la-
sers) to measure concentrations of CO2 than OCO. When the ASCENDS mission 
was proposed in the 2007 Earth Science Decadal Survey, the NRC estimated that 
the mission would cost on the order of $400M and should launch in the 2013–2016 
timeframe. Further study by NASA has estimated the rough life cycle cost estimate 
of ASCENDS to be $470M. The technology development advances required for the 
lasers on the ASCENDS mission preclude its early flight within the next several 
years, until at least 2015, although budget constraints could further delay the mis-
sion. It is important to note that NASA does not formally commit to a mission’s cost 
and schedule until Key Decision Point (KDP)–C.
Q2. The Earth Sciences Decadal Survey recommended the ASCENDS mission to fly 

in the 2013–2016 timeframe. What are NASA’s plans with respect to ASCENDS? 
Is the agency committed to flying the mission?

A2. NASA is committed to the Decadal Survey priorities and mission sequence. 
Thus, as a Tier 2 recommended mission, NASA is committed to developing AS-
CENDS for flight after the Tier 1 missions. 

To lay the foundation for the ASCENDS mission, NASA sponsored an open 
science workshop in June 2008 in order to solicit feedback on the science goals, tech-
nology needs, and mission design options associated with the mission. In April 2009, 
NASA sponsored an observing system simulation experiment coordination meeting. 
Through NASA Earth Science’s technology programs, NASA is investing in tech-
nology development efforts for the CO2 column LIDAR, the corrugated mirror tele-
scope, and the optical receiver. In summer 2009, NASA conducted airborne flights 
over the Total Carbon Column Observing Network (TCCON) in-situ CO2 profile 
measurement site in Oklahoma to examine different measurement techniques. Fu-
ture flights are planned in summer 2010 to test other measurement technologies. 
NASA is funding all Tier II mission early pre-formulation studies at ∼$2M/year for 
each mission in FY 2010. A workshop will be held in FY 2010 to prepare draft Level 
I requirements for ASCENDS, examine pathways for further technology develop-
ment, and initiate further studies.
Q3. In years past we have frequently heard some measure of frustration from mem-

bers of the research community about the challenge of transitioning NASA-devel-
oped technologies to an operational user. Researchers often find immense value 
in a new NASA-developed sensor, but then become discouraged when NASA 
chooses not to develop a serial mission to ensure a long-term data record. With 
specific regard to climate monitoring, measurement and verification, how would 
you describe the cooperation between NASA and NOAA on the issue of research 
to operations?

A3. NASA and NOAA actively cooperate through the NASA-NOAA Joint Working 
Ground (JWG) on Research and Operations to transition advances from NASA’s re-
search satellites to NOAA. The JWG meets quarterly to prioritize NASA measure-
ment capabilities for transition to NOAA, evaluate process, improve the transition 
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process, and examine other coordination activities. In the area of climate moni-
toring, measurement, and verification, NASA and NOAA are working together to 
transition sea surface topography measurements, ocean surface vector wind meas-
urements, ocean color radiometry measurements, and ozone. 

Measurements of global sea level variations are an essential component of any cli-
mate change monitoring system. NASA, in collaboration with the French Space 
Agency (CNES) pioneered the measurement of sea surface topography with the To-
pography Experiment (TOPEX)/Poseidon mission, launched in 1992, and the Jason 
mission, launched in 2001, The follow-on Ocean Surface Topography Mission 
(OSTM)/Jason-2 provided the opportunity for NOAA and the European Organization 
for the Exploitation of Meteorological Satellites (EUMETSAT) to actively partner 
with NASA and CNES to provide operational data products to the world’s meteoro-
logical and oceanographic forecast agencies. In FY 2009, NOAA concluded that a fol-
low-on Jason-3 was the optimal platform to measure global sea level variations. 
NASA and NOAA agreed that NOAA will assume the lead for the United States’ 
portion of the mission. 

Ocean surface vector winds play a key role in regulating the Earth’s water and 
energy cycles, which establishes and maintains both global and regionsl climate. 
NASA pioneered measurements of ocean surface vector winds with the Quick 
Scatterometer (QuikSCAT), which was launched in 1999 and recently ceased func-
tioning. Since NOAA routinely used QuikSCAT data as an intrinsic part of its 
weather forecasting, the two agencies closely collaborated as the satellite’s antenna 
began to show signs of age and failed to rotate properly. In the near-term, NOAA, 
in collaboration with NASA, has engaged in discussions with the Japanese Aero-
space Exploration Agency (JAXA) to fly a NOAA scatterometer on the Global Cli-
mate Observing Mission—Water (GCOM-W2) mission. The NRC’s Decadal Survey 
recommended that NOAA take the lead on the Extended Ocean Vector Winds Mis-
sion (XOVWM) and NASA has been providing its technical expertise to NOAA in 
support of this mission. 

Ocean color measurements provide information on climate change effects on ocean 
plankton and the carbon cycle. The Moderate Resolution Imaging Spectroradiometer 
(MODIS) Instrument on NASA’s Terra and Aqua satellites are currently used to 
provide this data. The National Polar-orbiting Operational Environmental Satellite 
System (NPOESS) Preparatory Project (NPP) will fly the Integrated Program Office 
provided VIIRS instrument, which may continue these measurements. Beginning in 
FY 2009, NOAA began to look at alternative means of acquiring future ocean color 
measurements. In addition, NASA, NOAA, and other Federal agencies are sup-
porting the NRC in its assessment of options to sustain global color measurements 
that enable continuity with previous observations and support climate research and 
operational requirements. 

NASA and NOAA have also collaborated extensively to add capabilities to NASA’s 
NPP mission in order to maintain data continuity and advance scientific under-
standing. For example, when the ozone limb profiling capability was removed from 
NPOESS during the Nunn-McCurdy recertification process, NASA and NOAA col-
laborated to provide core funding to allow the Ozone Mapping and Profiler Suite 
(OMPS)-Limb instrument to be added back. Similarly, NASA and NOAA manifested 
the Clouds and the Earth’s Radiant Energy System (CERES) radiation measure-
ments instrument first demonstrated by NASA on the Tropical Rainfall Measuring 
Mission (TRMM), Terra, and Aqua onto the NPP mission.

Questions submitted by Representative Pete Olson

Q1. Dr. Freilich, just last month, a co-chair of the Earth Sciences Decadal Survey, 
appearing before another House Committee (Appropriations Subcommittee on 
Commerce, Justice, Science and Related Agencies) testified that OCO should not 
be rebuilt. His rationale was that new technologies developed since OCO’s design 
would allow for more precise and broader day/night measurements. Your state-
ment seems to contradict this advice. How would you respond? Is OCO’s sensor 
obsolete? What is the trade with using a LIDAR sensor instead of OCO’s passive 
sensor?

A1. Following the loss of OCO in February 2009, the mission’s science team con-
cluded that an OCO reflight or a functionally equivalent mission was necessary to 
advance carbon cycle science and to provide the basis for thoughtful policy decisions 
and societal benefits—The technology development advances required for the lasers 
on the ASCENDS mission preclude its flight within the next several years, whereas 
an OCO replacement mission could be ready in 28 months. Further, in preparing 
the Decadal Survey, the National Research Council correctly assessed that signifi-
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cant technology development was required for ASCENDS and thus it would not be 
ready to fly early in the program. 

When compared to OCO, ASCENDS has a different mission concept and uses a 
different technology to measure concentrations of CO2. OCO uses a passive ap-
proach to measure the intensity of reflected sunlight off of the Earth’s surface, 
which correlates to the concentration of CO2 near the Earth’s surface. OCO was de-
signed to fly in the A-Train formation, which would have enabled coordinated car-
bon cycle measurements with instruments aboard the Aqua and Aura spacecraft. 
The ASCENDS active measurement approach uses lasers as the light source instead 
of the Sun. Such a technique enables both daytime and nighttime measurements 
and measurements at high latitudes in the winter. Rather than being obsolete, the 
smaller and simpler OCO-like instrument is attractive for long-term monitoring of 
near-surface CO2 levels and offset processes owing to the fundamental lifetime limi-
tations of laser instruments.
Q2. How would the OCO compare to similar satellites flown by Canada and Japan? 

What were the cost differences between those countries’ programs and the US. 
program? From a researcher’s perspective, would obtaining data from Canada 
or Japan be an acceptable alternative to trying to re-fly OCO?

A2. While both Canada and Japan have recently launched greenhouse gas-moni-
toring missions, neither the Canadian Advanced Nanospace experiment (CanX)–2 
mission nor the Greenhouse gases Observing SATellite (GOSAT, also named Ibuki) 
have the sensitivity or accuracy of OCO. CanX–2 also fails to provide the same level 
of coverage that would have been achievable with OCO. For cost comparison pur-
poses, OCO’s mission cost was $240M plus an. additional $30M had been budgeted 
for mission operations. 

The CanX–2 nanosatellite, launched in April 2008 at a cost of approximately 
$300K, only records greenhouse data over Toronto where the data downlink occurs. 
The spectral resolution of the CanX–2 spectrometer is about 100 times less than 
that of OCO’s spectrometer and is far too coarse to yield the sensitivity required for 
high-precision CO2 measurements. Unlike OCO, CanX–2 does not measure oxygen 
to quantify the air mass, which is required to accurately calculate CO2 concentra-
tions from the spectrometer data and eliminates significant errors caused by uncer-
tainties in the surface air pressure and by scattering by thin clouds and aerosols. 
To date, no CanX–2 greenhouse gas data have been distributed to the scientific com-
munity and no publications have resulted from data recorded by the satellite. 

GOSAT was launched by Japan in January 2009 at a cost of approximately 
$206M. Both OCO and GOSAT were designed to measure the absorption of sunlight 
reflected from the Earth’s surface. However, while OCO was designed to detect both 
sources and sinks of CO2, GOSAT is designed to only detect localized strong emis-
sions of greenhouse gases rather than to quantify natural, spatially extensive CO2 
sinks. Since CO2 emission sources tend to be more intense and spatially localized 
than CO2 sinks, GOSAT was designed with less stringent signal-to-noise require-
ments than OCO. While both GOSAT and OCO were designed to orbit the Earth 
∼15 times each day, OCO was designed to collect up to 1 million high spatial resolu-
tion (3km2) measurements each day while GOSAT is capable of yielding approxi-
mately 18,700 measurements each day with a 85km2 footprint. OCO would therefore 
have provided many more measurements and each measurement would have rep-
resented a much smaller ground size compared with GOSAT.
Q3. What new capabilities does NASA’s fleet of UAVs offer to the monitoring and 

measurement community? Will UAVs help advance the science in any meaning-
ful way, and if so, how?

A3. NASA uses a number of unmanned aircraft systems (UASs), including the Glob-
al Hawk, the Ikhana, and the Sensor Integrated Environmental Remote Research 
Aircraft (SIERRA), for Earth Science research given their ability to stay aloft over 
a small geographic region for a long period of time, to fly in dangerous (for humans) 
atmospheric conditions, and to fly close to the Earth’s surface or in the stratosphere. 
UASs are used to participate in calibration and validation tests of instruments fly-
ing on satellites, test concepts for satellite instruments, and participate in field cam-
paigns designed to discover small-scale phenomena that satellites cannot. 

Of the current field campaigns scheduled for NASA’s UASs, the winter 2010 Glob-
al Hawk Pacific mission (GloPac) will study trace gases, including greenhouse gases, 
aerosols, and dynamics of the Upper Troposphere and Lower Stratosphere in asso-
ciation with NASA’s Aura satellite. GloPac will be the first NASA mission using the 
Global Hawk, which is capable of carrying 1,500 pounds of instruments to an alti-
tude of 65,000 feet. The Global Hawk can operate for 31 hours and has a range of 
11,000 nautical miles. Future missions using the Global Hawk include the Genesis 
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and Rapid Intensification Processes (GRIP) airborne campaign in Summer 2010 to 
study the formation of tropical storms and their evolution into hurricanes. 

The Ikhana, which has an instrument payload capability of 2000 pounds and can 
operate up to 40,000 feet, has an endurance of 24 hours and a range of 3,500 nau-
tical miles. NASA instruments on board the Ikhana have been used to detect wild-
fire outbreaks in the western United States over the past several years and this in-
formation has been transmitted in near-real time to fire incident commanders in the 
field. 

The SIERRA, which has an instrument payload capability of 100 pounds and can 
operate at up the 12,000 feet, has an endurance of 10 hours and a range of 500 nau-
tical miles. In June and July 2009, the SIERRA participated in the Characterization 
of Arctic Sea Ice Experiment (CASTE) by measuring sea ice roughness, sea ice 
thickness, and sea ice edge. Such information helps understand the loss or mainte-
nance of perennial sea ice cover.
Q4. How well does the Earth Sciences Decadal Survey align with efforts to better 

model, monitor, and measure greenhouse gas emissions? Are there missions or 
sensors being contemplated for greenhouse gas monitoring that does not appear 
within the set of missions recommended by the decadal survey?

A4. In developing its Earth Science and Applications from Space. National Impera-
tives for the Next Decade and Beyond, the NRC assumed the sl3ccessful flight of 000, 
as well as the Landsat Data Continuity Mission (LDCM) and the National Polar-
orbiting Operational Environmental Satellite System (NPOESS) Preparatory Project 
(NPP), which will observe carbon sources and sinks on the land and in the ocean. 
The Decadal Survey missions recommended by the NRC are designed to not only 
further measurements of atmospheric concentrations of greenhouse gases, but to 
also study land and ocean processes related to CO2 release, transport, and absorp-
tion, and how they will change in a changing climate. 

Within the NRC’s recommended near-term missions, the Deformation, Ecosystem 
Structure and Dynamics of Ice (DESDynI) mission, and to a lesser extent the Ice, 
Cloud, and land Elevation Satellite–II (ICESat–II), will contribute to improved esti-
mates of above-ground.
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ANSWERS TO POST-HEARING QUESTIONS 

Responses by Ms. Dina Kruger, Director, Climate Change Division, Office of Atmos-
pheric Programs, Environmental Protection Agency

Questions submitted by Representative Ralph M. Hall

Q1. NOAA has stated that it is not responsible for (or capable of) verification at the 
individual source level or a ‘‘bottom-up’’ reporting scheme and only has a moni-
toring system in place for aggregate data. The ‘‘bottom-up’’ reporting and indi-
vidual source monitoring would be EPA’s job.

Q1a. Does EPA have a national monitoring system for all 6 greenhouse gases at the 
source level?

A1a. EPA has a national monitoring system for all 6 greenhouse gases at the source 
level. Under the Acid Rain Trading Program, EPA has been collecting hourly CO2 
emissions data from electricity generating facilities for many years. Electricity 
power plants emitted 34 percent of all U.S. greenhouse gas emissions in 2007. On 
September 22, 2009 EPA finalized a mandatory source-level reporting rule for 
greenhouse gas emissions. The Mandatory Reporting Rule (MRR) increases coverage 
of source-level monitoring to approximately 85% of national-level U.S. emissions 
through the inclusion of additional industrial sectors (e.g., refineries, cement plants, 
landfills etc.) and ‘‘upstream’’ suppliers of transportation fuels. Monitoring by ap-
proximately 10,000 facilities will commence in 2010, and monitored data will begin 
to be reported in 2011. The approximately 15% of emissions not covered at the 
source level come primarily from widely dispersed area sources such as agricultural 
soils and livestock, which do not lend themselves well to source-level reporting.
Q1b. Specifically, what types of instruments are currently deployed? How many are 

there?
A1b. The measurement instruments currently deployed varies according to the 
emissions process and the type of facility. Continuous measurement instruments 
(such as continuous emissions monitoring systems (CEMS)) are appropriate tools in 
some but not all situations. For CO2 emissions that result from the combustion of 
fossil fuel (∼80% of all GHG emissions), total emissions are directly linked to the 
amount of carbon content in the fossil fuel (i.e., carbon in = carbon out). For sources 
that burn natural gas, distillate fuel oil, and other homogenous fuels, EPA’s report-
ing system requires measured fuel flow and periodic fuel sampling for large sources 
to establish the total amount of carbon and CO2 emissions. For sources that bum 
coal, solid waste and other more variable fuels, EPA’s reporting system requires di-
rect emissions measurement for the largest sources. Facilities reporting other types 
of emissions to EPA (i.e., not fossil-fuel related) use a combination of direct meas-
urement and verified plant-specific emission factors.
Qc. What upgrades to this system are required in order to implement a national 

emission reduction policy? How long will it take to implement the necessary up-
grades or deploy the necessary instruments?

Ac. Monitoring requirements should serve the specific needs of specific emission re-
duction policies. EPA’s Inventory of U.S. Greenhouse Gas Emissions and Sinks is al-
ready well suited to assess overall national’ trends in greenhouse gas emissions and 
the contributions of aggregated sources and sectors. EPA’s facility-level Mandatory 
Reporting Rule will provide more detailed information about specific sources, indus-
tries and regions that are needed to inform and implement a national emission re-
duction policy. Congress directed EPA to create a reporting program that could 
serve a broad variety of potential policies. Should Congress decide to create a cap 
and trade program, EPA may need to make incremental improvements to the facil-
ity-level reporting program, such as moving from annual to quarterly reporting, and 
upgrading monitoring equipment for some sources.
Qd. Are monitoring sensors currently in existence for all sectors of the economy? 

What research is currently being conducted to develop these types of instru-
ments? How long will it take to get this technology from the research phase to 
the deployment and implementation phase?

Ad. Accurate monitoring sensors for fossil fuel consumption are in wide-spread use 
because of the importance of tracking fuel for economic reasons. CEMS for CO2 
emissions are in place for over 1⁄3 of national emissions and over 95% of coal related 
CO2 emissions. Off-the-shelf measurement technologies are available for many types 
of non-fossil fuel related greenhouse gas emissions, particularly when the emissions 
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go through a central stack or vent. Advanced monitoring and measurement tech-
niques for vented and fugitive leaks show great promise and are starting to be used 
in a variety of situations, such as oil and gas production fields. EPA sees a need 
for more work on applying monitoring sensors to emissions and sequestration in for-
ests and agricultural soils, and for tracking deforestation in tropical countries.
Q2. Other than the electric utility industry, what other industries and sectors of the 

economy are currently being monitored for greenhouse gas emissions with de-
ployed monitoring instruments? What percentage of U.S. emissions is currently 
being monitored real-time? If this percentage is less than 100%, then how can 
you verify that this percentage is accurate if you are unable to verify the total 
amount of greenhouse gases the U.S. emits as a whole?

A2. It is not necessary to have real-time monitoring of emissions from all sources 
in order to obtain an accurate assessment of total U.S. GHG emissions. EPA and 
the Department of Energy use the national energy accounts to calculate total U.S. 
carbon dioxide emissions from fossil-fuel consumption (80% of national emissions). 
Both agencies have a high level of confidence in our national level energy accounts 
because DOE gets close agreement between the bottom-up reporting of energy use 
and the top-down tracking of aggregate energy production and imports. EPA’s In-
ventory of US. Greenhouse Gas Emissions and Sinks estimates that our national 
level estimate of CO2 emissions from fossil fuel combustion are accurate to within 
+/¥5%. Given this highly accurate national level assessment, installing real-time 
monitoring sensors across the entire economy (including motor vehicles) to monitor 
fossil fuel related emissions would involve a high cost and not necessarily lead to 
improved national-level information. As noted above, real-time monitoring is in 
place for approximately 34% of all GHG emissions, and approximately 45% of non-
transportation related GHG emissions. 

Approximately 20% of total national GHG, emissions come from other types of 
sources, many of which are more difficult to monitor than fossil fuel combustion, 
e.g., fugitive methane leaks from oil and gas systems, methane from landfills, ni-
trous oxide form soils, and methane from rice paddies and livestock. In accordance 
with Intergovernmental Panel on Climate Change (IPCC) Guidelines, EPA uses a 
combination of peer reviewed modeling and emission factor approaches to estimate 
GHG emissions for these sources. 

More direct measurement of these sources, including the use of remote observa-
tion technologies, could help improve the accuracy of this part of the national emis-
sions inventory.
Q3. Several weeks ago, EPA submitted a national inventory of human-caused green-

house gas emissions as part of our on-going commitment to fulfill our obliga-
tions under the United Nations Framework Convention on Climate Change. In 
your testimony, you admit that EPA only monitors greenhouse gas emissions 
emanating from electric utilities, which is estimated to be about one-third of 
total U.S. greenhouse gas emissions.

Q3a. If EPA does not currently monitor all of the human-caused emissions, what is 
the inventory based on? How accurate is it? How can you verify its accuracy?

A3a. Overall, the national-level Inventory of U.S. Greenhouse Gas Emissions and 
Sinks has a calculated range of uncertainty of +5% to ¥1% (when compared to total 
gross emissions), which is based on internationally accepted and comparable proce-
dures for uncertainty assessments of national inventories. The underlying data used 
to prepare the national inventory come from long-established statistical gathering 
services of many federal agencies, particularly the Department of Energy and 
USDA. For the 80% of emissions resulting from fossil fuel combustion, DOE’s energy 
consumption statistics match up closely with top-down accounts of energy produc-
tion imports, and gives the U.S. government a high degree of confidence in the in-
ventory. As noted above, direct emissions monitoring on each source of emissions is 
neither practical nor would it necessarily lead to improvements in accuracy.
Qb. What is EPA’s definition of human-caused emissions? Do they include indirect 

emissions resulting from land-use change? Or from livestock emissions? Do for-
est fires that are set by people count as human-caused emissions, while forest 
fires started by natural causes are not?

Ab. The U.S. government, as a member of the Intergovernmental Panel on Climate 
Change (IPCC) has adopted the IPCC’s definition of anthropogenic greenhouse gas 
emissions and removals: ‘‘Anthropogenic emissions and removals means that green-
house gas emissions and removals included in national inventories are a result of 
human activities. The distinction between natural and anthropogenic emissions and 
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1 See, ‘‘The 2006 IPCC Guidelines for National Greenhouse Gas Inventories (2006 Guide-
lines)’’, Volume 1, Chapter 1, page 4. http://www.ipcc.nggip.iges.or.jp/public/2006g1/pdf/
1lVolume1/V1l1 Ch1lIntroduction.pdf.

removals follows straightforwardly from the data used to quanta human activity. In 
the Agriculture, Forestry and Other Land Use (AFOLU) Sector, emissions and remov-
als on managed land are taken as a proxy for anthropogenic emissions and removals, 
and interannual variations in natural background emissions and removals, though 
these can be significant, are assumed to average out over time.’’ 1 This definition has 
also been adopted by each of the 193 other member countries of the IPCC. Regard-
ing the specific issue of forest fires, all fires occurring on managed land are assumed 
to be anthropogenic. Consistent with the IPCC Guidelines, the Inventory of U.S. 
Greenhouse Gas Emissions and Sinks includes direct emissions and carbon stock 
changes from land-use change. Emissions from domesticated livestock are consid-
ered anthropogenic. 
Q4. I’m curious about the difference between the National Greenhouse Gas Inventory 

and EPA’s proposed Greenhouse Gas Reporting rule. When describing the data 
collection and methodologies associated with that collection for the Inventory, 
you freely admit that the quality of the data used varies across source categories. 
At the same time, you state that EPA is confident that its ESTIMATES of emis-
sions for smaller sources are both manageable and accurate. Aren’t some of the 
data collection methods used in the Inventory going to be used for the reporting 
rule? If so, how can you state that the estimates provided for compliance with 
the reporting rule are accurate and potentially verifiable?

A4. EPA’s Mandatory Reporting Rule uses a combination of direct measurement 
and facility-specific calculation approaches. The calculation approaches required 
site-specific emission factors based on periodic process and emissions measurement, 
and thus reflect the conditions onsite at specific facilities. The top-down emission 
factors used for some sources in the annual Inventory of U.S. Greenhouse Gas Emis-
sions and Sinks are broadly representative of conditions across the country but may 
not be directly applicable to individual facilities. The source categories with the 
highest uncertainty in the Inventory of US. Greenhouse Gas Emissions and Sinks 
represent a small share of national emissions and most of them are not included 
in EPA’s Mandatory Reporting Rule: e.g., agricultural soils, rice paddies, livestock, 
surface coal mines, etc. 

All data submitted to EPA through the Mandatory Reporting Rule will be verified. 
EPA envisions a two step verification process with a view to ensuring the collection 
and dissemination of high quality data. First, EPA will conduct an initial central-
ized review of the data which will be largely automated. EPA intends to build into 
the data system an electronic data QA program to help assure the completeness and 
accuracy of data. In addition, to verify reported data and ensure consistency, EPA 
may review facility-level monitoring plans and procedures, and will perform de-
tailed, automated checks on data utilizing recent and historical data submittals, 
comparison against like facilities and/or other electronic audit tools where appro-
priate. Second, EPA intends to follow-up with facilities should potential errors, dis-
crepancies, or questions arise through the review of reported data and conduct on-
site audits of selected facilities.
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ANSWERS TO POST-HEARING QUESTIONS 

Responses by Dr. Patrick D. Gallagher, Deputy Director, National Institute of Stand-
ards and Technology, U.S. Department of Commerce

Questions submitted by Representative Ralph M. Hall

Q1. How much does NIST currently spend on the measurement science activities you 
outlined in your testimony, and how do you determine funding priorities in this 
area? How much additional funding would be needed and how long would it 
take to perform the research necessary to ensure confidence in a Cap-and-Trade 
monitoring and enforcement regime?

A1. In FY 2009, NIST spent $18.2 million on all climate change related activities, 
which includes the $7.5 million in increases provided by FY 2009 appropriations for 
Climate Change Science and Climate Change Technology programs. NIST’s role in 
this area is to:

(1) work closely with other federal agencies (the National Aeronautics and 
Space Administration, the National Oceanic and Atmospheric Administration, 
the Environmental Protection Agency, the Department of Energy, the United 
States Geological Survey, the United States Department of Agriculture, and the 
Department of Interior) to ensure the accuracy, comparability, and quality of 
their measurements, and
(2) assist industry, and state and local agencies that will need new measure-
ment capabilities to meet the requirements of any enacted greenhouse-gas ac-
counting and mitigation program.

Currently, the NIST Climate Change Program is focused in two areas:
(1) Provide the fundamental measurement science and standards to accurately 
quantify sources and sinks of greenhouse gases at various spatial scales; and
(2) Develop the critical metrology necessary to ensure that ground, air, ocean, 
and space-based climate measurements are accurate and comparable through 
traceability to the International System of Units (SI).

Predicting future funding needs for this area is complicated by the fact that the 
details for the proposed Cap-and-Trade monitoring program for carbon emissions 
are still being debated. I believe the existing information and measurement capabili-
ties are adequate to support the initiation of national climate policies. Until an 
agreement is reached on the accuracy requirements for greenhouse gas monitoring 
and reporting; however, it is difficult to fully ascertain the measurement tools and 
standards that will be required by government agencies as well as industry. How-
ever, regardless of the climate-related legislation that is enacted, accurate measure-
ments of greenhouse gas sources and sinks and their effects on the climate, will be 
necessary. 

NIST is organizing an external needs assessment workshop, to be held in FY 
2010, to help identify the major measurement priorities in greenhouse gas emission 
measurements, which will assist NIST in identifying the future priorities and re-
sources necessary to support any proposed greenhouse gas accounting and mitiga-
tion program.
Q2. You note in your testimony that traceability of measurements is ‘‘critical for as-

sessing accuracy and quality’’ of climate change data. What is the status of 
traceability for the sensors and measurements that are currently deployed in 
space? Do they all take SI-traceable measurements? If not, how are scientists ac-
counting for the lack of confidence in their data when reporting results?

A2. Satellite sensors generally report SI (International System of Units)-traceable 
measurements. NIST has collaborated with the National Aeronautics and Space Ad-
ministration, the National Oceanic and Atmospheric Administration, and the United 
States Geological Survey, to help ensure the SI traceability of satellite sensor meas-
urements for operational and research environmental satellites. The robustness of 
the traceability, as established through the quality of the prelaunch and onboard 
calibration and extent of validation against ground, air, and other satellite sensors, 
determines measurement accuracy and confidence in this claimed measurement ac-
curacy. Satellite sensors that target the lowest measurement uncertainties require 
the most extensive effort at prelaunch and onboard calibration and post-launch vali-
dation. In making conclusions about a climatic trend from a set of satellite measure-
ments, i.e., from a satellite data record, scientists consider the robustness of the SI 
traceability, which varies with satellite sensor and type of measurement made. 
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Scientists recognize the advantages for strengthening the SI-traceability of some 
satellite climate measurements. The recognition has led NASA to consider the Cli-
mate Absolute Radiance and Refractivity Observation (CLARREO) satellite mission 
in its Decadal Mission planning. CLARREO’s mission includes the establishment of 
benchmark SI-traceable climate measurements with extremely low uncertainties.
Q3. In your testimony you indicate that some emission quantification systems, such 

as continuous monitoring of geographical areas are currently not available. Do 
you have any estimate on when such monitoring capabilities could be possible?

A3. Continuous monitoring of geographical areas poses significant emissions quan-
tification challenges that are driven by the range of source and sink types and spa-
tial scales found in most geographical areas. Both industry and federal, state and 
local government agencies will be involved. Some, but not all, of the emissions quan-
tification tools are available to the industrial community that must use them for 
emission inventory determination. The initial attempts to achieve area and regional 
emission quantification may not meet the requirements that may be set in potential 
future regulatory programs. However, putting the mechanisms in place for area or 
regional emissions quantifications should be started early in such an ambitious pro-
gram to better identify:

• Improvements to the accuracy of the wide range of measurement technologies 
used in emissions quantification;

• Refinements to the methodologies used to develop the total emission profile 
for both individual areas and for the range of areas found in the U.S.; and

• Practical metrics by which to evaluate area and regional emission profiles and 
to judge the performance of the monitoring program for the U.S.

A successful continuous monitoring program will require the coordination of ef-
forts by all parties involved, including those who own the sources or sinks in an 
area, federal, state and local governmental agencies, the global monitoring commu-
nity (e.g., World Meteorological Organization, the NOAA global network with tall 
towers and aircraft profiles, NASA remote sensing), and those concerned with ensur-
ing that emissions measurements perform with sufficient accuracy. The committee 
should consider the need to complete the development of an area emission quan-
tification system profile in the first 3 to 5 years of any program which required it.

Questions from Representative Pete Olson
Q1. If the Cap-and-Trade legislation were to pass and go into effect, would we be 

capable of ensuring accurate and fair monitoring of greenhouse gas emissions 
from individuals and businesses? If not, wouldn’t monitoring and enforcement 
be possible?

A1. If a cap-and-trade program for greenhouse gas emissions is enacted, NIST’s ca-
pabilities focused on measurement accuracy, in cooperation with the work of other 
federal agencies, would enable accurate emissions determinations that promote reli-
able monitoring and verification of emissions at covered facilities. Furthermore, 
NIST efforts to ensure accurate quantification of emissions from multiple sources 
(such as coal combustion for electricity generation, process-related emissions from 
industrial facilities, and refining operations for vehicle fuels) would contribute to 
market confidence in the quantities of traded emission allowances. 

NIST already has some experience in this role through its involvement in the Acid 
Rain Program, which was enacted as part of the 1990 Clean Air Act and includes 
a cap-and-trade program to reduce sulfur dioxide emissions from electrical power 
generation plants. To support the ability of the electrical power generation sector 
to comply with new environmental regulations, NIST, working with the specialty 
gas industry, established, in collaboration with the EPA, the NIST-Traceable Ref-
erence Materials (NTRM) program to supply industry with accurate gas-mixture ref-
erence standards necessary to calibrate pollution monitoring equipment. The NTRM 
program has been instrumental to the success of the Acid Rain program.
Q2. How confident are you in the quality of the measurement standards established 

in developing countries such as China and India?
A2. The National Institute of Standards and Technology (NIST), as well as the Na-
tional Measurement Institutes (NMIs) of both the Peoples Republic of China (NIM-
National Institute of Measurements) and India (NPLI-National Physical Laboratory 
of India) are members of the International Committee of Weights and Measures 
(CIPM), which helps to ensure the world-wide uniformity of measurements and 
standards through their traceability to the International System of Units (SI). Par-
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ticipation of these NMIs in CIPM-sponsored comparisons of national measurement 
standards, as well as NMIsponsored round robins, helps to promote the quality and 
consistency of measurement standards throughout the world.
Q3. Could National Measurement Institutes in other countries be subjected to polit-

ical pressures to falsify measurement data or standards to produce better out-
comes?

A3. The integrity of climate measurements is critical to the success of any new envi-
ronmental policies and regulations that are enacted. The primary method of ensur-
ing the integrity and comparability of climate measurements from around the world 
is to require traceability to the International System of Units (SI). Traceability re-
quires the establishment of an unbroken chain of comparisons to stated references 
that are agreed to through the International Committee of Weights and Measures 
(CIPM). The National Institute of Standards and Technology (NIST), as well as Na-
tional Measurement Institutes (NMIs) from 53 countries, are members of the CIPM 
and work together to improve the accuracy and comparability of measurements and 
standards through SItraceability. Falsification of measurement data and standards 
would most likely be detected by a number of NMIs through key CIPM-sponsored 
measurement comparisons. The results and levels of comparability established 
through these rigorous comparison procedures are publically available on the CIPM 
website.
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ANSWERS TO POST-HEARING QUESTIONS 

Responses by Dr. Albert J. Heber, Professor, Agricultural and Biological Engineering 
Department, Purdue University

Questions submitted by Representative Ralph M. Hall

Q1. You state that emissions from animal feeding operations cannot be directly 
measured but can only be estimated or calculated through other measurements. 
Such estimations are a source of uncertainty in the monitoring results. How 
would these uncertainties affect the ability of these farms to comply with a man-
datory reduction policy?

A1. I stated that while direct on-farm measurements are difficult and costly, they 
are needed to validate scientific emission models, and they allow us to test mitiga-
tion strategies. For example, direct measurements were made in the National Air 
Emission Monitoring Study and the data is being used to develop and validate proc-
ess-based emission models. 

Direct measurements, like all measurements, have an associated uncertainty as 
clearly explained by Dr. Gallagher in his testimony. Higher uncertainties can limit 
the ability of the farms to comply with mandatory reduction policies, but the uncer-
tainties of direct measurements of emissions at confined animal feeding operations 
are reasonable.
Q2. Many people look to forestry and agriculture as potential sources of carbon cred-

its. Planting trees, switching to no-till farming practices and other projects are 
seen as a low-hanging fruit for greenhouse gas reductions. If you are unable to 
take direct measurements, how are these reductions verified? What would this 
mean in terms of generating off-set credits in a mandatory. regulatory regime?

A2. As indicated above, direct measurements can be conducted at livestock farms, 
but they are relatively expensive.
Q3. Dr. Gallagher’s testimony emphasizes the importance of measurements science 

research to ensuring the accuracy and comparability of quantitative measure-
ments of climate change data. With respect to measurement confidence, what is 
the quality of the data that we currently collect? Are our sensors and data collec-
tion systems backed by the necessary measurement science noted by Dr. Galla-
gher? If not, how do scientists quantify and account for the lack of confidence 
in their data when reporting results?

A3. The measurements conducted by the National Air Emissions Monitoring Study 
were governed by an EPA-approved Quality Assurance Project Plan which included 
NIST traceability. Scientists can determine the uncertainty of their measurements 
and this is being done for the national study.
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