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AN EXAMINATION OF THE IMPACTS OF
GLOBAL WARMING ON THE CHESAPEAKE BAY

WEDNESDAY, SEPTEMBER 26, 2007

U.S. SENATE,
COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS,
Washington, DC.

The full committee met, pursuant to notice, at 9:34 a.m. in room
406, Dirksen Senate Office Building, Hon. Barbara Boxer (chair-
man of the full committee) presiding.

Present: Senators Boxer, Inhofe, Cardin, Warner, Whitehouse.

Also present, Senators Mikulski and Webb.

STATEMENT OF HON. BARBARA BOXER, U.S. SENATOR FROM
THE STATE OF CALIFORNIA

Senator BOXER. We call the Committee to order. We welcome our
honored guests. I know that Senator Warner has to go down to the
Floor and work on the defense bill. He is going to come back as
soon as he possibly can, but in deference to his schedule, I would
?Sdk if he would like to make his remarks before Senator Inhofe and

0.

Senator WARNER. I thank you, Madam Chairman.

Senator BOXER. Certainly.

Senator WARNER. Then I shall return to this hearing quite
promptly.

STATEMENT OF HON. JOHN WARNER, U.S. SENATOR FROM
THE COMMONWEALTH OF VIRGINIA

Senator WARNER. I am privileged this morning, together with my
colleague Senator Webb, to introduce our distinguished Governor,
Governor Kaine, who I have worked with now these several years.
It has been my privilege in the 29 years I have been in this institu-
tion to work with 10 Virginia Governors. I would say that this one
is fast achieving the role of being at the top of his class. He has
a heartfelt concern about the issues surrounding global climate
changes, the mysteries and what is known in this area. He is pro-
ceeding to lead our State to take an important position, along with
other States I hope, as we begin to go into the world of the un-
knowns and try and do what we can at this point in America’s his-
tory to hopefully join other nations to achieve a measure of global
warming recognition and action.

Under your leadership, as you know, Senator Lieberman and I
have a bill that will soon come before this Committee. But on this
subject, I would like to first mention that it has been my privilege
to work on the issues of the Chesapeake Bay for many years. I
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harken back to two great Senators, Senator Matthias and Senator
Paul Sarbanes and I and others who initiated the earliest legisla-
tion with regard to the Chesapeake Bay. We went in there with the
best of intentions, and laid a foundation legislatively. I think collec-
tively the several States that border the Bay have begun to pull
their fair share of the load and responsibility, together with the
Federal Government, but it has to be a joint project.

This magnificent bay is absolutely essential to our ecosystem,
and also we must be concerned about a part of the real estate of
our great commonwealth, Virginia, which borders the Bay and
could be subjected, the Tidewater region, to severe damage if in the
future years there is a significant rise in the water levels world-
wide. I believe our territory—and the Governor will go into details
on this—is one of the lowest of any major city throughout certainly
the United States.

So we are anxious to hear from Governor Kaine when his time
comes, and thank you, Madam Chairman and the Ranking Mem-
ber, for allowing me to make a few remarks. I will return as quick-
ly as I can.

[The prepared statement of Senator Warner follows:]

STATEMENT OF HON. JOHN WARNER, U.S. SENATOR FROM THE
COMMONWEALTH OF VIRGINIA

Good Morning. I am pleased to welcome today’s witnesses, and was pleased to
welcome my distinguished colleagues from the Chesapeake Bay region, Senators
Webb and Mikulski, Congressman Gilchrest, Governor Kaine, and Governor
O’Malley. Your presence here today speaks to the serious nature of the issue today’s
hearing will examine.

Together over the years, the Congressional delegations from Virginia and Mary-
land have played a pivotal role in efforts to promote restoration of the Chesapeake
Bay. The state governments have enacted strong restoration policies as well. I fear
that all this good work, just a drop in the bucket of what it will take to “Save the
Bay,” is racing an impossible race against increasing global temperatures and sea
level rise.

The Chesapeake Bay is a national treasure that sits on the front lines of climate
change. The problems that already plague the Bay will be exacerbated if Congress
does not fulfill its responsibility and enact a measure to reduce greenhouse gas
emissions. It is widely known by now that I have entered into a partnership with
my friend and colleague, Senator Lieberman, to craft a climate change bill. We hope
to have a bill for introduction in the early weeks of October.

Madam Chairman, I am deeply troubled by the impacts climate change is having
in my own back yard. It is an environmental issues as well as an economic issue.
The Chesapeake Bay is one of the most significant estuary systems in the United
States, but it is greatly changed from the days when blue crabs and oysters were
abundant. I fear not only that family traditions will be lost, but that an economic
driver for the Eastern Seaboard is in jeopardy.

I look forward to hearing today’s witnesses examine not only the impacts climate
change is having on the Bay, but possible solutions as well.

Thank you.

Senator BOXER. Thank you, Senator Warner. Thank you very,
very much.

This is a very important day for me as Chairman of this Com-
mittee, and I know for Senator Cardin who is one of our newest
and a wonderful member of this Committee, he and Senator Mikul-
ski, Senator Webb and others have been asking me please to take
a look in our own backyard at the impacts that global warming is
having already.

This Committee, many members went to Greenland. We saw
what is happening there with the ice melt. As a matter of fact, Sen-
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ator Mikulski, who sits on a key subcommittee on Appropriations,
joined us in that trip. That is why her presence here today is so
valuable because we are kind of marrying what we learned in
Greenland in looking at the lessons in our own backyard. But they
have pressed us to do this hearing. Senator Warner asked us to do
it at a time when he could be here. Now, look what has happened
with the defense bill, so I am sure he is going to come back. It is
a good day for us.

I want to talk about a little bit before our panel some of the im-
pacts that are close to us here in D.C., because you really don’t
have to travel as far as Greenland to see the impacts of global
warming, when you could see them a few miles at the Chesapeake.
The Chesapeake Bay is already showing the effects of global warm-
ing, including sea level rise, warmer water, erosion of the shore-
line, loss of wetlands that protect us from strong storms and pro-
vide habitat for our wildlife.

Testimony we will hear from leading scientists today, and a vari-
ety of published studies, say that warmer air and water in the re-
gion will change the Bay ecosystem, contribute to worsening dead
zones, and harmful algae blooms, and encourage the spread of ma-
rine diseases and invasive species.

I ask unanimous consent that a report by the National Wildlife
Federation being released today, entitled “The Chesapeake Bay
and Global Warming: A Paradise Lost for Hunters, Anglers and
Outd((ior Enthusiasts?”—that is the title of it—be entered into the
record.

[The referenced document follows on page 88.]

Senator BOXER. This report concludes that warming will harm
fish, oyster, clam and crab populations, as well as the breeding
grounds and migration patterns for waterfowl. Fewer birds are ex-
pected to make their way to the Chesapeake Bay. This will also
disrupt the ability of watermen, hunters and anglers to use and
enjoy the Bay.

These kinds of impacts are not limited to the Chesapeake Bay.
We are beginning to see some of them in my own home State of
California. But there is good news. The good news is that we can
do something about this, and we will all be better off for it. The
solutions to global warming are good for our economy, good for our
security, and good for our planet.

Yesterday, with strong leadership from Senator Sanders, we held
a hearing examining green jobs created by global warming initia-
tives. Witnesses told us that through addressing global warming,
we can create potentially millions of new green collar jobs. We
heard from very successful businessmen.

We can address global warming, while expanding our economy,
improving our energy independence, and enhancing our national
security. So those are the reasons why I approach this issue with
hope and not fear. I believe we can rise to the challenge. The really
great news is this Committee is ready to do that under the leader-
ship of my subcommittee Chair Lieberman and Ranking Member
of his Subcommittee Warner. We expect to have a very good bill
very soon before this Committee.

So we will rise to the challenge. I am determined that we can
and will solve global warming, while strengthening our economy,
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creating new green jobs, and saving all of our backyards, including
our national treasures, and in that list, certainly the Chesapeake
Bay.

So with that, I will turn to my Ranking Member, Senator Inhofe.

STATEMENT OF HON. JAMES M. INHOFE, U.S. SENATOR FROM
THE STATE OF OKLAHOMA

Senator INHOFE. Thank you, Madam Chairman.

I appreciate the comments made by Senator Warner. I hope that
he does bring out a bill, the Warner-Lieberman bill or whatever
they want to call it, because this is the 14th hearing that we have
had on global warming. It is time that we go ahead and get some
action. So I hope that is the case.

I would like to give the other side of this, that due to an abun-
dance of new peer-reviewed studies, analyses and data error discov-
eries in the last several months, this year has been a dramatic one
for global warming revelations. There has been a scandal at the
U.S. Temperature Data Network, where thermometers have been
intentionally placed near heat-generating equipment and hot as-
phalt. Further, the Antarctic ice has grown to record levels since
satellite monitoring began in the 1970s. And NASA temperatures
data (i'eevaluation have made 1934, not 1998, the hottest year on
record.

Now, most interestingly, and the Chairman mentioned the trip
to Greenland, Greenland has cooled since the 1940s. According to
multiple peer-reviewed studies, current temperatures in Greenland
have not even reached the temperatures from the 1930s and 1940s.
It is important to note that 80 percent of the manmade CO, came
after these high temperatures were reached in Greenland. We have
seen global average temperatures flatline since 1998, and the
Southern Hemisphere—I don’t think anyone disagrees—has been
cooling in recent years.

Many of my colleagues today will undoubtedly say that the
science advocating manmade global warming is settled. In fact, just
last month a comprehensive survey of peer-reviewed scientific lit-
erature from 2004 to 2007 revealed—and this is very significant—
“less than half of all published scientists endorse global warming
theory.” This is a quote out of the report. The survey used the same
search term as was used in the survey that was cited by Al Gore
in his movie as proof of consensus, the identical search term that
Al Gore used. The study revealed that 528 total papers on climate
change, out of those only seven percent gave explicit endorsement
of the consensus. The figure rose to 45 percent if one includes im-
plicit endorsement over the acceptance of the consensus without ex-
plicit statements.

While only six percent reject the consensus outright, the largest
category, 48 percent, is neutral papers refusing to either accept or
reject the hypothesis. This led the science publication Daily Tech
to conclude in August, just last month in 2007, “this is no con-
sensus.” Let me repeat. Just last month, a comprehensive survey
of peer-reviewed scientific literature from 2004 to 2007 said less
than half of all published scientists endorse global warming theory.
This is a huge change from 5 years ago and 10 years ago, but
science does improve as time goes by.
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With regard to the Bay, its sea levels have been rising for thou-
sands of years. The Bay itself is a product of a rising sea level. The
Bay is at best 10,000 years old, and recognizable to us in its cur-
rent form only in the last 5,000 years. Further, according to the
U.S. Geological Survey, the Bay has risen about 6 inches per cen-
tury over the last 6,000 years. According to the Maryland Depart-
ment of Natural Resources, the sea level rise is due to naturally
occurring regional land subsidence. The land is subsiding at a rate
of 1.33 millimeters per year.

In its report on global warming, the Chesapeake Bay Foundation
noted that much of the area is actually sinking due to the geologi-
cal processes that began during the last ice age. The Bay and its
sea life have adjusted to its constant rise in sea level and will con-
tinue to adjust, and if the pollution issues can be brought under
control, it will continue to flourish.

I think this hearing should not have been about the impact of
global warming on the Bay, but rather propose that this hearing
should have been on the Bay’s health, the pollution sources, the
local economy, and the water quality. In 2000, Virginia, Maryland,
Pennsylvania and the District of Columbia signed the Chesapeake
2000 Agreement, whereby they committed to reducing loadings suf-
ficient to remove the Chesapeake and its tributaries from EPA’s
list of impaired waters by 2010.

In 1985, 358 million pounds of nitrogen were delivered to the
Bay’s tidal waters. By 2005, nitrogen loadings into the tidal waters
were down to 286 million pounds. However, as noted in last year’s
Inspector General report, the average rate of decrease in nitrogen
loadings is about 3.4 million pounds annually. In order to meet the
2000 Agreement’s goal of removing the Bay from EPA’s impaired
water list, nutrient loadings must be reduced by 16 million pounds
annually. According to the 2006 Chesapeake Bay 2006 Health and
Restoration Assessment, the signatories have met fewer than 50
percent of their restoration goals. We should examine those goals.

I will submit the rest for the record, because what I am saying,
Madam Chairman, is that there are problems with the Bay that
need to be addressed, pollution problems, and I think perhaps we
could do that, and maybe another hearing would be more appro-
priate.

[The prepared statement of Senator Inhofe follows:]

STATEMENT OF JAMES M. INHOFE, U.S. SENATOR FROM THE STATE OF OKLAHOMA

Today’s hearing is on the impact global warming is having on the Chesapeake
Bay. It is also this Committee’s 14th hearing on global warming. It was my hope
that we would begin having hearings and discussions on actual bill language so that
Members can begin to understand the intricate details of how many of the ideas
mentioned today would work in reality. Due to an abundance of new peer-reviewed
studies, analyses, and data error discoveries in the last several months, this year
has been a dramatic one for global warming revelations. There has been a “scandal”
of U.S. temperature data network where thermometers have been erroneously
placed near heat generating equipment and hot asphalt. Further, Antarctic ice has
grown to record levels since satellite monitoring began in the 1970’s and NASA tem-
perature data re-evaluations have made 1934—not 1998—the hottest year on record
in the United States.

Most interesting, Greenland has cooled since the 1940’s. According to multiple
peer-reviewed studies, current temperatures in Greenland have not even reached
the temperatures from the 1930s and 1940s. It is important to note that 80% of
man-made CO; came after these high temperatures were reached in Greenland. We
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have seen global average temperatures flat line since 1998 and the Southern Hemi-
sphere cool in recent years.

Many of my colleagues today will undoubtedly say the science advocating man-
made global warming is settled. In fact, just last month, a comprehensive survey
of peer-reviewed scientific literature from 2004-2007 revealed “Less than half of all
published scientists endorse global warming theory.” The survey used the same
search term as that used in a survey cited by Al Gore in his movie as proof of the
consensus.

The study revealed that of 528 total papers on climate change, only 7% gave an
explicit endorsement of the consensus. The figure rose to 45 percent if one includes
implicit endorsement, or the acceptance of the consensus without an explicit state-
ment. While only 6% reject the consensus outright, the largest category (48%) is
neutral papers, refusing to either accept or reject the hypothesis. This lead the
science publication Daily Tech to conclude in August 2007 “This is no ‘consensus.””
Let me repeat, just last month, a comprehensive survey of peer-reviewed scientific
literature from 2004-2007 revealed “Less than half of all published scientists en-
dorse global warming theory.”

With regard to the Bay, its sea levels have been rising for thousands of years.
The Bay itself is the product of rising sea level. The Bay is at best 10,000 years
old and recognizable to us in its current form only in the last 5,000 years. Further,
according to the U.S. Geological Survey, the Bay has risen about 6 inches per cen-
tury over the last 6,000 years. According to the Maryland Department of Natural
Resources, the sea level rise is due to naturally occurring regional land subsidence.
The land is subsiding at a rate of 1.33 millimeters per year. In its report on global
warming, the Chesapeake Bay Foundation noted that “much of the area is actually
sinking due to geological processes that began during the last ice age.” The Bay and
its sea life have adjusted to its constant rise in sea level and it will continue to ad-
just and if the pollution issues can be brought under control, it will continue to
flourish.

This hearing should not have been about the impact of global warming on the Bay
but rather I would propose that this hearing should have been on the Bay’s health,
the pollution sources, the local economy and the water quality. In 2000, Virginia,
Maryland, Pennsylvania and the District of Columbia signed the Chesapeake 2000
Agreement whereby they committed to reducing loadings sufficient to remove the
Chesapeake and its tributaries from EPA’s list of impaired waters by 2010.

In 1985, 358 million pounds of nitrogen were delivered to the Bay’s tidal waters.
By 2005, nitrogen loadings into the tidal waters were down to 286 million pounds.
However, as noted in last year’s Inspector General report, the average rate of de-
crease in nitrogen loadings is about 3.4 million pounds annually. In order to meet
the 2000 Agreement’s goal of removing the Bay from EPA’s impaired waters list,
nutrient loadings must be reduced by 16 million pounds annually. According to the
2006 Chesapeake Bay 2006 Health and Restoration Assessment, the signatories
have met fewer than 50% of their restoration goals. We should examine why those
goals have not been met, whether the goals were realistic, whether the resources
exist to meet them and where best to devote limited federal dollars in the effort.
According to the Congressional Research Service, the federal government spent $58
million in 2006 directly on Chesapeake Bay programs and projects. This does not
include any funding received through the two state revolving loan funds or the
USDA conservation programs. We should be discussing whether that money was
well spent or should be focused elsewhere.

I think today is a lost opportunity. While much of the testimony is focused on
global warming, I remain hopeful we will be able to learn about local solutions to
the problem of nutrient and sediment loadings.

Senator BOXER. Thank you very much, Senator. I think Senator
Cardin will talk about how we are doing that in the WRDA bill
that you were so helpful on.

Senator Cardin.

STATEMENT OF HON. BENJAMIN L. CARDIN, U.S. SENATOR
FROM THE STATE OF MARYLAND

Senator CARDIN. Well, Madam Chair, thank you very much.

I have the deepest respect for my colleague, Senator Inhofe. The
two of us have been working together for many, many years and
I respect his views. I must tell you I agree that science does im-
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prove as time goes on, and we know a lot more today than we knew
a decade ago. We now know a lot more about the dangers of global
warming.

I regret that you weren’t on our trip to Greenland, because you
would have seen first-hand the impact of the warming climate in
Greenland, the ice loss which is dramatic and occurring literally as
we see from year to year. It is a dramatic indication of the risks
that we face as a world because of global warming.

I do want to acknowledge that global warming is a most serious
threat to the Chesapeake Bay, but it is not the only threat. The
nitrogen levels are a major concern. I want to thank Senator
Inhofe, as I did on the floor of the U.S. Senate, and Senator Boxer,
for their extraordinary leadership to get the water bill passed, the
first reauthorization in 7 years. It has a major emphasis on the
Chesapeake Bay and on the issues that Senator Inhofe mentioned
on cleaning up the Bay, including dealing with wastewater treat-
ment and the traditional programs that the Federal Government
has been a partner with our States and local governments and pri-
vate sector, in dealing with the pollution problems of the Chesa-
peake Bay.

There is no one answer to the Chesapeake Bay, but global warm-
ing is a serious problem and one that we can deal with. I think
that is very much indicated by the distinguished group of witnesses
that we have with us today, starting with the senior Senator from
Maryland, Senator Mikulski, who has been a tireless fighter on be-
half of the Chesapeake Bay, and understands the importance it has
not only to the economy of our region, but what makes this region
so unique, and the fact that this is a national model on how com-
munities can work together with government to improve the qual-
ity of a very difficult, but important, body of water. So Senator Mi-
kulski, I thank you for your leadership on these issues.

It is also nice to have Senator Webb and Congressman Gilchrest
with us. Senator Webb and I were elected to the U.S. Senate this
year and he has taken on the challenge of the Chesapeake Bay. I
thank you very much for your leadership.

Congressman Gilchrest represents the entire Eastern Shore of
Maryland and has been an outspoken advocate of sensible ways to
improve our environment and maintain a way of life that is so
unique to the people of the Eastern Shore. I thank you for your
leadership.

I particularly appreciate your Governors being here today—Gov-
ernor O’Malley and Governor Kaine. Both are leaders on the
Chesapeake Bay issues. Governor O’Malley has been Governor just
for a few months and he has already shown his dynamic leadership
to the people of Maryland. He chairs the Chesapeake Executive
Council. It has initiated the Regional Greenhouse Gas Initiative in
our State, and we thank you for that. Governor Kaine has taken
on the leadership of Virginia as an active partner on our Chesa-
peake Bay restorations.

I also want to acknowledge the work of Senator Warner. I am
glad that Senator Warner mentioned Senator Matthias and Sen-
ator Sarbanes. All have been real champions of the Chesapeake
Bay. We will hear later from some outstanding experts. Don Boesch
is one of the world’s leading scientists on coastal systems. Pastor
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Rick Edmund, who will tell us first-hand the problems of Smith Is-
land and the erosion there, and the sea level change, the effect that
it is having. He is one of our leaders in the faith community. Will
Baker is the longtime president of the Chesapeake Bay Founda-
tion, 190,000 members that are committed to restoring the Chesa-
peake Bay.

Just very quickly, according to Maryland Emergency Manage-
ment, Maryland is the third most vulnerable State to flooding. All-
State Insurance has announced that it will no longer underwrite
new homeowners’ policies in much of Maryland because of rising
sea levels and the increasing rate of severe storms which scientists
tell us are associated with global warming. There you see what has
happened to our State, the vulnerability to flooding in Maryland.

About one third of Blackwater Wildlife Refuge has been lost in
the past 70 years, and Smith Island has lost 30 percent of its land
to rising sea levels since 1850. Madam Chair, it is no exaggeration
to say that global warming presents a grave long-term risk to the
restoration of the Chesapeake Bay.

We salute the strong actions already being undertaken by the
States of Maryland and Virginia, but it is time for national leader-
ship on global warming. I look forward to hearing from our distin-
guished witnesses today, and this Committee taking forceful action
on climate change. It is important for the Chesapeake Bay. It is
important for our Country. It is important for the globe in which
we live. I look forward to hearing from our witnesses.

[The prepared statement of Senator Cardin follows:]

STATEMENT OF HON. BENJAMIN CARDIN, U.S. SENATOR FROM THE
STATE OF MARYLAND

The Chesapeake Bay is America’s largest estuary and a natural resource of global
significance. The United States Congress has called it “a national treasure.” But
today the Chesapeake Bay faces perhaps a serious challenge.

Global warming presents a present and growing threat to public safety, to key
Bay species such as blue crabs and rockfish, and to the fragile lands that surround
the Chesapeake.

According to the Maryland Emergency Management Agency (MEMA), Maryland
is the third most vulnerable state to flooding.

Allstate insurance has announced that it will not longer underwrite new home-
owners policies in much of Maryland because of rising sea levels and the increasing
rate of severe storms, which scientists associate with global warming.

In a report being released today, the National Fish and Wildlife Federation warns
that we are likely to lose all of the winter flounder and soft-shelled clams in the
Bay because water temperatures will simply be too hot for them to survive.

About one-third of Blackwater Wildlife Refuge has been lost in the past 70 years
and Smith Island has lost 30% of its land to rising sea levels since 1850.

It is no exaggeration to say that global warming presents a very grave long-term
threat to the restoration of the Chesapeake Bay.

We salute the strong actions already being undertaken by our states of Maryland
and Virginia. But the time for national leadership on global warming is now. I look
forward to hearing from our distinguished witnesses today and to this Committee
taking forceful action on climate change in the near future.

. As the experience of the Chesapeake Bay makes clear, we can’t afford to wait any
onger.

Senator BOXER. Thank you very much.

I know that Senator Inhofe is going to a meeting where he is try-
ing to help us get that WRDA bill

Senator INHOFE. At the White House. That is right.

Senator BOXER [continuing]. Get that WRDA bill signed into law.
So Senator, you wanted to make a comment?
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Senator INHOFE. I did want to make one comment. There is no
one I love more than Senator Mikulski. We are very, very close. We
actually have been together on a lot of our Thursday afternoon
meetings. But I have to object to have the Senator sit at the dais,
because we have never done that in the history of this Committee.
I know this came up a couple of times when I was Chairman of the
Committee, and I hope you understand that.

Senator MIKULSKI. Madam Chair, may I respond?

Senator BOXER. Yes.

Senator MIKULSKI. Madam Chair, you will hear in my testimony
that the subcommittee that I have the proud honor to Chair, Com-
merce, Justice and Science, funds 85 percent of the science that is
done on global warming. I ask to sit at the dais in two capacities.
Number one as the Senator from Maryland, because this is a hear-
ing, and I would of course be happy to be joined by my colleague.
I am delighted that our colleague from the House, Congressman
Gilchrest is here. We do function as Team Maryland on the issues
related to the State.

The second reason that I wanted to sit at the dais, though, is
that I do fund 85 percent of the science that this Committee relies
upon, all that information that Senator Cardin has conveyed up
there and that Senator Inhofe conveys comes from our committee.
I might add, the committee is the Mikulski—Shelby Committee. We
really do function on a keen bipartisan basis.

I will yield to the Senator’s objection, but I will ask as a courtesy
since 85 percent of what we fund and you rely on, I will assume
my seat behind you, as I am behind you 100 percent, and I will
function as a staff member to the Committee.

Senator INHOFE. Let me respond. First of all, if the Chairman
would agree, this would be a one time only event, since it hasn’t
happened before. I would have no objection. I would just make the
exception for this meeting. Would you agree?

Senator BOXER. Senator, I am not going to agree to that. I am
the Chairman of this Committee. I have spoken with you. You
knew this was coming. I asked if Senator Mikulski could join us.
You said that it is not allowed. I went back to the Parliamentarian.
There is absolutely no rule against this, and many committees do
this. I can’t tell you from the day one whether this Committee has
ever done it, and I don’t think you can either.

Indeed, it is permissible. It seems to me that we may not agree
on this issue. Lord knows, we don’t. We agree on others. But we
should have a sense of comity here. This is a colleague who would
bend over backwards for you if you ever asked her for anything. I
am going to ask unanimous consent that we allow Senator Mikul-
ski to join us today.

Senator INHOFE. I object. Let me reserve the right to object.

What you say is partially right, but it is unprecedented in this
Committee. There is not a time, and we have done some research
to see if that has ever happened before. It hasn’t happened before.
We tried it when I was Chairman of the Committee. It was ob-
jected to. But I am willing to make the exception for you, Senator
Mikulski, and I hope that you will be seated up here and will ac-
cept the invitation.
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Senator MIKULSKI. Madam Chair, if I might, as again a personal
privilege. We need to focus on the issue of global warming and the
impact on the Bay. We have two outstanding Governors here. I
want the focus of the hearing to be on the Chesapeake Bay and
global warming, and not on myself.

I yield to the ruling of the Chair.

Senator BOXER. Well, the ruling of the Chair, if I had the chance
to rule, would be that you would be joining us. We have had objec-
tion, and I just might say, let’s just——

Senator INHOFE. I am trying to——

Senator BOXER. I understand you are trying to move on, and I
appreciate it, but I think it is important to take a moment here,
and I will do that. This is an outrage. This is my friend.

Senator INHOFE. It is an outrage to invite

Senator BOXER. If I might conclude, please. It is an outrage to
object to a sincere colleague who wants to work with us on a bipar-
tisan basis that is so close to her heart. I am offended. It doesn’t
diminish my wanting to work with you in the future. I mean, Sen-
ator Inhofe was going to go to the floor and object to the commit-
tee’s meeting today if this happened. And he has to leave us and
I would not do something behind his back, so that is why we are
having

Senator INHOFE. And that is why I am inviting Senator Mikulski
to sit up here on the dais and participate. We will make an excep-
tion if you would agree that this is an exception we are making for
Senator Mikulski.

Senator CARDIN. Will the Senator yield?

Senator INHOFE. I don’t see a problem with that.

Senator CARDIN. Would the Senator yield for a moment?

Senator INHOFE. Yes.

Senator CARDIN. I appreciate your concern that we stick to the
rules of the House, but we have a problem in getting Senators to
attend hearings. It seems to me that it is helpful if we could have
the benefit of another Senator in questioning the really distin-
guished panel that we have here. I would just urge you—I under-
stand that you have the right to object and I understand your con-
cern. I agree with Senator Mikulski, today’s hearing is so impor-
tant, just so important, the subject that we are dealing with. It is
not about one Senator. It is about the issue of the Chesapeake Bay
and the relationship of global warming and the relationship to the
other issues that you raised. I just think it would be so helpful for
this Committee to have the expertise of Senator Mikulski.

Senator INHOFE. And I agree, Senator Cardin. I agree with ev-
erything you just said. So why don’t you sit up here and we will
make that exception for today. I would be delighted to do it.

Senator BOXER. Okay, we will make the exception today, and I
am not stating that this will be the only time I will ask for that,
but please join us.

Senator INHOFE. Thank you.

Senator MIKULSKI. Thank you very much, Madam Chair.

Senator INHOFE. Thank you, Senator Mikulski.

Senator BOXER. Thank you, Senator.

Senator MIKULSKI. I also thank you, then, for the extension of
that courtesy.
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Senator BOXER. All right.

Now, I think we are ready to get started now.

Senator MIKULSKI. Who kicks it off?

Senator BOXER. Senator Mikulski, with that tremendous intro-
duction, we welcome you. All of us do.

[Laughter.]

Senator BOXER. We urge you to begin.

STATEMENT OF HON. BARBARA MIKULSKI, U.S. SENATOR
FROM THE STATE OF MARYLAND

Senator MIKULSKI. It is more than the ice caps that face a melt-
down, Madam Chair.

[Laughter.]

Senator MIKULSKI. First of all, I want to thank you for holding
this hearing as one of your hearings on the impact of global warm-
ing on our Country and on the world. I want to thank the members
of the EPW Committee, and certainly my colleague, Senator
Cardin, and a special comment to Senator Warner, who has been
a long-time champion. He is a defender of the United States of
America, and also of this planet itself. He has done it as a
warfighter and he now continues to do it in protecting the Chesa-
peake Bay and being concerned about these environmental issues.

As you can see, we are here at this table on a bipartisan basis.
We are so pleased that you are focusing on the Bay, because too
often the thoughts about global warming are about polar bears in
Antarctica, and it seems very removed from the everyday life of
what American citizens face.

What we are so excited about that you are focusing on is regional
impact, the impact of global warming will have a stunning affect
on how we live in our own Country, and could even create an inter-
national series of security crises.

Madam Chair, you visited our State. You know that the Bay is
not only a great estuary, but it is part of the soul and culture and
economy of our great State of Maryland and Delaware. What we
know is that if anything happens to the Bay, Maryland as we know
it will come to an end. You will hear from our distinguished Gov-
ernor and Governor Kaine. You will hear from people who have
worked on the Bay as scientists and watermen that will be able to
tell you about it. Because if the Bay goes, so will Maryland and so
will Virginia, so will our way of life, so will our economy.

There will be no inner harbor. There will be no agriculture.
Good-bye to crabs. Good-bye to oysters, watermen, farmers. So it is
the little people with dirt under their fingernails. It is the people
who are inventing dot.com ideas in our digital harbor. All of that
will be wiped out if the sea levels and temperatures rise.

Now, we believe that whatever decisions that the Committee
makes should be made with sound science. As you know, I stand
for ungagged, unfettered science to tell us what we need to do. In
our outstanding trip to Greenland, as you know, it was the triumph
of the geek. They told us what we needed to know scientifically.

Madam Chair, I won’t repeat everything I stated earlier, but our
committee, Commerce, Justice and Science, Senator Shelby and I
fund 85 percent of all of the climate change science, including for
NASA, NOAA and the National Science Foundation. Remember,
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our own advisor for our Greenland trip told us he could do his work
because of the National Science Foundation. You remember our Eu-
ropean friend said we were the indispensable Nation on climate
change research because of what NASA does.

I won’t go into this Committee here about what we do, but we
have a coordinated effort in our subcommittee, working on a bipar-
tisan basis with Senator Shelby to continue taking a look at what
is happening and what we can do with best practices that are af-
fordable, from satellite research to working with people on the
ground.

You will hear from my colleagues about other things that we
have done to protect the Bay, from everything from trying to deal
with water and sewer runoff, to research on oysters and crabs, and
the EPA Bay Program. But all solutions are local, and I want to
very much today bring to the table someone who I believe is an
outstanding leader on the Chesapeake Bay and the environmental
issues.

I want to introduce Governor Martin O’Malley, who has been a
great partner in saving the Bay. Governor O’Malley is a true inno-
vator, taking what he did as Mayor of Baltimore with his CitiStat
program, in other words, back to data. We want to be data-driven,
science-driven, policy-driven that links outcomes with cost. He cre-
ated something called BayStat, which is going to establish an ac-
countability process to measure and evaluate restoration efforts up
and down the Bay.

He created the Maryland Commission on Climate Change, and
he is going to tell you about it. He is not only a leader in our State,
but in this Country. I am pleased to introduce him and following
will be a wonderful panel of people from watermen to scientists to
advocates on the Bay.

I thank you for holding this hearing. I thank you for defending
the Bay, and I thank you for defending me.

[Laughter.]

[The prepared statement of Senator Mikulski follows:]

STATEMENT OF HON. BARBARA MIKULSKI, U.S. SENATOR FROM THE
STATE OF MARYLAND

Thank you Chairwoman Boxer, for holding this hearing today on the impact of
global warming on the Chesapeake Bay. Thank you also to the members of the EPW
Committee, including Senator Ben Cardin, my great partner in the Senate and a
champion for the Bay, and Senator John Warner, who I've worked with for many
years on the Bay and other issues important to Maryland and Virginia.

I'm excited to be here today because global warming is not just about polar
bears—it’s about the future of the planet itself It is an inconvenient truth. We need
to look at this problem locally to see the real consequences.

The coastal senators are already seeing and feeling this problem. Our sea levels
are rising, our wetlands are disappearing and our islands are underwater. We're
looking at the possibility that our agriculture will be wiped out and there won’t be
a Baltimore Harbor.

In Maryland, the Bay Is our economy, our culture, our soul. Being a waterman
is not just a job; it’s a way of life. At the same time, we know that Maryland has
a turbo economy and we need wise practices to balance the demands on our environ-
ment and our economy.

It is my proud job, as the Chairwoman of the Commerce Justice Science (CJS)
Appropriations Subcommittee, to fund 85 percent of climate change science. And 1
am happy to work with you, the authorizers, to make sure we have sound science
that is ungagged, unbought and unbossed—to let science speak for itself.

We are here today to discuss how we should fix this problem. I sat down with
my Environmental Advisory Board and asked them, ‘What is the real impact of
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global warming on the Bay? What have we done to fix it? What more can we do?
They gave me valuable information and I greatly appreciate all their help. Based
on their feedback, we decided to hold this hearing to open a dialogue between gov-
ernment officials, scientists and local Bay residents so we can discuss problems cur-
rently facing the Bay and what our next steps should be.

Through three presidents, I've been fighting to restore the health of the Bay.
Every year, I fight for $20 million for the Chesapeake Bay Program, bringing to-
gether federal, state and local government, and community groups to create solu-
tions for Bay clean up to restore water quality, habitats and fisheries. I've been
helping scientists and researchers find the best ways to restore oysters and crabs
in the Bay, fighting for almost $13 million for oyster reseeding since 2001 and more
than $20 million to build new oyster reefs since 1995. This is important because oys-
ters help filter pollutants out of the Bay and restoring oysters also helps maintain
jobs and opportunities for our waterman. Crabs are also a vital part of the Bay’s
ecosystem and support jobs in a struggling region of my state, so I've been helping
scientists find new methods of breeding and releasing crabs, providing nearly $12
million since 2001.

Our local communities who can’t afford to improve water quality also need help.
That’s why I've been fighting for increased funding for water and sewer infrastruc-
ture for Maryland, which received more than $21 million in 2006.

I am Chairwoman of the Commerce Justice and Science (CJS) Appropriations
Subcommittee. My CJS bill informs policymakers’ decisions on what to do about
global warming. In fact, 85 percent of climate change science is funded in CJS with
almost $1.6 billion per year. Without the science that is funded in the CJS bill, pol-
icymakers on the Environment and Public Works Committee would not have the im-
portant benefit of this sound science to base regulatory and policy decisions.

The CJS bill funds NASA’s [National Aeronautics and Space Administration]
earth science programs at $1.1 billion. This supports the important research mis-
sions that study chemicals and aerosols in the atmosphere, the earth’s energy budg-
et and links between oceans and climate. NOAA’s [National Oceanic and Atmos-
pheric Administration] weather and satellite programs, which provide short and
long term observations and predictions of our weather and climate, are funded at
$300 million per year. NSF’s [National Science Foundation] research is funded at
$200 million per year, and supports competitive, peer-reviewed, basic ‘ground truth’
research by university scientists.

I stand ready to work with the authorizers and I am happy you’re having this
hearing today. There may be international agreements and national bills, but this
is ultimately a local issue. That is why its so important to hear from the state and
local officials. I am proud to introduce Governor Martin O’Malley, who has been a
great partner with me in saving the Bay. Governor O’Malley is a true innovator,
taking what he did when he was mayor of Baltimore—City Stat, a program he pio-
neered to make government more efficient—and creating Bay Stat, which estab-
lishes a process of accountability for measuring and evaluating efforts to restore the
Bay. He also created the Maryland Commission on Climate Change, which will per-
form an assessment of climate change impacts, calculate Maryland’s carbon foot-
print and develop a strategy to reduce greenhouse gases. Governor O’Malley is a
leader not just in our state of Maryland, but in this country. He will tell the Com-
mittee about his efforts to save the Bay and how we can all work together.

I thank the Chairwoman for this opportunity to open this hearing and introduce
Governor O’Malley. I look forward to hearing all of the testimony from the distin-
guished panelists and coming up with real solutions to these problems. We need to
make an action plan on how to make the Bay healthier and how state and federal
officials can work together with our partners in the community. The Chesapeake
Bay is a national treasure and Maryland’s greatest natural resource, but the Bay
is in trouble and we need to do everything we can to save it. I will always fight
to protect the Bay and the jobs and livelihoods that depend on it. Thank you again
for this opportunity, now I turn the microphone over to the Governor of Maryland.

Senator BOXER. Senator, would you do us the honor of joining us,
and please take your seat next to Senator Cardin. I would really
appreciate it.

Senator Webb, we welcome you. We are so happy. This new class,
between all of you, including this wonderful new member sitting
right here, you have just added immeasurably to the Senate and
we welcome you to this issue and this battle.
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STATEMENT OF HON. JAMES WEBB, U.S. SENATOR FROM THE
COMMONWEALTH OF VIRGINIA

Senator WEBB. Thank you very much, Chairman Boxer, and Sen-
ator Cardin. Let me join in also defending Senator Mikulski here.
I think what Senator Cardin said is absolutely true to the process.
There are times when we have four committee hearings scheduled
at the same time up here. When you have a sitting Senator with
the seniority and the knowledge and the tenacity of Senator Mikul-
ski wanting to come up and participate on an issue, we all should
be happy about that.

My purpose in coming today really is to give a brief introduction
to my good friend, Governor Kaine. Before I do that, though, I
would like to thank you for holding this hearing and for all of your
leadership on these issues. The Chesapeake Bay is a cherished re-
source not only for the residents of Virginia and Maryland, but for
the Nation as a whole. It is a national treasure, and your recogni-
tion of that fact is sincerely appreciated.

Members of the Bay Congressional delegation have a history of
working together and with committees of jurisdiction on efforts to
protect the Bay. As such, I would also like to take this opportunity
to thank you for your Committee’s work on the recently passed
water resources bill, which contains several provisions for improv-
ing the Bay.

As I said, my real purpose is to introduce our 70th Governor of
Virginia and my good friend, Tim Kaine. Years ago when I was a
plebe at the Naval Academy, they made us memorize a page about
how people were supposed to live their lives. I was thinking about
Tim Kaine and this phrase this morning when I was figuring out
what I would come to say about him.

Just two brief passages from that long page. Tim Kaine is some-
one whose conduct proceeds from goodwill and an acute sense of
propriety, and whose self control is equal to all emergencies. He is
someone who speaks with frankness, but also with sincerity and
sympathy, whose deed follows his word, which is what you come to
learn in government is so vital to the workings of government; who
thinks of the rights and feelings of others; an individual with whom
honor is sacred and virtue safe.

He also has provided leadership, following on the leadership of
his predecessor, Governor Mark Warner, that has caused the Com-
monwealth to invest hundreds of millions of dollar in improving the
water quality of the Chesapeake Bay. These are significant levels
of investment, not only by the State, but also by local governments
and communities in the Bay watershed.

Climate change is also an important topic, and the Common-
wealth and your Committee have been taking steps to address it.
This spring, Governor Kaine issued an executive order that re-
quires State agencies to reduce the amount of energy they con-
sume, to use green building practices, and also encourages procure-
ment of more fuel-efficient vehicles for the State fleet.

Most recently, Governor Kaine released a comprehensive energy
plan for Virginia. The plan is widely praised for its broad approach
to address energy production and consumption, and calls for dra-
matic improvements in increasing energy efficiency and conserva-
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tion. It also calls for reductions to greenhouse gases to 2000 levels
by the year 2025.

Finally, Governor Kaine has made a serious commitment to pro-
tecting the natural resources of the Commonwealth for future gen-
erations. He has staked out an ambitious goal of preserving
400,000 acres of land during his time in office. Only a year and a
half later, he has much to be proud of. Through his leadership and
tenacity, when he is not fishing or taking out his canoe, Governor
Kaine is known to pitch land conservation easements to
unsuspecting landowners. Virginia has already preserved 164,000
acres. This figure is nearly double the previous year’s total.

The benefits of his efforts to conserve land will not only benefit
the Chesapeake Bay, but will also improve air and water quality.
These goals will, in turn, have a positive affect on the public health
and preserve the Virginia countryside for sportsmen, anglers, farm-
ers and tourists alike in the years to come.

I thank the Committee for their attention on this topic, and I
thank you for inviting our Governor to speak to you about Vir-
ginia’s successes.

Senator BOXER. Senator Webb, thank you.

Congressman Gilchrest, welcome to our Committee. Sorry we had
to do a little bit of unusual argument.

STATEMENT OF HON. WAYNE T. GILCHREST, U.S.
REPRESENTATIVE FROM THE STATE OF MARYLAND

Mr. GILCHREST. We don’t have those arguments on the House
side.

Senator BOXER. I know. I am sure you are just in shock.

[Laughter.]

Mr. GILCHREST. I was stunned.

[Laughter.]

Senator CARDIN. I do long for the Rules Committee sometimes,
now that we are in the majority. It would make life a little bit easi-
er.

Mr. GILCHREST. Thank you, Ben.

I do want to say that we in Maryland, especially on the Eastern
Shore, which is sometimes referred to as the 51st State or Del-
MarVa, but we often refer to the gentlelady from Baltimore as
“Schwarzkopf in earrings,” which we say very affectionately.

[Laughter.]

Mr. GILCHREST. We all were witnesses here today to show the
good faith and the tenacity and the intellect of Senator Mikulski.
I am proud to have served with you for so many years and will con-
tinue to do so.

Senator Webb and I share some common history in Vietnam, as
old Marines. I bring that up for two reasons. One, we just ex-
changed some war stories briefly before we testified. But the other
thing we basically concluded was that we were in Vietnam very
often fighting by ourselves with just a few other Marines in a very
hostile environment for days or sometimes weeks at a time. We
had to be competent. We had to figure things out.

So we got into that frame of reference of understanding that if
we were to have integrity with our fellow soldiers, we needed to
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know how to do things, do them right, gain the information that
was important at the time, and be competent.

So that, as Senator Webb has said what he learned in the Naval
Academy, and what I learned lo those many years ago, was that
when you look at an issue, you look at that issue through the eyes
of someone who is basing their judgment on the philosophy of in-
tegrity.

So what I would like to do today is to give you some of my views
on global warming and the Chesapeake Bay, not through the polit-
ical process, not through some distorted ideological point of view,
but from an objective analysis of someone who has seen these
things happen. I want to make this place a heck of a lot better
than we have received it, so that our children and grandchildren
and the posterity of America will be proud of this generation.

I also want to thank Governor O’Malley and Governor Kaine for
coming here today to say a few words. We know that the environ-
ment in the Chesapeake Bay is in trouble for a myriad of reasons,
whether it is over-development, chemical contaminants, reduced
groundwater capacity for a lot of different reasons, a depletion of
the fisheries, especially menhaden and oysters, the significant most
important aspect of restoring the Chesapeake Bay because of their
filtering of the water. Menhaden are vegetarians. They don’t eat
other fish. They eat the algae that causes depletion of oxygen.

But let’s take a look at global warming and the Chesapeake Bay.
Before 1900, we know that there has been subsidence, but we also
know that there has been sea level rise, certainly for the last
10,000 years. The sea level rose in Chesapeake Bay three feet
every 1,000 years. In the last 100 years, it has risen a foot and a
half. Something is going on. We used to have 500 more islands in
the Chesapeake Bay.

Most of them are gone. You won’t see them on any maps or
charts. Poplar Island, for example, used to be 1,500 acres. It got
down to less than 5 acres until we started this restoration process.
Holland Island had 350 residents, 5 miles long, a mile and a half
wide. Now, it is down to 100 acres. Where did Holland Island go?
Barron Island was 582 acres. Today, it is 120 acres. There are
countless numbers of natural observations that anybody can take
that you know sea level is rising. Blackwater Refuge loses 120
acres of grassland a year. That is due to increasing sea level rise.

What will a warmer temperature do? Warmer temperatures de-
plete the oxygen, stress marine life, fewer bay grasses, more acidic
water, and significant ecological change. That is what warmer tem-
peratures will do.

How about stream flow? It will be much more variable. We will
have longer dry periods, increased storm intensity, and increased
discharge of nutrients and sediments. That is what global warming
is doing.

What is its impact on people? Less water during dry spells and
on the Eastern Shore, for example, in most coastal areas in Mary-
land, there is no fresh water. It is all groundwater. Less recharge
to groundwater, as a result of these variable dry periods. Coastal
homeowners are way more vulnerable to storm and coastal flood-
ing. The aquifer system that much of our population depends on
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may not be able to meet future demand. Declining groundwater
levels are already evident and problems around the Country.

Now, our district, the State of Maryland especially, has done sig-
nificant work to try to ameliorate or resolve these issues through
green buildings, through better smart growth for our homes, for
understanding the nature of sea level rise, understanding the na-
ture of groundwater problems, understanding the nature of a whole
host of human activity that is not compatible with nature’s design.
So we are moving in that direction.

What needs to happen, though, Maryland can’t do it alone. I will
conclude with this. As a national policy, and we hope that the
House and the Senate can work together in this national policy,
like Senator Warner said earlier, to reduce greenhouse gases by 80
percent below present levels, or maybe even more, by the year
2050; by a national policy, perhaps cap and trade, dealing with a
reduction of greenhouse gases.

Madam Chairman and other members, especially my good friend
Ben and Ms. Mikulski, thank you so much for the opportunity to
testify this morning.

[The prepared statement of Mr. Gilchrest follows:]

STATEMENT OF HON. WAYNE T. GILCHREST, U.S. REPRESENTATIVE FROM
THE STATE OF MARYLAND

Thank you, Madam Chair, Ranking Member Inhofe, and distinguished Committee
Members for this opportunity to testify before the U.S. Senate Committee on Envi-
ronment and Public Works on the nexus of two policy issues that are of paramount
importance to me and to my district—Maryland’s 1st Congressional District. We
hold the Chesapeake Bay and our rural and coastal communities in great esteem.
For more than 20 years, local policy leaders and citizen groups have worked against
great odds to restore the Chesapeake Bay in a national model of scientific achieve-
ment, collaborative effort, and passion. We are now grappling with new challenges,
including greater projected growth, the management of biefuel production and its
impacts on water quality, and climate change. Affecting every driver of the Bay’s
overall health, climate change is an additional challenge to an already stressed eco-
system.

Consisting of the entire Delmarva Peninsula within Maryland and portions of
western counties that surround the Chesapeake Bay, Maryland’s 1st Congressional
District relies heavily on the health of the Bay as its economic engine—for abundant
seafood, recreation, transportation of commercial goods, tourism, and a growing real
estate market. Much of my district is geographically divided from the rest of the
nation by the Bay, so the Bay and coastal waters are of even greater importance
to the people living and working in the beautiful, bountiful area known as Mary-
land’s Eastern Shore.

My district includes the largest share of Chesapeake Bay shoreline in the Chesa-
peake Bay watershed, and my constituents will directly experience the impacts of
climate change, including coastal flooding, shoreline erosion, and infrastructure
damage from severe coastal storms. The Delmarva Peninsula, upon which much of
my district rests, is basically a sand bar formed by the confluence of the Susque-
hanna River delta and the Atlantic Ocean. As a geological feature of water flow, and
with its greatest elevation at 100 feet above sea level, the Peninsula is extremely
vulnerable to severe weather, flooding, and sea level rise.

As vulnerable as it is to climate change impacts, the Chesapeake Bay and its
64,000 square mile watershed are in a uniquely powerful position, geographically,
functionally, and culturally to contribute to reducing and sequestering greenhouse
gas emissions. With the highest land to water ratio of any estuary in the world, the
watershed and its commitment to restoring the Bay through best management prac-
tices, can greatly contribute to the national and even global effort to reduce green-
house gases. For instance, when we are stuck in traffic in the Washington Metro-
politan Area, we are spending just a little bit less time on that than our friends
in the New York Metropolitan Area, because of patterns of land use and develop-
ment. The Urban Land Institute reported recently on the contribution of sprawl to
greenhouse gas emissions from vehicles. Better informed and coordinated land use
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Planning, new state commitments to control vehicle emissions, and green buildings
can solve this problem. We can plan ahead—the Institute predicts that two-thirds
of the residences and office buildings needed by 2050 have yet to be built.

The Chesapeake Bay’s restoration goals, like planting forest buffers and pre-
serving open space, could help sequester carbon. State and local government and cit-
izen action to increase energy efficiency in buildings and transportation are also
helping the cause Counties in my district, like Worcester County along the Atlantic
Coast, are not only striving to become energy independent but are also actually
planning new communities so that fewer residents and less infrastructure are vul-
nerable to flooding. As these local actions are taken to both restore the Chesapeake
Bay and address and adapt communities to climate change, the core of the climate
change problem is the need for a national policy to significantly reduce greenhouse
gas emissions.

I come before the Committee today, not only as Maryland’s 1st Congressional Dis-
trict Representative, but also the co-chair and co-founder of the Congressional Cli-
mate Change Caucus, to urge you to work closely with your colleagues in the House
to craft and pass legislation dining this Congress that will meaningfully reduce
greenhouse gas emissions to 60 percent to 80 percent below current levels by 2050.
The survival of communities in our watershed and the Chesapeake Bay ecosystem
depends on it.

This legislation should have broad-based support from environmental and busi-
ness stakeholders alike. It should not only reduce greenhouse gases, but also help
the U.S. economy to grow and to keep the U.S. at the lead of international develop-
ment of new energy technologies. I cannot stress enough that the policy we ulti-
mately create and pass must be acceptable to utility ratepayers and consumers—
it must not significantly reduce their quality of life.

Therefore I urge the Committee, in crafting its legislation, to focus on the first
ten to twenty years of the policy’s implementation. We must get it right in this time
frame because this is when consumers will judge their tolerance for it. It is also dur-
ing this time that we must invest the capitol and take the necessary risks to develop
new energy technology and delivery systems in order to achieve our climate change
goals. If the investment we make during this time is not sufficient nor targeted
enough, new technology may be insufficient to achieve the downward trajectory of
emissions we need over the next 40 years.

I believe a ‘tipping point’ will occur in this policy debate, after which both the im-
pacts of global warming will be irreversible, even over generations, and our eco-
nomic opportunity to address the problem will be unrecoverable. I believe this tip-
ping point may occur sooner rather than later. However, the opportunity for climate
change policy to generate a stronger U.S. energy economy and a better global envi-
ronment during those years is tremendous.

Madam Chair, I want to congratulate you and express my profound appreciation
for your leadership on climate change. Your persistent work on this issue has helped
bring Congress to its own ‘tipping point’—the point past which Members can coa-
lesce around a solid piece of legislation that will reduce greenhouse gas emissions
and grow the U.S. economy.

The people dedicated to the Chesapeake Bay are enthusiastic, well-informed, and
eager to restore the functioning ecosystem of the Bay, including humans as a pro-
ductive part of the landscape. They have kept the Bay’s status in equilibrium, in
spite of the millions of people who have moved to this lovely place since the early
1980s. I admire their fierce determination and hope you will join me in supporting
Chesapeake Bay restoration—as far as we can take it—2010 and beyond.

Thank you again, Madam Chair, and I look forward to continuing our work to-
gether.

Senator BOXER. Congressman, I just want to thank you so very
much. It is music to my ears to hear your testimony, and all of the
witnesses.

Now it is with great honor I ask Senator Mikulski to please join
us next to Senator Cardin.

I ask the next panel, two most distinguished Governors, Hon.
Tim Kaine, Hon. Martin O’Malley, respectively Governors of Vir-
ginia and Maryland, to join us. We are very, very pleased that you
have done so.

Are we going to change the—he needs to get by, please. Thank
you. One moment.
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Governors, you can decide who would like to go first, because
whatever you decide is fine.

STATEMENT OF HON. TIMOTHY M. KAINE, GOVERNOR OF THE
COMMONWEALTH OF VIRGINIA

Governor KAINE. Thank you, Madam Chair, and to members of
the Committee, it is a real treat to be with you today on an impor-
tant topic.

I especially am happy to be here with my senior Senator, Senator
Warner. I also appreciate being here with Governor O’Malley be-
cause Maryland and the other States—Pennsylvania, the District—
have shown great leadership and we are happy to talk about this
critical issue.

I have been Governor for 20 months. In the 20 months that I
have been Governor, we have been able to find $700 million to in-
vest in Chesapeake Bay cleanup, primarily through helping munici-
palities upgrade sewage treatment. This is by a factor of 10 more
than we have done in any previous period of years, but we don’t
want to see that work that we are starting to do in earnest be jeop-
ardized by what we are seeing in the area of climate change. That
is why I am so happy to be here.

The testimony that I filed, the written testimony, summarizes
the effects of climate change that we would see in Virginia to the
Chesapeake Bay that would cause us grave, grave concern. First,
as has been commented upon already, there are a number of dead
zones in the Bay that grow. Those dead zones grow with pollution
and runoff into the Bay. The work that we are doing in all States
to improve sewage treatment practices will help, but as weather
events cause more severe storms, that will create additional pol-
luted runoff into the Bay and the chances are significant that that
runoff caused by climate change will dramatically increase the
prevalence of dead zones.

As sea levels rise, and there has already been good science about
the rising sea levels and predictions that there would be some sig-
nificant additional rise by 2030. You also see salt water intruding
further inland. That salt water intruding further inland in Virginia
has a dramatic potential effect upon species, both plant and animal
species, as the ecosystem changes with salt water intrusion.

We have a significant problem in Virginia and Maryland along
the Bay with shoreline erosion over the years, caused by rising sea
levels, development, et cetera. Climate change in pushing sea levels
further will hasten that erosion and sediment is one of the pollut-
ants that can cause significant problems in the Chesapeake Bay.

We are seeing a loss of wetlands. I am interested in the testi-
mony from the folks from Smith Island today. Tangier Island in the
Bay has seen significant loss of wetlands as a result of rising sea
levels. Because of the way the Bay has often been fortified to pro-
tect from storms, once these wetlands go, there is really no way
easy to replicate them. And so wetlands and their effect on storm
control, their effect on biodiversity are critical to the health of the
Bay. Rising sea levels jeopardize them.

Agriculture and forestry is the number one industry in Virginia.
It is the largest industry. Obviously, climate change that affects
temperatures, that affects rainfall has a dramatic effect on these
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industries, which are very prevalent in the Chesapeake Bay water-
shed. We see temperature change having a dramatic effect on corn
yields, on the cost and challenge of raising livestock. Temperature
change effects pests and diseases in forests that can jeopardize for-
ests and it can also spread to agriculture. So these climate change
effects, particularly on temperatures, pose a threat to the number
one industry in Virginia, ag and forestry.

Finally, the effect on people. The Hampton Roads area of Vir-
ginia is our second most populated region. It is 1.7 million people.
It is thought to be in the analysis that has been done, the second
most vulnerable population, urban population, to the effects of sea
rises, next to New Orleans. It is not just 1.7 million people. Hamp-
ton Roads is also the center of naval power for our Nation. Military
installations in all branches in Hampton Roads are jeopardized in
the area.

The storm vulnerability of that region is already something that
is critical. Making decisions about evacuating populations in the
event of storms is already a very, very difficult thing. As climate
change affects storm frequency and the magnitude of storms, that
becomes a significant additional problem.

In addition, in the Hampton Roads area we have significant uses
of groundwater and the salt water intrusion effect that I mentioned
earlier threatens the groundwater relied upon by a huge percent-
age of Virginia’s population.

So the effects of climate change are huge—agriculture and for-
estry, industry, tourism, biodiversity, effects upon people. And the
Chesapeake Bay is a treasure that all Virginians cherish, and we
don’t want to see the Bay harmed either by pollution that we can
control or manmade climate change that we can affect.

Virginia is taking action on climate change. I issued Executive
Order 48 shortly into my time as Governor to dramatically push
State agencies to reduce energy usage and take steps so that we
can begin to address some of the causes of climate change and
greenhouse gas emissions. Virginia has joined along with other
States the Climate Registry, so that we all can establish standard
protocols for measuring the effects of different industry sectors on
climate change. Measurement and data has to be the beginning
point for deciding what are the right practices for curbing those ef-
fects.

Finally, recently we enacted a statewide energy plan for all sec-
tors—consumer, commercial and governmental—to reduce per cap-
ita consumption of energy, to reduce greenhouse gas emissions, and
to establish a Commission on Climate Change.

I feel good about what we have done in Virginia, but I have to
say I think what we do is a poor substitute for what the Federal
Government should do, because climate change knows no bound-
aries, certainly not State boundaries and not national boundaries
either. Well-meaning Governors and legislators are tackling this all
over the Country, and yet we will do our very best in our own juris-
dictions, but necessarily if it is a State by State effort, there will
be gaps. There will be overlaps. There will be redundancies. And
there will not be the kind of comprehensive approach that this sub-
ject needs.
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I am extremely pleased with the effort that this Committee is
making, and Senator Warner with your comment about the bill you
are working on with Senator Lieberman to bring forward a com-
prehensive and aggressive national policy on climate change.

If T could close just with a quick story. In Virginia right now, we
are in the midst of Jamestown mania. It is the 400th anniversary
of the founding of English-speaking civilization in this hemisphere
on Jamestown Island in May 1607. For years, the original fort at
Jamestown Island was thought to be lost. It was thought to be lost
because it had washed into the James River right next to James-
town Island.

An enterprising archaeologist in the early 1990s named Bill
Kelso examined the island, and he thought that the conventional
wisdom was wrong, and that the fort was still there, and began an
excavation that has produced evidence that he was correct. The
original Jamestown Island fort and palisades and graves and evi-
dence of our earliest settlers of democracy and founders of this Na-
tion is now available, and is now available for all to see. We have
sh(tl)wn it off to the world, and it is 30 yards from the James River
today.

It would be amazing, after having thought it lost for centuries,
to have found it and reclaimed it, only to have it jeopardized by cli-
mate change that we have the capacity to affect. And so I encour-
age the great efforts of this Committee and look forward to being
an ally for you as you go forward toward addressing reasonable and
aggressive national policy.

Thank you.

[The prepared statement of Governor Kaine follows:]

STATEMENT OF HON. TIMOTHY M. KAINE, GOVERNOR FROM THE
COMMONWEALTH OF VIRGINIA

Chairman Boxer and members of the Committee, thank you for inviting me to be
here today. The Chesapeake Bay is one of our Commonwealth’s most important nat-
ural assets, and it has contributed immeasurably to our cultural heritage.

As you know, the Bay is already a stressed system, and the federal government,
the Commonwealth of Virginia, the District of Columbia, the State of Maryland and
the Commonwealth of Pennsylvania have all made significant investments in restor-
ing the Chesapeake Bay.

In my first year in office, I signed into law a $200 million cash investment in sew-
age treatment plant upgrades in the Chesapeake Bay watershed. In my second year
in office, I signed into law provisions for $250 million worth of bonds to support sew-
age treatment plant improvements. And just a couple of months ago, an additional
round of bonds was issued totaling more than $240 million to assist Virginia local-
ities in the Bay watershed who seek to install advanced technologies to their sewage
treatment plants. I believe this nearly $700 million total investment in less than
two years speaks volumes—Virginia is very serious about improving the health of
Chesapeake Bay.

I am very much concerned that climate change could jeopardize the progress we’re
making in restoring the Bay. For example, scientists agree that additional tempera-
ture changes in the atmosphere and oceans will increase the frequency of extreme
weather events that will exacerbate polluted run-off into the Chesapeake Bay, caus-
ing the dead-zones in the Bay to grow. This additional pollution, combined with
warmer surface water temperatures, will increase environmental stress and disease
for key species, such as oysters and striped bass, as well as the loss of important
aquatic plants, such as eelgrass. We should also be concerned about effects on the
Bay’s commercial and recreational fisheries, threatened and endangered species,
and breeding ground and migration for waterfowl.

If climate change goes unchecked, the damage will not be limited to the Chesa-
peake Bay itself. As sea level rises, salt water will intrude further upstream into
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current freshwater systems—altering the distributional ranges of key animal and
plant species throughout the entire watershed.

Sea level rise and storms will also affect the Bay’s physical characteristics, likely
resulting in increased shoreline erosion. The Bay and rivers already suffer from the
effects of sediment pollution—increased shoreline erosion will only make it worse.
Rising sea levels would inundate coastal marshes and other important fish and wa-
terfowl habitats and make coastal property more vulnerable to storms. In fact, some
estimates show that up to 80% of Virginia’s tidal wetlands could be lost by the end
of the century. And because many of our shorelines are armored for erosion control,
tidal wetlands will have no place to migrate landward in the face of sea level rise.
Our wetlands will become fragmented, lose species diversity, and will no longer be
able to serve their ecological function.

Climate change will also affect the Bay watershed’s forests, where prospects for
insect and pest outbreaks will increased, which also pose a threat to agriculture. As
temperatures go up, there will also be reductions in crop yields. For example, corn
yields begin to suffer as temperature exceeds 90 °F, and corn crop damage can be
severe at 100 °F. Increased frequency of both droughts and severe rainstorms can
also destabilize annual crop yields. Because livestock are temperature sensitive,
there are likely to be increased labor and maintenance costs to the farmer.

Now, let me talk about impacts on the places where we live and work in the
Chesapeake Bay Watershed. The Virginia Institute of Marine Science estimates that
sea level will rise between 4 and 12 inches by 2030. The Hampton Roads region of
Virginia is the largest population center that is at the greatest risk from sea level
rise outside of New Orleans. I mentioned frequent and severe coastal storms and
flooding as an effect of climate change. The effects of these severe storms will be
multiplied by rising sea levels, increasing risk to life and property. We also have
to be concerned about salt water intrusion into groundwater supplies.

To be sure, we can adapt to a few of the impacts of climate change, but others
will be devastating. It’s difficult to predict how the impacts will affect one another,
or what the endpoints of these impacts will be. We need additional research at a
watershed level so that we can better prepare for the changes that are coming and
take prudent steps to reverse the trends in greenhouse gas emissions we are now
seeing.

Madame Chair, I state none of these facts to be alarming. I state them to show
what is at stake if we don’t face the challenges of climate change head on. I wish
I could say that these impacts are only speculative, but they aren’t. In Virginia,
where we rely so heavily on the health of our natural resources for their economic,
social, and historical value, we simply can’t afford to postpone action any longer.

That’s why my Administration is taking action. In April, I issued Executive Order
48, which requires state agencies to reduce the annual cost of non-renewable energy
purchases by at least 20 percent of fiscal year 2006 expenditures by fiscal year 2010.
And, in May, I announced that Virginia was joining the Climate Registry, which
provides a forum for states to work together develop a common accounting system
to track greenhouse gas emissions.

I also recently released a comprehensive Energy Plan for Virginia, which covers
all aspects of energy production and consumption and calls for the state to dramati-
cally increase its efforts in energy efficiency and conservation. The Plan identifies
four overall goals, including reduction of greenhouse gas emissions by 30 percent by
2025, bringing emissions back to 2000 levels. Soon, I will announce the appointment
of a Commission on Climate Change to prepare a Climate Change Action Plan to
implement these recommendations. The Commission also will gather information on
the expected effects of climate change on the state and identify actions that Virginia
needs to take to prepare for the consequences of climate change that cannot be
avoided. The Energy Plan also recommends that Virginia impose mandatory report-
ing requirements on emitters of greenhouse gases, and I will work with the legisla-
ture to implement this recommendation.

While these are important steps that we are taking at the state level, action on
climate change must occur at the federal level. Many states are developing climate
action strategies, but that does not forestall the need for congress to take action.
Both the causes of, and solutions to, climate change transcend state and local
boundaries.

Virginia stands ready to participate in the development of legislation that will re-
duce emissions of greenhouse gases nationwide. I support legislation that includes
a cap-and-trade program for emissions of all greenhouse gases, imposes economy-
wide controls, rather than singling out a particular sector, and accounts for state
efforts to standardize methodologies to record and measure green house gas emis-
sions through the Climate Registry.
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I know that there are many ideas being discussed in your committee right now,
and I thank Senator Warner for being a leader in this effort. My message to you
is that each day that legislative action is delayed will have negative consequences
for the Chesapeake Bay. I urge you to pass legislation that addresses climate
change in a comprehensive way, as quickly as possible.

Once again, thank you for the invitation to be here today. I am happy to answer
any questions that you may have.

Senator BOXER. Governor, thank you so much. I thought your
ending was very appropriate because there was recently an article
that said a lot of our treasures will be gone if we don’t act.

Hon. Martin O’Malley, welcome, sir, Governor.

STATEMENT OF HON. MARTIN O'MALLEY, GOVERNOR OF THE
STATE OF MARYLAND

Governor O'MALLEY. Madam Chair, thank you very much. Thank
you very much, Madam Chair, Senator Warner, Senator Cardin,
Senator Mikulski. It is a distinct honor and a privilege to be here
with you today discussing this probably most critical of all moral
challenges that face us as a people. It is also a great honor to be
able to serve with someone of Governor Kaine’s commitment and
passion for the protection of our natural environment, and the tre-
mendous asset and treasure that is the Chesapeake Bay.

That was a wonderful story about the settlers of Jamestown and
our rediscovery of the fact that the place that they inhabited the
first year is still there. It is within our grasp. There is so much his-
tory up and down the banks of the Chesapeake Bay, and I think
one of the common traits that all of the settlers at Jamestown had,
as did all of the people who settled in Maryland and on the Chesa-
peake Bay, is something that we still have, and that is a future
preference, a preference for a better, safer and healthier future.

Certainly, as we look at this issue of climate change and rising
sea levels, that is really going to put that great American in Mary-
land and Virginia idea to the test. Do we have the ability and the
will and the courage to do what needs to be done in order to honor
not only the inheritance and the hard work that we have received
from others, but also to keep faith with posterity.

I wanted to, rather than recapping so many of the threats, I
wanted to cut right to some of the things that we are doing as a
State. Governor Kaine certainly, and Senator Mikulski and others
outlined the threat of rising sea levels, the islands that are no
longer visible; thousands and thousands of miles of coastline, and
insurance companies no longer willing to write insurance for those
risks.

I wanted to talk to you about the idea that we have found is
helpful as we come together with human will and human action to
apply to this problem. And that is a shared vision of sustainability,
sustainability of the land we use, the water we use, the air, be-
cause of the energy we consume, the air that we use. In Maryland,
as Senator Mikulski mentioned, we have implemented a new pro-
gram called BayStat, where we pulled the Department of Agri-
culture at the State, and the Department of Environment, and sci-
entific minds and academics and practitioners around the table
every 2 to 3 weeks, looking at a common map of our interactions,
of the synergies, and the things that we do together to implement
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those things which we know will make a difference towards meet-
ing the goals we have for a cleaner and healthier bay.

But when it comes to the air we consume, which is absolutely af-
fected by the energy we consume, in Maryland we are imple-
menting an ambitious, but achievable vision that we produced in
collaboration with other neighboring States, to reduce greenhouse
gas emissions. Together, we established the Regional Greenhouse
Gas Initiative, a working partnership between 11 States to reduce
greenhouse gas emissions from the power plant sector. Together,
we fought for and we passed the California clean car standards,
which will require cleaner, more fuel-efficient cars in our State by
2011. Together, we created the Commission on Climate Change
this year, charging their professional membership to prepare Mary-
land’s plan of action. Together, we set a goal to reduce our per cap-
ita electricity consumption by 15 percent by 2015.

Together, we are diversifying our energy portfolio with clean re-
newables like solar, wind, biodiesel, and biomass. We have started
by adopting one of the most aggressive laws in the Nation requir-
ing two percent of Maryland’s electricity, or approximately 1,500
megawatts, to come from solar by 2022.

With the help of Senator Mikulski and Senator Cardin, we are
going to continue to lead, and we intend to have the first long-
range plan to address the coastal changes caused by climate
change.

Why do we do this? For two very important reasons: No. 1, is ne-
cessity; and No. 2, is what I began with, that future preference,
that obligation that we have to come together across manmade bor-
ders because of the nature of this challenge which recognizes no
borders. It calls upon all of us to come together for ourselves and
for our posterity.

Other States are also stepping up to the plate. Currently, 26
States have taken concrete action on climate change. Over 20
States have set substantial greenhouse gas reduction targets.
Using State efforts as a model, there are many programs that can
radically reduce greenhouse gas emissions at a reasonable cost.

But as Governor Kaine said, we cannot go it alone. We need the
partnership of our Federal Government. There is a long, proud his-
tory of Federal leadership on environmental and conservation
issues, from the days of Theodore Roosevelt in the very first na-
tional parks, to the Clean Air Act. We need our Federal Govern-
ment. Together, we can develop national programs that tackle
greenhouse gas emissions. We can transform our Nation from a
carbon-based economy to a green, sustainable economy.

The time to act is past. The time to catch up is now. And we
greatly appreciate the leadership of this Committee and our Con-
gress in helping us protect the most important asset that we inher-
ited from our parents, and that is the health of our natural envi-
ronment in this great Country.

Thank you very much.

[The prepared statement of Governor O’Malley follows:]

STATEMENT OF HON. MARTIN O’MALLEY, GOVERNOR FROM THE STATE OF MARYLAND

Madame Chair, Ranking Member Inhofe, and distinguished Members of the Com-
mittee, it is my distinct honor and privilege to testify before you today about a glob-
al issue that has become a very real local issue today for the citizens of the great
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State of Maryland. I would also like to give special thanks to Senators Barbara Mi-
kulski and Ben Cardin, from my home state, for their extraordinary leadership and
help in bringing about this opportunity.

In Maryland, we have over 4,000 miles of coastline—4,000 miles—this is more
coastline than the State of California. Maryland is in a very precarious position
when it comes to the impacts of climate change. Our region is ranked third in the
nation terms of our vulnerability to sea level rise. We are third, behind only Lou-
isiana and South. In Maryland, climate change and sea level rise are at our door-
step.

While we are fortunate enough to hug the Chesapeake Bay, a fragile estuary, it
also means for us that the impacts of climate change have already been detected.
Historic tide-gauge records show that sea levels have risen one-foot within Mary-
land’s coastal waters over the last century. Due, in part to naturally occurring re-
gional land subsidence, the Chesapeake

Bay region is currently experiencing sea level rise at a rate nearly double the
world-wide average.

There is now near universal scientific consensus that the world climate is chang-
ing. Scientists estimate that temperature will rise between 1.98-11.52 °F and that
our sea level will rise as much as 7 to 23 inches over the next century. If left un-
checked, these estimates will translate into devastating impacts for Maryland’s citi-
zens, its property, its bountiful natural resources, and the investments of its tax-
payers.

Thirteen charted islands and large expanses of tidal wetlands within the Chesa-
peake Bay have already disappeared. Each year, the State loses approximately 580
acres of land to shore erosion.

Current scientific research indicates that the rate of sea level rise is starting to
accelerate in Maryland waters. The result of such a rise will be a dramatic inten-
sification of the impacts from coastal flood events; increased shore erosion; the in-
trusion of salt-water into our freshwater aquifers—any of which are used for potable
water supply; and submergence of tidal wetlands, low-lying lands and even the
Chesapeake’s last inhabited island community, Smith Island.

In Maryland, we do not have time to wait. Nor would I suggest, does the country
have time to wait. Climate change is perhaps one of the most daunting challenges
facing Maryland. The time is upon us to take action to begin shaping our own future
in the face of this threat. Decisions we make today will influence Maryland’s health
and vitality long into the future.

We now know with certainty that human activities—including coastal develop-
ment, the burning of fossil fuels and increasing greenhouse gas emissions—are con-
tributing to both the causes and consequences of climate change. In Maryland, as
a State, we are implementing aggressive initiatives to reduce greenhouse gas emis-
sions:

e We are a full fledged member of the Regional Greenhouse Gas Initiative—a vol-
untary collaboration of 11 states to reduce greenhouse gas emissions from the power
plant sector.

e We have adopted the California Clean Cars standards which will require clean-
er and more fuel efficient cars in our state by 2011.

We have established a Commission on Climate Change and have charged this
Commission to recommend Greenhouse Gas Reduction Goals and to prepare Mary-
land’s Plan of Action.

e We established a goal to reduce our per capita electricity consumption by 15
percent by 2015.

o We are diversifying our energy portfolio with clean renewables like solar, wind
and bio-diesel and bio-mass, and have recently adopted one of the most aggressive
laws in the nation to require two percent of Maryland’s electricity, or approximately
1,500 megawatts of power, to come from solar energy by 2022.

Maryland will continue to be a leader. We intend to be the first state in the nation
to develop a long range strategy to plan for and adapt to the changes we will face
along our coast caused by climate change. Many have asked why a small state like
Maryland would take these actions. The answer is, first, because we have an imme-
diate problem. Second, Honorable members of the Committee, it is the right thing
to do. We know that the best way to address this issue is with global action. The
next best—is acting country-by-country, as over 160 of our fellow nations have done.
The next best option is to take action state by state.

Maryland will continue to be a leader. With the help of Senators Mikulski and
Cardin, we will continue to do what is right for our state. Third best, however, is
simply not good enough. We need our federal government to act. State-by-state re-
ductions simply don’t make sense for this global problem and the time is now for
federal action on climate change issues.
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We have a long history with environmental challenges in this country. Many chal-
lenges are local and are appropriately dealt with at the state level. But on national
issues, we seem to go one of two ways. The federal government enacts laws, develop
standards, and the states follow and implement. Or, when the federal government
fails to lead, states have no choice but to step up and act This appears to be one
of those occasions.

Currently, 26 states have initiated actions related to climate change. Over 20
states have set substantial greenhouse gas reduction targets. Using the state efforts
as a model, there are many programs that can radically reduce greenhouse gas
emissions at a reasonable cost. The time has come to develop national programs
that effectively reduce greenhouse gas emissions from fossil fuel burning power
plants, from our automobiles, and a multitude of other sources.

We must transition from a carbon-based economy to a green, sustainable econ-
omy—an economy that does not prolifically emit greenhouse gases into the atmos-
phere as a byproduct of progress. Economic progress at the cost of environmental
sustainability is not progress at all.

Furthermore, we must proactively plan for the consequences of climate change by
amending coastal zone management plans, integrating the consequences of climate
change into federal programs for flood and shoreline management. Federal agencies
should be coordinating to ensure that we adapt to climate change as a nation.

When given a choice between progress and regression, the people of Maryland al-
ways choose progress. We have an unshakeable belief in what Carroll Quigley, a
historian at Georgetown, called “future preference”—the idea that “tomorrow can be
better than today and that each of us has a personal and moral responsibility to
make it s0.” Why is sustainability so important? Because, as the old Native Amer-
ican proverb goes, “we do not inherit the Earth from our ancestors; we borrow it
from our children.”

Why we are so concerned about energy efficiency and placing an emphasis on
“green?” Because, in the words of Maryland’s Own. columnist Thomas Friedman:
‘k"the people who will be harmed the most by the climate-energy crisis haven’t been

orn yet.”

Public service is about making decisions, many for which the consequences will
be felt long after we’re gone, many for which we may not be around to enjoy the
benefits. In the short time we have in these jobs, jobs, and on this earth for that

matter, let’s resolve to put aside the impulse for instant gratification . . . and in-
stead, embrace a compact with the grandchildren who are yet to be born.
In the finest American tradition, let’s prefer their future over our present . . . for-

saking patchwork quick-fixes for enduring solutions. Let’s do for them what the
Greatest Generation and our forefathers did unflinchingly for us—relinquish the
comforts of today in the name of a better tomorrow.

Climate change is one of the most pressing challenges facing our generation
today—we must, and we can, collectively find a way ultimately to address the prob-
lem to achieve sustainability, as a State and as a Nation.

Thank you very much for your time in considering my testimony today.

Senator BOXER. Thank you so much, Governors. We will each
have five minutes for questions, if you don’t mind. Can you stay a
little bit longer? OK.

I wanted to pick up, Governor Kaine, when you talked about the
fact that you had military assets along the coast and coastal areas,
because I find it so interesting that Senator Warner, teaming up
with Senator Lieberman, is really in the lead in this entire Senate
now. One might say, well, this is unusual; here he is, an expert on
military matters, and here he is taking the lead. But there is a
marriage between the two here.

I mean, we have received warnings from our own intelligence
people and our military people that if we don’t act on global warm-
ing, it will be the major cause of wars in the future, the major
cause of refugee dislocations, famine, drought, which cause wars.

So in many ways, you are bringing up the fact that the assets
that are along the coast brought that to my mind, that this
marrying up between the environment and our national security is
so interesting and that Senator Warner is here at this time. It is
to me a very moving point.



27

I had one question for both of you, and that is this. In order to
effectively address global warming, we are being told by our busi-
ness people very clearly that they need to have clear market sig-
nals, that what we do here is real. So that when we set our goals,
they are real, and there are not big loopholes where people can
drive off and say, “All right, we don’t have to do anything about
carbon anymore or greenhouse gases.”

So are you hearing similar things in your States? Because in my
State, which, like you, California has taken a major lead on this,
and our Governor, Governor Schwarzenegger, working with our At-
torney General Jerry Brown and the legislature, has been just a
model in terms of how they have acted here.

So do you hear similar points being made, that we need to act
with clarity so that the investments in new technologies will in fact
come to fruition? If either one of you wishes to respond.

Governor KAINE. Madam Chair, those are signals I am hearing
from my private sector. And on a couple of sort of related points,
first, the clarity of the signal for an investment climate is key. The
good news is investments across the range of alternative energy
sources and conservation that weren’t particularly powerful 5 years
ago suddenly are hot. So there are some good market signals out
there already to promote this.

The other issue that I am hearing related from my private sector
folks is the approach that needs to be taken on climate change
should be across all industries. Don’t just focus on one or two in-
dustries. For example, in Virginia we know one of the huge chal-
lenges we have is a lot of the challenges are from transportation,
vehicles, transportation modes that need to be upgraded. So we
shouldn’t just focus on power plants and then sort of let transpor-
tation off the hook. It needs to be something that is truly across
all industry sectors. That is also what I hear from our private sec-
tor folks. It needs to be comprehensive and not single folks out.

Senator BOXER. Thank you.

Governor O’Malley.

Governor O'MALLEY. We have been working cooperatively with
our power industry in our efforts to join REGI and our own cap and
trade. We hope to have our first auction in the summer of 2008.
While we have been working cooperatively with them, I have to say
that I have yet to talk with a person from the power industry that
doesn’t believe that a national program would be far preferable, in-
stead of a patchwork of hopscotching, one State does, one State
doesn’t.

The industry itself wants predictability. They want sustain-
ability, clear market signals, as you said, Madam Chair. They also
want a national program.

Senator BOXER. Thank you, sir.

Senator Warner.

Senator WARNER. Madam Chairman, I think I would like to yield
my time to our distinguished colleague from Maryland, my good
friend, Senator Mikulski. Oh, no, I insist. I have that right as
Ranking that you go now.

[Laughter.]

Senator WARNER. Now, I stop to think. We are seated here with
these two great Governors of our States. One hundred years ago,
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they used to have wars in Chesapeake Bay between the oystermen
and the crabmen and the rockfish. And here we are sitting peace-
fully talking about a common endeavor. It is very refreshing.

Senator Mikulski, keep a watchful eye to prevent those wars re-
occurring.

[Laughter.]

Senator WARNER. Senator, I yield to you.

Senator BOXER. Senator, please go ahead.

Senator MIKULSKI. Well, thank you very much, Senator Warner.
I know you had to step out at the beginning of the hearing, but
what I said was that you have really been a champion and a real
warrior. You have protected this Nation, both by putting yourself
directly in the line of fire as a warrior against those who had a
predatory intent towards the United States of America. And now,
along with that, you are really making sure that part of your in-
credible legacy is that you are protecting the very planet and the
very bay that you love.

We want to really work with you on your environmental legisla-
tion, but for this Senator it has been indeed a great pleasure to
work with you on the issues related to Maryland and to Virginia.
Having said that, I accept your gracious invitation to ask a few
questions.

I think we are all clear listening to our two very dynamic Gov-
ernors that patchwork doesn’t work. Now, one question will be not
only what you will need from the Federal Government in terms of
standards, et cetera, but you each are going to have—Governor
O’Malley already does and Governor Kaine you will—these Com-
missions on Climate Change. I know with the knowledge economy
that we both have, as well as the practicality of agriculture, the
watermen economy, et cetera, could you share with us what we can
expect from the Governors to provide guidance to the Federal Gov-
ernment on what we need to do? We need to help you have a na-
tional program based on sound science that you can work with
funding great laboratories like the Virginia Institute and our own
University of Maryland Laboratory work.

But what could we expect from these commissions that would
give us guidance?

Governor KAINE. Well, as was pointed out, Governor O’Malley
has created a commission. I just have announced the creation of
one, so we are putting one together. The good news, Senator, is
that we have a deep talent pool of scientists and advocates who are
very, very engaged in this. We know already that sort of as a State
policy we would support a national cap and trade program. I be-
lieve that without saying what the commission’s recommendations
would be, there is strong support for that in Virginia and I suspect
would come out of a commission in that sense.

In addition, we do have good research institutes. The Virginia In-
stitute of Marine Science, and Virginia Tech does significant re-
search on carbon capture and storage in the southwestern part of
the State. We have a number of other research universities that do
significant work in this area. They will be part of the commission.

So I think one of the things that we can do as Governors and
with these commissions is forward the research that is being done.
It is just a matter of harvesting what is there already in terms of
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strategies. I think we will have some very good recommendations
that we can get to you from the talent pool that we have in Vir-
ginia.

Governor O’MALLEY. I suspect that the recommendations from
Maryland’s Climate Change Commission are probably going to
break down in about four different parts. There will probably be
recommendations on how we prime, encourage, move more quickly
towards diversified portfolios in terms of the energy we use. En-
ergy-efficient buildings—we have all become accustomed to under-
standing how much power plants and cars emit, but there is tre-
mendous opportunities to reduce our carbon footprint, and I sus-
pect they will be making recommendations on energy efficiency in
buildings.

Thirdly, the cap and trade, which we already mentioned, I would
have to believe that they will come out with recommendations for
a national program on that score. And finally, transportation—the
way we get to and from. Another important part that I think Mary-
land is particularly sensitive to, maybe in advance of some other
States and certainly parts of Tidewater Virginia experiences this as
well, and that is the connection between land use and global warm-
ing. In other words, our population has increased by about 30 per-
cent since the 1970s, but the land we consumed has increased by
about 100 percent. With that comes a tremendous amount of im-
pervious surface, a lot more lane miles traveled, and everything
else that goes with that.

So I suspect that Maryland’s Climate Change Commission will
also have recommendations on what we can do and where the con-
nection between land use and climate change is becoming more and
more apparent.

Senator MIKULSKI. Thank you. I note that my time is up. I would
hope that one of the things that we could get, particularly from
Maryland and Virginia, would be recommendations related to en-
ergy, and especially transportation. Both of our States have terrible
transportation issues. I know Virginia has grappled with it from a
reliable revenue stream to do this, but when we look at everything
from the mixing bowl to our turbo car door, we all know that trans-
portation is the number one issue with our constituents.

But also then how can we turn this lemon into a new lemonade
stand? Meaning, what can we do to look at our energy policy as
well as our transportation policy that, number one, deals with glob-
al warming, helps solve transportation problems, and create mar-
kets for new types of vehicles, not only passenger vehicles, but as
Governors you know, how about the cost of school buses? How
about the cost of your own transportation fleets? To actually make
the Federal Government a partner with you, that is you go to buy
mass transit vehicles, how we can have incentives to go to green
vehicles that would help the so-called market cues.

So we look forward to working with you. I am glad that we have
put aside the oyster wars and I am ready for an oyster festival. So
thank you very much.

Senator BOXER. Thank you, Senator.

Senator Warner has told me that he would like Senator Cardin
to go next. So our amazing colleague is again deferring, so Senator
Cardin, the floor is yours.
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Senator CARDIN. I add my thanks to Senator Warner. Senator
Warner, as I mentioned when you had left, has been one of the real
champions. The beginning of the Federal Government’s involve-
ment in the Chesapeake Bay was the result of the leadership of
two great U.S. Senators, Senator Warner and Senator Matthias.
They took that on, and Senator Sarbanes joined them, and we have
the involvement today as a legacy of Senator Warner, but he is
going to do something else before he retires.

He won’t retire before he leaves the Senate, and that is he is tak-
ing on the leadership on global warming. We thank him for that
because he is going to I think give the type of sage advice that
gives us the best chance of getting a bill enacted. We thank you
for your continued leadership, and I thank you for your courtesy
and for your help as a member of the U.S. Senate.

I agree that a piecemeal approach won’t work on these issues, so
we do need the Federal Government involvement. But I do think
we can learn from the States. That is what federalism is about. So
I really congratulate the leadership of both of our Governors here
because you are giving us workable models that we can now use
as national policy.

Governor O’Malley, I know that your leadership in dealing with
conservation and renewable energy sources has been just dramatic,
and we thank you for that. This week, we held a hearing in this
Committee on the economic advantage of green policies. We had
testimony from Marylanders on solar energy, and our State is one
of the leading sources now of solar energy development. My ques-
tion to you is, have you evaluated the impact of your policies on
the economy of Maryland and the reaction you are getting from the
business community as you look towards ways of getting less elec-
tricity use, energy use in our State, and looking at developing a
wider portfolio of energy supplies in Maryland?

Governor O’MALLEY. Well, certainly our hope, Senator, is that as
a Nation that has a very strong knowledge-based economy, as a
people who have always been innovating and creating new jobs
every generation, it is certainly our hope that as we develop new
sources of energy, as we apply our minds and the diversity of
minds that we have in our State to this challenge that there is a
whole wealth of jobs that can be created by throwing ourselves into
green building technologies, renewables, and energy efficiency.

We have really been engaged in days and days of conversations
with stakeholders as to how we throw ourselves into energy effi-
ciency. However we go about doing it, it is unavoidable that it will
require a lot of skilled and well trained people who will have to
work here in Maryland in order to create whether it is a smart
grid, whether it is smart meters in homes, the creation of energy-
efficient appliances and the like.

So I think this could be a great new wave for our State and for
our Country, the mixing both of high-minded, innovative, cutting
edge technology, but also the sort of hands-on skilled jobs that put
food on a family’s table and bring about the security and prosperity
that is the mark of any progress.

Senator CARDIN. Thank you.

Governor Kaine, I also want to join the Chairman in just appre-
ciating the way that you brought in national security to this de-
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bate. I hadn’t thought about Hampton Roads and realized it was
the second most vulnerable city or area to flooding, and the huge
population center that is there. But it is of critical importance to
our national defense.

The additional risk we are putting on national defense, where we
could do something about it, with extreme weather and the dan-
gers. I very much appreciate your bringing that up, because that
point has not been brought out in our discussions on global warm-
ing. I think it is an extremely important point and one that we
should follow up on, Madam Chair, as part of our work.

I also appreciate your testimony as to the quality of life, so many
factors involved with the Chesapeake Bay and how it really makes
Virginia a unique place to live and work.

Madam Chair, I just want to bring to the committee’s attention
the report that was released today by the National Wildlife Federa-
tion, the Chesapeake Bay and Global Warming. It points out some
of the points that we have already talked about, that global warm-
ing threatens an already beleaguered Chesapeake Bay. We don’t
deny it. We have problems in the Bay. But global warming is mak-
ing it more challenging.

It also talks about another part, and Congressman Gilchrest
mentioned this, gone fishing or fishing gone. This report says that
the Chesapeake is becoming too warm for winter flounder. We are
liable to lose it altogether. And soft clams we are liable to lose alto-
gether because the winter is just too warm. If it is appropriate, I
would like to see this as part of our record.

Senator BOXER. Without objection.

[The referenced document follows on page 88.]

Senator CARDIN. Again, I thank our Governors for being here.

Senator BOXER. Senator Warner.

Senator WARNER. Thank you, Madam Chairman.

I would like to follow on one of Senator Cardin’s themes, and
that is the impact on the economy. Under the strong leadership of
our Chair here, we had a hearing yesterday that was quite inter-
esting. We are all quite familiar with the term “blue collar,” the
people who get out there and sweat and work and make our econ-
omy what it is today in large measure, under the direction and
framework of executives on top.

But we have a new term coming up. It is called “green collar.”
I thought we had a convincing body of fact given to the Committee
yesterday about how the collective efforts of the several States, to-
gether with the Federal Government, towards the climate change
remedies are creating an entire new class of citizens who proudly
work in what we call green collar jobs, namely erecting the wind
power stands and dealing with all of the other aspects of the initia-
tives that each of you have taken in your States.

I wonder if you would lead off, Governor Kaine, followed by Gov-
ernor O’Malley. Are you beginning to categorize these jobs and re-
late that to the citizens of our great State? Because I have always
said from day one in my efforts on this subject, there is going to
be added costs at the gas pump when you go and fill up your car.
There is going to be an added cost when the homemakers have to
pay that monthly heating bill. A lot of these costs of the industrial
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and the manufacturing and the transportation levels are being fed
right back to the consumer.

So I think it is helpful to try and show the balance, the creation
of a new category of jobs.

Governor KAINE. Senator Warner, Virginia is the number one
State in the Nation in the percentage of our workforce that work
in technology jobs. We have seen in the last 3 or 4 years a definite
anecdotal increase in the number of technology jobs in alternative
energy and energy sectors. I just think of a very large Virginia
company right across the river, AES, that does energy around the
Nation and around the world. They are one of the largest producers
of wind power in America right now. They produce alternative en-
ergy at facilities all around the United States and the world at this
time.

So we are seeing that green collar sector of the economy. I had
not heard that phrase, but we are seeing that grow. It often clus-
ters around the research institutions. We have a Coastal Energy
Research Consortium at Old Dominion University with a lot of pri-
vate sector involvement, including many contractors that work on
the military installations in Hampton Roads. We have similar en-
ergy research going on, primarily on the coal side, clean coal down
at Virginia Tech.

So we do see these technology jobs grow in this area. I will also
say this, and this is some good news. The traditional blue collar in-
dustries are not our opponents in this in Virginia. They have some
questions. They have some challenges. They participated in a year-
long effort to put together this energy plan we just released, but
the overwhelming number of the recommendations we made were
with the environmental community and the manufacturers associa-
tion on board.

Ag and forestry is the biggest industry in Virginia. Global cli-
mate change dramatically affects the largest industry in Virginia,
ag and forestry. Tourism is one of the largest five industries in Vir-
ginia. If we do not do something about this, the traditional indus-
tries that have been the bulwark of the economy up to this point
are seriously jeopardized.

So both the old economy industries and these new green collar
opportunities have folks aligned with the notion that this is an im-
portant task that we should tackle.

Senator WARNER. Good.

Governor O’Malley.

Governor O'MALLEY. We have not gotten to a point, Senator,
where we are actually very good at categorizing these things, but
we see them developing and happening around us. I think they
have been in proportion to the clarity of this clear market signal.
For example, we adopted one of the larger solar requirements in
our portfolio and BP Solar in Frederick around that same time an-
nounced that they were going to double the size of their plant and
their employment out there in Frederick.

It is actually very exciting when you think about the new jobs
that can be created, and just how much we have to do to align our
workforce development, the sort of career technology training that
we should be doing along with algebra two in our high schools and
creating those pathways in our community colleges. Community



33

colleges are probably going to beat everybody to the punch on this
because they are more nimble and get out in front of these things.

We have a brave new world in front of us and look forward to
aligning those, you know, capturing the opportunities that will
come along with the some of the discomfort and additional cost.

Senator WARNER. Good.

Perhaps the Chair could ask our staff to provide these two distin-
guished witnesses with a little synopsis of the testimony that we
had yesterday, and some copies of it, because I think it would be
a great help.

Senator Boxer. Will do.

Senator WARNER. Both of these gentleman are quite busy in their
respective full-time jobs, so I think I will yield the floor and let
them return to their respective States, unless you want to talk a
little bit about the football standing between Maryland and UVA.

[Laughter.]

Senator WARNER. How is that going, Governor Kaine?

Governor KAINE. We will see.

Governor O'MALLEY. We will get to the oyster wars.

[Laughter.]

Senator BOXER. Governors, I thank you so much. I just want to
particularly thank Senator Warner for his graciousness. I want to
just say that the Governors we are hearing from, Senator Warner
and other Senators, are from both parties. Today, we happen to
have two Democrats, but I have heard from, of course, Governor
Schwarzenegger, who has provided terrific leadership on this, and
also Governor Crist of Florida, who is continually writing to us.
And there are other Governors from both parties. I don’t want to
start naming all of them.

But I think it just shows that the States are ahead of us here.
We have a lot of catching up to do, and I think the two of you have
made a very powerful case and tied it to the Bay, which is so im-
portant because we can see it, feel it, and touch it. And so we
thank you very, very much. Any ideas you have will be welcomed
in the future. Thank you.

Governor KAINE. Thanks, Madam Chair.

Senator BOXER. And now we would invite up our third and final
panel, while the Governors are leaving.

William Baker is President of the Chesapeake Bay Foundation;
Dr. Christopher Pyke, Member, Chesapeake Bay Program’s Sci-
entific and Technical Advisory Committee, and Fellow, Virginia In-
stitute of Marine Science’s Center of Coastal Resources Manage-
ment; Dr. Donald F. Boesch, President, University of Maryland
Center for Environmental Science; Dennis Avery, Senior Fellow,
Hudson Institute, Director, Center for Global Food Issues; Dr.
David W. Schnare, Esquire, Senior Fellow for Energy and the Envi-
ronment, Thomas Jefferson Institute for Public Policy; and Pastor
Richard Edmund, United Methodist Churches of Smith Island.

Gentlemen, we welcome you. We are very honored to have all of
you here. We will go from Mr. Baker all the way this way, and we
will try to keep it five minutes. I know we have a lot of questions.

Mr. Baker, welcome, the Chesapeake Bay Foundation. We wel-
come you.
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STATEMENT OF WILLIAM C. BAKER, PRESIDENT, CHESAPEAKE
BAY FOUNDATION

Mr. BAKER. Senator Boxer, members of the Committee, Senator
Mikulski, thank you for your leadership over these many years. My
name is Will Baker. I am President of the Chesapeake Bay Foun-
dation. On behalf of our 194,000 members, we thank you for the
opportunity to testify.

Senator Warner, special thanks to you for your years of support
for programs to help Chesapeake Bay and especially for your gen-
erous support of that 30-year-anniversary tour with Senator
Matthias—our great mutual friend and a founder of the Chesa-
peake Bay Foundation. I truly appreciate all that you have done
over these many years.

Many thanks as well to Senator Mikulski and Senator Cardin,
Senator Webb, who was here previously, and Congressman
Gilchrest, and our two esteemed Governors, Governor Kaine and
Governor O’Malley. We are so lucky to have you fighting for, as we
heard, not against each other, fighting for the Chesapeake Bay.

Sadly, the Chesapeake Bay is in deep trouble. By any measure,
it is only functioning at about 30 percent of its historic potential.
Eighty percent of the Bay and its tidal tributaries are on EPA’s
dirty waters list. Think of it. A national treasure so rich in history
and so valuable to our regional economy in such trouble.

Pollution is at the root of the problems. But now, global climate
change is making matters worse. As the waters warm, they hold
less dissolved oxygen, dangerously less dissolved oxygen. These wa-
ters are called “dead zones” and they plague the Bay. While the
phenomenon is happening worldwide, it is worse in the shallow,
slow-flushing coastal areas like the Chesapeake. Sadly, these wa-
ters are some of the most productive on earth. We are damaging
the very nurseries that produce the fish and shellfish that we value
so highly, like the Chesapeake Bay blue crab, to name just one.

Warmer water itself adversely affects the fish and shellfish.
Striped bass, for instance, cannot tolerate water that is 76 degrees
or warmer, so as surface waters warm, they dive deeper to try and
find cooler waters, only to be blocked by the deep water dissolved
oxygen-starved dead zones. They are being squeezed from the top
and the bottom and stressed, and the result is greater suscepti-
bility to disease.

Another real threat is to eelgrass. I know this is especially im-
portant to Senator Warner because it is the predominant Virginia
species of underwater grasses. At 80 degrees, it simply dies, and
we are seeing 80 degrees in the southern Bay all too often. No un-
derwater grasses, no crabs, no fish, no shellfish.

Unfortunately, some Bay species appear to benefit from warmer
water. I say “unfortunately” because those species are the nuisance
algae, some of which are toxic. One especially noxious species of
algae was plaguing the Norfolk and Hampton Roads area for much
of the summer. One last impact: sea level rise combined with an
increase in storm intensity will mean more floods, more erosion,
more polluted runoff, more damaged wetlands. None of this will be
good for water quality or human health or recreation.

There is some good news, however, and this time it really is good
news. A primary strategy to reduce the nitrogen that is so polluting
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the Chesapeake Bay is to help farmers install conservation prac-
tices on their land. The reason I bring it up at this hearing is be-
cause these practices, if implemented, will sequester a minimum of
5 million metric tons of carbon, the equivalent of taking over
750,000 Hummers, each driving 12,000 miles a year, off the road.
Exceptional, exceptional result.

So here is the win-win-win: help farmers stay on the land; reduce
nitrogen and carbon; increase dissolved oxygen, a tremendous ben-
efit for the environment.

In closing, let me thank you and urge support for a cap and trade
bill such as that which Senators Warner and Lieberman are devel-
oping. And let me urge support for a specific provision of that bill,
which I understand will be in the legislation, that which will help
provide funding for the great waters of the United States of which
the Chesapeake Bay is certainly one. A national treasure, the
birthplace of our great Nation, will thank you, and I thank you.

[The prepared statement of Mr. Baker follows:]

STATEMENT OF WILLIAM C. BAKER, PRESIDENT, CHESAPEAKE BAY FOUNDATION

Chairwoman Boxer, Senator Inhofe, Senator Warner, Senator Cardin and other
distinguished members of the Environmental and Public Works Committee, I am
William C. Baker, President of the Chesapeake Bay Foundation. Thank you for in-
viting me, on behalf of CBF’s board, staff, and 190,000 members, to participate in
today’s hearing.

I want to particularly acknowledge Senator John Warner for the work that he has
done to improve the health of the Chesapeake Bay during the nearly thirty years
that he has represented the people of the Commonwealth of Virginia. Even though
the Bay still has many challenges, it is much better off than it would have been
without Senator Warner’s strong interest and effective assistance during all those
years. Although he has announced his retirement at the end of this Congress, this
hearing and the development of the Lieberman/Warner legislation are indications
that he’s a long way from being done. Senator Warner, thank you.

Moreover, although none of them is retiring—in any sense of the word—I also
want to acknowledge the tremendous work done that Senator Mikulski, Senator
Cardin and Congressman Gilchrest are doing here in Congress on behalf of the Bay.
All three are doing everything they can to restore the health of the Bay, and I know
they will continue to do so for many years to come.

For more than 40 years, the Chesapeake Bay Foundation has been working to
protect and restore the Chesapeake Bay. The Chesapeake Bay is America’s largest
estuary, and its 64,000 square mile watershed—from Cooperstown, New York to
Cape Henry, Virginia and westward to the Allegheny Mountains—is a large part of
the Mid-Atlantic states. More than 17 million people live in the Chesapeake Bay
watershed, a number that is increasing by roughly 150,000 each year.

If you follow the Chesapeake Bay Foundation’s annual State of the Bay report,
you know that the lack of progress being made to improve water quality and protect
the living resources of the Chesapeake Bay continues to cause very serious concern.
The numeric score that our scientists calculated last year to represent the overall
health of the Chesapeake Bay—29 on a scale of 100—is only one point higher than
it was in 1999. This means that the Bay is ecologically functioning at between one-
fourth and one-third of its historic capacity, and is not improving nearly as fast as
we would like. The most systemic problem continues to be an overload of nitrogen
and phosphorus pollution creating a lack of dissolved oxygen in many parts of the
Bay and its tributaries. Every summer, the mainstem of the Bay and several of its
tributaries are plagued by dead zones, where not enough dissolved oxygen exists to
sustain many forms of aquatic life. The volume of water affected by these dead
zones varies by year, but on average about 80% of the Bay and its tidal rivers have
insufficient levels of oxygen.

The fact is that today’s Chesapeake Bay ecological web is a pale reflection of what
it was not so very long ago. Chesapeake Bay oysters, the great natural filter of the
Bay’s water, are currently less than 4% of their historic levels. The Bay’s flagship
species—the blue crab—is in such jeopardy that entire watermen communities are
disappearing, and the great crab processing companies now survive on foreign im-
ports. The underwater grasses so essential to life in the Bay are subject to massive
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die-offs related to increased water temperature, and the Bay’s wetlands, critical to
thousands of species in its web of life, are being destroyed yard by inexorable yard.

We have become complacent about the constant, slow deterioration of one of the
world’s great natural resources. The degree of stress on the system from pollution
flowing out of our cities and farms is enormous, and the system certainly does not
need more stress. Yet additional stress is exactly what the Chesapeake Bay eco-
system is already getting from rising water temperatures and sea level rise. When
CBF embarked on its mission to “Save the Bay” four decades ago, we had no idea
that carbon dioxide and other greenhouse gases would be a huge threat to the peo-
ple and other living resources that depend on the Bay for their existence. We under-
stand now, however, that fossil fuels burning in Indianapolis or in India, as well
as a host of other greenhouse gas producing activities, will negatively affect the peo-
ple and creatures of the Chesapeake Bay just as toxics and other well-known pollut-
ants do. The policy choices you and your counterparts in other nations make will
determine how severe those negative effects will be and how long they may last.

I will just touch briefly on what scientists believe will be the effects on the Chesa-
peake Bay unless action is taken to dramatically reduce emissions and sequester ad-
ditional carbon. I know that my colleagues on this panel from the scientific commu-
nity will fill in the details.

WARMER WATERS

Ocean temperatures are rising, and the water temperatures in the Chesapeake
Bay are as well. Warmer water has less capacity to hold dissolved oxygen, and dis-
solved oxygen is critical for most life in the Bay, its rivers, and its streams. Thus,
higher temperatures may exacerbate the Bay’s dead zones, potentially expanding
both the size and the duration of oxygen-deprived areas in the Bay.

In one of nature’s characteristic cycles, oxygen-deprived dead zones in the Chesa-
peake Bay and its tributaries can actually contribute to additional greenhouse gas
generation. Globally, estuaries emit approximately one third of the world’s oceans’
net emissions of nitrous oxide, a very potent greenhouse gas. In the few places
where it has been studied, nitrogen pollutant loads to estuaries have been shown
to contribute to increased nitrous oxide emissions. Similarly, estuarine production
of methane, another greenhouse gas, also increases under low-oxygen conditions due
to bacterial activity, so the Bay, in its overloaded and degraded state, is actually
contributing to climate change.

Changes in water temperature can also affect the distribution and health of
aquatic species in the Chesapeake. For instance, adult striped bass, also known as
rockfish, try to avoid water warmer than about 76 degrees Fahrenheit by finding
refuge in the cooler temperatures of deeper water. During the summer, however,
rockfish face what scientists call “temperature-dissolved oxygen squeeze,” when dis-
solved oxygen concentrations in these waters drop past the point where adult rock-
fish can survive. With predictions of higher water temperatures and expanded dead
zones, rockfish will be increasingly squeezed, forced to live in uncomfortably warm
water in order to “breathe.” Such stress can affect the health of fish by changing
their feeding habits or making them more susceptible to disease.

Scientists still have much to learn about the effects of increased carbon dioxide
and warmer water temperatures on the various types of algae found in the Bay, but
it seems clear that some species, like the harmful algae Cochlodinium that plagued
the Hampton Roads/Norfolk area last month, may prosper under the various climate
change scenarios.

STORM INTENSITY

Although climate change models are as yet inconclusive about whether more pre-
cipitation will fall in the Chesapeake Bay watershed, or exactly what seasonal vari-
ations in precipitation may look like, most models agree that storms will become
more intense. Storm intensity has an important impact on the Bay region in terms
of property damage as well as on Bay’s ecological health. Increased scouring and
runoff from more intense rain events, regardless of season, will carry significantly
higher loads of nitrogen, phosphorus, and sediment to tributaries, and thus to the
Bay. Since it is this trio of pollutants that is primarily causing the continued decline
in the Bay’s water quality, additional heavy loads of them during more intense
storms in the Mid-Atlantic states can be expected to appreciably compound the
Bay’s water quality challenges.

SEA LEVEL RISE AND FLOODING

With more than 11,000 miles of coastline, much of the Chesapeake Bay area, in-
cluding some large population centers, lies very close to water level. Worldwide, the
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Intergovernmental Panel on Climate Change predicts that sea level will rise be-
tween 8 inches and 2 feet by the end of this century. Many scientists consider those
estimates to be conservative, evidence is mounting that ice caps and glaciers are
melting at accelerated rates. If the trend continues, apparent sea level rise could
be as high as several feet in the region by the end of the century.

Although sea level rise will affect many parts of the world, the Bay region may
suffer even more. Why? Because, even as waters rise, much of the area is actually
sinking due to geological processes that began during the last ice age. This combina-
tion of processes has resulted in approximately one foot of net sea level rise in the
Chesapeake Bay over the past 100 years—a rate nearly twice that of the global his-
toric average. As a result we are losing Tangier Island, Smith Island, and many
other low-lying lands around the Bay. Thousands of acres of environmentally-critical
tidal wetlands are now unable to trap sediments fast enough to keep pace with ris-
ing water levels.

In the future, the combination of several feet of global sea level rise, flat topog-
raphy, and subsiding land mass could make the people who live here in the Mid-
Atlantic region particularly vulnerable. Demographic modeling correlated to pro-
jected sea level rise suggests that hundreds of thousands of people in low-lying
coastal or river valley areas, including in several cities, could fall victim to serious
floods, and these storms are likely to cause the most damage to socially vulnerable
populations within the region. For example, a 2005 report by the Center for Inte-
grated Regional Assessment defines areas within Hampton Roads that have high
“numbers of children and elderly, and with a high number of mobile homes” as vul-
nerable. By a wide margin, these at-risk communities are the most likely to face
severe flood and storm damage. Additionally, these storms—which are also pre-
dicted to increase in intensity—will not only increase demands on emergency serv-
ices and rescue facilities in these areas, but literally flood those facilities as well.
Essentially, those with the fewest resources to recover from a catastrophic storm
will be among those hardest hit.

Clearly, the enormous challenge of reducing the effects of excess carbon dioxide
and other greenhouse gas emissions requires a multiplicity of actions at every level
of society to reverse our current destructive course.

One important way to improve water quality in the Bay and help to reduce the
effect of greenhouse gas emissions is to maximize the use of common agricultural
conservation practices to prevent nitrogen and phosphorus from running to the Bay
while at the same time sequestering carbon. The Chesapeake Bay watershed states
have already defined agricultural conservation as a key tool to achieve the pollution
reductions necessary to remove the Chesapeake Bay and its tributaries from the
Clean Water Act’s 303(d) list. As part of the Chesapeake 2000 Agreement—a pledge
to cut the amount of nitrogen, phosphorus, and sediment pollution discharged into
the Bay and its rivers—Pennsylvania, Maryland, Virginia, Delaware, West Virginia,
New York and the District of Columbia have each developed river-specific “tributary
strategies” to achieve targeted pollution reduction goals. Region-wide implementa-
tion of these plans’ agricultural components would reduce the excess nitrogen enter-
ing the Bay by nearly 65 million pounds annually—approximately 60 percent of the
reduction needed to restore the Bay and its tributaries.

A recent Chesapeake Bay Foundation report entitled “Climate Change and the
Chesapeake Bay: Challenges, Impacts, and the Multiple Benefits of Agricultural Con-
servation Work”, drawing on a study conducted at the Yale School of Forestry and
Environmental Studies, made the case that more widespread use of common agricul-
tural practices such as planting winter cover crops, establishing riparian buffers,
and practicing rotational grazing and no-till farming can help to sequester carbon
while at the same time moderating the effects of adding greenhouse gases to the
atmosphere. The Yale study estimated that approximately 4.8 million metric tons
of carbon dioxide would be sequestered annually—the equivalent of mitigating the
carbon dioxide emissions from residential electricity use across the state of Dela-
ware. On a state-by-state basis, the greatest carbon sequestration benefits would be
accrued in Virginia—approximately 2.3 of the 4.8 million metric tons. This large
share is due to the prevalence of forest buffers and restoration programs in the
Commonwealth’s tributary strategies. In Pennsylvania and Maryland, carbon bene-
fits would come from a broader combination of conservation practices.

I am aware that farm bill reauthorization is not within the Environment and Pub-
lic Works Committee’s jurisdiction. However, within the next few weeks, each of you
will have an opportunity to influence the language of the farm bill on the Senate
floor, providing you with a powerful opportunity to enhance the mitigation of green-
house gas emissions as you work toward more comprehensive solutions. Providing
additional technical and financial assistance to farmers to increase the use of com-
mon conservation practices such as cover crops and buffers is a win-win strategy
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for the Chesapeake Bay, as well as for the global atmosphere. In fact, enhancing
carbon sequestration on America’s agricultural lands should be given more promi-
nence as an objective of federal farm policy nationwide.

As I near the end of my statement, I want to focus particular attention on one
element of the cap-and-trade bill that Senators Lieberman and Warner are devel-
oping. According to discussion papers I have seen, the Lieberman/Warner bill will
allocate 24% of the proposed National Emission Allowance Account to the Climate
Change Credit Corporation, rising to 52% over time. These allocations will be auc-
tioned and the proceeds will be used for various purposes, including 10% to help
mitigate the impacts of climate change on terrestrial wildlife and aquatic wildlife
in the nation’s great waters.

Certainly there are many potentially important uses for the funds produced by
the climate change credit auction, but I want to encourage you to make sure that
a significant share of the proceeds goes to projects that will help us to protect and
restore the great multitude of plants and animals that we are destroying through
our thoughtlessness—or worse. We are causing great harm to the natural world
through the actions that we take in the service of our prosperous lifestyles. It is only
appropriate that we do our best to compensate. And, as I have outlined today, the
Chesapeake Bay ecosystem, already on the brink, will be harmed even more by glob-
al climate change. It is critical that some of the proceeds from the credit auction
go to the nation’s great waters, including the Chesapeake Bay, to address the im-
pacts we are discussing here today.

In conclusion, I want to simply reiterate that the Chesapeake Bay, an ecosystem
in serious trouble, will be subject to very significant additional stresses in the com-
ing years from the effects of global climate change. There is much we do not yet
know, and a great deal of what will happen to the Chesapeake Bay depends on the
actions that you and other policymakers choose to take, but the outlines are very
clear. I urge you to work hard over the next few weeks for a 2007 farm bill author-
ization that allows farmers more ability to address the Bay’s nitrogen and phos-
phorus problem while at the same time sequestering carbon. As has already been
recognized by the House of Representatives, the Chesapeake Bay watershed is a
perfect national pilot area to simultaneously address water quality and carbon se-
questration. Above all, I urge to you quickly consider and pass an aggressive cap-
and-trade bill that will begin to force dramatic emissions reductions and provide a
source of funds to help address the changes that we are already seeing in the Chesa-
peake Bay ecosystem.

Thank you once more for the opportunity to be here today. I am happy to answer
any questions that you might have.

RESPONSES BY WILLIAM C. BAKER TO ADDITIONAL QUESTIONS FROM SENATOR CARDIN

Question 1. In the report on Climate change that CBF released earlier this year,
you make the point that the actions we take to reduce the emissions will also have
a positive, immediate impact on the Chesapeake Bay. Would you please take a mo-
ment to explain to the Committee the relationship between nitrogen and oxide pol-
lution, global warming and current Bay restoration efforts?

Response. As you note, one of the purposes of our report on climate change was
to highlight that many of the actions needed to reduce nitrogen pollution and re-
store water quality in the Chesapeake Bay will also lead to reductions in green-
?ouse gas emissions (and vice versa). 1 will give three examples of these dual bene-
its.

First, watershed-wide about one-third of the nitrogen pollution to the Chesapeake
comes from the air, much of it in the from of nitrogen oxides (NOx), a group of com-
pounds formed from the combustion of fossil fuels. Nitrous oxide—one of the “fam-
ily” of nitrogen oxides—is a very potent greenhouse gas. In addition, as we know,
the combustion of fossil fuels accounts for the majority of the carbon dioxide that
is emitted in the U.S. Consequently, actions that reduce our combustion of fossil
fuels (e.g. energy conservation and efficiency, renewable energy, fuel efficient cars)
will have multiple benefits, including: (1) a reduction in nitrogen (NOx) pollution
to the Bay, and (2) a reduction in the emissions of the greenhouse gases nitrous
oxide and carbon dioxide, to the atmosphere.

Second, a major source of nitrous oxide is agricultural fertilizer use One of the
strategies to reduce nitrogen pollution to the Bay is the adoption of enhanced nutri-
ent management practices by Chesapeake Bay farmers. This measure will result in
less fertilizer use which, in turn, will lead to reduced emissions of nitrous oxide into
the atmosphere and less runoff of nitrogen fertilizer into the Bay.
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Lastly, in its current degraded state, the Bay itself is a source of greenhouse
gases. Under oxygen-deprived conditions, greenhouse gases such as nitrous oxide
and methane are formed in the Bay sediments and eventually released into the at-
mosphere. If we reduce nitrogen pollution to the Bay and decrease the size of the
Bay’s dead zones, we will reduce the amount of these gases that are produced.

Question 2. Sequestering carbon will have to he part of the solution to curbing
greenhouse gas emissions. Can you please tell the Committee about some of the
dual benefits we might see through conservation programs in the Farm Bill?

Response. Implementation of agricultural conservation practices, while often over-
looked in policy discussions about reducing greenhouse gases, promises to be doubly
beneficial for climate change and water quality In the Bay region and beyond.

Carbon sequestration refers to the net removal of carbon dioxide from the atmos-
phere into long-term or permanent terrestrial ‘pools’: living (trees or grasses; roots
and microbes in the soil), stored in products with long lives such as lumber, or con-
tained as soil carbon. An enormous amount of carbon is stored in the soil and detri-
tus on the soil—the remnants of plants and trees. Agricultural practices can help
increase these carbon pools. For example, planting streamside buffers results in car-
bon sequestered in trees or grasses as well as increasing the amount of carbon in
soil. Traditional fanning techniques, such as plowing, reduce soil carbon levels by
allowing carbon dioxide to be released into the air, but conservation tillage, where
traditional plowing and hoeing are replaced with either no, or shallow, tillage ex-
poses less soil to the air, leading to the retention and increase of soil carbon. Fur-
thermore, these practices can be implemented now, while long-term strategies to
mitigate greenhouse gases are developed and implemented.

The chart below highlights the greenhouse gas benefits of some agricultural prac-
tices that are supported by Farm Bill conservation programs.

Carbon Sequestraﬂon Rates of Selected Agricultural Conservation Practices
(Pounds of Carbon per Acre per Yoar)

§ 3,035

z Nc#?ﬁi Farming

506
 Grass Buffers 440
| Rotational Grazing . 440

Cover Crops ; 176

1

i ki X 1 J
V] 500 1000 1500 2000 2500 3000 3500

RESPONSES BY WILLIAM C. BAKER TO ADDITIONAL QUESTIONS FROM SENATOR INHOFE

Question. As you know, while progress has been made restoring the Bay, the sig-
natories of the 2000 Agreement are no where near completing most of the goals they
outlined for the Bay. Were the goals and the timeframe realistic? In your view, what
is the biggest obstacle you are running into?

Response. The Chesapeake 2000 Agreement (signed in June of 2000 by the States
of Virginia, Maryland, and Pennsylvania, the federal government, the District of Co-
lumbia, and the Chesapeake Bay Commission) set numerous goals and objectives to
be achieved by the year 2010. The overarching goal is to achieve clean water. This
is defined as removing the Bay and tributary rivers from the Federal Clean Water
Act’s Impaired Waters List. Ironically, this simply represents compliance with the
Federal Clean Water Act of 1972.
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While difficult to believe, very little progress has been made toward achieving this
goal in spite of a clear knowledge of both the strategy and tactics to meet it. Sci-
entists are consistent in their belief that the Bay states must achieve a 110 million
pound annual reduction of nitrogen flowing into the system against a baseline of
year 2000 loadings to meet the goal of dean water and a balanced system, resulting
in a delisting from the Impaired Waters List.

This goal was and is absolutely achievable, but not without following sound
science and putting into place those practices which are proven to be effective. Bot-
tom line, the science, the technology, and even the public support for carrying out
this work are available. What has been missing is the political will to get the job
done as promised in the Chesapeake 2000 Agreement.

Senator BOXER. Thank you, sir. It was most eloquent.

Senator WARNER. Madam Chairman?

Senator BOXER. Yes, please?

Senator WARNER. I can assure our colleague that that provision
is in the bill now, but why don’t you look at it. If it needs a little
strengthening, let me know.

Mr. BAKER. Thank you, sir.

Senator BOXER. That is a very good offer I would not turn down.

[Laughter.]

Senator BOXER. Dr. Christopher Pyke, Member, Chesapeake Bay
Program’s Scientific and Technical Advisory Committee; Fellow,
Virginia Institute of Marine Sciences’s Center of Coastal Resources
Management. Welcome.

STATEMENT OF CHRISTOPHER R. PYKE, MEMBER, CHESA-
PEAKE BAY PROGRAM’S SCIENTIFIC AND TECHNICAL ADVI-
SORY COMMITTEE; FELLOW, VIRGINIA INSTITUTE OF MA-
RINE SCIENCE’S CENTER OF COASTAL RESOURCES MAN-
AGEMENT

Mr. PYKE. Thank you, Chairman Boxer, and members of the
Committee, thank you for your invitation to discuss the impacts of
climate change on the Chesapeake Bay.

In December 2006, the Chesapeake Bay Program asked the staff,
the Scientific and Technical Advisory Committee, to review re-
search activities, identify critical knowledge gaps, and make rec-
ommendations for next steps in addressing climate change. I am
leading STAC’s response to this, in collaboration with Dr. Ray
Najjar from Penn State University and a team of coauthors.

We conclude that climate change is more than a future threat to
the Chesapeake Bay. The Bay Program partners are making long-
term, capital-intensive decisions that are expected to yield results
for decades into the future. Changes in sea level, temperature, pre-
cipitation and other aspects of climate are likely to alter the cost
and efficacy of these activities.

Consequently, climate change is an immediate concern for efforts
to protect and restore water quality and living resources. Research-
ers have used historic observations to identify a variety of physical
changes in the Bay, including trends in sea level, temperature and
precipitation. Modeling studies suggest these trends are likely to
continue and potentially accelerate.

While projections of sea level and temperature are relatively well
constrained, the greatest uncertainty is associated with precipita-
tion. It is important to develop a better understanding of potential
changes in regional precipitation, particularly the implications of
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potentially unprecedented combinations of temperature and pre-
cipitation.

Environmental monitoring is an essential component of the Bay
Program and climate change adds to the already critical need for
monitoring and creates new challenges. Bay Program monitoring
systems should be designed to detect trends and allow managers to
differentiate between changes driven by climate and those associ-
ated with other sources of degradation or restoration action.

Climate change also creates new challenges for Chesapeake Bay
restoration strategies, including two of the most important, includ-
ing bay-wide water quality regulation and activities to restore liv-
ing resources. Calculations used to develop water quality regula-
tion are based on carefully selected historical meteorological obser-
vations. However, observations and modeling results make it in-
creasingly clear that historic time series are unlikely to be rep-
resentative of future conditions. Consequently, it is essential to de-
velop and implement new methods for establishing water quality
regulations that explicitly incorporate climate change.

Similar considerations apply to efforts to protect and restore liv-
ing resources. The Bay Program partners should assess the vulner-
ability of living resource restoration efforts such as eelgrass and
SAV to climate change and require projects to take steps to pro-
mote success under changing conditions.

The serious implications of climate change for the Bay Program
lead directly to consideration of potential measures to adapt to
changing conditions. This is an emerging area of research that has
received relatively little attention from the scientific community.
Effective adaptation requires linking resource management and
monitoring to facilitate changes in practice over time. The Bay Pro-
gram partners should take action to adapt their management prac-
tices to rising sea levels, increasing temperatures, and changing
precipitation patterns.

Stepping back, we can identify two general actions that can help
the Bay Program partners and other stakeholders address these
challenges. First, recognize that climate change is a component of
a wide range of decisions associated with water quality regulation,
living resource restoration, and other issues. The Bay Program
partners can and should immediately require all major resource
management decisions to include an assessment with three compo-
nents. First, identify climatic assumptions. Second, evaluate the
potential for climate change to undermine or alter these assump-
tions. And explicitly consider alternative management options that
are more likely to be resilient and adaptive.

The second action is to take a leadership role in addressing cli-
mate change across the watershed. The Bay Program partners can
and should develop a bay-wide climate action plan that com-
plements State level climate action plans with a specific emphasis
on impact and adaptation opportunities relevant to the protection
and restoration of the Bay.

In conclusion, it is important to recognize that climate change is
an immediate concern for the Bay Program. Fortunately, there are
practical steps the Bay Program partners and other stakeholders
can take to understand and prepare for changing conditions.

[The prepared statement of Mr. Pyke follows:]
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STATEMENT OF CHRISTOPHER R. PYKE, MEMBER, SCIENTIFIC AND TECHNICAL ADVI-
SORY COMMITTEE OF THE CHESAPEAKE BAY PROGRAM; FELLOW, CENTER FOR
COASTAL RESOURCES MANAGEMENT, VIRGINIA INSTITUTE OF MARINE SCIENCE; DiI-
RECTOR OF CLIMATE CHANGE SERVICES, CTG ENERGETICS, INC.

INTRODUCTION

Chairman Boxer, ranking member Inhofe and members of the Committee: thank
you for your invitation to address the Committee on the important issue of the im-
pacts of global warming on the Chesapeake Bay. I am Christopher R. Pyke, and I
currently serve as a member of the Scientific and Technical Advisory Committee for
the U.S. Environmental Protection Agency’s (EPA) Chesapeake Bay Program (Bay
Program). I am also a fellow with the Virginia Institute of Marine Science’s Center
for Coastal Resources Management, and the Director of Climate Change Services for
CTG Energetics, Inc., a green building and sustainable design consultancy. Pre-
viously, I served as a physical scientist with the U.S. EPA’s Global Change Research
Program, and as a co-chair of the U.S. Climate Change Science Program’s Human
Contributions and Responses Interagency Working Group. I maintain a long-term
interest in the implications of climate change for water quality and aquatic eco-
systems, and I am actively engaged in a wide range of issues linking land use deci-
sions with climate mitigation, impacts, and adaptation. A brief biography summa-
rizing my professional experience is an attachment to this testimony.

In response to Chairman Boxer’s letter of invitation, my testimony provides my
views on the impact of global warming on the Chesapeake Bay with particular em-
phasis on findings from a report I am coordinating on behalf of the Bay Program’s
Scientific and Technical Advisory Committee (STAC). Although my remarks draw
extensively on findings in this forthcoming report, my comments reflect only my own
professional opinion and they are not necessarily those of the STAC or any other
organization.

SUMMARY

Climate change is more than a future threat to the Chesapeake Bay. The Bay
Program partners are making long-term, capital-intensive decisions that are ex-
pected to yield results for decades into the future. Changes in sea level, tempera-
ture, precipitation, and other aspects of climate are likely to alter the cost and effi-
cacy of many of these activities. In this context, climate change is an immediate con-
cern for efforts to protect and restore water quality and living resources. The Bay
Program partners can and should take immediate action to assess the implications
of changing climatic conditions for their activities and ensure that restoration strat-
egies will be effective under future conditions.

This outcome can be promoted by immediate action to:

1. Identify and address climatic assumptions associated with important manage-
ment and policy decisions (e.g., water quality regulation).

2. Evaluate the sensitivity of water quality protection, living resource restoration,
and monitoring strategies to climate change and promote the development and im-
plementation of practices that are resilient and adaptive to changing conditions.

3. Develop a comprehensive, Bay-wide Climate Change Action Plan that will serve
as a roadmap to prioritize research and management activities and guide the imple-
mentation of adaptive responses.

INTRODUCTION TO STAC CLIMATE CHANGE STUDY

The Chesapeake Bay Program’s Scientific and Technical Advisory Committee
(STAC) provides guidance to the Bay Program on measures to restore and protect
the Chesapeake Bay. STAC accomplishes its mission through technical reports and
papers, discussion groups, reviews of Bay Program activities, technical conferences
and workshops, and service by STAC members on Bay Program subcommittees and
workgroups. STAC reports annually to the Bay Program Executive Council and
quarterly to the Implementation Committee. STAC is composed of 38 members
drawn from federal and state agencies, universities, research institutions, and pri-
vate industry.

In December 2006, the Chesapeake Bay Program requested that the STAC evalu-
ate current understanding about the implications of climate change for the Chesa-
peake Bay, specifically the restoration of water quality and living resources. STAC
was asked to review recent and on-going research activities, identify critical knowl-
edge gaps, and make recommendations for next steps in addressing climate change.

STAC’s response to this request is being led by Ray Najjar from Pennsylvania
State University and myself with assistance from a team of co-authors including
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Mary Beth Adams, Denise Breitburg, Carl Hershner, Robert Howarth, Michael
Kemp, Margaret Mulholland, David Secor, Kevin Sellner, and Robert Wood.

The forthcoming report will include three sections:

1. A review of scientific research and literature

2. An assessment of gaps in understanding and research priorities

3. Recommendations for next steps

A draft version of the report is currently under internal review by the STAC, and
it is scheduled for public release at the end of October 2007. The following com-
ments focus on the second two sections of the report. My testimony draws primarily
on this study; however, any specific conclusions or interpretations reflect only my
professional opinions.

GAPS IN UNDERSTANDING AND RESEARCH PRIORITIES

The STAC review identified four research themes in recent climate change-related
research associated with the Chesapeake Bay:

1. Physical drivers of change

2. Environmental monitoring

3. Impacts on restoration strategies

4. Adaptive responses to climate change

Physical drivers of change

Climate variability and climate change create challenges for the restoration of
water quality and living resources in the Chesapeake Bay. Understanding of spatial
and temporal dynamics associated with physical drivers is essential to effective re-
sponses to these challenges. Researchers have identified a variety of physical
changes through analysis of historic observations, including trends in sea level, tem-
perature, and precipitation patterns. Modeling studies suggest that historic trends
are likely to continue and potentially accelerate across a wide range of socio-eco-
nomic scenarios. Projections for sea level and temperature are relatively well con-
strained. While the greatest uncertainty is associated with one of the most impor-
tant variables required to understand Chesapeake Bay ecosystems: precipitation.
Spatial and temporal changes in precipitation patterns can have far-reaching impli-
cations for the Bay ecosystems through impacts on watershed hydrology and biogeo-
chemical processes, particularly under warmer temperature regimes. It is essential
to develop a better understanding of potential changes in regional precipitation and
the implications of potentially unprecedented combinations of temperature and pre-
cipitation.

Environmental monitoring

Environmental monitoring is an essential component of the Chesapeake Bay Pro-
gram. Computer models and simulations are used to develop environmental policy
and regulation. However, the ultimate success (or failure) of these measures is
based on real world conditions. Climate change adds to the already critical need for
monitoring and creates new challenges. Chesapeake Bay monitoring systems must
be designed to detect long-term trends and allow managers to differentiate changes
driven by climate from those associated with other sources of degradation (e.g., land
use) or restoration action. This information is necessary to evaluate the efficacy of
management actions and accurately attribute the causes of improvement or deg-
radation in ecosystem health and water quality. It is essential that the Bay Pro-
gram evaluate the consequences of climate change for its existing monitoring sys-
tems and ensure that sampling designs provide adequate statistical power to detect
trends and differentiate sources of improvement or degradation.

Impacts on restoration strategies

Understanding of physical drivers of change and consideration for the effective-
ness of environmental monitoring help create the foundation of information needed
to consider one of the most critical questions: What are the implications of climate
change?for the Bay Program’s strategies to restore water quality and living re-
sources?

Three of the most important strategies include:

e Bay-wide water quality regulation.

o State tributary strategies designed to achieve the goals of the Chesapeake 2000
agreement.

e Activities to protect and restore living resources, such as submerged aquatic
vegetation and oysters.

These strategies are central to the success of the Bay Program, and climate
change is likely to jeopardize the validity of key assumptions used in current ap-
proaches to developing and implementing these strategies.
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For example, calculations used to estimate TMDLs are based on a carefully se-
lected subset of historic meteorological observations. However, observations and
modeling results make it increasingly clear that these historic time series are un-
likely to be representative of future conditions. It is essential to develop methods
for calculating TMDLs that explicitly incorporate information about changing cli-
matic conditions.

State partners have developed implementation plans called tributary strategies.
These documents describe the combination of approaches needed to restore Bay
water quality. The performance of individual management practices is central to the
design of tributary strategies, and our understanding about performance is based
on observations under historic climatic conditions. For example, the ability of
stormwater detention ponds to capture sediment and remove nutrients varies as a
function of precipitation volume and intensity. It is increasingly likely that deten-
tion pond designs based on historic precipitation requirements may not meet per-
formance goals under future conditions. Many widely-used water quality Best Man-
agement Practices are likely to exhibit similar sensitivities. It is important for the
Bay Program partners to assess the consequences of climate change for the effective-
ness of management practices.

Similar considerations also apply to efforts to address living resources. Restora-
tion efforts rely on understanding of historic relationships between climatic condi-
tions and ecological processes. However, changes in climate are likely to jeopardize
these relationships. For example, planting of submerged aquatic vegetation (SAV)
is a major emphasis of the Bay Program; however, SAV is known to be highly sen-
sitive to peak summer temperatures and flow regimes. Climate change is likely to
alter both of these variables and alter the likelihood of restoration success. Fortu-
nately, it is possible to identify these climatic assumptions and take action to de-
velop more sustainable restoration plans. For example, experience with coral reef
ecosystems suggests that it is possible to identify resilient sites where local condi-
tions offset regional climatic stresses and increase the likelihood of restoration suc-
cess. This suggests that restoration activities in the Bay may benefit from efforts
to identify resilient restoration locations at local and regional scales. The Bay Pro-
gram partners should assess the vulnerability of living resource restoration efforts
to climate change and require projects to take specific steps to increase the likeli-
hood of success under changing conditions.

Adaptive responses

The serious implications of climate change for the Bay Program lead directly to
consideration of potential measures to adapt to changing conditions. This is an
emerging area of research that has received relatively limited attention from the sci-
entific community.

It is possible to distinguish between resilient and adaptive responses to climate
change impacts. Resilient responses help increase capacity of systems to respond to
disturbance and accommodate changing conditions. Resilient responses strive to
identify opportunities to make decisions more robust to a range of future conditions.
Adaptive responses attempt to actively incorporate observations and model projec-
tions to anticipate and respond to changing conditions. The goal is to adjust man-
agement practices to increase the likelihood of success under future conditions. Un-
fortunately, adaptive approaches are often constrained by current practices locked
by convention or regulation to historic conditions. For example, standard “design
storms” are often used to develop stormwater management systems. Observations
and modeling results clearly suggest that these design storms are unlikely to be rep-
resentative of future conditions. Consequently, systems based on these specifications
may fail under future conditions. Adaptation requires identifying these climatic as-
sumptions and taking action to anticipate the consequences of changing conditions.
This includes creating dynamic linkages between management and monitoring to
provide feedback and facilitate changes in practice over time. The Bay Program
partners can and should take action to increase the resilience of their activities to
uncertain precipitation regimes and begin to adapt their management practices to
rising temperatures and sea levels.

NEXT STEPS

Climate change is more than a future threat to the Chesapeake Bay. The Bay
Program partners are making long-term, capital-intensive decisions expected to
yield results for decades into the future. In this context, climate change is an imme-
diate concern to the restoration of water quality and living resources. The Bay Pro-
gram partners can and should take immediate action to assess the implications of
changing climatic conditions for their activities and ensure that restoration strate-
gies will be effective under future conditions.
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Identifying climatic assumptions and sensitivities

The Bay Program partners can and should take immediate action to address these
issues through its existing authorities, responsibilities, and resources. The first, and
perhaps most important, step is to explicitly recognize that climate change is a com-
ponent of a wide-range of critical decisions associated with TMDLs, tributary strate-
gies, living resource restoration, and many others. The Bay Program partners can
and should immediately require all major resource management decisions to include
an assessment that (1) identifies climatic assumptions, (2) evaluates the potential
for climatic change to undermine or alter these assumptions, and (3) explicitly con-
siders alternative management options that are more resilient and adaptive.

Climate Change Action Plan

An assessment of climatic assumptions and sensitivities provides immediate op-
portunities for improvement to internal Bay Program decision making processes.
This is necessary but not sufficient to address the scope of the problem. It is equally
important for the Bay Program to take a leadership role in addressing climate
change across the watershed. One mechanism for achieving this is the development
of a broad-based, Bay-wide Climate Change Action Plan. This Plan would build on
and complement state-level Climate Action Plans with a specific emphasis on im-
pacts and adaptation opportunities relevant to the protection and restoration of the
Chesapeake Bay. The preparation of the plan should begin with the foundation of
information provided by the scientific community and quickly broaden to engage the
full spectrum of Bay Program partners at Federal, state, and local levels. The plan
should include a detailed roadmap for research and management action to help the
Bay Program achieve its mission under changing climatic conditions. The Bay Pro-
gram partners should take immediate action to promote and support the develop-
ment of a Climate Change Action Plan.

Research coordination and leadership

Improvements to internal decision making and regional coordination are essential
components for the Bay Program. A third component involves enhancing the flow
of scientific and technical information from the research community to decision
makers and managers. Current understanding of the implications of climate change
for the Chesapeake Bay is sufficient to raise alarm. For example, there are many
reasons to suspect that water quality regulations are highly sensitive to assump-
tions about climatic conditions. However, the research community cannot yet pro-
vide definite recommendations for how to address these concerns.

The current body of knowledge reflects a history where research efforts have gen-
erally been broad in scope and, with notable exceptions, lacking in depth and dura-
tion. This pattern results from several decades of sporadic funding opportunities,
the lack of institutional commitments, and the absence of widely-recognized re-
search priorities. For example, there is no single research group or institution dedi-
cated to climate change research and applications in the Chesapeake Bay.

This situation contrasts with a number of regions with strong, long-standing rela-
tionships between climate science, public policy, and ecosystem restoration. For ex-
ample, the Climate Impacts Group (CIG) at the University of Washington is an
award-winning interdisciplinary research group that works to understand natural
climate variability and global change to increase the resilience of the Pacific North-
west to fluctuations in climate. The CIG has contributed demonstrably to a founda-
tion of knowledge that supports some of the progressive public policy in the nation
with regard to climate change (e.g., King County, Washington’s 2007 Climate Plan).
The Chesapeake Bay would benefit directly from a similar organization. The Bay
Program partners should take the lead in establishing an entity that links climate
science, policy, and management throughout the watershed as quickly as possible.

RESPONSES BY CHRISTOPHER R. PYKE TO ADDITIONAL QUESTIONS
FROM SENATOR CARDIN

Question. What do you think the essential elements of a science program for the
Chesapeake Bay relative to climate change should be?

Response. As I outlined in my testimony, climate change is a cross-cutting chal-
lenge to the mission of the EPA’s Chesapeake Bay Program and the health of the
Chesapeake Bay ecosystem. One of the key messages from my testimony is that cli-
mate change needs to be considered as part of many important management deci-
sions. The critical issue is that climate change is not a new issue that “stands apart”
from existing concerns. It is a new challenge applicable to many existing responsibil-
ities. Consequently, I strongly believe that a science program for the Chesapeake
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Bay should be designed and implemented to provide support for decision makers
and managers trying to understand and respond to changing climatic conditions. In
other words, a science program for the Chesapeake Bay should be dedicated to the
provision of effective decision support.

This should be accomplished through a responsive, collaborative, solutions-ori-
ented applied research program that is guided by the needs of stakeholders, particu-
larly the EPA’s Chesapeake Bay partnership. This science program would constitute
a climate extension service for the Chesapeake Bay. The success of this kind of ac-
tivity would be based on successful programs for issues such as soil conservation
and wildlife management. In these cases. Federal agencies have a long and success-
ful track record of implementing programs that provide direct benefits to key con-
stituencies and positive return-on-invest for society as a whole. These programs are
often highly decentralized, often embedding extension scientists within universities
with a mandate to facilitate technology transfer. A similar approach could be de-
vised for the Chesapeake Bay. Ideally, an extension service should strive to create
a self-sustaining market for climate change services between private parties. In
other words, decision makers would recognize the need to consider climate change
in their decision making and hire firms to help with technical analyses. The govern-
ment can help by providing the foundation of applied research and development
needed to establish these markets and, when necessary, rules that protect society’s
interests by requiring consideration for climate change in decision making (see
McGinty 1997 or Babbit 2001).
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Senator BOXER. Thank you, sir.

Dr. Boesch, is that the right way to say it? All right. Dr. Donald
Boesch, President, University of Maryland Center for Environ-
mental Science. We welcome you.

STATEMENT OF DONALD F. BOESCH, PRESIDENT, UNIVERSITY
OF MARYLAND CENTER FOR ENVIRONMENTAL SCIENCE

Mr. BoEscH. Chairman Boxer and members of the Committee, I
am very pleased to appear before you today to talk about what we
know about the impacts of climate change and global warming, and
what we expect to be happening in the Bay in the future.

It is especially a rare honor for me today because I have the
privilege of being here with not only my Congressman, but my two
Senators and my Governor all at the same time. It is a rare, rare
occurrence, as you might understand.

Global climate change is not something in the Chesapeake Bay’s
future. It is here today. The Bay is warming. Evidence is growing
that this is the case. We have two long-term records from the Vir-
ginia Institute of Marine Science down in Virginia, and our Chesa-
peake Biological Lab, that we have now put together. They consist-
ently show about a 2 °F increase in the average temperature of the
Bay since about 1960. This follows and is consistent with the pat-
terns we have been seeing in terms of air temperature over much
of the Bay watershed, so this is consistent both in observation and
argument.

The projections that we can make in the future, of course, in
terms of temperature in the Bay must be based upon the kinds of
models that we use to project future climate, which predict air tem-
perature changes. If we use those to understand what the impact
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on the Bay water may be, we could anticipate over this next cen-
tury an additional 5 to 9 °F increase in average temperature in the
Bay.

This comes, of course, all through the year with warmer sum-
mers, as well as warmer winters. As was pointed out, this has sub-
stantial effects on the organisms that live in the Bay, influencing
things like eelgrass that Mr. Baker mentioned, a very important
habitat in the Bay. This plant is near the southern end of its
range, and is in serious jeopardy as a result of warming. But also
the timing of things that occur in the Bay, the natural cycles in
which the food supply for the young striped bass or crabs will be
changed and thrown out of kilter, sometimes with unpredictable
consequences.

Of course, the other concern we have heard much about from our
Governors is the issue of sea level rise. The Bay has much low-
lying territory. It has 8,000 miles of shoreline, and we have very
extensive areas on the Eastern Shore that are very susceptible.
Senator Inhofe mentioned in the opening the fact that the sea level
has been rising a long time in the Chesapeake Bay. In fact, that
is the case. It rose very dramatically, of course, after the last gla-
cial period of some 300 feet, and flooded the Bay thereby creating
the Bay that we now appreciate.

But it has been relatively stable for about 6,000 years. Obviously,
since the founding of Jamestown Europeans have been occupants
for only a small part of that period. Indeed, that period of time has
seen the development of civilization not only here, but in other
parts of the world. So as we see these changes that take place, they
will affect not only our natural resources, but also our historical re-
sources, as was pointed out by Governor Kaine.

Let’s take what we know about the observed rates of sea level
rise and the best estimates we have from the models that are used,
for example, in the IPCC assessment. One must understand the
fact that this region is slowly sinking about one-half foot per cen-
tury, somewhat more in Hampton Roads, somewhat less in Wash-
ington. And then when we add to that the model projections, we
could well see a 2- to 4-foot increase of sea level this century over
much of the Chesapeake Bay region.

Now, 2 to 4 feet, what does that mean? First of all, sea level rise
will probably be at least twice what we have seen in the last cen-
tury, which was about 1-foot relative to the land. And it could be
as much as four times. While this is not the 20-foot inundation that
you see in some popular animations, but remember this. Sea level
is not going to stabilize in the year 2100. Sea level will not simply
rise and then plateau. In fact, because of the lags in the world cli-
mate system, it will continue to rise in future centuries. So we
have to then plan for a future in which we could see major portions
of our historical Bay cities.

As was pointed out by both Dr. Pyke and Mr. Baker, we are al-
ready dealing with major challenges in the Bay, and we now have
to factor climate change into it. What we need to do, and I think
you have heard Governor O’Malley and Governor Kaine now sug-
gest, is to integrate what we are doing to restore the Bay with this
new threat of climate change. We must find solutions to address
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climate change also to improve the way we are addressing the
Bay’s problems and vice versa.

In addition, as Dr. Pyke indicated, we really need much more at-
tention from Federal agencies that fund the science and the re-
search that we do to help predict regional scale impacts. A recent
study by the National Research Council emphasized that although
we have done great as a Nation in leading the world in under-
standing the climate system on a global scale, we have not empha-
sized the regional scale. We now need this information to help us
plan our future.

So thanks very much for this opportunity.

[The prepared statement of Mr. Boesch follows:]

STATEMENT OF DONALD F. BOESCH, PROFESSOR AND PRESIDENT, UNIVERSITY OF
MARYLAND CENTER FOR ENVIRONMENTAL SCIENCE, CAMBRIDGE, MD

Chairman Boxer and members of the Committee, I am Donald F. Boesch and am
pleased to appear before you today to address what is known about the impacts of
global warming on the Chesapeake Bay, what future effects are likely, and what can
be done to address the consequences to this magnificent ecosystem, its living re-
sources and the people who live in the Bay region. This is a special honor for me
because Maryland’s two senators and our Governor are all here today.

By way of background, I am a marine ecologist who has conducted research along
our Atlantic and Gulf coasts and in Australia and the East China Sea. Over 25
years of my career have been spent studying the Chesapeake Bay or directing sci-
entists who do. Although not a climate scientist, I have been engaged in several as-
sessments of the possible consequences of climate change on coastal environments
and try to keep closely abreast of the emerging climate change literature. Most nota-
bly, I served as co-chair of the Coastal Areas and Marine Resources Sector Team
for the U.S. National Assessment of Climate Variability and Change! and as co-edi-
tor of the report Chesapeake Futures: Choices for the 21st Century.2 And, currently
I am serving as chair of the Scientific and Technical Working Group of the Mary-
land Commission on Climate Change.

A WARMING BAY

Global climate change is not just something in the Chesapeake Bay’s future. Evi-
dence is building that it has already resulted in changes in the Bay environment
over the last several decades. Based on long-term records from the piers at the
Chesapeake’s two historic marine laboratories—extending back to 1938 at my Cen-
ter’s Chesapeake Biological Laboratory on Solomons Island, Maryland, and to 1948
at the Virginia Institute of Marine Science at Gloucester Point—it is clear that the
Bay has been warming. While annual Bay water temperatures have varied in rela-
tion to large-scale climate cycles, such as the North Atlantic Oscillation, there has
been a superimposed warming trend of about 1 °C or nearly 2 °F since the 1960s.
This is, by the way, consistent with the observed increases in air temperature over
much of the Bay region during that same time period.

Because of the close connection of air temperature—the monthly averages rather
than the daily extremes—and the temperature of Bay waters, the General Circula-
tion Models used to project future climate conditions as a function of increasing
greenhouse gases provide some insight into further changes in temperature in the
Bay. Depending on the emission scenarios, these models suggest a 3 to 5 °C (5 to
9 °F) increase in annual mean temperature by the end of this is century.? These
increases in air temperature may be modulated somewhat as water temperatures
respond, but even if we act today to dramatically reduce greenhouse gas emissions

1Boesch, D.F., J.C. Field, and D. Scavia. 2000. The Potential Consequences of Climate Varia-
bility and Change on Coastal Areas and Marine Resources. NOAA Coastal Ocean Program Deci-
sion Analysis Series Number #21, National Oceanic and Atmospheric Administration, Silver
Spring, MD.

2Boesch, D.F. and J. Greer. 2003. Chesapeake Futures: Choices for the 21st Century. Chesa-
peake Research Consortium, Edgewater, MD.

3Pyke, C., R. Najjar, M.B. Adams, D. Breitburg, C. Hershner, M. Kemp, R. Howarth, M.
Mulholland, K. Sellner, and R. Wood. 2007. Climate Change Research and the Chesapeake Bay.
Draft. Chesapeake Bay Program Scientific and Technical Advisory Committee, Annapolis, MD.
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around the world, the Chesapeake Bay is still very likely to experience significant
additional warming.

The much warmer waters during the summer and much milder temperatures dur-
ing the winter would have substantial consequences for the organisms that live in
the Bay and how this ecosystem works. Species that are already stressed by high
summer temperatures, such as the eelgrass that provides important habitats in the
lower Bay, may be greatly reduced or eliminated. Milder winter temperatures are
likely to open the back door to invaders from warm temperate areas around the
world who hitchhike into the Bay in ships’ ballast waters. With earlier spring warm-
ing the critical timing of spawning of species such as striped bass and blue crabs
will adjust, potentially out of phase with other processes, such as food production,
that are critical to the success of their young.4
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INUNDATION

The Chesapeake Bay region is one of the areas of the country most sensitive to
the effects of sea-level rise because of its 8,000 miles of shoreline and extensive, low
lying areas, particularly on the Eastern Shore.® Sea level has been rising in the Bay
for a long time, initially as a result of the melting of glaciers at the end of the last
ice age. In fact the Bay itself is a series of drowned river valleys, inundated by the
rise in the ocean levels of over 300 feet 7,000 to 12,000 years ago. Sea level has
been rather stable in recent centuries, however, rising only slowly as a result of the
sinking of the land—a slow subsidence of the Earth’s crust that had bulged upward

4Wood, R.J., D.F. Boesch, and V.S. Kennedy. 2002. Future consequences of climate change
for the Chesapeake Bay ecosystem and its fisheries. American Fisheries Society Symposium
32:171-184.

Glick, R., A. Staudt, and D. Inkley. 2007. The Chesapeake Bay and Global Warming: A Para-
dise Lost for Hunters, Anglers and Outdoor Enthusiasts? National Wildlife Federation, Reston,
VA.

5 Austin, H.M. 2002. Decadal oscillations and regime shifts, a characterization of the Chesa-
peake Bay marine climate. American Fisheries Society Symposium, 32:155-170.

Secor, D.H. and R.L. Wingate. In review. A 69 year record of warming in the Chesapeake Bay.
Fisheries.

6Titus, J.G. and C. Richman. 2001. Maps of lands vulnerable to sea level rise: Modeled ele-
vations along the U.S. Atlantic and Gulf coasts. Climate Research 18:205—228.



50

under the weight of glaciers to the north. Still this has been enough to cause the
abandonment and, in some cases, disappearance of several islands that had human
habitation in the 19th and early 20th centuries.

Land areas estimated to be less than 3.5 meters
above mean sea level in 2000.°

During the 20th century the Bay level rose a little over one foot relative to the
land over most areas of the Bay. Accurate tide gauge records at six locations in the
Bay showed this relative sea-level rise to range from 2.7 mm per year in Wash-
ington, DC to 4.5 mm per year in Hampton Roads, Virginia,” with the difference
apparently related to differences in subsidence rates. With the rise in the surface
of the ocean during the 20th century averaging 1.7 mm per year,® subsidence rates
vary from 1.0 to 2.9 mm per year and, because this is a slow geological process, are
expected to remain constant for the foreseeable future. Satellite altimeter measure-
ments suggest that globally the level of the ocean was rising faster, as much as 3.1
mm per year, during the period 1993 to 2003 than earlier in the century8; although
this effect is not yet clearly evident in the Chesapeake Bay tide gauge representa-
tion of relative sea level because of variation due to winds and other factors.

The Intergovernmental Panel on Climate Change projected average global rise in
sea level through the 21st century for different greenhouse gas emission scenarios.8
If one adds to their rates the average regional subsidence rates for the Chesapeake
Bay of 1.8 mm per year, the projections equate to relative sea level rises by the
2090—-2100 time period of 0.37 to 0.57 meter (1.2 to 1.8 feet) with aggressive reduc-
tion of greenhouse gas emissions and 0.44 to 0.73 meter (1.4 to 2.5 feet) if emissions
continue to grow. However, there are several reasons to believe that these estimates

7Zervas, C. 2001. Sea Level Variations of the United States, 1854-1999. NOAA Technical Re-
port NOS CO-OPS 36. National Oceanic and Atmospheric Administration, Silver Spring, MD.

8Solomon, S., D. Qin, and M. Manning. 2007. Contribution of Working Group I to the Fourth
Assessment Report. Intergovernmental Panel on Climate Change, Geneva.
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might be too low. First, as mentioned earlier, satellite evidence indicates that the
rise of the global ocean level during 1993-2003 was already much faster than the
low emissions estimate. Secondly, the IPCC projections excluded acceleration of the
melting of polar ice sheets and evidence is mounting that the melting of the Green-
land ice sheet has accelerated. Recently published empirical projections suggest an
increase in ocean levels of between 0.5 and 1.3 m,® which with regional subsidence
would equate to 0.69 to 1.38 meters (2.1 to 4.8 feet) by century’s end.
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While there remains uncertainty, not only as related to behavior of the climate,
but also of the level of accumulated greenhouse gases, it appears likely that relative
sea level in the Chesapeake Bay will rise twice as much during this century than
it did in the previous century and could rise three or more times as much. This rise
would probably be measured in several feet, rather than the catastrophic sea level
rise of 20 feet or more associated with the complete melting of Greenland as de-
picted in some popular animations. Still, it is important to keep in mind that sea
level would not simply reach a plateau in 2100 but will continue to rise under al-
most any emission assumption. Furthermore, a rise in Bay water level of just a foot
or two will place into jeopardy extensive intertidal wetlands, many of which are al-
ready showing deterioration due to inundation,© and additional low lying islands.
Sea level rise will have profound, but poorly understood effects on the Bay itself.
For example, the deepening of the Bay will allow saline ocean water to extend far-
ther up the estuary. Already, this effect seems to be evident in the slight increase
in salinity when one factors out the effects of freshwater inflow variations and hy-
drodynamic models project shifts in salinity significant enough to allow oyster dis-
eases to penetrate deeper into the estuary.11

9 Rahmstorf, S. 2007. A semi-empirical approach to projecting future sea-level rise. Science
315:368-370.

10 Larson, C., I. Clark, G. Gunterspergen, D. Cahoon, V. Caruso, C. Hupp, and T. Yanosky.
2004. The Blackwater NWR Inundation Model. Rising Sea Level on a Low-lying Coast: Land Use
Planning for Wetlands. U.S. Geological Survey Open File Report 04—1302 http:/pubs.usgs.gov/
0f/2004/1302/index.html

11 Hilton, T.W., R.G. Najjar, L. Zhong, and M. Li. In review. Is there a signal of sea-level rise
in Chesapeake Bay salinity? Journal of Geophysical Research.
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sEny 10

But the effects will be felt in the built environment as well, as roads, utilities,
sewerage and drainage systems are threatened with inundation and erosion of de-
veloped shorelines and saltwater intrusion into aquifers progress, not only on the
Eastern Shore and the imperiled communities on Smith and Tangier Islands, but
also in part of the cities of Hampton Roads, Baltimore, Annapolis, Alexandria and
the Nation’s Capital itself.

These effects will be experienced not just through the slow encroachment of mean
sea level but during the extremes, when storm surges build on top of the inexorably
slowly rising Bay. For example, in 2003 Hurricane Isabel resulted in storm surges
up to 9 feet, typically exceeding the maximum recorded levels of a 1933 hurricane,
which had a very similar trajectory and intensity, by about one foot.12 This is the
approximate increase in relative sea level over that 70 year interlude. Add to this
the potential for increased frequency and intensity of tropical cyclones as result of
warmer ocean waters and there emerges the considerable likelihood of significantly
increased vulnerability of the Chesapeake Bay’s coastal communities and environ-
ments as a result of global climate change.

12Boicourt, W.C. 2003. Physical response of Chesapeake Bay to hurricanes moving to the
wrong side: Refining the forecasts. In K.G. Sellner and N. Fisher (eds.), Hurricane Isabel in Per-
spective. Chesapeake Research Consortium, Edgewater, MD.
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WHAT HAPPENS ON LAND MATTERS

As a large, but shallow estuary with limited exchange with the ocean, the Chesa-
peake Bay is particularly affected by what drains into it from its 64,000 square mile
watershed. Greatly increased inputs of sediments and nitrogen and phosphorus nu-
trients as a result of land uses, agricultural inputs and atmospheric fallout are the
root cause of the deterioration of the Bay during the latter half of the 20th century.
And, reducing those nutrient and sediment inputs are the main focus of the Chesa-
peake Bay restoration program.

Climate change could affect the runoff of nutrients and sediments in a number
of ways that interact, making prediction of future conditions somewhat difficult. The
wild card is how climate change will affect precipitation and ultimately river runoff.
Model projections for precipitation in the Mid-Atlantic region do not have the same
level of consistency as those for temperature. However, there is considerable agree-
ment for increased precipitation during the winter and spring.13 This would likely
mean the flushing out of more nutrients through river flow to the Bay during the
critical January-May time period, exacerbating water quality problems in the Bay,
particularly summertime oxygen depletion of the deep waters of the Bay or the so-
called “dead zone.”* On the other hand, models have less agreement in summer
precipitation, with most predicting little or no overall increase but with most rain
delivered during intense events that punctuate dry spells. Keeping in mind that
warmer temperatures mean more evaporation and plant transpiration this would
suggest significantly less river discharge during the summer, which could further
allow the salt-water intrusion into the Bay discussed in the context of sea-level rise.
Compounding these physical phenomena are the human responses, particularly in
agriculture, to changing energy costs, temperature, soil moisture and water avail-
ability. These, as well as the still needed pollution abatement practices, will affect
the inputs of nutrients in the first place.

RESTORING THE CHESAPEAKE

Substantial public investments have been made and individual actions taken to
restore the Chesapeake Bay. Almost $3.7 billion has been spent on that effort be-
tween 1995 and 200415 and it has been estimated that an additional $15 billion will
be required to achieve the water quality objectives of the Chesapeake 2000 Agree-
ment.16 While some of the changes in the regional climate that are anticipated over
the remaining century might actually result in improvements in environmental
quality, the tally sheet of reasonable expectations is heavily tilted toward the detri-
mental in terms of ecosystem recovery. For example, higher winter-spring runoff
will require even more efforts to control non-point source pollution in order to re-
ceive the same water quality goal for the Bay. The loss of tidal wetlands will reduce
their natural cleansing capabilities, and so on.

There are two corollary implications for Bay restoration. First, the impacts of cli-
mate change must be factored into restoration goals and actions. No longer should
this be put off as too hypothetical, too political or too daunting. Second, mitigating
the causes of climate change to avoid dangerous extreme changes should become
part of the Bay restoration agenda.

SEEKING COMMON SOLUTIONS

Integrating climate change mitigation and adaptation with Chesapeake Bay res-
toration requires the search for common solutions. If considered with an open mind,
there are opportunities and savings rather than additional costs to be realized. Gov-
ernor Martin O’Malley has created the Maryland Commission on Climate Change
to recommend a Plan of Action for mitigating and adapting to climate change.1?” The
Commission has discovered that as practical strategies to reduce the emissions of
greenhouse gases are developed in other states there are significant net economic

13 Hayhoe, K., C.P. Wake, T.G. Huntington, L. Luo, M.D. Schwartz, J. Sheffield, E. Wood, B.
Anderson, J. Bradbury, A. DeGaetano, T.J. Troy, and D. Wolfe. 2007. Past and future changes
in climate and hydrological indicators in the US Northeast. Climate Dynamics 28:381-407.

14 Bachelet, D., D.F. Boesch, K.L. Ebi, G.A. Meehl, and R.R. Twilley. 2007. Regional Impacts
of Climate Change in the United States: Four Case Studies. Pew Center for Global Climate
Change, Alexandria, VA.

15 Government Accountability Office. 2006. Chesapeake Bay Program: Improved Strategies
Needed to Better Guide Restoration Efforts. GAO-06-614T. Government Accountability Office,
Washington, DC.

16 Chesapeake Bay Watershed Blue Ribbon Finance Panel. 2004. Saving a National Treasure:
Financing the Cleanup of the Chesapeake Bay. Chesapeake Bay Program, Annapolis, MD

17 For information on the activities of the Maryland Commission on Climate Change see http:/
www.mde.state.md.us/air/mccc/
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benefits, although initial investments are usually required to achieve them. Energy
conservation and emphasizing transportation options that get many of the single-
occupancy vehicles off the roads favor smart growth and reduce impacts to the Bay.
At the same time, we need to mitigate if not avoid apparent solutions to the fossil
fuel dependence that result in additional degradation of the Bay. In that vein, the
rapid increase in growing corn, which has high fertilizer requirements and concomi-
tant nutrient losses, to produce ethanol is particularly troublesome,!® particularly
when, on careful inspection, this seems to produce few if any net reductions in
greenhouse gas emissions.

SOUND SCIENTIFIC GUIDANCE

To accomplish this integrated approach to Bay restoration and climate change
mitigation and adaptation will require innovative and rigorous science to under-
stand both the synergistic as well as the antagonistic interconnections. While the
Chesapeake Bay has a robust scientific community actively engaged in supporting
Bay restoration, there is a critical need to build capacity in research, monitoring
and assessment related to the consequences of regional climate change. This is
largely because the federal science agencies have not invested much in this area.
In a recently released review of the U.S. Climate Change Science Program, the Na-
tional Research Councill® concluded that:

e Discovery science and understanding of the climate system are proceeding well,
but use of that knowledge to support decision making and to manage risks and op-
portunities of climate change is proceeding slowly.

e Progress in understanding and predicting climate change has improved more at
global, continental, and ocean basin scales than at regional and local scales.

e Our understanding of the impact of climate changes on human well-being and
vulnerabilities is much less developed than our understanding of the natural climate
system.

The Chesapeake Bay Program’s Scientific and Technical Advisory Committee3 has
prepared a review and agenda to support the practical understanding of regional cli-
mate change that could serve as a blueprint for the needed federal investments.
However, we are not in this predicament alone—other regions of the country face
similarly daunting challenges in assessing and responding to their climate future.

As I mentioned at the beginning, over seven years ago I contributed to the U.S.
National Assessment of Climate Variability and Change, performed under Congres-
sional mandate. Unfortunately, we have lost much the intervening time—a critical
period of time when one considers the pace of climate change and the immediacy
of decisions that will be required—when informed regional assessments and re-
sponse strategies could have been developed. I urge Congress to make up for this
lost time by authorizing and supporting the regional studies of regional climate dy-
namics and ecosystem and social responses that are needed to manage our future
wisely.

RESPONSES BY DONALD F. BOESCH TO ADDITIONAL QUESTIONS
FROM SENATOR CARDIN

Question 1. What do you think the essential elements of a science program for
the Chesapeake Bay relative to climate change should be?

Response. As summarized during the hearing by Dr. Christopher Pyke, the Sci-
entific and Technical Advisory Committee of the Chesapeake Bay Program is near
completion of a report Climate Change Research and the Chesapeake Bay that dis-
cusses the status of research in four research themes: physical drivers of change,
environmental monitoring, impacts on restoration strategies, and adaptive strate-
gies. The STAC report notes that, in particular, there is a low level of attention to
the impacts on restoration strategies and to adaptive strategies. I would agree that
a Chesapeake Bay science program relative to climate change should have an essen-
tial guiding focus on how climate change will affect our efforts to restore the Bay
and on informing the policies and actions for adapting to the inevitable change we
will experience in the 21st century. Given that, there are several questions that
seem to me to be critically important at the start:

18 Chesapeake Bay Commission. 2007. Biofuels and the Bay: Getting It Right To Benefit
Farms, Forests and the Chesapeake Bay. Chesapeake Bay Commission, Annapolis, MD.

19 National Research Council. 2007. Evaluating Progress of the U.S. Climate ChangeScience
Program: Methods and Preliminary Results. National Academies Press, Washington, DC.
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(a) How will likely changes in precipitation and evapotranspiration interact with
projected land use changes to affect the flow of fresh water, nutrients and sediments
into the Chesapeake estuary?

(b) How will likely sea-level rise and the resulting deepening of the Bay affect cir-
culation, the distribution of salinity, groundwater intrusion, stratification, hypoxia,
and sedimentation?

(c) How will tidal wetlands and shorelines respond to likely acceleration in sea-
level rise and what are the most effective measures that can be taken to avoid or
minimize negative impacts to natural environments and human infrastructure?

(d) How will likely increases in temperature and its seasonal timing affect eco-
logically and economically organisms, potential invasive species and key biogeo-
chemical processes in the Bay?

(e) To what degree will increased CO concentrations in the atmosphere result in
acidification of Bay waters and what will be the ecological consequences of such
changes?

Question 2. Can you take a moment to explain how you would see an ‘adaptive
management’ program working the Chesapeake region as we deal with the evolving
effects of global warming?

Response. More effective application of adaptive management is required for
Chesapeake Bay restoration in order to cross-compare model projections on which
restoration measures are based with real-world, observed outcomes. This would
allow more rigorous evaluation of the effectiveness of restoration efforts, appropriate
redirection and redesign, and ultimately much greater efficiencies. This is essen-
tially the point made in the Government Accountability Office’s 2005 report Chesa-
peake Bay Program: Improved Strategies are Needed to Better Access, Report, and
Manage Restoration Progress. (GAO 06-96). Adaptive management is also useful
when changes in environmental and socioeconomic conditions occur and, thus, will
be applicable in our efforts to adapt to climate change. For example, as we prepare
for likely sea-level rise and river discharges over the planning horizon for Chesa-
peake Bay restoration, it is prudent to forecast how these changing conditions are
likely to affect the attainment of restoration goals and either adjust the goals or
measures (e.g. nutrient loading reductions) need to achieve them. Monitoring feeds
into this iterative process not only realistic assessment of goal attainment but also
information about the changing environment.

What adaptive management cannot do is manage global warming. That is, we
cannot monitor sea level, for example, until we observe a substantial acceleration
in its rise and then decide to reduce greenhouse gas emissions. The residence times
of greenhouse gases in the atmosphere are too long and the responses in Earth’s
climate systems are too slow for that. Rather, our mitigation strategies must be an-
ticipatory, precautionary and robust.

Question 3. In your experience around the nation, especially in Louisiana and
other coastal areas, are they facing the same challenges? Are actions we are dis-
cussing ?important just to the Chesapeake, or are they equally applicable around the
country?

Response. Coastal regions are among the most sensitive areas of the world to cli-
mate change as they are directly affected by sea-level rise but also are impacted by
changes in the frequency and intensity of cyclones and other storms, temperature,
and freshwater inflows. No coastal regions on Earth are immune to these effects and
some effects, such as in coastal regions of the Arctic that are rapidly eroding due
increased wave attack as sea-ice cover is reduced, are already quite dramatic. Coast-
al regions will vary to some degree in their susceptibility to climate change—com-
pare steep, rocky shorelines to the low-relief coastal environments of Maryland’s
Eastern Shore of Louisiana, for example. And, coastal ecosystems may be more or
less vulnerable to other climate related changes—river flow or temperature, for ex-
ample. Actions taken to mitigate the increase in greenhouse gases in the atmos-
phere and thus reduce global warming are of consequence to all coastal regions of
the country. However, the steps taken to adapt to inevitable changes will vary con-
siderably depending on the important dynamics, drivers, and vulnerabilities of the
region. One might think, for example, that a region like coastal Louisiana with its
high rates of land subsidence, already degraded wetlands, and exposure to hurri-
canes may have few adaptation options. But, that region has the substantial capac-
ity of Mississippi River sediments that could be managed to offset relative sea-level
rise that other regions do not.

Question 4. Can you explain to the Committee the relationship you see between
the global scientific efforts to understand and deal with global warming and the
more regional understanding that is needed for areas like the Chesapeake? What
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is a reasonable scale, both geographically and in time, for us to understand and re-
spond to climate change?

Response. Global climate change is being effected by processes in the atmosphere
and the ocean that are global in scale, thus scientists have worked to develop global
models of geophysical processes that help explain the changes that have been ob-
served and project the changes that we are likely to experience based on current
understanding. These models are the basis of the climate change projections made
by the Intergovernmental Panel on Climate Change (IPCC) and conclusions about
the reduction in emissions needed to stabilize greenhouse gas concentrations and
thus the degree of climate change. These models are necessarily of global scope and
thus, for practical reasons, do not resolve much detail at the scale of the Chesa-
peake Bay, its watershed, or the Mid-Atlantic region, for that matter, and con-
sequently only fairly coarse regional projections are provided in the IPCC report.
Furthermore, these models are unable to incorporate climatic dynamics that might
operate on such region, as opposed to global scales. Furthermore, additional sci-
entific efforts are required to interpret the consequences of the climate changes on
regional ecosystems, resources and socioeconomic conditions.

As the National Research Council (NRC) recently pointed out in its report Evalu-
ating Progress of the U.S. Climate Change Science Program: Methods and Prelimi-
nary Results, the U.S. Climate Change Science Program (CCSP) has done a very
good job at keeping the U.S. at the leading edge of discovery science and under-
standing of the Earth’s climate system at global, continental and ocean basin scales,
but has been much less effective in predicting climate change at regional and local
scales. Furthermore, the NRC found that the CCSP has lagged in advancing the use
of that knowledge to support decision making and to manage risks and opportuni-
ties of climate change. This is beyond regretable because the congressionally man-
dated U.S. National Assessment completed in 2001 (Climate Change Impacts in the
United States: The Potential Consequences of Climate Variability and Change) in-
cluded very useful regional assessments that provide a solid basis for the science
needed to improve regional understanding. In my opinion, the delay by the Federal
government over the last six years in accepting the reality of global climate change
resulted in avoiding the kinds of scientific investments needed to deal with the con-
sequences of climate change in places where we live. I strongly support the NRC’s
recommendations that such investments are now urgently needed.

The space and time scales that must be addressed for understanding and response
are in an important sense nested. Improving understanding at the regional scale,
say on the scale of the Chesapeake Bay and its watershed, is a weak link at this
time. However, this understanding will depend on continued development of our
skill in making projections on a global scale. Furthermore, understanding and re-
sponse will also be required on a very local scale, for example judging how sea-level
rise and storm surges will affect vulnerability in downtown Baltimore. In the same
vein, we need to develop the understanding to make more confident projections over
this century, the principal time scale that the IPCC and U.S. National Assessment
addressed, but we also need to understand the longer term changes that will occur
as a result of actions during this period (e.g. sea level will continue to rise over hun-
dreds of years as a result of the amount of 21st century warming that occurs). And,
at the same time we will need to better understand whether anomalies that we see
in one or a few years—this year’s drought in the southeast or the 2005 hurricane
season—are manifestations of climate change or just natural variability.

Senator BOXER. Thank you, Doctor.

At this point, before we hear from Dr. Avery and the rest of the
panelists, I am going to hand the gavel over to Senator Cardin be-
cause I have an urgent meeting. I am hoping to get back, but if
I don’t get back, just understand that you have an ally in this Cali-
fornia Senator, and I am sure in the other California Senator as
well. We share a common set of values based around our water re-
sources, and we face similar challenges. You know that.

I just wanted to ask unanimous consent to place in the record an
article that talks about what is happening in Greenland. Senator
Inhofe and I have this go-around every time we have one of these
hearings. And so I just wanted to make sure in the record goes this
article, which points out that over the past 20 years the air tem-
perature in southeast Greenland has risen by 3 °C. That is 6 °F.
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As we all know, because the three of us went, you could actually
see the ice move if you stay in one place. Every hour you just see
the ice move and these magnificent icebergs floating in the Atlan-
tic. It is one of the most awesome sights that I have ever seen. I
think I speak for all of us. Knowing that the average age of this
ice is 9,000 years, and it is going to disappear in 1 year from the
time it breaks off into the Atlantic.

So it is quite an awesome sight, and I recommend that anybody
interested in the subject make that trip. It is very much worth-
while. So we will place that in the record, without objection.

[The referenced document follows on page 107.]

Senator BOXER. Again, I want to say to Senator Mikulski, you
have added immeasurably to our discussion today, and we are part-
ners in this whole fight against global warming. I am just so hon-
ored that you spent your time with us, given all of the require-
ments on your time.

Senator Cardin, the gavel is yours.

Senator CARDIN [Presiding]. Senator Boxer, we thank you for
making this hearing possible. We think it is very important for our
Country to understand the practical effects of global warming to
the Chesapeake Bay region. You have given us the opportunity to
have this hearing. Senator Mikulski and Senator Warner and I all
thank you for making that possible.

Senator MIKULSKI. Senator Boxer, I, too, want to echo my sup-
port because by focusing on the Chesapeake Bay, we want to bring
home the impact of global warming on our own people. Number
one, that it has real consequences to people, as you are going to
hear about a waterman’s family, and particularly to our economy
and to our national security, as Senator Warner has indicated.

So we thank you and I thank you for your courtesy in having me.
We hope to see our science bill in Commerce, Justice, Science on
the floor as part of the October group, and we look forward to your
participation to show how important what we do is. Thank you.

Senator BOXER. You can count on my support.

Senator CARDIN. Thank you.

We will now hear from Dennis Avery. He is Senior Fellow, Hud-
son Institute; Director, Center for Global Food Issues.

STATEMENT OF DENNIS T. AVERY, SENIOR FELLOW, HUDSON
INSTITUTE; DIRECTOR, CENTER FOR GLOBAL FOOD ISSUES

Mr. AVERY. Thank you, Senator. I am also the coauthor of a new
book entitled “Unstoppable Global Warming: Every 1,500 Years.”
The book is about the 1,500 year climate cycle that was discovered
in 1984 in the Greenland ice cap ice cores by two gentleman named
Dansgaard and Oeschger.

Over the last 11,000 years of the planet’s history, the 1,500 cycle
has dominated our temperatures. The Vostok ice core in the Ant-
arctic indicates nearly 600 of these cycles in the last million years.
Each one raised the temperatures in the Bay region by one to 3 °C
above the mean for centuries at a time, and then dropped the Bay
region temperatures 1 to 3 degrees below the mean for centuries
more. The flora and the fauna quietly adapted.

We may not like the stress. We may not like the change, but it
has been with us. By the way, Dansgaard and Oeschger shared the
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Tyler Prize, the environmental Nobel, in 1996, but today nobody
wants to discuss the cycle they found, almost no one.

Thankfully, Senator Mikulski’s people have sponsored Tom
Cronin of the U.S. Geological Survey, who studied the magnesium
and calcium ratios in the Bay sediments. He found temperature
shifts of 2 to 4 °C associated with the Little Ice Age, the Medieval
Warming, the Dark Ages, the Roman Warming, and presumably
would have found them in previous years if the Bay had been alive
that long.

Deborah Willard, also of the USGS, found a 1,429 year cycle in
the abundance of the Bay’s pine trees, associated with winter tem-
perature declines of as much as 2 °C. She also found very long
drought periods near the Bay during both the Roman Warming and
the Medieval Warming. Again, we may not like these changes, but
whatever we do on energy policy is unlikely to trump the sun.

The temperatures of the modern warming are well within the pa-
rameters of past natural warming cycles. Our temperatures have
increased about .7 degrees since 1850. About five tenths of that oc-
curred before 1940, and thus much before much human-emitted
COa. Our net warming since 1940 is two-tenths of a degree Celsius,
and we have had no warming at all since 1998.

A warming of .1 degrees over 65 years is not much, especially
while the atmosphere has been becoming increasingly saturated
with atmospheric CO,. The only place we see radical warming is
in the unverified computer models whose early predictions have al-
ready proven inaccurate. Nor will sea levels rise much. Higher tem-
peratures evaporate more ocean water, but they also drop more
snow to become more ice on Greenland and the Antarctic.

Neils Reeh of the University of Denmark reports a broad con-
sensus among sea level experts that another degree of warming,
which would more than double the warming we have had in the
last 150 years, would melt enough Greenland ice to raise sea levels
three tenths to seven tenths of a millimeter per year. At the same
time, it would add enough Antarctic ice to subtract two tenths to
seven tenths of a millimeter of sea level per year, leaving us with
very little sea level change. The 6 inches per century that we have
had in the last 400 or 500 years may be a good guess for the fu-
ture. We have seen no acceleration since 1850.

No wild species has been found anywhere in the world to have
gone extinct because of the higher temperatures. Instead, the tree
and plant species, the birds, butterflies, crickets and mammals
have been expanding their interlocking ranges, creating more bio-
diversity per acre than the planet has seen for 500 years. The
birds, fish, and mammals of the Chesapeake Region have quietly
adapted to the temperature and rainfall changes associated with
the cycle. Again, they may not be the changes we would prefer, but
I seriously question our ability to stop them.

Fossil pollen shows nine complete reorganizations of North
America’s trees and plants during the past 14,000 years. That is
a cycle of 1,650 years. The number of pine trees varies with the
cold. The distribution of the fish species changes with the cold. The
one thing I can see that we might impact at this moment is the
distribution of corn plants on the Eastern Shore and Western
Shore of the Chesapeake Bay. The biofuels program is greatly in-
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tensifying corn production and may be intensifying pollution prob-
lems in the Bay as a result. That is one thing that we could rein
in, even though we can’t control the sun.

Thank you very much.

[The prepared statement of Mr. Avery follows:]

STATEMENT OF DENNIS T. AVERY, HUDSON INSTITUTE, DIRECTOR, CENTER FOR
GLOBAL FooD ISSUES

Thank you for the opportunity to present this testimony on a vital public issue.
NO HUMAN IMPACT ON CHESAPEAKE TEMPERATURES?

The first point I must make is that we cannot document any significant current
impact from man-made warming on the Chesapeake Bay. Nor are we likely to do
so in the future. A number of recent studies have found incontrovertible evidence
of a long, moderate natural global climate cycle—which has periodically raised the
temperatures of the Chesapeake to higher levels than today, and for extended peri-
ods. Quite simply, the Bay has been through higher temperatures before, and will
be again. The flora and fauna have also been through these warmer periods, and
adapted. That is fortunate, because the natural climate cycle is apparently driven
by the sun, and the warmings are unstoppable.

Previous Bay warmings include the Medieval Warming (950-1300), the Roman
Warming (200 BC-600 AD), and at least two earlier Holocene Warmings since the
last Ice Age 12,000 years ago, that were regarded by paleontologists as warmer than
today by several degrees C.1

These natural warmings, and the coolings interspersed with them, are called
Dansgaard-Oeschger cycles. The cycles are named after their discoverers, Willi
Dansgaard of Denmark and Hans Oeschger of Switzerland, who found them when
they brought up the world’s first long ice cores from the Greenland ice cap in 1983,
the Greenland ice cores revealed the 1,500-year cycles for the first time, embedded
in 250,000 years of Greenland ice history. (Oxygen isotopes in the ice layers docu-
mented the air temperatures that existed when each layer was laid down.)2 The cy-
cles had been too long, and too moderate, to be discerned by peoples lacking ther-
mometers and written records.

Since the 1980s, the evidence of these cycles has also been found in a 900,000-
year Antarctic ice core; in the sediments of at least six oceans and hundreds of
lakes; in cave stalagmites on every continent plus New Zealand; in ancient docu-
ments in Europe and Asia; in the long-term records of Nile floods; and in archeo-
logical remains, which show farms and primitive villages simultaneously moved up
thellslopes of the Alps and Andes during the warmings, and back down during the
coolings.

Fossil pollen shows nine complete reorganizations of North America’s trees and
plants during the past 14,000 years, in concert with the temperature cycling. In On-
tario, this means that beech trees dominated the forests during the Medieval Warm-
ing, giving way to more oak trees as the Little Ice Age set in, and finally yielding
to more pine trees as the cold intensified. Today, the oak trees are coming back and
the beech trees are waiting their next turn.

Both seabed sediments and ice cores show the Dansgaard-Oeschger cycles extend-
ing back at least 1 million years, and dominating the earth’s temperatures during
the last 11,000 years. Incidentally, Dansgaard and Oeschger shared the 1996 Tyler
Prize (the “environmental Nobel”) with Claude Lorius, leader of the Antarctic team
that brought up the Vostok ice core, so the cycle evidence is well-known to the envi-
ronmental movement.

I have co-written a new book, with climate expert Fred Singer, titled
Unstoppbable Global Warming: Every 1,500 Years. It cites peer-reviewed studies,
authored and co-authored by more than 500 scientists and published in leading sci-
entific journals, which (1) found evidence of the natural cycle, (2) linked it to the
sun’s variations, or (3) found some other serious flaw in the current global warming
alarmism, such as the loss of 1 million wild species or radically increased human
deaths. The researchers’ scientific specialties range from tree rings, lichens and ma-
rine fossils to public health and satellite imagry. There are many more such studies

1 Nasif Nahle, (2007) “Warmer than current periods in the Holocene epoch,” Biology Cabinet,
biocab.org/Holocene.html.,.

2W. Dansgaard, et al, (1984), “North Atlantic Climatic Oscillations Reveled by Deep Green-
land Ice Cores,” in Climate Processes and Climate Sensitivity, F.E. Hansen, ed., Geophysical
Monograph 29, 28-98, American Geophysical Union, Washington, D.C.
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which the book did not cite, and we plan to identify more of them and their authors
in the near future.

The Dansgaard-Oeschger cycles are moderate above all. They have typically
warmed the earth by 1-2 °C above the long-term average, and then dropped it by
1-2 degrees below the long-term average at the latitude of Washington and the
Chesapeake. Arctic temperatures vary more widely, which may or may not stress
the polar bears but seems inevitable. The shifts from warm to cool and back are
often abrupt, gaining half their total change within a few decades. Near the equator,
temperatures change little, but rainfall patterns change sharply, as the tropical rain
belts shift north and south by hundreds of miles. This shift in the rain belts has
produced mega-droughts in California and very long droughts in the Chesapeake re-
gion.

All of the current global warming evidence today is consistent with our Modern
Warming being a natural rebound from the Little Ice Age. Our total warming since
1850 is apparently just 0.7 °C. The only place we find dramatically dangerous man-
made warming is in the projections of the global computer models—which have been
verified with each other, but not with the real world. The models have consistently
overestimated the Greenhouse effect, and the UN’s Intergovernmental Panel on Cli-
mate Change has been slowly and reluctantly reducing its warming forecasts over
time.

This moderate climate cycle has raised the Chesapeake’s temperatures higher
than today as recently as 5,000 years ago. Thus, we can hardly call today’s tempera-
tures an “unprecedented” or “unnatural” threat to wild species. Rather, today’s tem-
peratures should be regarded as “within the normal range” of the ecosystem, and
the responses of the Bay’s plants and animals as “normal” adaptations.

RECENT STUDIES OF THE BAY’S LONG-TERM TEMPERATURE HISTORY

In 2003, T.M. Cronin and his research team used the magnesium/calcium ratios
in Chesapeake Bay sediment cores to document rapid temperature shifts—2-4 °C
within 100 years—in past Chesapeake Bay temperatures.3 These big shifts occurred:

(a) 150 years ago in 1850 AD

(b) 400 years ago in 1600 AD

(c) 650 years ago in1350 AD

(d) 950 years ago in 1050 AD

(e) 1600 years ago in 400 AD and

(f) 2100 years ago in 100 BC.

The big, sudden temperature changes reflect the Roman Warming, the Dark Ages,
the Medieval Warming and the Little Ice Age. Nothing would be more “natural”
than the Little Ice Age being followed by another warming.

Cronin and his colleagues noted that the temperatures of the 20th century were
2-3 °C higher than those in the previous 2000 years. However, they did not com-
ment on the Holocene warmings, which other authors have found to be as much as
6 degrees warmer than any of the more recent cycles in the Arctic (with somewhat
lesser temperature elevations at lower latitudes).

Debra Willard of the U.S. Geological Survey and a research team in 2005 used
pollen from Bay seabed sediments to reconstruct the Bay’s temperature history for
the past 10,000 years.# Her team identified a 1429-year cycle in the abundance of
the Bay’s pine trees, associated with winter temperature declines of up to 2 °C. The
most recent of these cycles correlates with the Little Ice Age. This is consistent with
the findings of the Cronin team.

Willard and her authors note that the climate cycle fits well with a similar cycle
in the “solar isotopes” (carbon4 in trees and beryllium1© in ice). The solar isotope
cycle, in turn, correlates closely with temperature proxy cycles found in Greenland
ice by Dansgaard in 1984 and by Colombia University’s Gerard Bond in North At-
lantic ice-rafted glacial debris in 2001. All are thus tied to cyclical changes in solar
activity.

In 2003, Dr. Willard had used the fossils of tiny marine organisms and the pollen
from long-dead trees to construct a record of rainfall in the Chesapeake region for
the last 2300 years. The authors found very long dry periods (1) during the Roman
Warming, from 200 BC to 300 AD, and (2) during the Medieval Warming, from 800

3T.M. Cronin, et al., (2003), “Medieval Warm Period, Little Ice Age and 20th Century tem-
perature variability from Chesapeake Bay,” Global and Planetary Change 36: 17-29.

4D.A. Willard, et al., (2005), “Impact of millennial-scale Holocene climate variability on east-
ern North American terrestrial ecosystems: pollen-based climatic reconstruction,” Global and
Planetary Change 47:17-35.
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AD to 1200 AD.5 These droughts were due to the north-south movement of the trop-
ical rain belts as part of the Dansgaard-Oeschger cycling.

The Willard study also found decade-long dry periods during the Little Ice Age,
between 1320-1400 and 1525-1650. One of these may have eliminated the “lost”
British colony established on North Carolina’s Roanoke Island in 1587, during the
most extreme growing-season drought in 800 years. The Jamestown colony also had
bad weather luck, arriving in 1607, during the driest 7-year period in 770 years.

All of these Chesapeake droughts seemed to reflect much more serious and simul-
taneous droughts in the Southwestern U.S., including southern California. Califor-
nia’s Medieval-Warming droughts have been well-publicized by Scott Stine of Cali-
fornia State University.

THE “NEW MATH” OF GLOBAL WARMING

The temperatures of the Modern Warming are well within the parameters of past
natural warmings and coolings. The earth has probably warmed about 0.7 °C since
1850, but about 0.5 °C of the warming occurred before 1940, before significant
human emissions of CO,. The pre-1940 warming can, therefore, be credited to the
natural cycle.

The net warming since 1940 is a tiny 0.2 degrees, over more than 60 years, during
which the atmosphere has become increasingly saturated with CO,. (After satura-
tion, no more CO; be retained in the air around us or have a Greenhouse impact.)
Logic would indicate that human emissions can be credited for half of that warming
or .1 degree. It is difficult to assign any significant climate change in the Chesa-
peake to human-emitted fossil fuels.

We have had no additional warming since 1998, though CO; levels in the atmos-
phere have continued to soar. 1934 is still the warmest year of the last century, fol-
lowed closely by 1998 and 1921, which emphasizes how moderate our warming has
been. The solar index has recently turned sharply downward and the temperatures
are likely to follow. None of this guarantees that there will be no further warming,
but indicates further warming is likely to be moderate.

If human emissions can logically claim only 0.1 degree of warming over 65 years,
then the climate models are claiming too high a Greenhouse sensitivity for the at-
mosphere. There is certainly no published evidence to support the current high
numbers. The climate has never warmed anywhere near as much as the IPCC’s
original forecasts, even with the documented assistance of the current Dansgaard-
Oeschger warming.

SPECIES ADAPTATION

It is important to note that no wild species extinction has yet been tied to the
rise in earth temperatures since 1850. A claim was made that the Golden Toad,
which lived in a Costa Rican cloud forest, went extinct due to higher sea surface
temperatures. However, the loss of the Golden Toad has now been blamed on the
clearing of the once-forested mountainsides below its cloud forest home, which al-
tered the cloud-forest moisture conditions.

Biologist Chris Thomas of Great Britain has claimed that the world would lose
more than a million wild species due to the projected speed and scope of modern
global warming, but this claim is literally incredible.

In the first place, the record of past Dansgaard-Oeschger cycles indicates that
they are typically abrupt. Yet most of our wild species “body types” date back about
600 million years and are still going strong.

In the second place, the shifts in ecosystems are not likely to be abrupt. Most
trees and plants are cold-limited but they are not heat-limited. Stand replacement
of trees must await fires or disease outbreaks to clear a path for the invading spe-
cies to take over. Thus, the current warming is encouraging the vegetation to gradu-
ally expand ranges, and the associated fauna have the same opportunity. Study
after study, around the world, shows more biodiversity in our forests and wild
meadows today than have resided in them for centuries.®

Thirdly, Dr. Thomas himself has documented wild species’ adaptations to the
warming. He has reported on butterflies colonizing “new types of habitat” during
the warming, and bush crickets producing more offspring with longer wings, the bet-

5Willard, et al., (2003), Late Holocene climate and ecosystem history from Chesapeake Bay
sediment cores, USA,” The Holocene 13: 201-214.

6N.K. Johnson, (1994), “Pioneering and Natural Expansion of Breeding Distributions in West-
ern North American Birds,” Studies in Avian Biology 15: 24-44. See also E. Pollard et al.,
(1995), “Population Trends of Common British Butterflies at Monitored Sites,” Journal of Ap-
plied ecology 32: 9-16.
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ter to reach new territories.” We have already seen dramatic evolutions of wild spe-
cies, including tolerance for massive quantities of cadmium by mudworms in the
Hudson River near a battery factory, and insects quickly developing tolerance for
synthetic pesticides.

NOT MUCH SEA LEVEL RISE

Much has been made of the potential of the current warming to melt the Green-
land and Antarctic Ice Caps, dramatically raising sea levels. That would certainly
impact the Chesapeake. However, it takes 80 times as much heat to melt an ice
cube as it does to raise the temperature of the water from that ice cube 1 degree.
Recently, we have seen estimates that the Arctic ice has been radically reduced in
extent—but the extent of Antarctic ice has simultaneously risen to amazing levels.

Warmer temperatures melt more glacier ice, but they also evaporate more water
from the oceans, much of which falls again as snow on the ice caps. More snow be-
comes more ice, and the Antarctic is currently adding billions of tons of ice per year,
mostly on the ultra-cold East Antarctic Ice Sheet. This ice is too cold to melt. It
flows downhill virtually in solid blocks, based on the slope of the underlying moun-
tains. It has been flowing at about the same rate for 10,000 years, and that rate
has not accelerated during our warming. It would take another 7000 years to get
rid of that ice at current rates, according to John Stone of the University of Wash-
ington.8

Walter Munk of the Scripps Oceanographic Institute reports that glacial melting
due to higher 20th-century temperatures can account for only four inches per cen-
tury of sea level rise® Neils Reeh of the University of Denmark reports a “broad con-
sensus” that another 1 degree of warming would increase the melting of Greenland’s
ice sheet only enough to raise sea levels 0.3 to 0.77 inches—while the additional ice
in Antarctica would subtract 0.2 to 0.7 mm per year.1©

THE EMERGING DANGERS OF GRAIN-BASED ETHANOL

If humans have not significantly changed the Bay’s temperatures, they have cer-
tainly had other impacts on it. The Willard authors note that European colonization
had severe impacts on the watershed and estuary. Forest clearance and farming al-
tered estuarine water quality, with the fossils indicating less dissolved oxygen and
increased turbidity. The Willard data also show another drop in the Bay’s water
quality after 1950, when the fossils indicate water-quality changes associated with
increased urbanization, more hypoxia, and more fertilizer use.

A new element of man-made danger now threatens the Bay for the first time, and
it is a direct result of our concern about burning fossil fuels. The Federal govern-
ment has adopted a mandate to produce 35 billion gallons of ethanol per year to
help achieve “energy independence” without increasing gasoline use. Unfortunately,
America has only corn with which to produce the ethanol, and corn yields only about
50 gallons worth of gasoline per acre per year—against annual gasoline demand of
more than 134 billion gallons.

Ethanol’s demand for corn has already doubled corn prices, and has bid farming
acres away from soybeans, wheat, and cotton. The whole price structure for com-
modities and farmland has been wrenched upward, causing street riots in Mexico
over tortilla prices and China’s canceling of further expansion in its ethanol pro-
gram due to food price inflation. Food prices make up a full one-third of the Chinese
cost of living.

The Center’s analysis indicates that the current federal ethanol mandate will soon
drive corn to $4.50 per bushel, even in the absence of any crop diseases or weather
problems in the Corn Belt.

The commodity magazine that follows vegetable oil prices, Oil World, recently
stated, “It is high time to realize that the world community is approaching a food
crisis in 2008 unless usage of agricultural products for biofuels is curbed.”

World food demand is rising due to moderate population growth plus rapid income
gains. There is no more farmland to bring into production, unless the Sierra Club
and Greenpeace are prepared to endorse massive forest-clearing in the American

7Chris Thomas, et al. (2001) “Ecological and Evolutionary Processes at Expanding Range
Margins,” Nature 411: 577-81. Have the species adapted before? They must have. Does the
polar bear have adaptation strategies too? That also seems certain. Even though the polar bear
is a relatively recent offshoot of the grizzly bear, it goes back some 200,000 years.

8J. Stone et al.,(2003), “Holocene Deglaciation of Marie Byrd Land, West Antarctica,” Science
299: 99-102

9W. Munk, “Ocean Freshening, Sea Level Rising?” Science 300 (2003): 2014-43.

10N. Reeh, “Mass Balance of the Greenland Ice Sheet: Can Modern Observations Methods Re-
duce the Uncertainty?” Geografiska annaler 81A (1999): 735-42.
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Midwest to support more corn ethanol. Unfortunately, the U.S. might have to clear
50 million acres of forest for enough corn ethanol to make much of a dent in its
gasoline demand.

The President apparently wanted to foster ethanol from non-food sources, but the
enzymes to break down the cellulose in switchgrass, corn stalks and wood chips are
not yet available, and we do not know when they might be. Corn ethanol is not an
adequate substitute for cellulosic ethanol.

I recently toured parts of the Eastern Shore of the Chesapeake Bay. I have never
seen such intensive planting of crops. Next to a marina, the owners of a mansion
could no longer see the water, because they had planted their front yard to corn!
Ethanol plants are being planned for the Eastern Shore that would lock in this in-
tensive cropping pattern, and even intensify it further. The USDA says America’s
corn ethanol plants will need an extra 1 billion bushels of corn in 2008, and then
more and more corn in the years after that.

All to produce high-cost corn ethanol that will not protect the Bay from higher
temperatures but will certainly subject it to more soil erosion and potential pollu-
tion.

I submit that corn ethanol is merely the first of a whole series of “global warming”
decisions that could threaten ecological damage, global food supplies and public
health—without “saving the planet.”

RESPONSES BY DENNIS T. AVERY TO ADDITIONAL QUESTIONS FROM SENATOR INHOFE

Question 1. I would also like to insert into the record the attached chart. It shows
that the Bay’s sea surface water temperatures have fluctuated over the last 2000
years. Is this consistent with your understanding of global sea surface tempera-
tures?

Response. Yes, the attached chart represents the Bay’s surface water tempera-
tures over the last 2000 years, as found in a study of the Bay’s bottom sediments
over that period. The study was led by Dr. Thomas Cronin of the U.S. Geological
Survey, and published in Global and Planetary Change, Vol. 36, pp. 17-29. The
study shows that the Bay’s surface temperatures have fluctuated by several degrees
Celsius, in a rhythm of about 1,500 years, plus or minus 500 years. The Holocene
Warmings 6,000 years ago were particularly strong.

Question 2. What few people outside of academia understand is that those who
argue man-made emissions are causing global warming are using computer models
to predict the alleged global warming related catastrophes. As noted by Dr. Art Rob-
inson of the Oregon Institute of Science and Medicine “There is no scientific basis
upon which to guess that the rise will be less or will be more than this value. Such
a long extrapolation over two centuries is likely to be significantly in error—but it
is the only extrapolation that can be made with current data. There may be no sea
level rise at all. No one knows.”

Can you comment on the risks associated with these models and basing future
investment decisions on the models’ conclusions?

Response. Climate is one of the most complex phenomena we try to understand.
The computerized climate models have never been validated with real-world data,
and there is no reason to believe that they are giving us accurate forecasts of the
earth’s climate future. In particular, the IPCC admitted in its 2001 report that the
computer models cannot accurately model clouds. Yet Dr. Henrik Svensmark of the
Danish Space Research Institute has found evidence that the low, wet clouds, which
deflect solar heat back into space, are among our planet’s key thermostats. If the
computer models cannot model clouds, it is highly unlikely that they can forecast
future changes in the earth’s temperatures—or in its sea level riser.

Question 3. In Mr. Baker’s testimony, he acknowledges that today’s climate mod-
els are inconclusive about whether more precipitation will fall in the Chesapeake
Bay watershed. Mr. Boesch would have us integrate climate change mitigation into
our restoration efforts. One of the primary contributors to the Bay’s impairment is
stormwater runoff. If the models cannot predict future levels of rainfall, do you
know how to incorporate those rainfall levels into the mitigation projects?

Response. If the climate models cannot predict future levels of rainfall, then they
cannot forecast future stormwater runoff, one of the key Bay variables. The models
are particularly bad at attempting to forecast regional climate changes, such as in
the Mid-Atlantic States. One model tells us South Dakota will be a future desert,
while another model says it will be a swamp. Even if we could believe the models,
we would have no guidelines for action.
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Senator CARDIN. We will now hear from Dr. David Schnare, Sen-
ior Fellow for Energy and the Environment, Thomas Jefferson In-
stitute for Public Policy.

STATEMENT OF DAVID W. SCHNARE, SENIOR FELLOW FOR EN-
ERGY AND THE ENVIRONMENT, THOMAS JEFFERSON
INSTITUTE FOR PUBLIC POLICY

Dr. SCHNARE. Thank you, Senator Cardin.

I would also like to thank Senator Mikulski for being here. 1
have two messages for you, Senator Mikulski. It was some years
ago when I had the honor of serving on Appropriations staff when
you first came to the committee, and I saw your leadership and I
know that your leadership will be needed now on these issues. The
one issue that no one seems to be discussing is something known
as geo-engineering. It is the mechanism by which humans alter
large-scale geophysical processes such as putting sulfates high into
the stratosphere to create a sunscreen that would reduce the tem-
perature. This is the identical process that happens when volcanoes
erupt and they cause cooling.

Why do I raise this? I raise this because according to Scott Bar-
rett, Professor at Johns Hopkins University in International Policy
Studies, he says geo-engineering is inevitable. Why is it inevitable?
A report that came out as recently as just this morning suggests
that Bangladesh, with a single meter of ocean rise, will lose one
third of their landmass and require 25 to 30 million of their people
to move. As a result, someone is going to say it is in our interest
to reduce global temperatures using this kind of engineering, espe-
cially in light of the fact that doing so would cost one one thou-
sandth the cost of relying exclusively on reducing greenhouse
gases.

Geo-engineering is not new and it will potentially have an effect
on the Bay and rain in this area because, as we have seen in China
when they want a sunny day in Beijing, they seed the clouds to the
west. This will happen next summer during the Olympics.

Senator MIKULSKI. They seed?

Mr. SCHNARE. Seed with nitrate crystals, which causes it to rain
one place and not another. These techniques are already in use to
sequester carbon. Significant tests are going on, and there are com-
mercial activities to put iron into the ocean, to grow algae, to se-
quester carbon. None of this geo-engineering is under a regulatory
control or the control of any governmental body.

Yet because it is so inexpensive, because it is inevitable that it
will be done because of the economic consequences of not doing it,
we need leadership, international leadership and leadership that
can begin with this Committee, to examine the significance of geo-
engineering with regard to global warming and the means by
which we can organize and ensure its use, its safe use, its incre-
mental use, but its recognized high value use.

Senator Mikulski, the research in this area is necessary.

Now, let me turn to the Bay, briefly. If we rely exclusively on re-
ducing greenhouse gases, it is my fear, having served on the staff
of EPA’s Appropriations subcommittee, that we will rob the purse
of all the funds we need to clean up the Bay. The Thomas Jefferson
Institute is very proud of its work in bringing together staff from
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the Chesapeake Bay Foundation and from the State of Virginia to
accelerate the pace with which some of these techniques to reduce
nutrlient flows into the Bay are used. Never-till farming is an ex-
ample.

Part and parcel of that, it is critical that there be continued
funding, Federal and State funding for these activities. If we let
our activities to restore the Bay be sacrificed on the altar of exclu-
sive greenhouse gas reductions, we will have larger dead zones,
more fish kills, and a significantly deteriorated quality of the Bay.

It is our view that this Committee should, as part of its approach
to dealing with climate change rely as a first response on a thor-
ough examination of geo-engineering and leadership in its use. Ab-
sent that, someone else will do it, and the United States will be a
bystander watching. That is not in our interest. It is not in the in-
terests of the international community.

Thank you very much.

[The prepared statement of Dr. Schnare follows:]

STATEMENT OF DAVID W. SCHNARE, EsQ. PH.D.1, THOMAS JEFFERSON
INSTITUTE OF PUBLIC PoLICY

Good morning Madam Chairman and Members of the Committee. On behalf of
the Thomas Jefferson Institute for Public Policy, we appreciate your invitation to
attend this Hearing and thank you for the opportunity to participate in a discussion
involving two issues on which the Institute has a continuing strong interest—Res-
toration of the Chesapeake Bay and the implications of alternative responses to
global warming and climate change.

The greatest threat to restoration of the Chesapeake Bay comes not from the po-
tential geophysical effects of climate change, but from the potential responses to cli-
mate change and, in particular, exclusive reliance on a strategy of reducing green-
house gases. The scientific community has reached a consensus on this. As Nobel
Laureate Paul Crutzen admits, efforts to forestall climate change exclusively
through reductions in greenhouse gases is no more than “a pious wish”.2 3 Public
reports show nations have rejected this strategy 4, and without full, massive global
cooperation, reliance on greenhouse gas reductions, alone, will fail.

In this light, how do we protect the Bay and otherwise address the potential ef-
fects of global warming? In his influential law review article, Jay Michaelson sug-
gests, “We need an alternative to the policy myopia that sees emission reductions
as the sole path to climate change abatement,” and in particular we need to apply

1Dr. Schnare is the Institute’s Senior Fellow for Energy and the Environment. His position
with the Institute is pro bono. He has been employed by the U.S. Environmental Protection
Agency for 30 years and currently serves as a Senior Counsel in the Office of Civil Enforcement
prosecuting violations of the nation’s Clean Air Act. This testimony reflects the views of the au-
thor and does not necessarily reflect the position of the U.S. EPA or the Thomas Jefferson Insti-
tute. Dr. Schnare received his doctorate in environmental science and management from the
University of North Carolina-Chapel Hill (1978) and his Juris Doctor Cum Laude from the
George Mason University School of Law (1999).

2P.J. Crutzen, “Albedo Enhancement By Stratospheric Sulfur Injections: A Contribution To
Resolve A Policy Dilemma?” Climate Change, September 1, 2006; see: Ahtip://
downloads.heartland.org [ 19632.pdf.

3 And see: William B. Mills, “Geoengineering Techniques To Mitigate Climate Change: From
Futuristic To Down-To-Earth Approaches”, American Geophysical Union, Fall Meeting 2006, ab-
stract #GC51A-0451, “Within the past several years, more and more scientists are questioning
whether these techniques can be implemented on a global scale quickly enough to avoid dan-
gerous anthropogenic climate change impacts. Further, some signatories to the Kyoto Protocol
have already indicated they will not be able to meet their reductions of emissions by the agreed
upon date of 2012, and in fact expect to increase their emissions. An important question be-
comes: Are there other mitigation techniques that could be used in a supplemental manner to
help control anthropogenically-induced climate change should those techniques mentioned above
fall short? In fact there are a variety of techniques that are commonly called geo-engineering
methods” http:/ /adsabs.harvard.edu [ abs /2006AGUFMGC51A0451M.

4See, e.g.,, International Herald Tribune at http://www.iht.com/articles/ap/2007/08/18/
asia | AS-GEN-Australia-~APEC-Emissions.php, documenting China’s refusal to attempt an 80%
reduction, and see, reports on the international agreement to go no further than adopting
unenforceabale “aspirational” goals at hitp:/ /www.theage.com.au [ news / national / move-to-lower-
greenhouse-expectations /2007 /08/17/1186857774683.html.
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geo-engineering that can prevent global warming and reduce acidification of the
oceans.5 Others agree. Alan Carlin, Senior Economist with the U.S. Environmental
Protection Agency argues that geo-engineering is “our best hope of coping with a
changing world.”® It is our best hope because we have firm evidence it will work
and because the developing world can afford this approach. As Ken Caldeira, a pro-
fessor of climate science at Stanford University, explains, reducing greenhouse gases
will cost around 2 percent of the gross domestic product while geo-engineering (by
putting reflective aerosols into the upper atmosphere) will cost about one-thou-
sandth of that.”

Indeed, the IPCC® and William D. Nordhaus, Sterling Professor of Economics at
Yale University, agree that the price tag for preventing the effects of global warm-
ing with geo-engineering is so small as to be considered virtually “costless”.? More
significantly, Professor Scott Barrett, Director of the Johns Hopkins University
School of Advanced International Studies argues convincingly that because geo-engi-
neering is the only practical means to mitigate catastrophic climate change, and is
a virtually costless means of doing so, use of this technology is inevitable and our
task is to ensure we do it in a sensible, incremental and reasoned manner.10

Thus, any investments in reducing greenhouse gases that would eat away at our
exisﬁinﬁ investment in protecting and restoring the Bay would be the greatest threat
to the Bay.

Restoration of the Bay requires concerted efforts by local, state and federal gov-
ernments, and funding from each. It also requires a vigorous, market-based applica-
tion of advanced agricultural practices.!! Any threat to that funding or the nascent
nutrients market is a threat to restoration of the Bay. To date, private and govern-
mental action has done no more than prevent further Bay degradation in the face
of growing populations. To achieve full restoration, this local-state-federal-private
coalition must expand its current commitments. It will need significant and con-
tinuing federal and state funding, as well as an expansion of the means to trade
nutrient reduction credits. If it receives this support, we can look forward to restora-
tion of the Bay within the next 20 years. If not, we simply cannot. Thus, the great-
est threat to this restoration is not global warming or climate change. Rather, as
explained below, barring an earthquake, and in light of the inevitability of geo-engi-
neering, the strategy of relying exclusively on reduction of greenhouse gases stands
as the single greatest threat to restoration of the Bay. If we rely exclusively on re-
duction of greenhouse gases, and prevent use of geo-engineering, advocates for the
Bay will get a smaller slice of a smaller pie and the Bay will disappear in the im-
pending ocean rise.

The remainder of this testimony first explains the timescale of climate change and
the inevitable use of geo-engineering. Thereafter you will find a discussion of the
Chesapeake Bay, its origin and how we are working to preserve and further restore
its vitality. Finally, the testimony concludes with a recommendation that this Com-

5Jay Michaelson (JD Yale), “Geoengineering: A Climate Change Manhattan Project” Stanford
Environmental Law Journal January, 1998, see, htip://www.metatronics.net/lit/
geo2.hitml#three

6 Alan Carlin, “Risky Gamble,” Environmental Forum, 24(5): 42-7, (September/October, 2007),
see htitp:/ /carlineconomics.googlepages.com [ CarlinEnvForum.pdf, and see: “Global Climate
Change Control: Is there a Better Strategy than Reducing Greenhouse Gas Emissions?” Univer-
sity of Pennsylvania Law Review, June 2007, see hitp://pennumbra.com/issues/articles/155—
6/Carlin.pdf; “Implementation & Utilization of Geoengineering for Global Climate Change Con-
trol,” Sustainable Development Law and Policy, Winter 2007 see hAtip: //
Carlineconomics.googlepages.com | CarlinSustainableDevelopment.pdf, and “New Research Sug-
gests that Emissions Reductions May Be a Risky and Very Expensive Way to Avoid Dangerous
Global Climate Changes,” http:/ [ yosemite.epa.gov | EE [ epa /eed.nsf/ WPNumberNew [ 2007-07

7Ken Caldeira, Standford University, quoted in the Christian Science Monitor, see, http:/
www.csmonitor.com/2007/0329/p13s02-sten.htm.

8IPCC Climate Change 2001: Report of Working Group III: Mitigation “It is unclear whether
the cost of these novel scattering systems would be less than that of the older proposals, as is
claimed by Teller et al. (1997), because although the system mass would be less, the scatterers
may be much more costly to fabricate. However, it is unlikely that cost would play an important
role in the decision to deploy such a system. Even if we accept the higher cost estimates of the
NAS (1992) study, the cost may be very small compared to the cost of other mitigation options”
(citing to Schelling, 1996). See, hitp:/ /www.grida.no/climate /ipcc tar/wg3/176.htm

9William D. Nordhaus, “The Challenge of Global Warming: Economic Models and Environ-
mental Policy”, Yale University, dJuly 24, 2007; see: hitp://nordhaus.econ.yale.edu/
dice._mss 072407 all.pdf.

10Scott Barrett, “The Incredible Economics Of Geoengineering” Johns Hopkins University
School of Advanced International Studies, 18 March 2007, (in press, Environmental and Re-
source Economics).

11 See, David W. Schnare, “Only a Market Can Clean Up the Bay”, PERC Reports (June 2007)
http:/ |www.perc.org | perc.php?subsection=5&id=887.
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mittee take a leadership role in building a two-pronged attack on climate change—
one relying on geo-engineering as a first response and cost-effective greenhouse gas
reduction as a final response.

CLIMATE CHANGE AND GEO-ENGINEERING

As the Committee knows, the international policy community defines the term cli-
mate change as human-caused changes in climate and geophysical processes. The
current assumption is that, if we do nothing, greenhouse gases will cause further
increases in global temperature that, in turn, will cause no less than seven irrevers-
ible geophysical events. Those events, in turn, will cause large increases in ocean
levels and other undesirable outcomes.

The seven (preventable) irreversible events reach their first “tipping point” with
melting of the Greenland ice sheet, an event that commences with a 1.2° to 2°C
rise in global temperature and which, according to the IPCC (2007) may have al-
ready, albeit slowly begun. We must keep in mind, however, that complete melting
of the ice sheet would cause a 7 meter ocean rise only after some 300 to 1,000 years.
This long melting timescale assumes CO- rises to nearly three times the current
level (four times the pre-industrial level) and stays that high for a millennium. No-
tably, science marches on, and in February of this year, a report on the assumptions
underlying these estimates indicate that the IPCC estimate of the rate of sea-level
rise is 29 percent higher than the actual value, while another analysis suggests the
timescale is smaller than the IPCC estimate.l2 Thus, Greenland ice sheet melting
may be more than 300 years off.13 The other six events do not reach their tipping
points until global temperatures increase by about 3° to 6°C and include: loss of
the Amazon rainforest, melting of the West Antarctic Ice Sheet, loss of boreal for-
ests, massive positive and negative rain and heat effects in the Sahara and Sahel,
stoppage of the Atlantic ocean circulatory system, and increases in ENSO amplifi-
cation, leading to large shifts in climate over important agricultural lands world-
wide.1* The only event necessary to destroy the Bay is complete melting of the
Greenland ice sheet.

If permitted to occur, the land surrounding the Bay would eventually flood and
the Bay itself would become no more than a part of the continental shelf. Under
this assumption, as the watershed slowly submerges, the Bay environs would lose
habitat, ecological integrity and commercial and recreational value. Notably, as part
of a new coast line, we would also gain habitat, evolve a new ecological system and
gain new commercial and recreational opportunities. According to the IPCC (2007),
the loss of existing shoreline would begin very slowly and inundation would not
occur for 300 to 1,000 years. As discussed below, natural processes may cause a
similar degree of flooding at any time and are more likely to occur than the pre-
dicted climate change.

Increasing greenhouse gas levels may also cause a second undesirable effect,
ocean acidification. Modeling of climate change acidification effects has not focused
on the Bay or similar estuarial waters, particularly with regard to the types of orga-
nisms prevalent in or sought to be resurrected in the Bay and its freshwater tribu-
taries. Geo-engineering can also address this problem, as seen in the liming activi-
ties long used in Scandinavia to prevent acidification of their fragile lakes.

We have every reason to believe that neither of these climate change-related geo-
physical effects will ever harm the Bay because, as Professor Barrett explains, some
party will apply geo-engineering techniques that will prevent the warming and pro-
tect the commercial activities in the Bay. What, then, is geo-engineering?

GEO-ENGINEERING—THE INEVITABLE RESPONSE

In general, geo-engineering is the deliberate modification of large scale geo-
physical processes and, in the context of this testimony, that means by processes
other than by limiting the atmospheric concentration of greenhouse gases. The first
of the two most common examples cited is placement of reflective aerosols into the
upper atmosphere in order to reflect incoming sunlight and thus reduce global tem-

12G. Woppelmann, et al., “Geocentric sea-level trend estimates from GPS analyses at relevant
tide gauges world-wide”, Global and Planetary Change 57 (2007) 396—4. But note, while not a
specialist in glaciers and ice sheets, Jim Hansen (NASA) argues that by 2100 we could expect
a five meter rise in ocean levels due to melting of the Greenland ice sheet. As argued by Barrett,
the timescale estimate is irrelevant as a mere one foot increase in sea level will occasion the
inevitable use of geo-engineering.

13 G. Woppelmann, et al., “Geocentric sea-level trend estimates from GPS analyses at relevant
tide gauges world-wide”, Global and Planetary Change 57 (2007) 396—4.

14Timothy M. Lenton, “Tipping Points or Gradual Climate Change?”, (¢.lenton@uea.ac.uk)
School of Environmental Sciences, University of East Anglia, Norwich NR4 7TJ, UK
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perature. The second is injecting iron into parts of the ocean in order to speed the
growth of phytoplankton and thus sequester carbon. Similar techniques can be used
to inject lime into the ocean and reduce near-coast water acidity, and thereby pro-
tect coral reefs and shellfish.

You might think of geo-engineering as a human effort to replicate natural proc-
esses such as volcanic eruptions that inject large quantities of sulfates into the air
and thereby shield the planet from sunlight. The eruption of Mount Pinatubo in the
Philippines in 1991 injected a significant amount of sulfur dioxide into the strato-
sphere, lowering the Earth’s surface temperature by about 0.5°C the year following
the eruption.'. Indeed, there have been many examples of intended and unintended
geo-engineering, including some that have exacerbated warming. For example, when
coal is burned, sulfate particles are thrown into the troposphere, thus limiting the
amount that global temperatures rise due to carbon dioxide, something also pro-
duced when burning coal. But, the U.S. EPA has established regulations to limit
the emission of sulfates into the atmosphere and by reducing emissions of these sul-
fate particles, U.S. EPA has inadvertently exacerbated global warming. In another
example, jet aircraft routinely emit sun-blocking exhaust into the atmosphere.1¢

Scientists have been studying geo-engineering solutions for a considerable time.
As early as 1996, the American Association for the Advancement of Science spon-
sored a symposium on the subject,1” and recent contributions are reaching substan-
tial numbers.®8 As discussed in the geo-engineering literature generally, because
these techniques mimic natural phenomena, we know more about how quickly and
well they work than we do about the efficacy of attempting to reduce greenhouse
gases. We have measured the effects of the natural processes and can state with
considerable certainty, bordering of complete certainty, that they will produce the
result sought. Although the effects of greenhouse gas reduction would occur over a
period of no less than decades and more likely centuries, the effects of geo-engineer-
ing can (and will) be manifest in a matter of weeks after application.1®

The extremely low cost of geo-engineering allows many like Barrett to describe
these techniques as economically “incredible.” Table 1 shows that geo-engineering
is not merely 200 to 2000 times less expensive, it prevents more damage than exclu-
sive reliance on carbon control. Further, consider a risk not included in the $17 Bil-
lion worth of residual global warming damages shown in Table 1—the $10 Billion
a year cost to the United States from UV-caused cancer that would be avoided using
geo-engineering.2? In practical terms, the benefits to the United States, alone, and
for UV-related cancer, alone, justify using geo-engineering—a gift to the world that
would prevent some $5.2 Trillion in global warming-caused damages.2!

Table 1
Residual
Total Present Value (unprevented) Global
Abatement Cost Warming-Related
(2005 $Billions) Damages
(2005 $Billions)
Exclusive Reliance on CO2 Emissions Reductions:
(Nordhaus “optimal”, 2007) $2,200 $17,000
Aerosol geo-engineering:
(Nordhaus, 1994) $10 0
(Teller et al., 2003) $1.2

15 Crutzen, P.J. (2006). “Albedo Enhancement by Stratospheric Sulfur Injections: A Contribu-
tion to Resolve a Policy Dilemma?” Climatic Change 77: 211-219. htip://downloads.heart-
land.org [ 19632.pdf.

16 Travis, D.J., A M. Carleton, and R.G. Lauritsen (2002). “Contrails Reduce Daily Tempera-
ture Range.” Nature 418: 601

17Six papers delivered at the AAAS symposium appear in Clim. Change, 33(3), July 1996,
edited by G. Marland. They cover scientific, legal, technical, political and ethical questions. See,
http: | Jwww.gcrio.org | gced | gce-digest | 1996 | d96aug2.him.

18 See, for example, the citations in Crutzen (2006), Barrett (2007) and Carlin (2007Db), cited
in supra notes 14, 10 & 6, respectively.

19Wigley, T.M.L.. “A Combined Mitigation/Geoengineering Approach to Climate Stabilization.”
Science 314: 452-454. (2006)

20 Teller, E., Hyde, R., Ishikawa, M., Nuckolls, J., and Wood, L. “Active stabilization of cli-
mate: inexpensive, low risk, near-term options for preventing global warming and ice ages via
{:)echnologically varied solar radiative forcing,” Lawrence Livermore National Library, 30 Novem-

er, 2003.
21 Nordhaus (2007) http:/ / nordhaus.econ.yale.edu/dice mss 072407 all.pdf.
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Notably, geo-engineering has gone commercial. Planktos, Inc., for example, is a
for-profit ecorestoration company based in San Francisco with offices in the Euro-
pean Union and British Columbia. Their primary focus is to restore damaged habi-
tats in the ocean and on land. They inject iron into iron-deficient waters to induce
large blooms of plankton. This helps sequester carbon and Planktos sells carbon se-
questration credits on the various carbon markets.22 One must ask, if private geo-
engineering to sequester carbon is already in play, can private geo-engineering to
reduce global temperatures be far behind? Considering the potential harm from
global warming, the potential regulatory costs associated with a greenhouse gas-
based strategy and the relatively low cost of launching sunscreens, there is good
reason to believe the inevitable use of geo-engineering to limit global temperature
risk could occur in the private sector. This is a troubling concern many have dis-
cussed and on which this testimony touches in its final section.

THE CHESAPEAKE BAY AND ITS RESTORATION

The Chesapeake Bay is a relatively recent geo-physical development. It exists be-
cause of a meteor impact occurring 35 million years ago. The impact fractured the
earth’s mantle and created a depression that forced rivers to reverse their flows and
cut paths into what is now the Bay estuary. But the Bay formed long thereafter.
As late as 18,000 years ago, the bay region was dry land; the last great ice sheet
was at its maximum over North America, and sea level was about 200 meters lower
than today. This sea level exposed the area that now is the bay bottom and the con-
tinental shelf. With sea level this low, the major east coast rivers had to cut narrow
valleys across the region all the way to the shelf’s edge. About 10,000 years ago,
however, the ice sheets began to melt rapidly, causing sea level to rise and flood
the shelf and the coastal river valleys. The flooded valleys became the Chesapeake
Bay and the rivers of the Chesapeake region converged at a location directly over
the buried crater.23

This ancient meteor created many faults that now cut through the sedimentary
beds below the site of the impact, many of which lay no more than 10 meters below
the bay floor. These faults are zones of crustal weakness and have the potential to
suddenly collapse and thus flood large portions of land surrounding the Bay. In
other words, we now confront natural and potentially cataclysmic coastal flooding
we cannot prevent and in a timeframe we cannot predict.

Rather than permit this inevitability to limit our economic interests in the Bay,
we instead accept the risk and seek to preserve this ecosystem for as long as nature
allows. On the geological clock, our interests reflect mere ticks of the second hand.

We measure the timescale of Bay degradation and restoration in decades, not cen-
turies or millennia. A mere 70 years ago, the Bay was the largest commercial fish-
ing waters in the U.S. If restored, the Bay could produce $3 billion in commercial
fishery revenues per year. It now produces less than $100 million. Overall, some
suggest the fishing and recreational value of a bay at full ecological competence (as-
suming the ecology of the past) at more than a trillion dollars.24 Virginia, Maryland,
Pennsylvania, the District of Columbia, the U.S. Environmental Protection Agency,
and others, began their efforts to recover the ecological wealth of the Bay only 20
years ago. They have succeeded in preventing significant further deterioration de-
spite large increases in population density and growth over the intervening years.

An entire array of local, state and federal regulatory programs now protect the
Bay as an ecological, recreational and commercial resource. The size of the annual
revenues generated within the private marketplace for Bay related activities from
mere shore-side residence to recreational swimming and sailing and to commercial
activities like fishing, all testify to our success in maintaining, and to some degree
improving the quality of the Bay. Nevertheless, problems persist. The Bay suffers
from two threats that the current regulatory programs have not resolved: the dis-
charge of sediments and nutrients into the waters of the Bay’s watershed. The sedi-
ments bury the life on the bottoms of rivers, deltas, and shorelines. These include
the extremely important breeding grounds for mollusks and fish. As the name im-
plies, nutrients, specifically nitrogen and phosphorus, provide essential “food” to
algae and other small life forms that constitute the bottom of the food chain in the
bay. Too many nutrients, however, and the algae can consume too much oxygen,
thus forcing the top of the food chain (the fish) to other waters, and causing mol-
lusks and fish hatchlings to fail to thrive and eventually die. Restoration will re-

22 See, hitp:/ |www.planktos.com | About | About.html

23C. Wylie Poag, U.S. Geological Survey, “The Chesapeake Bay Bolide Impact: A New View
of Coastal Plain Evolution”, July, 1, 1998. See: http:/ / marine.usgs.gov / fact-sheets | fs49-98/ .

24 Rebecca Hanmer, U.S. Environmental Protection Agency, “Chesapeake’s value worth more
than the sum of its parts”, see http:/ /www.bayjournal.com/article.cfm?article=2395.
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quire reductions in both sediments and nutrients by two critical sectors on the wa-
tershed, municipalities and the agricultural community.

Figure 1, below, shows the significant sources of the threats to the Bay and each
source’s potential to reduce discharges. As these charts show, all sources will have
to participate in reducing nutrient loadings into the Bay. In some cases, municipali-
ties simply will not be able to do their share, in part because they simply will not
have the funds needed to build advanced water treatment facilities. If response to
climate change empties the state and federal environmental purse, as would happen
with current legislative proposals, then we will not only lose the battle to restore
the Bay but will lose ground due to continuing population growth. Even with cur-
rent funding levels, municipalities will not have the capacity to do their share. For-
tunately, in Virginia, the state legislature has authorized a state nutrients bank
that allows municipalities to pay others to reduce nutrients when they can not. In
the main, those “others” are our agricultural community.

Figure 1
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Reduction of nutrients from agricultural sources takes several forms, but controls
on concentrated animal feeding operations (CAFOs) and “never-till” crop manage-
ment seems the most promising. By leaving all but the harvestable grain in the
field, by not tilling the field and by planting cover crops to hold nutrients and soil
in place over the winter, this cropping technique has reduced nutrient and sediment
runoff from those croplands by over 95 percent.25 Ten years ago farmers used these
conservation tillage practices in only rare occasions. In Virginia today, farmers have
nearly 15 percent of small grains and corn cropland in never-till management. To
expand this number significantly will require a more robust nutrient market, in-
creased technical agricultural assistance and further funding of transition to con-
servation tillage. Like municipal wastewater treatment, we will succeed in solving
this problem only if response to climate change does not empty the state and federal
environmental purse.

With regard to sediment, again the agricultural community has the tools to re-
solve much of the problem. Conservation tillage holds sediments in the field, reduc-
ing sediment discharge by over 95%. Indeed, the nutrients adhere to the sediments
and in particular the carbonaceous elements within the soil. Further, conservation
tillage sequesters carbon in the soil. And, the farming community has already recog-
nized the potential to reap carbon sequestration dollars through never-till farming.26

At present, Iowa’s Farm Bureau is currently providing services to allow farmers
to participate in the carbon sequestration market.2? Notably, for every ten pounds

25See: http:/ |www.charlescity.org [ 2rivers.php. There is a wealth of technical science on no-
till and never-till cropping, as a browse through an internet search will access.

26 See, hitp:/ |www.ppionline.org | ppi—
ci.cfm?knlgArealD=116&subsecID=900039& contentID=252026.

27 See, hitp:/ |www.iowafarmbureau.com [ special [ carbon [ default.aspx.
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of carbon sequestered through never-till practices, a pound of nitrogen (and an
equivalent weight of phosphorus) is also sequestered in the soil.28

In light of the financial interest the farming community has in carbon sequestra-
tion and the potential for large scale positive effects of conservation tillage on the
water quality of the Bay, we believe Bay restoration should be considered an ele-
ment of climate change mitigation, but recognize this opportunity will disappear if
funding for both municipal and agricultural Bay restoration efforts evaporate.

We further suggest that the timescale of Bay restoration stands in stark contrast
to the timescale of climate change and the timescale of a response to climate change
that relies exclusively on reduction of greenhouse gases.

We recommend something else.

GLOBAL LEADERSHIP ON GEO-ENGINEERING—AN UNMET NATIONAL DUTY

In light of the inevitable use of geo-engineering to prevent further global warm-
ing, this Committee may be well advised to follow Professor Sunstein’s admonition
to avoid the twin dangers of over-reaction and apathy.2® So too would groups that
have decided to bypass Congress and attempt to convince State governments to com-
mit to policies relying exclusively on regulatory reduction of greenhouse gases.30
Sunstein recommends that Congress try to ameliorate, if not avoid, future catas-
trophes, by looking at the widest possible solution set, by rejecting preconceived no-
tions and emotion-based argument, thus retaining our sanity as well as scarce fi-
nancial resources that can be devoted to more constructive ends.

Sunstein makes an important point on the need to remember we have goals other
than carbon reduction. In this hearing you cannot fail to recognize that commitment
to a remedy based exclusively on reduction of greenhouse gases would sacrifice our
current commitment to restoration of the Bay. Having served on the staff of the
Senate appropriation committee, I thoroughly understand the level of competition
for federal dollars. I know you do too. As you consider how to respond to global
warming, I ask that you keep in mind what programs you will cut in order to pay
for what you propose. And keep in mind that use of geo-engineering will pay for
itself, while exclusive reliance on greenhouse reduction will not only fail to pay for
itself, it will fail to prevent global warming.

In light of Professor Sunstein’s admonition, and the economic and fiscal realities
of global warming, geo-engineering and alternatives thereto, the most sensible ap-
proach would be a mixed strategy of geo-engineering to prevent further global
warming and the effects of ocean acidification over the next century or two and vig-
orously developing a transition from carbon-based energy, to include research on
scrubbing greenhouse gases from the atmosphere. Lacking this two-pronged attack,
current legislative proposals must be considered what Sunstein calls “over-reaction”
or panic.

We can make no more eloquent argument than that of Professor Barrett regard-
ing what next this nation should do with regard to climate change, so this testimony
ends by quoting his recommendation:

Mitigating, forestalling, or averting global climate change is a global public
good. Supplying it by means of reducing emissions is vulnerable to free riding.
Too few countries are likely to participate in such an effort, those that do par-
ticipate are likely to reduce their emissions by too little, and even their efforts
may be overwhelmed by trade leakage (Barrett 2005). Geoengineering presents
a very different set of incentives. A single country can deploy a geoengineering
project on its own—and the economics of geoengineering are so attractive that
it seems likely that a country, or perhaps a small group of countries, may want

28 Soil Organic Carbon Sequestration Rates by Tillage and Crop Rotation: A Global Data Anal-
ysis, see, hitp:/ / cdiac.ornl.gov /| programs | CSEQ / terrestrial | westpost2002 | westpost2002.pdf.

29 Cass R. Sunstein, Karl N. Llewellyn Distinguished Service Professor of Jurisprudence, Uni-
versity of Chicago, Worst-Case Scenarios”, Harvard University Press (2007).

30The worst example of this narrow-minded approach was recently used in North Carolina
and is on the hunt in many other states. One group (Center for Climate Strategies), funded by
foundations committed to raising alarm about global warming, has used non-transparent, highly
subjective and openly coercive methods to exclude discussions on alternatives to their preferred
carbon-reduction strategy. Notably, this group has failed to provide your testifier the basis for
their analysis or the assumptions they used in their analysis. They have failed to consider a
policy of limiting action only to those efforts likely to reduce global warming. And, they refuse
to estimate the effects their proposals on global warming. Groups such as CCS offer a false
promise in light of the international rejection of greenhouse gas proposals required to prevent
significant warming. See: http:/ www.carolinajournal.com /[ exclusives | display—exclu-
sive.html?id=4087
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to try to do so at some point in the future, especially should the worst fears
about climate change ever unfold.

The challenge posed by geoengineering is not how to get countries to do it.
It is to address the fundamental question of who should decide whether and
how geoengineering should be attempted—a problem of governance (Barrett
2007). Failure to acknowledge the possibility of geoengineering may or may not
spur countries to reduce their emissions, but it will mean that countries will
be unrestrained should the day come when they would want to experiment with
this technology. This, to my mind, is the greater danger.

Madam Chairman, as this Committee demonstrates leadership in protecting the
Chesapeake Bay while meeting its duty to help prevent catastrophic climate change,
it should champion sensible, incremental, international geo-engineering, in addition
to reasoned, cost-effective efforts to limit greenhouse gases.

Because the Barrett and Carlin messages are of such paramount importance, I
have attached hereto copies of their seminal papers. [The referenced document fol-
lows on page 109.]

RESPONSES BY DAVID W. SCHNARE, EsqQ. PH.D., TO ADDITIONAL QUESTIONS FROM
SENATOR INHOFE

Question 1. Can you expand on your testimony regarding the natural processes
that may cause the flooding of the Chesapeake Bay and why you think that is more
likely to occur than flooding from climate change?

Response. The phrase “flooding of the Chesapeake Bay” has been used in an am-
biguous manner. The concern about “flooding” reflects two different phenomena—
ocean level rise and land subsidence. Thus, the question asks whether ocean level
rise, presumably from global warming, is less or more likely to happen than land
subsidence. Under either condition, coastal lands will be submerged—surely a con-
siderable human and environmental loss. The likelihood of this occurring due to
global warming and related ocean rise, however, is relatively small, considering our
ability to prevent such warming, either through heroic reductions in CO; or through
solar radiation management, a form of geo-engineering. Director of Johns Hopkins
International Programs and graduate of the London School of Economics in Natural
Resource Economics, Professor Scott Barrett explains that the cost of solar radiation
management is so small, a mere billion dollars a year compared with tens of tril-
lions per year for CO; reduction, that the use of this geo-engineering is inevitable.
If the United States or some international body does not use the technology, some
nation at great risk from flooding will. Thus, the likelihood of flooding of Bay tidal
lands due to global warming is very small.

Conversely, the likelihood of land subsidence from geological faults is not merely
high, it is common. The lands around the Bay have seen twice the flooding as the
rest of the world specifically because of this subsidence. Indeed, the area is overdue
for an earthquake—one which will cause significant subsidence around the crater
that created the lower portions of the Bay.

Thus, flooding due to subsidence is certain to occur while the likelihood of flooding
from global warming is unlikely.

Question 2. Let’s assume that greenhouse gases will cause temperatures to rise,
why will current legislative and environmental organizations’ proposal fail to pre-
vent the catastrophes they claim will arise?

Response. The IPCC has stated that a 2 °C. rise in temperature will cause an irre-
versible loss of the Greenland Ice Sheet. The IPCC suggests that there is greater
than a 90% chance that the globe will suffer this temperature if greenhouse gases
reach levels equivalent to 450 parts per million of CO,. According to Flannery, the
IPCC has concluded that the GHG levels reached 455 COzeq in 2005 and continue
to rise; and that the IPCC will announce that conclusion this fall. As such, absent
some form of geo-engineering to reduce temperatures or scavenge CO, out of the at-
mosphere, it is too late to prevent melting of the Greenland Ice Sheet, and the plan-
et will suffer a 23 foot rise in ocean levels. None of the legislative proposals direct
research on or use of solar radiation management to prevent catastrophic melting
of the Greenland ice sheet. Thus, the goal of environmental organizations and legis-
lative proposals to stabilize CO; levels will fail to prevent ocean level rise of mam-
moth proportions.

Question 3. Does geo-engineering make sense even if global warming is a natural
phenomenon?

Response. That depends on the associated risks and benefits of global warming
as compared with using geo-engineering to stabilize planetary temperatures. A
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small increase in global temperatures appears to have net positive benefits for the
world civilization and nature. A large temperature rise will cause massive geo-
physical change with equally massive net-adverse effects on world civilizations and
massive upsets in nature.

Regarding effects on human civilization due to warming and concomitant sea level
rise, a single meter rise in ocean levels would flood one-third of Bangladesh and
force the relocation of from 25 to 30 million people. Similar effects would be felt in
China at a two-meter rise in the ocean. A five foot rise in storm surge would inca-
pacitate nearly all commercial harbors world-wide causing hundreds of trillions of
dollars in damage. In light of these potential effects, a measured effort to stabilize
global temperatures would be justified even if, for example, it caused small adverse
effects such as minor drought in portions of the world. Current modeling of the po-
tential adverse effects of solar radiation management, using high-tech particles to
reflect the sun in only one wavelength and with no chemical reactivity in the upper
atmosphere (stratosphere and troposphere), suggest no change in local climate (see
Caldeira 2006).

The reverse of the question is also of interest. Would it make sense to warm the
planet, using solar radiation management, if we confronted a new ice age? Would
it be sensible to stabilize temperatures to prevent loss of Chicago, Detroit, Seattle,
and the rest of developed land north of the Mason Dixon line—worldwide? Again,
the negatives would have to be very large to refuse use of solar radiation manage-
ment.

The appropriate approach to use of geo-engineering is to fund research on these
tools now so that if they need to be deployed, we will have second or third genera-
tion technology on the shelf, rather than have to use unexamined proposals. For this
reason, I have recommended directing $3.5 million toward research on solar radi-
ation management (see my supplemental testimony which includes the geo-engi-
neering framework requested by Senator Mikulski), along with research on how to
create a body to manage international coordination of geo-engineering activities to
ensure measured, responsible and efficacious stabilization of possible global climate
extremes.

Senator CARDIN. Thank you for your testimony.

We will now hear from Pastor Richard Edmund, who is from the
United Methodist Churches of Smith Island. As I mentioned ear-
lier, Smith Island is the only inhabitable island in Maryland. It is
on the Virginia—Maryland border, 225 sturdy people. Pastor Ed-
mund is their spiritual leader and we thank him for that. We are
pleased to hear from you.

STATEMENT OF RICHARD EDMUND, PASTOR, UNITED
METHODIST CHURCHES OF SMITH ISLAND

Pastor EDMUND. All right. Thank you, Senator Cardin. It is an
honor to be here, and also with Senator Mikulski, especially in
light of the other distinguished panel members that came before
me.

My name is C. Richard Edmund. I am the Pastor of the three
United Methodist Churches on Smith Island, Maryland. I am here
to speak for Smith Island, the planet, future generations, and how
I believe God wants humans to interact with creation. Smith Island
is located across from the mouth of the Potomac River, surrounded
by the waters of the Chesapeake Bay. Our population is about 225
people spread among the three communities of Ewell, Rhodes
Point, which you can see in the photograph up there, and Tylerton.

Because of our geographic location, we are certainly vulnerable
to the effects of a rising sea level. Most of the dwellings are just
a couple feet above an abnormally high tide or a storm surge from
a hurricane. In 2003, Hurricane Isabel caused a storm surge which
came into a few of the homes and covered most of the inhabitable
land, and all of the marsh area.
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A rising sea level would accelerate the effects of erosion which
threaten parts of the island. The recent work by this Committee
and the corresponding members on the House side is greatly appre-
ciated in including the Smith Island Project in the recently passed
Water Resources Development Act. Thank you.

Almost all the island families depend on harvesting from the
water for their livelihood. The numbers of crabs and oysters are
much less than earlier. Any climate changes caused by human ac-
tivity can only diminish what God created and called good.

While I have not been on the island long enough to observe pos-
sible climate changes myself, older residents tell me that, number
one, some houses that never or rarely had water in their yards now
often experience that inconvenience during extra high tides. Num-
ber two, we do not have the winter blizzards or freezes that is
within the memory of many islanders. Now, most winters, the total
snowfall is less than six inches.

Number three, there is a wildlife presence now that didn’t used
to be there. The brown pelican is the largest example. They began
settling this far north about a dozen years ago and now nest on the
border with Virginia.

The independent folks of our community have been toughened
over time from dealing with the elements of nature. Despite the
difficult times for watermen, residents are determined to stay until
forced to leave by the economy or the environment. Twenty-five
years ago, experts said we wouldn’t be here in 25 years. As one is-
lander, Jennings Evans, summed it up, “We will be here as long
as the Lord wants us here.”

But reports of potential sea level rises are daunting. I know both
of you and others have been to Greenland recently and seen first-
hand the beginning of large-scale meltdown. Predictions of a 20
foot to 23 foot sea level rise would affect many millions of people
worldwide. A rise of three feet would likely be the end of practical
living on Smith Island.

A recent movie, which I was with at the premier with Congress-
man Gilchrest, was entitled “We Are All Smith Islanders.” It high-
lights that while our area is the oft-referred-to canary in the coal
mine, all of us are vulnerable in some way to any human-involved
climate changes.

In 1813, one of the future members of the Senate, Army General
William Henry Harrison of Ohio, received a war report from Com-
modore Oliver Perry after the battle of Lake Erie: “We have met
the enemy and he is ours.” For Earth Day in 1970, Walt Kelly
changed one word in order to point out where the blame originates
with our environmental problems. His cartoon character, Pogo,
says: “We have met the enemy and he is us.”

I urge this Committee to strongly address this issue. It threatens
our security, and I believe disrupts God’s instructions to Adam and
Eve to work the Garden of Eden and take care of it.

On a kayak trip I took down the Susquehanna River, a man in
Northern Pennsylvania asked me, “Are they mad at us down
there?” He was wondering if the acid mine drainage, silt runoff,
and other pollutants originating in the upper river area had upset
those living around the Bay. The larger question is whether future
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generations downstream in time will be angered with us for not
doing more to stem the changes that seem inevitable now.

One of the reasons I feel good about being here today is that my
daughter has brought my four oldest grandchildren, Bryn,
Elisabeth, Brooke and Caroline here with me. I trust that part of
my legacy to them will be that they will tell their grandchildren
that in September of 2007 their great-great-grandfather spoke to
this Committee to address the issue of global warming and the
long-term consequences. I want them to know that I did what I
could. Members of this committee, I trust you will do the same.

Thank you for the privilege of speaking.

[The prepared statement of Pastor Edmund follows:]

STATEMENT OF RICHARD EDMUND, PASTOR, UNITED METHODIST CHURCHES,
SMITH ISLAND, MD

Thank you, Madam Chairman, and members of the Committee. My name is C.
Richard Edmund and I am the pastor of the three United Methodist churches on
Smith Island, Maryland.

I'm here to speak for Smith Island, the planet, future generations, and how, I be-
lieve, God wants humans to interact with Creation.

Smith Island, Maryland is located across from the mouth of the Potomac River
surrounded by the waters of the Chesapeake Bay. Our population is about 225 peo-
ple spread among the three communities of Ewell, Rhodes Point, and Tylerton.

Because of our geographical location we are certainly vulnerable to the effects of
a rising sea level. Most of the dwellings are just a couple of feet above an abnor-
mally high tide or a storm surge from a hurricane. In 2003 Hurricane Isabel caused
a storm surge which came into a few of the houses, and covered most of the inhabit-
able land, and all of the marsh area.

A rising sea level will accelerate the effect of erosion which threatens parts of the
Island. The recent work by this Committee and the corresponding members on the
House side is greatly appreciated in including a Smith Island project in the recently
passed Water Resources Development Act bill. Thank you!

Almost all of the Island families depend on harvesting from the water for their
livelihood, and the numbers of crabs and oysters are much less now than earlier.
Any climate changes caused by human activity can only diminish what God created
and called ‘good’.

While I have not been on the Island long enough to observe possible climate
changes myself, older residents tell me:

1. Some houses that never or rarely had water in their yards now often experience
that inconvenience during extra high tides.

2. We do not have the winter blizzards or freezes that is within the memory of
many Islanders. Now most winters the total snowfall is less than 6 inches.

3. There is wildlife present now that didn’t use to be there. The brown pelican
began settling this far north about a dozen years ago and now nest on the border
with Virginia.

The independent folks of our communities have been toughened over time from
dealing with the elements of nature. Despite difficult times for watermen, residents
are determined to stay until forced to leave by the economy or the environment.
Twenty five years ago, experts said we wouldn’t be here in 25 years. As an Islander,
Jennings Evans summed it up, “We’ll be here as long as the Lord wants us here”.

But reports of potential sea level rises are daunting. I know several of you have
been to Greenland recently and have seen first hand the beginning of a large scale
meltdown. Predictions of a 20-23 foot sea level rise would affect many millions of
people worldwide. A rise of three feet would likely be the end of practical living on
Smith Island. A recent movie entitled, “We Are All Smith Islanders” highlights that
while our area is the oft referred to “canary in the coal mine”, all of us are vulner-
able is some way to any human involved climate change.

In 1813 one of the future members of the Senate, Army General William Henry
Harrison of Ohio received a war report from Commodore Oliver Perry after the Bat-
tle of Lake Erie, “We have met the enemy and he is ours”. For Earth Day 1970 Walt
Kelly changed one word in order to point out where the blame originates with our
environmental problems. His cartoon character Pogo says, “We have met the enemy
and he is us.”
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I urge this Committee to strongly address this issue which threatens our security
and I believe disrupts God’s instruction to Adam and Eve to “work the Garden of
Eden and take care of it”.

On a kayak trip I took down the Susquehanna River a man in northern Pennsyl-
vania asked me, “Are they mad at us down there?” He was wondering if the acid
mine drainage, silt runoff and other pollutants originating in the upper River area
had upset those living around the Bay.

The larger question is whether future generations, downstream in time, will be
angry with us for not doing more to stem the changes that seem inevitable now.

One of the reasons I feel good about being here today is that my four oldest
grandchildren, Bryn, Elisabeth, Brooke, and Caroline, are here with me, along with
my daughters. I trust that part of my legacy for them will be that they will tell their
grandchildren that in September of 2007 their great great grandfather spoke to this
Committee to address the issue of global warming and the long term consequences.
I want them to know that I did what I could. Members of this Committee, I trust
you will do the same.

Thank you for your time.

RESPONSES BY PASTOR RICHARD EDMUND TO ADDITIONAL QUESTIONS
FROM SENATOR CARDIN

Question 1. With a population of just 225 people and three churches, Smith Island
must be home to people who really value their faith. You have spoken eloquently
today about how faith sustains the people of Smith Island. Would you please take
a few minutes more to talk about how your faith motivates you to be involved in
issues such as this one, especially the role you see among people of faith and their
stewardship responsibilities for God’s creation?

Response. A lot of my sense of responsibility for caring for God’s creation comes
from the book of Genesis. In chapter 2 verse 15 God instructs Adam to “work and
keep” the Garden of Eden. Surely this is a guideline for the rest of our environment.
While we have dominion over the earth, that doesn’t mean we dominate and subject
it to whatever purpose seems best for us for our immediate future.

After the Flood God makes a covenant with Noah and his descendants never
again to destroy the earth by a flood. In this passage in Genesis 9, verses 9 and
10, God includes “birds, livestock, and all the wild animals” in this binding agree-
ment. They are our partners in this covenant with God, and I believe we need to
defend them against harm. There is Biblical support for this position in Proverbs
31:8-9 where we are told to “speak up for those who cannot speak for themselves,
. . . defend the rights of the poor and needy.” While this is directed primarily to-
ward other humans, I believe God would want us to defend His creation and our
partners against harm due to our greed. Nature is often without defense from our
modern machinery and waste products from power plants, homes and industry. It
must please God that some are speaking up for the part of God’s creation we are
intentionally and unintentionally changing. As I said in my testimony, God called
Creation good, and we can’t make it better.

We on Smith Island certainly use our share of energy and contribute to global
warming, but I believe that folks like watermen and farmers who work with nature
have a greater appreciation for being good stewards of God’s creation. It is their
faith in God and what I see as my responsibility to them, and the rest of the world,
that helps form my faith response on this issue of global warming.

Question 2. In your testimony you relate a wonderful story about a conversation
you had with someone who lived ‘up-watershed’ in Pennsylvania who expected criti-
cism for the pollution that was making its way down into the Chesapeake. Your gra-
cious answer to him was a good lesson to all of us about finding solutions, not as-
signing blame. But I want to focus on the challenge that you then issued to all of
us. You say that we need to answer the challenge of those who live not just down-
stream today, but those who live in downstream generations. I agree. Would you
take a moment to talk about the responsibility we have to future generations to ad-
dress climate change today?

Response. Many Native American tribes traditionally considered how their actions
would affect those who came after them for seven generations. There is a statue
dedicated to this thought on the banks of the Susquehanna River which provides
one-half of the fresh water flowing into the Chesapeake Bay. It was further upriver
from that point that the question was asked about responsibility for what has hap-
pened to the Bay and beyond. I have a feeling that those in the generations to follow
ours will wonder “What were they thinking?” when those in positions to make a dif-
ference stood by and watched as pollutants in many forms poured into our air, land
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and water and did little or nothing to stop the effects with which they will then
have to contend.

As a heavily loaded train or a large ship takes a long distance to slow down and
stop, the earth changes we seem to have initiated will take many years and maybe
generations to slow down. It is an almost complete unknown what will really hap-
pen after we are gone. The wildly differing estimates of sea level rise attest to that
factor in the equation of global change. But each little step will help and we can’t
be intimidated by the enormity of the problem.

A couple years ago I testified for the Maryland legislature about why power plants
should restrict their emissions into the atmosphere. In addition to the Senate hear-
ing where I was very honored to speak to this issue of global warming, I will share
that with my children and grandchildren, and I trust they will pass along to their
children in turn, that I did try to help stem what seems like a runaway train that
they will have to figure out how to stop, or how to live with the consequences. We
all can do more to stem the changes that will inevitably come, but our legacy to
those who come along after we are gone, should be that we tried to make a dif-
ference.

Senator CARDIN. Thank you for your testimony. We welcome your
family. I think it is a fitting conclusion to this panel, and tells us
the responsibility that all of us have in trying to get the Federal
policies correct.

We will start the questioning with Senator Mikulski.

Senator MIKULSKI. First of all, I just want to thank every mem-
ber of the panel for not only their contribution to this hearing, but
what you do every day in terms of the vitality of the Bay, in terms
of what you bring to the table, whether it is scientific commentary,
pastoral stewardship, or advocacy.

Dr. Schnare, thank you very much for bringing the geo-engineer-
ing information. We will come back to it in time, but I would just
invite you, if you have a framework that you would like to bring
to my committee’s attention, we would welcome this, because I
think it will be a topic that will move on the global screen. I have
questions and yellow lights about it. But rather than us giving our
opinions about it, let’s go beyond opinion and go to sound data and
research, which is what we have been talking about here today.

Dr. SCHNARE. I would be happy to do that.

Senator MIKULSKI. I believe that anything dealing with global
warming, and any changes, has to deal with, number one, the right
diagnosis and the right prescription. Then you need the political
will. Political will will only come if people think they are affected.

Now, Pastor Edmund, when I hear your testimony and look at
the fact that there are now only 225 people on Smith Island, when
it used to have a much larger population, the fact that people leave
the island every day to commute into Crisfield, taking jobs, for ex-
ample, at the prison so that they could have health care and a reli-
able revenue stream, while the men are kind of foraging for crabs.

My question to you, and I know you have been part of a covenant
approach, et cetera, tell me why are so many people leaving the is-
land now on a permanent basis?

Pastor EDMUND. It is complicated to answer, as global warming
is. Some of them leave because it is a difficult situation for their
young people to commute back and forth each day to school. It is
a one hour boat ride each way, and if they want to be involved in
sports activities and other activities.

Senator MIKULSKI. Let’s go to the economics. Is it the fact that
there is a decline in oysters, or what?
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Pastor EDMUND. There are certainly many of the younger people
that are not deciding to get into the watermen industry. It is a big
output financially to do that. The future doesn’t hold strong for a
good harvest from the crabs or the oysters, so some people are leav-
ing for that reason. Some people are going and working on barges
and tugs. Quite a few people do that for the consistent income and
also for the benefits provided, because of the difficulty to continue
crabbing.

Senator MIKULSKI. So two things: No. 1, the concern about reli-
able income; and No. 2, reliable income is usually based on the way
they earn their living, and the way they earn their living was off
primarily crabbing and oysters. Isn’t that right?

Pastor EDMUND. Yes. I would say maybe 90 percent of the in-
come for just people living on the island comes from the watermen
business.

Senator MIKULSKI. Let’s go to you, Dr. Boesch. The Wildlife Fed-
eration put out this report, and we welcome it. But how long have
you been studying the Bay?

Pastor BOESCH. A little over 25 years.

Senator MIKULSKI. Twenty-five years, and you have everything
from peer measurements that go back 100 years, to your own re-
search team. Now, in this report, as Senator Cardin has raised,
oysters and crabs are part of our identity. They are also an impor-
tant part of our economy, and we know that just if we look at
watermen alone, let alone the multiplier part, we are talking about
what was once thousands of people.

So here is my question. Given temperature rise, the change in
chemical composition possibly, as a colleague mentioned, what now
are there indications will happen to crabs and oysters, say, in the
next—Ilet’s take crabs and then go to oysters—over the next 5
years? Not the worst case scenario, but a mid-case scenario. And
where do you think we will be in, say, 5 years or 10 years if cur-
rent trend lines continue?

Pastor BOESCH. Well, of course the predictions are difficult, par-
ticularly, as they say, about the future. So it is hard to draw firm
conclusions. However, we can look at the things that we think are
the most likely to happen as the Bay continues to warm, and sea
levels continue to rise. The threats to those two resources are pri-
marily these.

First of all, juvenile crabs, depend on the Zostera or eelgrass
beds in the lower bay that we have talked about. Just 2 years ago,
we almost lost them. At the end of a very warm summer, popu-
lations were down to a very low level. Young crabs also depend on
tidal marshes, which are very much in jeopardy as sea level rise
accelerates. So for crabs, the habitat losses are a really critical
problem. The prognosis doesn’t seem to be promising. We won’t lose
crabs altogether, but the number and productivity of blue crabs
will probably be diminished.

Second, with respect to oysters, as the Bay deepens as sea level
rises, more ocean water coming into the Bay. If there is a fixed
amount of fresh water coming in from the rivers, this means the
salinity lines move up in the Bay. As you know, Senator, that is
really a serious problem for oysters because of the oyster diseases
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which are controlled by salinity. So as salinity increases, the dis-
eases will progress farther up the Bay.

Senator MIKULSKI. So is it conceivable that the economy that we
know, that if we were sitting at one of our famous crab houses, and
I won’t mention them by name. It is like saying who is your favor-
ite child. But if we were sitting in one of the crab houses in Mary-
land, it is conceivable—

Senator WARNER. Or Virginia.

Senator MIKULSKI. Or Virginia.

Senator WARNER. Thank you.

Senator MIKULSKI. You know, we still haven’t had that crabcake
cook-off that you challenged me with.

[Laughter.]

Senator MIKULSKI. But the fact is that we could look to more and
more importing because we cannot meet the demand now. Is that
right?

Mr. BoEscH. That is correct. As you know, Senator, that is hap-
pening now with the importation of both oysters and crabs to meet
the local and regional demand.

Senator MIKULSKI. Which would be a decline of our economy and
our whole way of life. I mean, the watermen.

Now, let’s, if I could just turn from my last question, to Will
Baker. Will, and all the panelists, do you remember when Isabel
hit and we had the surge in the Bay and the water came up. In
my mind, we got a taste of what rising sea level would mean. It
was temporary, but it was devastating. Will, take me on a tour
down the Bay, starting at Crisfield and ending in Baltimore. As
you see the temperature rise, what would you say is the impact,
just physically, on Crisfield, Hoopers, Annapolis, and Baltimore?

Mr. BAKER. Well, Senator, we released a climate change report
this summer. On the cover is a picture of downtown Annapolis dur-
ing Hurricane Isabel. I think that picture speaks 1,000 words. That
is what you are going to see in Crisfield and Hoopers Island and
St. Michaels and all the way up into Baltimore, is streets flooded,
resources flooded, economic damage. I think it is critical.

You mentioned the farmers. It certainly impacts there. With
greater storms and runoff and erosion, you are going to have more
sediment loads in the Bay. So I would add that to what Dr. Boesch
said is an impact.

Senator MIKULSKI. And agricultural legacy issues, in other
words, no matter what you have been able to work out construc-
tively with agriculture and poultry, what will run off will not be
pristine topsoil.

Mr. BAKER. There is no question. We could face severe economic,
environmental, recreational, human health issues.

Senator MIKULSKI. But if we picture Hoopers Island, that would
probably go under water.

Mr. BAKER. The islands of the Bay are already disappearing, and
you would see that accelerate and probably come to a conclusion in
our lifetimes.

Senator MIKULSKI. Now, let’s picture Annapolis, from the Naval
Academy to Main Street. During Isabel, it just flooded out. We had
$42 million worth of damage at the Naval Academy. It flooded out
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the entire power plant at the Naval Academy, and classes had to
be moved to a variety of other settings, just as an example.

Can you describe what Annapolis would look like?

Mr. BAKER. Absolutely. That is what you would see more of. Fells
Point, your hometown, underwater. So there is human, economic,
and environmental health impacts from all of this.

Senator MIKULSKI. Well, I will stop with my questions.

Senator Cardin, do you remember how you, both as a House
member and in the General Assembly, remember how we had to
deal with beach erosion in Ocean City? So we had to deal with a
lot of remedial work. It seems to me we have to look ahead to, if
global warming is so, and water will rise, not at the draconian rate
of say 20 feet, but 2 feet, then they are not going to be able to get
insurance for their buildings; being able to pull back from the
water. I don’t know how you pull back the Naval Academy. I really
don’t. And all that has been around it would be significant.

When you think of Baltimore, what would run off into the Bay,
because you have agricultural legacy, but we have industrial legacy
that could cause significant pollution. But there would be no reme-
diation to protect our land resources.

So I will stop now, because to me the best prevention will be
working internationally, and of course, our own national solutions
with Governors. But again, I am going to stop. We really want to
thank you. I am sorry I couldn’t ask each and every one of you a
question.

Senator CARDIN. Senator Mikulski, thank you. As I pointed out,
AllState already has stopped insuring, and many of the insurance
companies. If you live in the coastal areas, it is tough to get insur-
ance today because the insurance companies understand the risk,
not only the risk from sea level change, but it is climate change.
They understand that. They understand that they are not willing
to risk their financial investments. It is causing real hardships for
people who live in coastal areas.

The chart that we brought here shows a one meter, the red is
a one meter increase in sea level. Dr. Boesch indicated two to four
feet would be what you could reasonably anticipate. So that would
be about the average increase, but then red would be under water.
So it gives you an indication of the serious threat this region has
from sea level change increases.

Senator Warner.

Senator WARNER. Thank you, Mr. Chairman.

A question for Mr. Baker. The environmental bill that Senator
Lieberman and I are working on does have a provision for the Bay.
As a matter of fact, there is quite a liberal provision in there for
distribution of funds to the interests of fishermen, trout streams.
We have a lot of environmental funding streams going out. But
let’s assume we have a block of money, and it does pass through
for the Bay, what are the mechanisms by which we get it down into
the proper priorities for the Bay? Congress can’t be expected to
know the details to make that assessment.

Should we sort of divide the money between the several States
that are surrounding the Bay? It may be somewhat dispropor-
tionate for Maryland and Virginia, given that their shorelines con-
sume a good deal of it. How would you go about the mechanism by
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which we—the conduit for the money to the Bay form the cap and
trade proposal now under consideration?

Mr. BAKER. The good news, Senator, is that thanks to scientists
here today, Dr. Boesch, Dr. Pyke and certainly all those behind
them, the science is very precise in terms of how the money could
be spent most effectively. I will just touch on one area that I men-
tioned in my testimony which has benefits also for global climate
change because it sequesters carbon.

To use some of this money to help the farmers put the best man-
agement practices on their land, that have proven to be the most
cost-effective way to reduce a pound of nitrogen from coming into
the Chesapeake Bay, just to take that one pollutant, seems to me
the place where now much of the focus should be.

Thanks to the good work in the Commonwealth and in the State
of Maryland, we have come a long way towards addressing sewage
treatment plant upgrades to the state of technology. But now we
need to turn to the agricultural sector. They are meeting us more
than half way. They want to do what is right. They want to invest
their own money, but they need assistance.

There are numerous mechanisms whereby those decisions can be
made to get the money to the most effective areas in keeping with
science.

Senator WARNER. Well, is it better to say to the State of Virginia
and Maryland, “Here is the money; you go back and direct how
your farmers do it, not the Federal Government.” If I might draw
on a modest bit of experience. I spent many of my summers as a
boy on farms growing up, back in the days when we didn’t have
many tractors. They are all big dray horses we used. And I then
owned quite a few farms in my lifetime. So I have always been in-
terested in it.

Farmers are very independent. When you step on their land, that
is their sovereign territory. Now, it doesn’t take a genius to figure
out that when you are plowing, you expose the soil, but you have
to do it—although we do more sod planting now—but plowing ex-
poses a very dangerous time for the drain-off. But you can plug up
the tributaries and so forth it drains off into.

I don’t see why it takes so much money to try and help the farm-
ers do what seems to me is obvious to them. They have farmed that
land and their forefathers in most instances have farmed it, too.

Mr. BAKER. Well, I think it is competing

Senator WARNER. It’s not rocket science, is it?

Mr. BAKER. I think it is competing in a world economy that is
{:ryiélg to get more and more production out of the same acre of
and.

Senator WARNER. I agree with that.

Mr. BAKER. We see that happening all the time in terms of the
intensity with which land is farmed now, dramatically increased
even for the last 40 or 50 years, so more fertilizers, more herbi-
cides, more intense croppings. I think that is really at the root of
why it is so much more difficult today than it may have been in
the past.

Senator WARNER. Any other suggestions? I think you are well
taken and you are correct about the advancement in science in try-
ing to take less and less tillage land and put it to good use.
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Dr. SCHNARE. Senator, the Thomas Jefferson Institute has been
working very hard to try and find ways to encourage farmers to
transition to never-till farming. We don’t begin to take responsi-
bility for what has happened, but we are very pleased to report
what has happened. As recently as 5 years ago, fewer than 80,000
acres in Virginia were in the mix. It is now up to about 150,000
acres out of 1.1 million. You can reduce nutrients by 90 percent by
using these advanced techniques.
| Sg;lator WARNER. You mean nutrients escaping from the farm-
and?

Dr. SCHNARE. Exactly.

Senator WARNER. You don’t have the streams and tributaries
feeding into the

Dr. SCHNARE. Yes, sir. Exactly that. But what we found it takes,
because farmers make money doing this, it is to their benefit to do
it, it is rocket science. It is a difficult change in farming, and we
found, and have worked very hard, for one, I am pleased that the
State legislature acceded to this, to increase funding to the tech-
nical experts in the State Farm Bureaus and the like, who can be
the agents of change to help farmers transition. They haven’t done
it immediately, but it is growing. The number one most productive
corn farmer in the United States has been doing never-till farming
for over 15 years.

Senator WARNER. You mean sod planting?

Dr. SCHNARE. No, Senator, I mean corn production Virginia.

Senator WARNER. No-till.

Mr. SCHNARE. He doesn’t even use winter cover crop at this
point.

Senator WARNER. Is that right?

Mr. SCHNARE. He is right on the Rappahannock. He is a remark-
ably good farmer and he is a model for the entire State. We are
going to encourage more and more of that. That is why we work
with the Chesapeake Bay Foundation and others to try to bring
these methods forward over the last several years.

But keep in mind, and this is important to understand, regard-
less of how we get them the money, we have a short-term problem
as well as a long-term problem. The short-term problem is the foot
or two ocean rise. The second problem is the many feet ocean rise.
They are two different kinds of problems.

I extend again the opportunity to inform you, as Senator Mikul-
ski has asked us to do, to talk about geo-engineering, which will
address these, some in the short term and some in the long term.
Those are not State challenges. Those will have to be Federal and
international.

Senator WARNER. I appreciate that testimony, and I may have
been a little off the mark on that. I accept your answer as being
the correct one, that there is a measure of rocket science in this
and we have to help our farmers learn it.

Could I have one more quick question? A little bit of philo-
sophical approach to this whole subject of climate change. I am a
relative newcomer. I have been on this committee I think 20 odd
years now, but we have really come into focus on this issue. I have
teamed up, and I am ready to step out and take risks and politics
be darned. We are going to try and drive this bill through.
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But in fairness to other colleagues on this Committee and
throughout the Senate, there is still a lot of question marks about
global climate change, is it real, what are the unknowns. I mean,
it caught my attention when Mr. Boesch, his opening statement,
very well drafted, and I will repeat it: “Chairman Boxer, members
of the Committee, I am Don Boesch. I am pleased to appear before
you today to address what is known.” That is the key phrase,
“what is known about the impacts of global climate change.”

Now, any bill like cap and trade is secretly reaching into the
pockets of Mr. and Mrs. America, the working people. There is
nothing that is of greater value next to a man’s home and his fam-
ily, than his car. And that is becoming a more costly means of
transportation because of fuel costs. Every home has got to go
through a measure of heating or cooling, as the case may be, dur-
ing various times of the year.

These costs are going to begin to creep, and the public I think
is going to say, “OK, let’s give it a chance; I will continue to pay.”
But if we try and push too far in our initial charge forward on this
issue, and we overstep technology and overstep what we know and
how to go about correcting it, I think the public might rebel and
we will all pull back and then have to start again, and I don’t know
when we would get the momentum to start again.

So I do it with a measure of caution. No matter how committed
you are individually, and I am and certain members of this com-
mittee, there are those who way to say let’'s go at a pace where we
are secure, and then consolidate our gains, and then move ahead
again.

Now, it is clear that we have to put down some very strong
markers. We can’t go about this thing half-hearted. But whatever
we do, let’s go at it with a full heart, but only try and gain that
amount of ground in our first charge out of the trenches and over
the top into the face of the unknown, and then consolidate and
then do it again.

Just philosophically, do you all share that? Or do you have a dif-
ference of views? Let’s just start at your end and go the other way
for a change.

Pastor EDMUND. Well, we certainly want to be correct in what we
are doing. It is a fine line as to whether we delay long enough to
make 100 percent certainty as to whether this climate change is ac-
tually going to occur. Of if we wait too long, and then it is so much
of a larger job ahead of us.

But I think if we apply reasonable measures, it is better to err
on the side of caution. We certainly for a couple centuries now have
been putting a lot of pollutants into the air that have to have some
sort of effect, I believe, on the climate in the long run.

Senator WARNER. I agree with you. I am willing to take a meas-
ure of risk, not concerning my political risk or anything like that.

Pastor EDMUND. Right.

Senator WARNER. Take a measure of risk, but we just want to
capture that high ground that we can take based on some pretty
solid data as to the effects of climate change and the degree to
which technology and modern science can put in corrective meas-
ures.
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Mr. SCHNARE. Thank you, Senator. I think the question of incre-
mental approaches crashes on the rocks of the time scales with
which we are operating. If we are to prevent 550 parts per million
of COz in our atmosphere, which is considered the point at which
we hit the first tipping point, the inevitable full melting of the
Greenland ice sheet, some argue, including Nobel laureate Paul
Crutzen, that it is already too late, and that any attempt to pre-
vent that is nothing more than, in his words, “a pious hope.”

If what I am hearing from you is that the 80 percent reduction
needed worldwide is too much of a first step, and since China and
India refuse to do it, it probably is, then I think what you have to
examine is what can we do—we know there are acute things to do
for the first 20 years. We know they are affordable. But they will
not solve the initial problem. We are going to need a couple of cen-
turies to move away from carbon-based fuel, which is why I have
raised to the Committee this concern about geo-engineering, that
someone will use, but which is not now being managed or even con-
templated on how we would manage this process.

Senator WARNER. Well, I don’t mean to be half-hearted, but just
philosophically I will take into consideration your views.

Mr. Avery.

Mr. AVERY. The correlation between our temperature record over
the last 150 years with CO; is very, very weak. The correlation
with the sun spot index is very, very strong. I think that, with all
due respect to the power of the Congress, you are headed for enor-
mous anguish, frustration and misspent capital in this effort to re-
duce greenhouse gas emissions. It will not halt the temperature
cycle.

Mr. BoescH. Well, first the good news. We have a good starting
point, because I think we have all agreed, despite the difference of
perspectives, that the world is warming. So let’s get on beyond that
discussion and figure out how much of the warming is due to hu-
mankind, and how much is due to natural cycles.

The fact of the matter is that we have added greenhouse gases
into the atmosphere over the last 30 years that warmed the earth
10 times more than the variation in the solar energy reaching the
earth. So although Mr. Avery indicated that the solar activity does
affect our climate, we are going to a new era beyond that. We are
already in a warm period and we are now taking it outside of what
the earth has seen over hundreds of thousands of years.

So I would agree that time is not on our side. We do need to
make some positive commitments and actions, but we don’t have
all the solutions in hand. Whether it is geo-engineering or carbon
sequestration, all of these things are going to take time and invest-
ment.

However, another point that Dr. Schnare made, is that there are
lots of things that we can do now to sort of reverse the upward
growth in emissions and then reduce them. That is why States
have formed climate commissions, including the one Governor
O’Malley talked about, that are developing goals from a State per-
spective. The States are setting 2020 goals for emissions reduc-
tions, something that we could actually begin to strive to achieve
specifically. What they are concluding is that once you look at it,
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it is feasible to return to levels of emissions that were present in
1990.

Guess what? This fear that it is going to bankrupt us, we can’t
afford it, goes away when you start to look at ways to achieve these
goals. The State of Arizona recently completed its plan. The State
of Arizona is one of the fastest growing States in the Nation and
Lord knows, it has huge demands for air conditioning. It estimated
that it could reduce its greenhouse gas emissions back to 1990 lev-
els even with all of its growth and economic development, and actu-
ally save for their economy $5.5 billion—not cost, but save. There
are up-front investments. There are investments that have to be
made in terms of alternative energy sources. But most of the other
things we can do actually benefit our economy and benefit families,
because they reduce energy consumption.

Senator WARNER. The point is well taken. I didn’t mean to con-
sume time. I think I hit sort of an interesting note.

Senator CARDIN. No, no, I want to give you the chance for the
last two to respond. I think it is a very important question.

Senator WARNER. Let’s do that.

Senator CARDIN. Because we need to figure out what is the prac-
tical way we can get this accomplished.

Senator WARNER. That is correct.

Mr. PYKE. Thank you. I will try to answer very succinctly.

One, emissions choices make a difference. That is important.
Two, wearing one hat, part of my professional life is in the building
sector. It is an industry that is transforming itself to meet higher
levels of performance. This not so much about cost as it is about
fixing a fragmented and complicated industry. That is something
we can do and we can all profit from in various ways.

The third and more important issue, or equally important issue,
is that a lot of the things we talked about with regard to the Bay
are process improvements. This is about electing to make a dif-
ferent decision in how we are managing our resources. As Dr.
Boesch had said, we are looking at changing conditions. Thus, it is
irresponsible to carry out our responsibilities as if climate wasn’t
changing. And so as we carry out the Clean Water Act, as we carry
out the Endangered Species Act, as we look at NEPA, those are sit-
uations where it is now responsible. The standard of care is shift-
ing so that we should ask our agencies to include that in their deci-
sionmaking process explicitly. That can be done immediately.

Senator WARNER. Good.

Mr. BAKER. I truly believe the costs will actually come down to
the general public. In the Chesapeake Bay Foundation’s energy ef-
ficient building, for instance, we are saving $75,000 a year in en-
ergy costs. So I think conservation of energy is a great cost saving.

Senator WARNER. I agree.

Mr. BAKER. But secondly, maybe here is the philosophical part,
let’s accept for a moment that global warming is not going to hap-
pen. And then let’s look at all the strategies that have been put for-
ward to address global warming. All of them make great environ-
mental sense even if they are not to address global warming. I will
just cite my friend Jim Woolsey, who is such an advocate for en-
ergy conservation. His motivation is because he believes global
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warming is real, but also energy independence for this Country and
the great benefit that is to national security.

So there are lots of other benefits of the strategies we have all
been talking about beyond global warming.

Senator WARNER. I share your admiration for Jim Woolsey.

I thank the Chair. I thank my colleagues. What an excellent
hearing we have had this morning.

Senator CARDIN. Senator Warner, thank you. I think the last
point that Mr. Baker made is that there is more unity in this issue
than one might expect, for different reasons. I think there is a
strong need for the environmental issues, including the Chesa-
peake Bay, but also national security on energy independence, and
also economic issues because we can save a lot of money for our
economy.

Following up with what Dr. Boesch said, there is agreement, I
think consensus, that we are getting warmer, and warmer is not
good for the health of the Chesapeake Bay region. Whether it has
to do with the warmer waters, which is affecting the life on Smith
Island because it affects the watermen’s livelihood, or whether it
affects people who want to live here because they want to go out
on the weekend and catch rockfish, which might not be here in the
future if we are not careful as to what happens with the warming
of the Chesapeake Bay, whether it is sea level increases, which cer-
tainly is having an impact on the life of this entire region, or
whether it is storm conditions which bring us more unpredictable
weather, which is affecting the ability not only to get insurance,
but the safety of your family.

These are all issues that I think we need to deal with. I do think
that there is also general agreement with what Dr. Boesch said,
and that is, sure, we go through cycles of warming, but there is
normally stability in those cycles. And then in the last 50 years,
we have seen something somewhat dramatic as to what has hap-
pened. Although there may be some argument as to what impact
the greenhouse gases have on that, it has been the major variable
over the last 50 years, the amount of emissions of greenhouse
gases. So it is something that is a major concern as to how we are
going to figure out what is right for the Chesapeake Bay and our
environment, but also what is right for our energy policy in this
Country.

I think Senator Warner’s point about coming up with a practical
solution is important. It is not only important from the point of
view of getting a bill passed in the Congress and signed by the
President, but we need also to be credible for international leader-
ship. The United States has to get back in the game. We do need
to be able to exercise international leadership as it relates to what
is happening in China and India and other countries because obvi-
ously that has an impact on what we are doing.

So I think these are all interrelated, but clearly the people in the
Chesapeake Bay region are directly affected by these policies.

I thank all of you for the manner in which you have made your
presentations today. I agree with Chairman Boxer, I think this has
been a very, very important hearing for all of us who are trying to
do what we can to preserve a way of life for the people of this re-
gion. And to Pastor Edmund, I will conclude with you. Your grand-
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children should be very proud of what you are doing. On a typical
Sunday, you should know that Pastor Edmund needs to use a golf
cart and a boat in order to get to the three churches on Smith Is-
land in order to provide the spiritual leadership to that community,
which is just an inspiration to all of us.

We thank you very much for all of you being here. We look for-
ward to working with you.

The Committee will keep the record open for one week.

If there is nothing further?

Senator MIKULSKI. Mr. Chairman, Acting Chairman, I would like
to just thank again everyone who participated, and all the hard
work that went into it.

What I would like to just comment is that I was very pleased
that maybe I have had a modest impact on public policy by my
presence. But I have obviously helped you move up and in 2%
hours become Chairman.

[Laughter.]

Se}Illator MikuLski. We have had a good day. Thank you very
much.

Senator CARDIN. Maryland is in a good position right now.

Senator MIKULSKI. As Louis Goldstein would say, “God bless you
all real good.”

Senator CARDIN. The Committee will stand adjourned. Thank
you all.

[Whereupon, at 12:04 p.m., the committee was adjourned.]

[Additional statements submitted for the record follow:]



88




89

=
bbbt HW.V
SUEDLIDUIY 7

T SALONANA

NOISATONOD TA

TONV]

TNOLLOY 40 NI ¥ AVE INVAIY STHO dHL 3O LSYOIR0I 9HL DA

NOD ONIHST 40 ONIHSIA ANOD- AT

NLLNAH TAOAN

g AVAANVIIVSAHO QRAENOVATIH AC

AYTV NV SNALYHMHL ONIRNYA IVAY 1D T

COADEML

WO

SIS0 0% 0L SO A28



90

G : g ey I L) & tapsy
@Ew_;_d:«ﬂu.~<w: HECL B g dir
b ([ e
A1 500118 TR e cwai ;n% - |
S 5 P bk esé:;?.,::_:5_EE i -
Aoy

61 10 $UR N0 S TAPIYOPUELS P UIIPIRD INC) PYSOINS 6 14 3 I Jorpaq s oy 3uoay fur sy 3y

“sapuiapds [y it cn Avq ) aacasox dioy] W ey uensw g0 weid B siog3 gsrmsy soopi) pitn Sy siasipy aof 1o aspring
yr Sumngy prgops> pro o ;?.fa:é 30172 10 Bomor o1 23S A I PUY "I €] SR DAY 3UCP DAL QAL
am amp $290T0 oA 280 R 0 b P 3t o Y Suo suruiny dpy o3 sdas 4
und o “puyy ok 2 aumsiod 7 30 g 2 30 1w0p0

o Bugatiess oo s Sanpos 3 0w D08 Suse dq i i

5] 29peadnsaU) 4 9 FuTiLInay ol o IR s TN W72 238§ PAOUTRI0] TGS S 2 FUATR oYL

35012 o o a4 xcasos o v o s spaBod By paey o s Burisses o sssppr on
i i i e e e ,V_S:.&E, W g o 3o
Y ﬁs?? {pun mSEE.%Sm:.::}?252, ﬁ:_&s:_é:c% OSSN OOy Ao amus ap vy fp e ST JOUNL I pUT 108 3% T 5[t SUTOIS ST

ﬁ,h:mr.&:sm oSz Ang iru& QCJE ot 5355 5.:.: o Sur_ju eﬁc» 26113 S0ASDp P _ 2os Sutst ,w :::3: feqop g sy
i 60 5 SR s 00 1 np Sonqpan 31 4] LmausD 3517 90 g 2RSSy

e 19100 prosq 3o o g puieisiap

0 sqesopsaguad s oup sog 1lson SUpA U aavl| US| OOpR

axlesotir) 248 J6 DITATY g IM0GE 52u00 s Apy

7y Apawdost

5 @Ea :3.3:5?;55

: i 5333&32: SRt T NS
SRy S ﬁ_é 1 Eﬁzvj%& TR Reg ogid: s 5 SO pu Py asour
;_UQ ai%\;éauu._n:«.aam:i iES* _.:x.mu 1 .__uE S ztﬁ_&avﬁuiuﬁﬁ?

d dn-uesp A

Aoz sa _% Jo s
sre puty

: ' viny s ﬁasax_s seady 353:.Ez_z;is _,éészﬁ,s o o pasoduard | Koumarasuos e

ucc,ée:ﬁﬁ;@;@% 3 u ; : Y_T%aiz,_@:

o A R o 10j0 7 POy
anjeaddesayy s o gms 3

Sog

Fursqton sy 5_ ;3%:;;5 aowos 0 sosmsean é::;?
S : : Lo odp 2 duosgy Fursya gy 91008 2ty
Bl f::%%:.j G B Sy N O PR I s g1 10 TSR] 5 UL P o pREOq A U
:.Eé?zéé, S g:x,é:.,f RO A s > S suanrssosst dasHNITIOD 1O R 0 s 14
St oo 0 s [riosgORE poreAons S Augy SR T

b A oA S At P g

oap prunsiad Sy

S e v éé., :
s o sy pisss ¢ A St : : S srend v W st iy

1 pory i posy aamy | 60 21 &g posogio sasmnddo
Somoaq [esnies s 20 soneizesdds daop » padopasp oany |
podolta om awioy v wody oy Aw uisonyd epads ¢ ppy Fuoy

S0 ol eI O 1, P A pasas ST pu s s o, Ut AGivau
S S0 vwrane 55y wo eWI0 20] ot FUYIOR J0 LOWLW oy 23y §

wonva1051 Fugpumsno pu
“puepy oy 5 purianpy U

i i i ::&o,m \?m uxmoammu: voﬁ ur
m; n:o:muﬁ .ﬁ \SCEE wu;m:ua vnu:ﬁ:&oﬁ mc:ﬁ \5 ?ﬁ:

Ve s e

ﬁmEEsm oAlmx



91




T oo

92

“suopeIoUR 107
o oy s 2 a7 st

S o 0 proses

saotpas dons e

s

g ‘s s w013 ne
s sa0[10% pu 343

0 S04 $ 3%

<op w3y srassasd Fnanues opun
UGS ST SPURA (PR PUT $pog
USRS 2 oS SRS [RINLED) HOR

PSS PUT ARV [EAUIGS

ST Ha15590¥7 3 prp popeiiag
Sy are sioiva a7 Jo dataoferes ),
oy Qv sooey s Leq sy g

Stoquny £yafeay 01 yorgesss
R POV YO0 SE Gons—-sa1>
-ads agfyppon pue st Arg xeadesayry
sopndod o svonemdod mss padpy

sount
ey i_,sa 2 30 1soddins ug 910
Busns wooq oary S Ly swas

A LT a0t

505

oa0s

o s Sompy “areaficad dus Jonp A yFuonqs s prsimosd pusbe podpr oy s pus sopojoI

dafsaared S Y POAOADT S6U SRS RIGEILA 194 [ SIGL AON] ‘DIRATRC] Vo 0
13072 500 PastanE st ey o J, K6 S 10 Ao O U SUasAnId 0 30vodtuy W0g dARY DU P ‘Gonnions §
303 sowpIR P s[rof smonigue Yats surid foass porss seg weiond o oy 220 sosseafos Fugapop pun feq oy 0
st 3uomnt s wonajod 201 G0 st $A30] RTGT O T Treks00s 5 4n oy dowsar puv aaced 01 digssurnd wesd

031 fogg feadesy 2 P DUISY UORO0I6LT FAUHIIRIIAGE Sy 743 PUB TIGU{07) JO DUISICE A TUENS

tiog ‘puvires ety Yot ursuswnody 2 oeodesaury gl S0 43 1 oy Kecg 243 J0 SUTpEep prasdsopr Sy

“PAGHEIEA J0F 3IEY 303 0d U S50 PP SPUEHaK AT 105 0 SIGULY pofienact psvy
sanaBos ] AI0STY SPURAOA 248 PUE Wieso] aatosng) UonTasastior) ot rotsaqduseag so yons sweadord waes propog
qenb 1w Furaoadus pUv uoRomIIssp FUREoA FOROEINON 10 008 QPRI ¥ toaq ey SRUIDNG J0F 0V 1AL By B4
iU SR puB ysy 190101 o 2403805 01 poysIata Kegp 23eodsIY) YL OF POISIAU U] HARY SILI[OP 0 SUOIIGE

Aegp oy o1 sieoay 1, a[dinyy sIpEIR] Ul 2JYnol]

“Busnsem ooy
SS2ApPY M 1osn w0y o puadap jpim suaneIsUsH SNy J0f SUOMPER S0pT

Huprut oy sonvases fusmort
esotgey o Buiasosoag

yo 350y ® dofus puv s
g idod go 50

1B 0AT SOOI I

sopradns 3 01

s SpsTapes v g g

sty awaed porisd Fumssmd s

¢ g *punog sodou

HESIORT OIS T 10!

warpy

101 juads samm

 Surgsg ro
o5y 1 Aogg njrc

T sy 3

s ssupisos 07 uy ssiprvd Sungsy o 1 g0 sorads o

st o oy sy

Kuonso [riofia: i o3 WO ¢¢7 FmnqEITes paniqERy ML U PURE I U oy pang
o1 390 07 15 PRHSILA TRy TSR SJPILAR STRUS D) P PURJAII W TN APHAY [RUC
38 ymatquy Furssmere pus saaaddrs o3 Arq g v o
stnzss pu 0B Sopnp Lo Ao IR 210t v YR “ORTANSSD AL £t e aaqeadnson) A SIpMOLIS 104

v

o s xpns sez

“woy U uoia: 2 03 A JjqEOROuL
sxd sseatepey s Argg orymaddesatyy o pmag Apuss v o sme xeg SIS 100G WA s PURHIRLY UG opgstATEs
U] SPUSEE pss puops v Supuads fuieg yg 50 YSTE0s 1 Jo IR 8 ST I A
g warfios ey apeadusangy o U1 311 Jo 1rvd ammsadi; wn wanq AR SUDRIE Joopine Do pun Suryay Sonungy

oneIas

SISPISTPIUF] J00PINCY
pue sxopduy ‘SImunp] Jof asipeae ] © st Aeg oyeadesayr) ay T,

HOLLONGOU LN Y




93

o A

apist

a
2 plos deg oqradre

5

utsps paop
o s fsapes
Sunnp v

praeguaas
30 Sunpws o gy
puE] 51 anp BN T
sfupyry sy w pur,
nususAcEIau] o Aq

pu

Qs

ponsofasd s ¢7 03 1 30
sz peaapas ofvioar ool
i anf 4

1RSI STL [ S607 49
AN 6] 2A0GR ST 6T

P

195 ATER ¢

omrwalgerd Gt 5q

2 5105236 08

dppoad v saseasous “Fursds

pu o Surmp Siq o o
ot Aq paussop Apnd s

O3S{UY[d SIS Jo NI S NI DI
aredwion voneidioand sessan Ut sanur ), ,x:_:;,

1517 g pus o fgg ot

pue e smmbe 2op suo e dus o

I

03 a0 Ospe |
s anritas fogg sypmadesauy;

Yoy

QWO 03 $PEII(] 2Yd

ur s3AURYL) 9ILII) UBAY SUTARY BUIILIZAN [RqO]F) TRGIIOT) 01 IN{IE,]

s 350} Fuia 1o e

16 rv 230w durwe po panus p ST K UL U SPURSE £ 3970 T "POIRPIL U3 DALY SPUT[SL RIS PO §9saUT
S praspy s repnamaed 1w Goida dug peadesar) o4 soonid TR 509y BspUR] [raseod Surpiqs
[ 03 oD SoUaUL X KIMIERD Y7 S 940 9511 o ARe[E 61 I
ot oues 1 3y

5

fpranaey o3 o S5O s XYY pu Furuy jog
1005910 © s oar Arg o Suop soaeid Karpk Fursws usnq saey v sredesa) 2 rspas] a5

A07 91 ST S WOy WoIE] s5930p 7 01 | AnaqE 3503 o8]t A up i sosmeioda

N

oL

o4 501

LTSI IO 40 SRBHINI0 YION SHOR N

e oy 1, smad g 3ed 90 100 s6p wanas posmaap sey pumosd ow o A0Us
i SavEp ave] pine 3873 3 woawanq peiad oy ;sewano uonmidzaad 9re13
uomedpond sty uy aswasouy w0onead 1 T Inoqr uaes ST oo o3 40 PR pUT

3 21 o SuEes [rIsTos A

2

| Aq paseassut aavy wowtar o w smmaadiun e 25

“Gamauna 35md s 4200 ounepy yHnonp dvg Fxpedusay
Fuope asyuasye smrop p
sy poyssateas drgp 2xeadvsauy s r dar

s1em foqof Jo 12035 53 (295 1R I

e poquf sesase

oyt Bunwsop

aqp Fasnes o3
wopsurdo e
0 *spoog “SFROIp 5E
wopradio

02 sue0 1 3o
v Bisyuaae, v S0AT 30 PUT
s s TR AN pure T

ey axe suioavd
i PRI D103
%2 05 puadap o enup

d “Huiseriout 25e sommeadung

uoiSay Leg
axeadesayr) a3 Sunoagyy s1BunuIep (LYoo

“safusppe ssoys o Apueagpadis ppe

wre Jrgplry safuag noavAsssucs Sununep o3y Aproate am Sins oy o,

aupnes i sungjod

Sugrzess sotosAp Yy pun

b Ny pu

sosposy LTI RIORIPPE T
“spend wistas Sutpapau posy jo pemos A ¢
praadap e srands Suoums wiogqoad » Agerondsa st sty

1 1 suogaadnd spnp Supu paws pary Arg mmadveor) S U s99Im0s poc
suomonpas se fa sv ool 2 apso sEgey Surpraig purpns Uy R S
4 won

qerxd 10 e ‘wonnpradiap i
sousods wrpa prvy pue 70 2R P2 onyg

T

p oaryf

o P g6 suonmdng

{1 2Ry, 905) Bunennamm wk v

fosg aeadesanyy 2t Aq papiduacs eq 1R 30 e 9 B0 preazandos e ag 1,

AYE IUYALYEIHD CI8ANIY I8
AOYIYTIY HY SH3LYIEHL ONINEYM TVEOID "1




94

sou; degg asqeadusan
1 EROLRIEM L
su furddorsaiois pue B

—

Tt 0008 5

5077 TNGUEH]

sypup
w

Eama) pUE 253
U2 AU SO JAoFEARR Y A

o8 paisg e ey oy go Susmodo

s Sagures dg o o

g go wonmEn potee] suoss

o o o ur sovwd st

e o sxpeadvsongry ot  aserI

PROTINA SSINERGD PUAT ST SV

(g W5 958) IFYEIA FIPJN 01

ang Baddos-oys o

SRgsTATTS

apery oy siar uado wo parRTs

AT SRAS EIPUN, TGS FAON I
TRIOU ISECI UREY O 10 pur]s)
e ot
ot Sutpusds 2um 15517 3 0] porsao
YOI HHT 0 110t
1tz Afpemsmicn s g 0

e s 1T

Az 5o

sy

“Sutddons- 10 pojje2-08 ST 30 EOPDUT
parsodo S s 1o 7, 5o Az
IO DI T SJpOT DI HANCH 191
o wadko Pty 60> ot SIS 5
A0 st 10 s xog se St 3 paou
R Op opOIRM SIS pra Sy

ST S0S [P T
200 16 13m0] 979523 AffmseRIoUT [ O3]
comunuo upureas [egoff sy -oum o
30 3303 g Aqtio 1940 5201 TR
P G661 O IG6] WOT IO U 4 JO
ausnsad gg 3930 70y Spaojduan upid
-y e Ghoi-Gs | 1oy i
30 -t Ayppnsed 3505 Te wewaE U
ou st 2
papua g sy

o sk gt pip ot v ]

pwpdaion azaong o1
RERIE A0S UL Py

vy e s sogEonp

581 PR S YL JatpLivg sears Sy

Sorsorups [znsn 40 5 1o dors o
Y12 g sasue e s oF snp uspesfin

o pupowes s Fupuemy (sopse
Funzn (praape o s 1pIY

FRliTS)
SAINCT Y3 Y 24TH
25y Ay Burddorg-ioyg

ORI A
owp s Enposaq xenp o wnsndod aq
wruaond ) € YR S o uononpa
3 o] PSSR SOR07 2 Aa spue]

230 DO FPR g 3ua0aad G 0
dn g sourpop o
o1 g vorfon st 1 suopuon

Ut

arany o sy
Spequoed Knsuss

i go s o 01
oppps s Ay waorad g7
Jos oapas pu i u

pwsds g pinon S

o parinuod

P KNI Yo7 M 0 R some]
o1 oty sonanindu

g
ooy SRmeony Furpoosq onp
sl ssaf e S sposiod

sanzon 2oy om vt o do $1p 1t
01 po1oadi i spUTOM DJs FAY
eadsnn pup
GORIOARAD PUR SUTEI AR 5 Y

weonout ssuvd 4q

(g xogy %)
sofotaog sureag o ot paonpesd o1 Avg
oxradusa) U BuuUL SYaqEeAUTS o
fatiofoas oy speaypsr puL Sxaqsea
o sitrauid oot e pafioim-onyg
“eapes sprepew o wwmsodwn A
205 51 (Or “SHI PEILY Y WOXF
<t uopenposd onp eagur 5 0oRey o
Je a8 g 3noqy “s3pnp Kroversii
swomswy quon iof punosd Fugponsq
rnndut asow U 2l s SpuPpIs,
ooasd LS U (s jo 0w
e 831 9] poyea-0s ‘SaAeg PARULY
PR GRi0U A PUE TPRUS,) (LTUD
s jo uofday o] ARG S L
suonendud popiosea Sutmain 5L
s dngg sqradesayy ap

B3 13y o%[E

Wiy 1y s

SPUE[ID A S0y
=30 LTI UI $3UHI3(T

DMILNAM TRO4¥ILIVYM OL LY3HEL 2dIL ¥

“afinpoy popiarea
o Suop soqrxdisor) o Sur
ot Busap Apesige ox Aeq

o

SSO190 S PR SAYSINOL 24 B S
farpengy ofe> swans jo siondun o
UYL MO PIRON W SO
Y3 68 200 03 PROTSR D SRR
Jracsanean o 2xp Sonoogye dpeane
Sureas fropid yo condwr o i

“ase0s0u1 spoad) v3s seaTIgRY Sut
LA SO ROIS 0 556] ¥ PUY 01
Lo axv dog pxpadvsoyy @ fean o

St ap i pacjins Sty
“enUnUe 61 parsodia ST puan o puv
PULITA DU SERUTA S 3 PUE

oy sy svase oae-o01 vt Furddoss
pendge o1 (o Sonessi swo
spunas Bunisem ol o asmesg

sopnp Tamay osmpoid pus HUP Y

suiesaq s potsadis s suEl Iy
sodddn s v wordayg spipag
soporip Surmoruim  deq o 10 K sop
spuniosd Suypmorg g G g oo dog
aryradusasy oy vr omans] |ngrza
o s opd

e

 sosord Huna,

IR v dU20G sy W AIeun oy

{nuno>
SR S5O TS SISRISHEUD ORI
Jo RSO SR T sansag
VoA (PRI S AR TSRy
£033¢] 23030y 2 FIATE A2 IR PasE
5154030 FANP UIPOG 30 TAT 353

Bav] swonvr oy, Fununy (wojomem

AN O UOTPER B Y PUE [HOLIN
Supoy op mpOIY GUON U
seae oo 2sous 2 jo o110 oo

Buop svy fog amvadesn g

™

"Bt




95

g CPRARISY Squad s sproypes Supipr
9NOUT 0 VI O SIQRIONEI B5OUI M) pogy sy sossmsfeas sy v puadap 1w
g A5 SUORPUOS P 172 6010 sorads o ek wRRGTE © Ay
z iDL 56 10} SUCAIPUOO SAUBA  prncrss gargk e o PN IMOETONR
s S50 2407530 1 SO T
yaty] w030 s e o BTN PIRGA A 0]
: A4 FUOREN SW0S02 padiy “sommn 47 PRSI TR STURHPRS

0 e o Serlonsap den pue st o woz swaERG
oas s w saysiew o1

s pasnea sary ospe sasmateag oA 4
samu RuiBesng opr g o yoddng s Supupun Sopads e o ot

Sl s
e

gy
posmposm
A 1w U Qnog 241
510003 P 6L SR T3
2R P s sotads oAt Sty
-poog pue ey 20 v Fopaduns
<o g sopads annen Ty Agen
<umod o ot s
2i039q 03 souods s s

[ 6 DI0GS IS KPUCIATEN OIF  opu v sy amggey puE poo

2 1043 TUD[RA BALTLASAP

s spravad g
2512 ‘wopeaaiias peabe
3 ssapuien
15 spasn sewaFos wu ayuns oy

e ypidap saem o
sitees Jo womsode

Lo lw

2o iz

iq i
LT 2 o voed 190

23 50 5

PR

Sr0WIYLIR

SIY SUBTIPUCD TUIA
ocoust g

spraping &g g sy

ez “aBuws 531

st 21 210t g

..... o | e oo e ” 30 PO GRS A1p) 1

2 w1 2fea9200 59
ruBys [ worHos o U soaR 30y
1001 PIRMOR PSS S I8 ALY

pwe)

190 2onpa1

oo

DIT SIAUBS "FGRITARE UG T

v
SUTTIPUGD US4 124

1201 WA uea 3
sseapr YRROTITY “SUONIPUOR -]

pee dapiasm s woneuigquIsd A2
adiea sse o STy ponad paprae
e san0 m0avas e -oa, apapes yiiy

Matda 1530 06 §6 SEIE U 3524 saorH
Ssapeo omye AR 0] FEUG

o0 350 g 23
aopep o on

g o
g vy
s soamadise o 28

sy,

5 puv sup Appn synp

4qaou popmnazns Surq g 24 so
I 53 PAGIRY-10] 100 s131 v
3577 2 107 suonos{oad o EmELe
[P AR Pos SARUIOT ) 2455 30T

¥;

A-§1 R A TRIqEY [rsRon
LRI PIIRY I SR

Suowise oo

o1 oo jo
e SPRYRING *S{EaEos J0 Sap
16 wopanpeI; oy ‘e Ferkf-amo]

SPOOY AT [PARERS ¥ BIGULIY

Fuwwsen pqold
Wi $3RRI9pI0D 2511 1A3Y0S Ju 20T
0 01 paraadio st fnndsip

a5 s
s o
e daay on o

AB5PAN 0 ABE AN Y

eadisangy o
wonea
P
“priag P ———
exonnps [esnsen yEnan
sy

o)

Sttt g
1 3]qu 3 KBTS DAY PP

e S sotparEn s s Ang
it st

20 sosurda o
o107 s sy yon S
of- w5 dATEpo Forprsqns
o Kuq o oy spu pastos sseazg

o533 [anap s St 0199605 0998 )

1100

syosir

e
Surdomsop-amigey st qons ‘soads
sagseat o votsuedse o offnoatn
Aoyt sorravaocdwon v a9
oS Vomppe u o530 pur o
A0eLer 50j 201005 POOY (IR ¥ *Tom
wiafian onwnbe pafstigns vo wens

ae

e

32 epunt
Hurasses g

v
QL BN 01

pansodis st ae ey yo ssop Sumun




96

&

sz deop ar w0 ixo

30 amysUaidor s R piss Xoma o Sunie o Rumgrn e 1o
1 ssog 1 5 aspe gronns Saropy , uonadap WG pus ow
& a0 U TSR g s Sreas sogmy vonvdionsd 1aapsp s (o ou)
g 090p J6E0T v 51 Kugg SRRV DL UL SIHNOS I POV SPI TEIMNIMSS 02 SUGLINM SIS YOG MOY IIANE

525 33600p O Jo ) B A SIPH TRV TGOS
ydsrinn 63 Sursnauuos K 2 oaut sy

oz pust (G e} v

ERTUY A0 5057

v sy

g o1 Ja 7sasad g U 301 i ssnfioy 0] wop

s s gons sy Burfooyos ojjruus Aprepnonsed sads rastos Suots sy usy 3eraEnSis o1 pray Ve Tatem ponaidop-unSixo
o seare ] S P U UsHAKo §0 uoRaldap 103 SmqEIG0 T Gasord dordegd sa SpesjsIyL e
raseoa ug smicydsoud puz WHomn Sarp(as SIEaIRY ur dsTaIou we Aq pasties st oneigdenayy “foreea (ol £ pareqiooe
02 01 K| sta1 puk g syeadusaysy
s Uy sy 203 ‘waiqosd aoleur sy 300 51
“wspgosd sl e s voneonydom;

02 DU, B PEIBL B

puedxy 01 50U07 PEACT

[ 941 1 1000 sseon st
pue Fansds o 01 otfsed susen aawas s
oy 01 anus o8 K] ¢ owaC]

1 YGpY SuLTA Eu
o3 S PO QAL (06T YT
Sururess sionupm wmmn Aferdss o pe
-od v Surnp Kegp amarp] s ey
ey ar dn prescng e
pup wow g sk jo oty prde
vordfy saam

2 oy 5w aes

g asang s syace €

sy sy pun SSuompUO 19p(o3
fq porrang oy st preza] ‘s

102711 350 P AR <53 24
o1 samadd g OUACE PN XSIY R
stp 195K0 A[pwop ot e parmsEAsp waa
24 “spad o101stg jo 1u3ntad 1 m0ue
Ao 3w psvinse a0 S193540 SADEN;

‘monasgur o8 yqrVEA
a20m worp Furjeu T s il
T4 sa1ads 5942436 O5JE 3 30 “WoRRLT
pu o [emorqoad pouryus fows
o1 Iy | BUULTAS 2
“asmwpratfap aenqey ‘womn(pod Sgenb
saas Surarpop Fupnpur Higsuadsas
S st 501903 3o LIRS PPIN ¥ TP,
o Suypapou; sorsds gz Anq Jotgo

g PASTII3UE HATY SORIEL LG
s p Ysisioos porg Apua0as
WA Jo pads sau v

P2 St £ SURWUIL 30U 218 $IY3E
frgp aendusayy -
fegg ooy B of o

Sy Buoass Yo spastai sunvw pu

1ot “sopsads sue suenodueg

oo s i wg e

savatopida aranboty azows pu sawp Mo

28 20 pUnoay s o

sz ]

Burpeardg
wumduwwﬁH MET:Q).«
st 01 2LAERRNS HIOU K0 P HEY

esons u o
%0 omoq pu spe

pop tjsy “possnans vy saryddns
u i3z paseatou) yog
w201
Lusoap

£q possans 21v so100eds 01

eanduon sy wEm 002 AT

IR ISPUNGYY T PEE SUED PIPYS 1S
s oy ¥ pwes] padiaas, payp ssum
s} sty s e
sarmpsaduian Fusvasus pury Bio 24 Uy

wads ous o

¢ BpUROY UpoS
posuds wmp ey
g vz s a0 Zomnan-uULS NS 10

pue oot Gnon

sonsamraduim xorfng o

stonpHaD

avqoy 10 Supunssy w0 osp e axnsisd

U BT fsormerdiE S st

Furmsnm s sy g8 sopads romoured

sty oumumop o sdewr sxnaaadion omy
1 sapi oy pup ormsesdiass o g
30 QiU B3 30 et i oxw siopfuy

s

IITTAN TPULITAA

“onrurasoddo Bungsy pus suotemdod ys 3000 i ssfura
S50 20 Um0 €31 Bousleyo SUGRTpUG) 23tany Jo suotonload a51a1d sHee L1 GGy MO om0
501 A wiszsseos spvnbe Argy s3radusaysy simus 51 00 2005 punojold
N SUUOAp SIS PUT ‘Gansafon b pafiatigs 16 ssof Worny
Burgst 4940 aprut swoord s 03 81019t FURqHICE “sato0ds I
soqaes famrnp Aq poateur uasq sey wopundar Fensy Ang sy soproap
ot sar Guodg 30} SPoRosy uacusy uaod sey Seg oqpadesoigy oy |,

LIN0D OHNIHSIL HO LONIHELL ZHO09. Al

Sutiivvy pur spoas] vas Suisies saanaviadisn s Fur

v Botary st Suruius o ‘o 59 3o doa 0o s
d o3t RIS CONTIINUTPS SIUSLITY DALSS3
e 512940 *Squa> 3T USROS G SURG IWARIEING] P

309304 ] Hurgsy 1ods Hupmasmo pur saaysy




97

g asTaaq wss0D [rrodd € 30 STSL 4 SoAT

5 por sa%ms s 0Gay oS

ooy sAvq a8 oyHiong sage djddi aavy

TS 10 SIOAIGEIS PR S A8 o> SO 57 OAKSS SPUPYIAN [PPIL

v o susdopARp oA BT

222 B0 ot

li

513 A5 BIE I 5T SPUR

e

B 1o

AT G SLIR S0 [RISEDD e

afereiop ugsty no Sutumorcy

onsns gt Sopnp "
soanyp eumpribsng o 30 moy upds oy oy sosatony , Fusds Sy puv amiz sy s o oo s e

g opeadsON;) UL U1 PIXOKY U S35R0.361 T PIIEIOSST U3 D

stomgs sejasas Burlae mogs sppous

ssogip ySeorppy ‘sautu0s Fuaem
108 @ 3nsIp Mo 2woaq [ von

—vonydnno Aeqasore ofawq Ui oy,

gy oopeadsangy o Burprgeuy
a0 [EST03 S USRS R TOYENOT
*sops funflorus, pu Sopa umosq,,
Sapn pat,, e Ny ‘SusCoiy e gy
30 famnos pov soquny Buvmord oy ap

st v 2q 03 PP X
> pu soangeadatss wos afesonr 1048y
$ACWIN 6461 PUP (861 WG
sarens praseon 77 Ruswe s(py gsy Jofewy
30 o5 Fuipes] H4a e pALHUAPE D33
oo 3o o} 5 o
e

> e B

oy

SunRS 10§ SqeIqYY
Aferussss a1z 030 Moy 1914

sl i

5
woilixo Summnsuan

gt Sonem o uy aussond seea o

3036 e [rTIR U S G
sommradin e S g auediad

1 1m0qe &g smmoroap uais

» OARSSIP £

st oseorsun syareidinn

g Aatop (s 1oy so0p

w33
607 SPJoT 0T TR BRI S|
:,&.:x:;

o e B porgoss




98

apsaonea 1 seid peoys ToRERSTHE o pue sorfunsy S L e

050 44 womnpos 1wasaad (g go otk Arvssaonw
1 3201 248 mtr> 03 wopnyod T [egoff £ uoT Sy U S
Saoaepures oovyd ppows vonensrEpY A puv s S L b

RIOTIE [E19P2T

asodor snp

popumngI SRz o g0 St ssoddis dy oo Sexpuny sup pspuy rsvonay
wonmazsos 0 533 e sard suamoftem samoss Sansne o sinns won
madupy opyppa pur sy eafsu Ao rgop sz i pur sy Funonad
103 sarimens dopasp sovms dppy o3 101on 9q [ Fasping UoREASSLOD pEaTpoC]

e 9 3 poarsedap AavTaaRin 93 2o swopTR R 2onpl O
[ OB SoTRima TR0 2anpo 1R oINS o g AR e apredesay
R 107 TP PAPPY P G QU 57 104 SR ST 2504 i ados
P i sy iy o1 ssstieuer asanesai sof Ampung sou 2praoad T 3 e St
e [rqurt 30 10w Sy aam s G [ 3] FRPI AT ST 40] 359 SR
oppaoid e woanjod Fmres (ol Rumemtas o) warsis apun-puv-dea © yong

“DJYPIYS PUP S 30 LONESIB0OD Py 03 SISt 105 2q suntsed VoS

30 wonome 1R wouy spasaoad o vonsd v I AL 4 1 v utad st wasds 2
yons s 1ok S 10 SIS a1 25307 02 sisad PRy 03 pasiobol o PO T
PSP Yous K S 10 pUd 2P 2y oSl BsMaguRRIY IS PUB PGNP HOGIES

I 1102 [PRULE 50 LOLOTE PO
sl ppun-pio-du, % s 01 poziagon

JOIUROTIE LIELESD B WD 0) ARSR]PUT A0

sl oy sodond v yaus spegy

s sapunsad jo auasis anou ¥ awars uomn(pd Sono

o0 S 4
Shaggonnas g ssaudunsy g spedosd Fo

p: D

sem o wsyas povssd oz Businp se

s o3

g

spin apuasad o) pay od

i 26 pprEoys vox

Funusee rgopd sompor o s

Ranaren Jqopl Gy prasagye sonspadod spppps pue sy s
£ PIPIOIT ST AR J0 1H0YS 5] SERING (GN07 U WO {og) sptouniie appjen pue ysty
ot sop Furpny pronippr auos poprard e sty gy 21, reudihs Soy
stg e Famune Ui s 510 peioads s sp ‘ansead pue soswaor Jo osegornd

e ymostg swonegndod atfpTos pue gy nmsas padjoy s vanmsads Sk 1o

o005 SUpUAY M3 put Qs
otrind £ oA o S 103BE SR P s SppAnoug oo dafasop af,
papast g s SForeas BANEAdBPY U UOREICHA EOJURYHE PUE WoN] “$22n0
{5250 it 01 SURIONISUEA SPRE TS O3 HAUBUGY [[Ln 5 39 5048 U 250dhs

ST TN L

0N L0 403 TIANTS NOEAINGD ST

-5UIG 1 5 Apeaa are 1Ry $o508 snoypos WOz AImaues 150 S 1540 HuRuITa
auas o s [ oson I, Furusess (eqopd go sivedeoy vrtos soey Ajquapasus i og o

pin po gers ‘woangod Serunses o 2ompos Snzssooons o 31 128 gy

0] 88 50 f{am
U Aeg on98 SIMBFI {146 STY3, LG X5 396) BIPLS PR st 20§
aseom33 oy asosehat S i 35794 4ad 3uoo0od 7 jo 210 2
snmpgod 8 o Huanipag swastior pur s s o ftr o opa
urg A “vonngod Surussmas eopjf qmd 10t ow Gt T
~de pofuvadnnt © posu an ey spradrsog) ot ut oy

Sustausonodl i

TUP1ITD Wi

n

o

s puw sy dpng o)

PPl 103 Swipung moN
OPIAOI ] PUE UOLN[[O] TUIIEAL [RQOJT) 930y °|

e st
prrstR20s ST Gon0s snz 1 Apg 23nad
ot v epd o Sewiiany, puoe

AN U3 ST

AT N 10] TIAIOF R

U PR U1 g

offung> o1 sunns [y

w0 suzam p o e e

1105 09 $9pTDAP I67 AJPIUA PUS YeLF 531 P
g poodusanry o v ovdun yumags 7 avy jav--asn 24 A1 F spaTy A
pue e vor or “steygin pue

SSOUTHING SIWOY 110 PIING 24 MOY PUT A5G

3 RS 938 SUOKTIAP s o IR RSB0 S80S ORI 30§ R AW,

..4
TETFAZISUOD 132T 61 ‘H1qEss dwnaos JTAOTEID 2HO0T ONI 3T SHEUL M S110333 35010
30 3red w0 Junres peqol 2915062 APIIde 01 2101T3 BAGROH WoURHIBY Argp
G007 rodusoyy 1 yo st Amuiad a1 g0 20 sy 260 puvy puting spue] [piTaERLe
e padepasp-Speouls Rusfiewsur sanag pue susuidopsap Beqan Funpro1ous wos
ey feman oo pur 150103 Sspuvpon Jumomoxd 30 psumaodun > poziufosas
amy symnge ‘wordhs dug wpadessys) S ss010y ‘pefaq pup HpTSID L 51 10§
Aoy aofer 7 & oI 0 2994 2up o1 o] o FusTeurns papaag

e

“swapuo o Lol Surods pue sy (s par
o ang 5 Ssaumyp SqqEREAS) oW go ancs s o pp g
o1 s e apya wonngod Sures o
[ronovad 5 8q pavod s

35 frgg aspead
msaa e

5 Bnpac fgp Sqqenaz 20 suoRnps

 woos unress ego ot 23 o von;

MOILOY 40 Y Id ¥

AWE

INYIALYESIHD 3HL 204 L8VIIN0L HL SHIDNVHD A




99

%

w10t 61 SHIOROT oG it S0 &

Romens

PR sy SOy e £

vl up .

B SHNGEY O

wonwdopr oppm e 3 wetssruitsor ASUV) VUL 30U Y1 YRNOHA 03 anunUD

oL Mg

“urd womdvpn

Posig-orsss © dappAs] 2 TATEU DS Y SAIVIS TSI DU 10 U0 5 PIOS PURJARPY D51 (RG] R o S0 [ETHUY UL aion
ndupe g anssturng G o dnosy Furyan g ssvodsoy puv soneidepy ag [, Sunusea prgoff jo sioeduar
e so0mmos 91 2001 53 Korens ¢ Suidapadp it PO OIS, SFURL) DI S ACUIAGE) 91 PN A2l Jou
xono5y 2007 by v weld uonow s5pjias 91 a1 Suraueas [rqofd 20§ aumoace xamaq o3 doss ety sumaodeut Ut o sty puTIeY

LATSEATL VO

secp-oress Budepoanp &1

“BomIaReA Unp AU BUL0ISHH pUr Soouoead [01003 TS5 U0y Sop

dopaaap stussts uourstrueus xowan-unions Hatsordust sxagng wepsedn SUtonsor put Sunsnid &q swaqey soq Sursesuos o)
i3 el oy “stamsts 197G} wrd [TISPOD PR IR PRI SN ‘SOUDYI SIVIIDY 73800 Jo 52641 [Rr9405 3 1884 5% 918

ponal-was sopgaunpt osge weid puedsTiy S L eaeapuim oaes pit Sorutesy Sagop ws wooy Sunomod pue sdesspury aa ca
sa3grvos Wi Hurnposiues Aq spuepam asoys Buncrsss oy s|fes el agy tung pasi-eos ¢ parpea asaicy updpony Jo odds axes
ppursae o Jo SUIEOP U 03 PRIGUALD SR 25C (PSS Seynonand U] B[Pl 03 TSI FPLMALIS ¥ S Pasf-Eas pue Hun

; [t} e UORDY S PURAITIE AL

~ctrseas [l s el UonPADION) USOAIC] SHPILAY PUFISII O ¥ U

ssasppe o suooe

(] TIION BUTORy

gl Bupnpous asop q Spof prmeas sadk teqey pur sarods ores rrsass By o
o £ pree aBipg wotLIeN Fs5aAIp A(Erf

s suar,

o syt affump o3 aqudoosns dapon

5t puw sutsumop
s o8 aeang v se Furmaasa ol SUONUSS HElg BORDY AppAY POENA 3]

oypsad 51

ey 1 o0 0l smaa £z vt e s sy,
sapun prstidosd spong

omrgndod ey pire 215 53 Yopa t paseq e[} 5 01 Frtpiaos pamsop st uesfosd s

‘et SR 2Pl [P [rm asmg 2 s surd ssou Sunuwsdan poe e sy Supusy paprosd ssasfon

afftsegs
s wonTAsIOs d3nomoid Sanang

st e s opgpp dipy o o1
o100 00 Burpro] Aprumn ‘wrg 09101d 01 3essooou suonon

570, ABaTEITS SomAIST03 pTIN # Furdofaap (s toszi o s e podang soues g

aesys styroads aprpu suwid o g0 o3 I o 5

NG pere SgRg pun sa0ods YEH-AT JAUIPE ST OBRY
07

Sy

Bunrepy [8qo[0) SSIIPPY 01 SUT[J TOTY PP 9785 puedxy 7

—

e up v

u

“stvgd od wos suo otp o onpoz AR 03 ST

a1 Y0 01 D3PI $0ry SUOYuARIE [PUOsHay vy S viof pur [1q s> wnap, v adepn ppioys v 8

G pranau uogres g o1 SUIpENg poreacuot
Bupns 22001dope pogs pUVILEEY

paeprss vpas » dope IO SIISHA 060
P waw e oambai o SoTpNg pruse-sEwRMGS 10 5503 Hapln

SERPE

50

o

o

“paeptms S Radopy piots PRSI A 0707 A 991008 g ouos wox] A1r

a0 1az9A (7 35y 0 TN 08 s Aambos 03 PIEPTIS {31365 AAPAOI R EIRNS PRGNS PURATY

7 A 2081 vomanpos wassad g swssaoou s ordnpEe o1 Sprzop 19
aupazad (7 a0 ‘e 10d 2upaaed 7 30 feu wopsnpos opr wofuas vadope pproys puSag pus puviingy

suonsy mug

o oy ssaafoad Yo oY AY sooue
pild avot 20y sprepues AU 1B KU pandopit AR LIS YR UT PGS SIED MAU WHA SUGKSIID SPIXHIp UGAES 2301
e upmzarbor v padape puRliien CpUssy 6107 T I oS B3] $99M0s QPR AL oL 1199} 4L Jo

Jusoad ¢ Sreroua o3 SORYIT 211395y soAmbaz Yara ‘paepuras KBsaus siqraauad ¢ passed 3] G107 £ Spar] KD Wosy 3posad

0GR A TR KFNTS § ARSI WIOL) SUOKSILE SPIOTp LOGIED DIPI (2 IUFUNIULIOS ¥ YLw DARLAIU] $2£) BAOIINIE
feuoriay s WIRSEALIO 31 Aol 1] “uonnjiad Furumea [eqofd ssorppe 03 sdows yovasod i auos wae svy puriireny

Stz [eqof
g pasod nppiss Pk Yt 03 1ea mow o Furzoser Quswsea st jnyes o sffpng Sus Twerd
-dns jou uasddns pmots utpung ay 1 -uoavassos 513 305 pravse fsanoaad oy yo Juzosad ot
30 vomane UR Woas} o3 31 o 1w30rd pf AfgEnes G wonnyiod Sutasem [eqerd Pnpas a (g SpYa-pur-des




100

o8pm e-uo) st apiaeid pe ssoooid suom
<misdsdds fenute U3 o 99 P08 PIRGLS os{E SHTaPIER L

“Baprma [pqof Jo SR Mo A SOIPPR 01 PP S[EE BoTIRAISUD

“dreieios Sus

s 1300 €1 1w 1es Suping posorpap “arabopy aatoa sapuae

virpy pue

TIPAISSI) 1) ISR PIOYS I

suopow g
aods s 51 Guarpuy awon pue Fass e ovnsio dpy s wigdrg
sanuaton momsomas dng sypadnior) SR on AREST gy S unliaq Apaean

s pusmpy ‘pun e o ->ano0fo st Smprads gons e ongnd o smss o3 Sur
-puaads unRazRI0 R 30§ AR 220t dpTrasd ot SRS g KL

Burusna
{raopit saappr o8 susesBoad wou Fumsand wios srotaSs GRS [ AmHm
Sepung yang -wesiexd o jo ssaraoy> g Suuadumy ‘sasn 1500 03 pRopoz

00 6730 20y 230 wad(y wEsfor g w vomsmhay puny 10f powarpap spnE
“ayduexa 107 ‘punire) vy oy p
aqipps pue gy 207 porsatpap <[pasoddns sonaas: p

PIUN IO 07 PAISTPIL 22 UOMBAIRUOD
prods oy e
q u saruse s g

SEERIGN JOU ST

rEdun 4

128 09 ok wogg A

G 30U S 30

e qofd iq pasod saf

Sy Mot
SRR GOIRASTD TSRS DU 93U 7R HISTOIINSYT 257 Sureyd pue

SS9 YN

SUPUOIAGS SIIF “UOTTAISOD PR Y PUTHY RIS A PUY PUTAIE 7R
03 ayqumAe Spuny SN 3520 Handdrs raapa pur suonmsdosdde puny s
st engsg pue Smeny u pasn wuewdinbo Pt IR 0 SOV U ST P

sosuon Hurysy pue Funung o ofes 24 Wi 4

S0 sanA%2 Terads 30 wOTRY
1quio9 A prasordds 2 ity pUT PURHEI K U] SIRIAROR UOURALISIND)
“Huspug o

 samaae aou 254 | Sepzq va (o) 1 Funuseas ool weq wfur
sauads o3 parnbl 16 SR ML o

EXTLEY

ey s ssaappe § 9 swes s 1y Hunoses
i
i

3 10mtE DU DALAINE I iR PUT FORIIL TURISSS S PG [J4 LR

DL P} S0s8RS aenpng

5 pur Ssopmg

FIUALOUGAAUS

oy

e ayppas pur sty s arndidis o1 g si Bundsp sepay el

4

sl

L

ey s

ot e At pios Sumiress jrof °p
possas J[os 5§ 1S

g Fursopy oA PIves pun Fongsg-ma0 wonnged o onp

o> g RIS A1 SOBIALY HOLACIDT PUS HORATINOD J0

s o

s DALy ey

$a11ATY
-0y UONTAIRSUOT) BIUIRIIA Ut purikrely 10] Fuipun,g paseg-a1elg puedxy ¢

0 UORSY SJPIAR IS SG1 U SRS SN 01 Py st Wopuadupe srexedi00ur SEae Yoq Ul

o 1933034 03 SO SIUERO PUT
e Aoas vonmdepe oppgs @ dopaop ‘erfng o o

Fuei

SRS &G PODYEI SR PUR NP T SO




101

s -y ur o
o7 awuung S0 wnpas o spiod ey pue siavdu 2 ms
oo prozny paucd deuns
pimoys ey rowssrtey

founfronry eopag ML

I P SORIANGD M 10§ PTOTITSTY oy
wrsers pranod 10023 0301 Furfes i [9A3]-238 pHIEIIUR 1O 03 HUGZ NI U1

s
prcegdn puy siEnqy oy
o womsmbor pur) mead
pue sgnd sffeanasus pu

sseas aapms Aeaidoosn
s Hapiouue pseos pue

suadopasp paman
Py jo oSS
_“m_m_ i fraapay wrgosd Surpung
____ i yezapag 308 Gipenb ea suepd

sonafimuvu [sens o 210

<y womsBhueyy oy,

praseory o ozsoynE:
oS saifunsy Gy 2L e

SUOBIY [OPAL

et

o PN SOt ST Sk st 0 AT SPLL[ATOR SO GO PUE o oy gns o ou ke 107
i o715 S s [anun Appeasioons Burpunozins 15gnq 1005 s oot e 20w o2 yuatdoppaap aow e euSisap
Apuaains puiang puv purjizegy qoq sidunxe 104 s spgeasupaa v usdopsap Aeneasp proys vodia: g womppe uf

5t U

“dnpyng ausunpas g
i o saapue S |

sl s pun

Lot Fupysraaidas s spurgs
.
ke sXOFEur Iy 2

Supuaaasd s sjaas] was se puspun

EUICER

—onans sy v 1

ool [ren 10) SpROIG Pt s satporordde i

53 ¢

RS NIRRT —

5 sifgg
e a0 pUT SOGORq PUT ST WA SUAURESS 0 TUMstuoidas frimes oy 1oddns fs1o0s pue SpUtt sparg SpErRam
4 papuaond sasungap [ 210 5UTYUS 03 DR F51T [OA]-E5S PUCISUILA G) SIOD 00 30 AGE 3Gh 2a03du0T 03 sde 353 S |,

» 94 Mot poarTpIon 5 P “anansot ayssaIns o o),
s & Fuggstqeasa g doas iy

apUAALINIAS g A
Yo sodury ww woye sey puriangy s

§yorgss (s msuodsay ey e
d ssuuadopnap faseos s oot v vonpIopss

mv:zw.—CLm.«S EG«HCHEH{« Tﬁ—d HEuEQAJUK»uﬁH ﬁdumdzmv FATSUIIX] Qaﬂ.—SCUmMNH .m

St o a0

109

iR oL

R

o
yuny pogsss e oyt 3o Susudo ap Keop e
2330 et sxaptsran SR 01 S [MOJINA JO HOTE

A0 ToOUTIIAGH

S pategop sy

T Koy o
Buigearnt 36 ensdde umsisos Un sprems sx0ul praYs W]

Svgg oppadesangsy sy put Dening sopmsty pueey 9
18113, M o BRI oLt

Y

73 $305008 U
SV S

ST KILENST] SRURI SIS DRURRY L e

StopPY Py pun s

oSS [

Sme et st Jo Surundo
iy A szonurs Bmeres o3 oup
> esar-softuo] 2

oo s s

stk w
o faiqurs uws-Buog o dimsua 01 saeswos Jungsy pur Fupuny o auaansip Fup
P Lopuo 03 532
suaaned sonveli gy o

PISOD £1UF DL 0} PISU [ ¥

75 Aoy v gy
SO A DAL HIOTH 50 P A
o oxno o ssovdian parp-

30U op s-affuts o st savpd sopsaysy 0w
U # 30 sapads DT G U D ¥ 56 U Y 30 WY S B ppT
1 [0 e ST S0 5003 SIS S U0

Fogan

56 1S 5

unen-§uo jo o

IEUCD TN

s s wy o

u

o prosq an fjuw Sumse jrqofd poapay sussaid ase Ko wnpa pu <ngg

npdeso;y g uanbay soads youpm Sunosye S pgol o asuodsa: ur f

Surg> s suonsmdod pre Sy 219 susowed uonrafi gy puR oY
$2013

~Jeig uCUEUMﬂsz gsig pue TmeA-Uud\/) u&ﬁu{\ ¥




102

“sanea ey Sussoru i ooed Suy
SAEAP 10U I ©3UMO PUT] 61 prod 9IRS UORPATISIO? Y B3 OIS Y
30 99| 01 S0P porIslas a1z AOAIRG UOLTA NI, SI0MMOSTY (PASEN] O Aq passist
“tnape swationd votiearsuos [jig aug b svdiiued o stogrondde moy Ao jo

0991 “SpduTeE 15§ BOT T [P35

[OTIRASISUDY [1f) UL DY

£

s sseBieas Sspuzpian [rse

atodun

t uaaa s

oy se

(uraifor g

OAIISIY HOBEATISIOL) MR U
senqy pusgdn poivose p
sp ursoanenson ssed Surdpay g o3 penagmout oy
o pu wmssods S(aposy oo ppe pus spIvy
Juagsnem aritos so7 g Snprosd w g1 wmodi s deyd spae] rmpoLSy

Y PUEIIAY S S 4TS UOHEAISTD
s v

1 303y SOATTOIUL OPY

1w

o s s

Aprouyda Sunuszns o)

A a1 3B s wr das v 016 Bz
RS

anq ‘wor

IAPISUCT 03 A [T SUCEIADT DI

Sy warey s gy seunanhol tonsesd-niqy so
forgopi woxy swanp wim-aafiun] ot sopsies Spnabapy somstaw St asn-pue
Jua1ma saps 5g10p 10 “omstbow aqussod 20f sy P Ao it
ssossn U Sarurmn o o Sendur ) $13p15603 IR BS DDE-—on
epune,y sooping praitg S PUT eREpUIDG UONEAIRury pur TS oy
sasvdg uadey mestoy s pepd gy Sutprpu-—sumiSord tonmaseaes pus] paseq
oy pruita pav purmpy Hpeq o[ o 10g oo
por uopsoinsd seaary UonEAIWIO> i 203 sdnens dopasp Ao e Furusre
(e s0 3umonae Apatedo o1 s wostap 508 surodu AL oS s 1 g

v

s Jo saqEmY

SOy 30 Y 9 0

o nd SGS AT ST SUORE0] AU 03 KSR HI0TH HATU 03 L AOTRE [1s
on>a10.d aovds-uado yarm 5
e

¢ voptiaEy-ap pue wonvIR: wQeY S(dura

et Bura v

SEXIS S O3 TWELSIDS IO SWAGTY [PATIRY ADYIO pUP SpUE]

ek

A

2 S0 A §6 Aurpy “vopmprIEep

G pu vonngod 1e oy i o a0
A3p 1o s 15 91 Fupeoyas paeads s B
wonop0ad-eg Taoddrss &ot sorads 21 pu sERgEY A

e 220321 03 Anssopan Apu

1y 22 $2anq
sy 3

pogout ase

A 24 A
12 puey snownN

N3 957 LR UGHEAISS!

$310J33] UOHIS0I] IUNGTH] pUe uoy
~EAIISUOTY T:ﬁ‘— ut MEME._N\S _ﬂn_ommv .:Lm Wanoy 9

St rsTon aqITIIA
udojoacp mau SBemesp o1

B

owqos hrosepues 2o s
1o se yons saranpod gstgee
s o1ouEe (e30] puR o

3 ueaspa
1 sy oo 03 siduan
Suvqusnasd pur swonpyatioa

sast

E
oL o auswEsO putdis

5

ospr pIEOYS AT

sossondion saepousiont o1

(anpras

w

“oanbas 003 sumIm oY

s ooy s ey
s oY wonTRIY pun
wrmrATII) Jo T

vaidiry o puv smpuiisap 10

g RSy [T § P
prndco poys sopncsny ar

.

SIUBTINOIA LD ST [RISP00 UL SATTINGS 0101

mpasots pavy o 250 Sesmoonp pu

sputpos [rpn s &

puE s1cpiicy vonrifnu

suod

1207 PITOYS SAINCaTs 13 4 3o upunanday

puviLimpy ot s BoRIUNfuGS MRS [PIE 30 uaunmdacy
PURIAIT 2 pub vorssTIEOr) s92moso ATy et oy,

o Fonpuatre wys osia

“sopuapar msopa
sangao pn sormnd vonamosd puepam Svds uado 5w pusy [mses
s surgd

S IDPISUDD 01 STRLUIIAC
3

Aoy

PUE G310 U5 10 SUROF PUE AL ISP

priapaj pi

{RIIPR] PR R plURls




103

“SpUT] 2ABISTIS

IO PAT SPUTAIM ‘STAIT DR

pue rasmos wog
~depaap zoms o statiod o
HEIYS I2TS T3PISTIDD PRIOYS
puvjiany pue e,

oo 7q
s> woprndesd w oD
womrspisu0s srmbar

anp

e (uonngnd 22mos-auad jo
sox1y [earfolampa ey toyie:
Bumupyd wstadopsop pue sn

W IR P o8
10y o3anes Fupung pmpap
wdopsop pooys ey o

suoEY VY puE Beng
RO IATRUIS

XG0 PR SPUERIM *EI0YgY ey
- pedis RS po sy sou

30w UowInAsED SHesmoosp
011 v TS 2 PR

san o rUTI Saves- s

521 51001 plnoys Kouady womom
I RRRIONAYT S YL w

SUONDY prepa

e o wosy
saumssaad poppe o1 I [E9p APatoop HL0aL

ncadu dy [ spad] ey phe Rapos g e
oo

ont

N

ez

Sougring U sspaur-a2 o1 HuTAry i paoeg Suiag tep s fepor Grovdus sy Sutpuedcs wpisues o 1apesd oq (i 3 fsump
wsons pus asAfd Sumona) “o) AR o3 an-11C3S 01 STORN[Gs {PIoToUY 2% 210 Wond ‘ofduie>
0, SR S0 B PAIS[JOI STE LA SRS 030 10J 1G0T I8 PO UGRMPAL-HOUNL YSIQRISH OSJY 350 D01 BT,

6 A parwqiasexo og 63 A3] 8131 Lafead € SOUSIRES PUB S3pY1> JPpa Y
1 5% s sooppms snorsadtal 3930 sl Joun Bepnpa: won

suas w0y deme wottdolaasp HUIAGK pue sEoRIES SIIXFY S1our

-fuptuama

e
sosmiriadioa 3o g swanpous dpy es saop Fengd pov s
~ippe u) “saussaixa unaendpasd ot diy sje uns suar o
Burmtoig s s ar partsed 1paq FaEy 1 $53m0s 3irod ST 05 SRS S MG BT B (oS ST [PATORAS 2

ro

oy

o sp susygesd gpagns asow pue uan

o1 e s 3 snafend sudopaspor pur susurdopasp Mo

£31] 30 PO U PSS RJSTOLIS L SAFRUTI ITEA-UEION ToA2MON Uniies I SSTOP Y SAFS LIOG )

sl farpengy sar gy eru

ol s

o Sagpany 10 S
ey v

ue pajrizem 3

s spa0g arpang ‘psodosd pung wnsy ar

WG 18- 1303 DA 2301 dopas

PO SIS PRSP Cfe Se s o1y [, “Oisap outs
siompysifa) san St ‘TouHr iEmotes pus s aoadi 03 odar sy ur oprin Bt o2e s ey il

s yavans o s

s o s gumasodn femanind st s 1 -ngg pradisayy
s aun e - utos Suuosdin 'suzos paseos

p u syowlesd wowdo
o vonarydosn panpa: o3 speof sumssedun Senaow o s aq
asumuz- 220 2 fpgzssod i pur feyems soreey Fupopur e uonmudid ur sy soea s

s pr psdaanap ISP TP ot

oy Wt 3 v

%ﬂ.ﬂ vmduadzuﬁu Uﬁu DHGW.ECCSZ JareM-InIg UNSEQE ol m:.\@mm— @_Ljaﬁum L

meoms fofy s1ayng su yons ‘spommd s Sppanpo: pensar oy
P S, SIS 80 0o pu

shua Uty FUpUY 20 SN0 Piv] 01 predt s2am2 A FUESH{pY S4 (0T A
sipunmos Fansyrs 245982 siHoad HONEALSO [ ULIE] S W 2ANsED poys wdiA pue puviIen

“spue] axor vt sema 10 2mbar o3 sompunnddo ons pur
oo dypariogos
offe uonTAL

"
in

L0 5 S50 PRI IYI0 P 055 [2A0(-03% MO TV

21113 pascadus; dopasp pIooys wutins pue purlieyy oo puer o
suopoy Mg
K54 AT U FOUNE PISTISU 3 25uadar o1 gy Wredss pue (raseon SaIenie 30) $anumout vt
SPRI9) PO SUOISTANLG 594, “avfios ) SIARUIOUY P3P AHPT A H PIEE “IRH0a] FAITSIY SPUESSELL) S
a1 A5G UOREAISIIOL) 23 RIBISOL] SAI050Y SPUBARNY i S IHes] Dnas LoTeAESTION) Bt Hup
-prapot g ey 2 g0 suoistasd Do vucs s o) Supuny puedi: Sjurotitis prroys saaTuoy G 7 O4L

ORIV [P




104

AN 000§ sy sssagley Bk
£ sasmongq swamafi) Fubion

COLL N7 6

<}

g VeI I
U SpERZagY [P 10 251y
AL 0 i possanan) gpdy¢ gy
 OpLA-eg TRACY e oquaddesang S 01 (s o> 1o g

<51 o sy, ety
1

ot OS2 L0
P sy upe

endoneg,
0

TEEBILAOONTY B AR iy g (SR ARTRY

1 o o ey

L) p o Fongs
743903, a3 T 5

£t e e son .
| ¢ gouneisaarupify

]
7 g syuadesgsy up 3o

e sty o suene:

<2108 ] AR sy saf Limansng. s 220
iRz

d L SLO0T ) Aeveny
npeastrg) Gy eyt

ey 1 aef Suzerdng

it g, oy S

a g

o oy g S O S g e e Syredessy;

cesny

S2LONGNE

S50 aOL

-o30 *sappumodde oo

prepold 2mpas pu

s

g

fop-orkup

v f03 M 3

spoug pacop g oo

T DO ff

yogfs o g

q oy an

—qo3d 5o funst g o dog o

woy
a7 swon(q e |
v pu vopepuRa s

pu

-

-

30 16} HAOPUD [ SUGRIPLA 10OPING PUE SaLILSY [FIfo]
o5 s31 30 ansa pus Svg seadesary
S 40 2605409 o1 BFURYD LD o

frq ouyt 21001591 Y106 05 MOU U0

1 pue sy un siovdu saesion
sty BB 01 w5 sosadond s oy
8 01 SUORNQUINO 0 3PS 0 5241

ot fq porago sanpusoddo [ruonessans

e Sampnp e

VIR IOIET S5 21 PON31 61 GONBUIIIAIP U SIS
103 s o

0239y

{1 900 asorg 3, woriar Ang
a1y oy st e e spoads

WO AR ENT [[IA FUIVRNOD i $5CI0

(R 217 15Uy, SRAIA TUGFKD 1910
13 Surrsma1out 1w oyplas puv opdoad

L1y pup SRS ST U pspaaow
33 pue sponay wos S 63 prof i
“atizem [rqofd ‘papoqAun 1T 4
v sty 9 03 s ST v sosod Bura



105

- . (i) o ey 75 s

7

SO 24 et o e ey St
a1 o possae) g

oS Sz SpavSIp SR GG B 198

] V35 SEAPY

suzieday pu

s Ry

g fo o ;

ooz S
o I £
L gy ) Y

ey g ot

(3 gy sncsafurep Burproay v vy ppessang 03,7 fugons
[ IEeRsag Ty e 4

g Aoy U eSS LY I ST 40 SRy A

iy y e sigepeay

5 angg, seosmnsry

07 01 roquendag passome) 3o

g T . v v sqgegEe sy ORI G

sesgySusorg i 577 P, pur drg s v Srmrng v, 5esn) onms oo
a5 Ay 35 teawdor ] jo sosgys

“coqumg aucy

-
32 S 1590-959 Hg607) 95 -

(o g >
o g produny

Savucyy s yronang worSusyengy

gorigsqy whgninas,

1 o iy Ty pu ssog pading o sis{s

LT fE 3 i

ing pi

wspnagy Furopy g ,
i1 4q v,

AT
dorosy g pue s

s

3 uomepy ey won B

P

aseasig)

by jousy
Y
EOITY J0 SR ) AL fos




106

WILDLIFE
Tl

MO0 WILDLIFE CENTER DRIVE
RESTON, VA 20190
703-438-6000

PRINTED ON 100% POST-CONSUMER CHLORINE-FREE PAPER THAT IS FOREST STEWARDSHIP COUNCIL CERTIFIED.
PRINTED WITH SOY-BASED iNKS.



107

BRE NEWS

Greenland ice swells ocean rise

By Paul Rincon
BBC News science reporter, St Louis

Gr d's glaciers are sliding towards the sea much faster than previously beliéved, scientists have
told a conference in St Louis, US.

It was thought the entire Greeniand ice sheet could melt in about 1,000 years, but the latest evidence suggests
that couid happen much sooner.

Tt implies that sea levels will rise a great deal faster as well.
Details of the study, by Nasa and University of Kansas researchers, are also reported in the journa} Science.

The comprehensive analysis found that the amount of ice dumped into the Atfantic Ocean has doubled in the last
five years.

If the Greenland ice sheet melted completely, it would raise globai sea levels by about 7m.
Greeniand's contribution to giobal sea level rise today is two to three times greater than it was in 1996.
Sleeping giant

"We are concerned because we know that sea fevels have been able to rise much faster in the past - 10 times
faster. This is a big gorilia. If sea level rise is muitiplied by 10 or more, I'm not sure we can deal with that,"
co-author Eric Rignot, from the US space agency's (Nasa) Jet Propuision Laboratory in California, told the BBC
News website.

Previous estimates suggested it would take many hundreds of years for the Greenland ice sheet to meit compietely.
The new data will cut this timescale, but by how much is uncertain.

It takes a fong time to build and melt an ice sheet, but glaciers can
react quickly to temperature changes
Dr Eric Rignot, Nasa

"It depends on how fast the glaciers can go and how sustainable the acceleration can be," said Dr Rignot.

He added: "It takes a long time to build and melt an ice sheet, but glaciers can react quickly to temperature
changes."

In 1996, Greenland was losing about 100 cubic km per year in mass from its ice sheet. In 2005, this had increased
to about 220 cubic km. By comparison, the city of Los Angeles uses about one cubic km of water per year.

Rising surface air-temperatures seem to be behind the increases in glacier speed in the southern haif of Greenland
since 1996; but the northward spread of warmer temperatures may be responsible for a rapid increase in glacier
speed further north after 2000.

Satellite monitoring

Over the past 20 years, the air temperature in south-east Greentand has risen by 3C.

Warmer temperatures cause more surface meit water to reach the base of the ice sheet where it meets the rock.
This is thought to serve as a lubricant, easing the glaciers' march to the sea.

The study's results come from satellites that monitor glacier movement from space.

Rignot and colleague Pannir Kanagaratnam, from the University of Kansas, built up a glacier speed map from the
data for 2000 and then used measurements from 1996-2005 to determine how glacier velocity had changed in the
{ast decade.

The researchers plan to continue their monitoring of the Greeniand giaciers using satellite data.
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The Greenland ice sheet covers 1.7 miliion sg km and is up to 3km thick.

The scientists described their resuits at the annual meeting of the American Association for the Advancement of
Science.

Story from BBC NEWS:
http://news.bbc.co.uk/go/pr/fr/-/1/hi/sciftech/4720536.stm

Published: 2006/02/16 18:58:37 GMT

© BBC MMVII



109

Geoengineering—which 1 shall take 1o be the deliberate modification of the climate by means
other than by changing the atmospheric concentration of greenhouse gases-—sounds like an idea
conceived in Hollywood.l To most people, the suggestion seems crazy if not dangerous
(Schelling 1996). For better or worse, however, it is a concept that needs to be taken seriously.
As 1 shall explain in this paper, its future application seems more likely than not. This is partly
because the incentives for countries to experiment with geoengineering, especially should
climate change prove abrupt or catastrophic, are very strong. It is also because the incentives for
countries to reduce their emissions are weaker. Geoengineering and mitigation are substitutes.

Indeed, it is mainly because geoengineering and emission reductions are substitutes that the
concept lacks “broad support from scientists™ (Cicerone 2000: 221)7  Not all scientists
welcomed the recent publication of a paper by Paul Crutzen, a Nobel-prize-winning chemist, on
geoengineering.3 To acknowledge the feasibility of controlling the climate deliberately, these
scientists fear, undercuts “human resolve to deal with the cause of the original problem,
greenhouse gases in the case of climate change™ (Cicerone 2006: 224). Crutzen understands this
view; he only wrote about the subject reluctantly. He would prefer that emissions of greenhouse
gases be cut to an extent that geoenegineering would not be needed. He has only recognized the
possible utility of geoengineering now because he despairs about the prospect of emissions being
reduced encugh, and quickly enough, to avoid dangerous climate change.

" In my lecture to the British Association for the Advancement of Science, I gave an overview of my new book on
global public goods (Barrett 2007), of which the topic of this paper is but one example. I have used the opportunity
of this special issue to expand upon and recast my brief discussion of this topic as presented in my lecture and in the
first chapter of this book.

! Geoengineering is defined in various ways in the literature. To some, it includes planting trees to absorb CO2. To
others, it may involve earbon capture and storage, or enhanced take up of CO2 by the oceans. For a comprehensive
treatment, see Keith {2000). Here 1 focus deliberately on an option that differs fundamentally from “carbon
management.”

% Economists have been perhaps a little more willing to discuss the concept; several distinguished

cconomists, for example, participated in the Panel on Policy Jmplications of Greenhouse Warming (1992). Most
economic analyses of climate change, however, have ignored geoengineering. I did not refer to it in my earlier book
{Barrett 2005). Tt is not mentioned in The Stern Review {Stern 2007),

* 1n the same issue of Climatic Change, Ralph Cicerone, the president of the National Academy of

Sciences, wrote, “1 am aware that various individuals opposed the publication of Crutzen's paper, even after peer
review and revisions, for various and sincere reasons that ave not wholly scientific™ (Cicerone 2006: 221).
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The suggestion here is that it would be better if countries could commit themselves not to resort
to geoengineering. That way, the world would have no alternative but to reduce emissions.

There are, however, serious incentive problems associated with reducing emissions—problems
that explain why so little has been done thus far, even with geoengineering being little discussed
as a possible fallback. Indeed, even if emissions were reduced sharply and soon, we may prefer
to keep the geoengineering option open because of the residual risk of abrupt climate change.

Moreover, it may be impossible for countries to keep a commitment to abstain from
experimenting with geoengineering, The incentives for countries to reduce emissions on a
substantial scale are too weak, and the incentives for them to develop geoenegineering are too
strong, for commitment to be a realistic prospect. Indeed, these two incentives combined are so
powerful that many countries may be prepared to develop and deploy geoengineering
unilaterally. That, I believe, is the greater danger.

Finally, and following on these two observations, a new governance arrangement is needed that
places climate change policy in a broader context, recognizing that the objective should be to
reduce climate change risk and that this requires a combination of efforts—on reducing
emissions, certainly; but also on R&D into new energy technologies, on adaptation assistance to
the poorest countries, and, yes, on geoengineering. This new framework should determine the
circumstances under which geoengineering is to be permitted and proscribed.

A brief overview of geoengineering

Two fundamental forces determine the Earth’s climate: the amount of solar radiation that strikes
the Earth and the amount of this radiation trapped by the atmosphere. The latter effect is
determined by the concentration of greenhouse gases. The former depends on the solar cycle and
the Milankovitch cycles that determine, over very long periods of time, how solar radiation is
distributed.

Policy can shape these two forces by means of greenhouse gas and solar radiation management.4
There does not exist a widely accepted definition of geoengineering, but as noted in the
introduction 1 shall take it to mean deliberate climate modification by solar radiation
management. This essentially means deflecting sunlight.

This already happens naturally. The eruption of Mount Pinatubo in the Philippines in 1991
injected huge quantities of sulfur dioxide into the stratosphere, lowering the Earth’s surface
temperature by about 0.5°C the year following the eruption (Crutzen 2006). Human activities are
also causing backscattering now—unwittingly. When coal is burned, sulfate particles are thrown

* Climate change is also determined by land surface properties, and policy could seek to change the Earth’s surface
albedo. However, this approach is also problematic and less efficient than atmospheric scattering; see MacCracken
(2006).
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into the troposphere, increasing albedo.” These particles, however, are harmful to human health
and ecosystems; they should be, and increasingly are being, reduced. Indeed, it is partly for this
reason that solar radiation has increased. Reducing concentrations of sulfate particles exacerbates
“global warming,”

The sulfate particles we put into the atmosphere are inefficient deflectors. Particles injected
higher up into the stratosphere linger for longer-~years rather than weeks. Engineered particles
are expected to perform better still, reducing the total mass of material that would have to be
injected to achieve a given cooling effect.

Geoengineering is a stopgap measure, a “quick fix,” a “Band-Aid.” It is akin to adding ground
limestone to Sweden’s pH-sensitive lakes and soils. Though only reductions in acidic emissions
can prevent acid rain, liming preserves pH balance; it prevents acid rain damage. Geoengineering
would have a similar effect. It would not address the underlying cause of climate change, but if it
worked as intended it would prevent temperatures from rising against a background of elevated
atmospheric concentrations of greenhouse gases.

Its main advantage might be in stemming abrupt and catastrophic climate change. Abrupt climate
change would take place over a period of perhaps a decade or two—too short a period for
emission reductions to be able to stop it. By contrast, the climate response of albedo
enhancement would take hold in a matter of months (Crutzen 2006). Catastrophic climate change
would likely unfold over a number of centuries, but avoiding it will require a technological
revolution, and geoengineering might help to “buy time” to develop and diffuse these new
technologies (Wigley 2006).

Here is another way to look at this: It has been widely suggested that global mean temperature
should not be allowed to increase by more than 2° C. At a concentration level of 550 parts per
million CO2, mean global temperature is likely to rise 1.5° to 4.5° C.” Put differently, to be
confident (but not certain) of limiting temperature change to 2° C, concentrations would have to
be capped at a level far below 550 ppm-—to a level more like 380 ppm (Caldiera, Jain, and
Hoffert 2003: 2052). That would mean capping concentrations at the current level, and without a
mass adoption of “air capture,” this goal is essentially unattainable. Geoengineering might
therefore be an indispensable ingredient of a policy aiming to ensure that mean global
temperature rises by no more than 2° C.

Would geoengineering work? As mentioned previously, the effect of volcanoes and sulfate
pollution has been measured; we know that these natural and inadvertent interventions work. So
far, the efficacy of deliberate climate engineering has been demonstrated only in computer
models. Wigley (2006: 452) reasons that, since the Mount Pinatubo eruption did not “seriously
disrupt the climate system,” deliberately adding the same loading should “present minimal
climate risks.” Simulating the effects of adding a Mount Pinatubo eruption every year, every two

* The condensation trails left by jet aircraft may have a similar effect; see Travis et al. (2002).

¢ For a more general discussion of quick fixes, see Sterner et al. (2006).

7 According to the latest [PCC assessment (IPCC 2007: 9), climate sensitivity is “/ikely to be in the range of 2 to
4.5° C with a best estimate of about 3° C, and is very unlikely to be less than 1.5°C.”
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years, and every four years, he finds that the biennial eruption “would be sufficient to offset
much of the anthropogenic warming expected over the next century.”

Though global mean temperature can be controlled by changing solar reflectivity as well as by
limiting greenhouse gas concentrations, the physics of these approaches differ. They may have
different effects on the geographic distribution of temperatures. Computer simulations by
Govindasamy and Caldeira (2000) and Govindasamy, Caldeira, and Duffy (2003), however,
have shown that geoengineering would likely have little effect on the spatial pattern of surface
temperatures. The distribution of temperature seems to be determined by more fundamental
forces.

Geoengineering would affect more than the climate; it would have other environmental effects.
Stratospheric aerosols could destroy ozone, as did the aerosols released by Mount Pinatubo.
However, this damage is expected to be modest (Robock 2002). According to Paul Crutzen
(2006: 215), a co-recipient of the 1995 Nobel Prize in chemistry for research on the ozone layer,
the geoengineering needed to compensate for a doubling in carbon dioxide concentrations
“would lead to larger ozone loss but not as large as after Mount Pinatubo™~—and this against a
background of expected rising ozone levels overall because of the success of the Montreal
Protocol. As well, the risks from geoengineering would be bounded; aerosols pumped into the
stratosphere would survive only a few years, much less than greenhouse gases (some of which
can persist for more than a millennium). Geoengineering may even offer environmental benefits,
the main one being the blocking of harmful UV radiation by engineered particles (Teller et al.
2003). Here again, however, there would be a trade off, as it is likely that such particles would
also extend the atmospheric life of other greenhouse gases, reducing the overall cooling effect.

Particles thrown into the stratosphere would be transported towards the poles (their residency
would thus be maximized if released over the equator) where they would “rain out.” The effects
may not be significant, however, since the amounts that would be added are a small fraction of
the current input by pollution and volcanic eruptions (Crutzen 2006: 213).

Like volcanic eruptions, geoengineering would change the color of the sky. Volcanic particles
whiten the sky by day (an environmental loss, presumably, though one that is already being
caused by atmospheric pollution), but make sunsets and sunrises more vibrant (Crutzen 2006).

Some of the consequences of geoengineering may surprise us. Geoengineering would constitute
a large-scale experiment (though that is also true of the experiment geoengineering is meant to
correct, that of rising concentrations of greenhouse gases). Computer simulations offer a hint as
to the likely consequences, but they can provide no more than this. The geoengineering
experiment could be undertaken on a limited scale—a small volume of aerosols might be added
initially, and released over the higher latitudes. Very importantly, the experiment could be
halted, should adverse effects appear. Barring irreversibilities, the effects of geoengineering—
positive and negative—would only be transitory.
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Still, geoengineering amounts to putting something into the environment that wasn’t previously
there; reducing emissions, by contrast, amounts to not adding something that wasn’t there. Of the
two approaches, mitigation is the more conservative option—the reason it is preferred by
scientists. However, the risks are not so one-sided. Mitigation cannot be relied upon to be
benign. To reduce emissions substantially and in the near term will require an expansion in
nuclear power, creating problems for safety, waste storage, and proliferation (Ansolabehere et al.
2003). Carbon capture and storage holds the promise of allowing countries to burn coal without
releasing greenhouse gases into the atmosphere, but sinking carbon into the oceans would also
amount to adding something to the environment that wasn’t previously there; it would therefore
also entail environmental risk (Anderson and Newell 2004).

One effect of geoengineering is unambiguous: it would do nothing to address the related problem
of ocean acidification. The oceans absorb a portion of the carbon dioxide pumped into the
atmosphere. This decreases the pH level of the oceans and is likely to change the process of
calcification, endangering animals such as corals (which may, however, be bleached by rising
ocean-temperatures long before geoengineering is ever tried) and clams. Limestone could be
added.to the oceans, just as we have added limestone to acid-sensitive lakes, but liming is likely
to be feasible only for certain sensitive areas (Royal Society 2005). It is not a comprehensive
answer to the problem.

Geoengineering economics

The economics of geoengineering are—there is no better word for it—incredible. Upon
reviewing the options in depth, the Panel on Policy Implications of Greenhouse Warming (1992:
460) concluded by saying that, “one of the surprises of this analysis is the relatively low costs at
which some of the geoengineering options might be implemented.” The Panel (1992: 452, 454)
calculated that adding stratospheric aerosol dust to the stratosphere would cost just pennies per
ton of CO2 mitigated. Drawing on this study, Nordhaus (1994: 81) concluded that offsetting all
greenhouse gas emissions today would cost about $8 billion per year-—an amount.so low that he
treats the geoengineering option as being costless. According to Teller ef gl (2003: 5),
engineered particles would be even cheaper (mainly because of the reduced volume of material
that would need to be put into the stratosphere); they estimate that the sunlight scattering needed
to offset the warming effect of rising greenhouse gas concentrations by the year 2100 would cost
just $1 billion per year. Keith (2000: 263) thinks this is an optimistic estimate, but says that, “it is
unlikely that cost would play any significant role in a decision to deploy stratospheric scatterers
because the cost of any such system is trivial compared to the cost of other mitigation options.”

Taking into account the effect of engineered particles on scattering harmful UV radiation, Teller
and his colleagues calculate that this health-related benefit for the U.S. alone would exceed the
total cost of geoengineering by more than an order of magnitude (Teller et al. 2003: 5-6). If
correct, the economics are even more favorable than suggested above.
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Deliberate climate modification would also allow carbon dioxide concentrations to remain
elevated—an aid to agriculture.8

Just as important as the cost of geoengineering relative to emission reductions is the nature of
these two options. Geoengineering constitutes-a large project (Schelling 1996). By means of this
technology, a single country, acting alone, can offset its own emissions—and those of every
other country. By contrast, mitigating climate change by reducing emissions requires
unprecedented international cooperation and very substantial costs. Stabilizing atmospheric
concentrations requires a 60 to 80 percent cut in CO2 emissions worldwide. In the years since
the Framework Convention on Climate Change was adopted, global emissions have risen about
20 percent. Even if the Kyoto Protocol is implemented to the letter, global emissions will keep
on rising. So will concentrations. Theory points to the difficulty in achieving substantial and
wide scale cooperation for this problem, and the record to date sadly supports this prediction.’

A-quick calculation hints at the temptation presented by geoengineering. According to Nordhaus
and Boyer (2000: 131), climate change might cost the United States alone about $82 billion in
present value terms. Using a three percent rate of discount, this is equivalent to an annual loss of
about $2.5 billion. If the United States cut its emissions, it could reduce this damage somewhat.
If it turned to geoengineering, it could eliminate this damage. If geoengineering is as cheap and
effective as is claimed, the U.S. might prefer the geoengineering option. So, of course, might
other countries.

Denote the benefits to Country i by Bi and assign numerical labels to countries that reflect

their relative benefits, such that B1>0B2>[... >BN . Finally, let the cost of geoengineering be
denoted C. Then, so long as Bl >[JC , we can be pretty sure that geoengineering will be tried
(using it would be the Nash equilibrium). It may not be tried by Country /. Any country j for
which Bj >0C would be willing to try it, should all others not try it. Countries might even agree
to pool their resources, to share the costs. We cannot predict which country or group of countries
will bear the cost, but it is clear that the incentive for geoengineering to be tried is very strong so
long as the costs are low. Even if the costs turn out to be much higher (such that C >0B1 ), and
no country has an incentive to try geoengineering unilaterally, a coalition of & countries would
have an incentive to do so collectively so long as Bl 50...00Bk >0C . (In this case, using
geoengineering would be a Nash equilibrium but so would not using geoengineering).

Climatologist Michael MacCracken (2006: 238) argues that, “Although it might be conceivable
for one nation to actually commit to such a program, it seems rather unlikely that a global
coalition of nations could be kept together to sustain such a diversion of

¥ Govindasamy et al. (2002) estimate that the global dimming needed to offset a doubling in CO2 concentrations (a
1.8 percent reduction in sofar flux) would reduce net primary productivity by about 3 percent, whereas the higher
CO2 would increase net primary productivity about 76 percent. Though beneficial for agriculture overall, these
changes would also affect the balance of sensitive ecosystems.

° On the theory of cooperation in this area, see Barrett (2005). In Barrett (2006a) 1 consider what I believe to be a
particularly promising approach. However, even here the prognosis is discouraging. It was only after writing this
paper that I began to consider seriously the possibility of geoengineering.
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resources for a task that would seem, to the typical citizen, to generate no immediate or direct
benefits.” I disagree. There is no need for countries-to commit to sustaining a geoengineering
intervention. It is true that there are a huge number of Nash equilibria to the cost-sharing game.
But were a geoenegineering effort to be shut off, the climate would respond very rapidly (Wigley
2006). Any country that had an incentive to join a coalition of countries in financing a
geoengineering project initially would have ‘at least as strong an incentive to continue with it
later—unless, of course, in the meantime, previous efforts at reducing emissions succeeded in
lowering atmospheric concentrations.

This last possibility is the scenario examined by Wigley (2006). He considers the role that
geoengineering might play in “buying time” for a policy needed to stabilize concentrations. To
be more specific, he shows how geoengineering could be used to smooth the hump caused by
overshooting a concentrations target. This may be an attractive use of geoengineering, but in this
case there is a commitment problem. If geoengineering should prove benign, the incentive to
reduce atmospheric concentrations would be muted. A promise to use geoengineering only
temporarily may thus lack credibility.

Geoengineering governance

Ironically, the attributes that make geoengineering attractive also make it worrying. Because it
consists-of a single project, it can be undertaken unilaterally or minilaterally. Because of its low
cost; the incentives for it to be tried are very strong. The consequences of one country or a small
number. of countries using it, however, would be global; and they might not all be welcome
(Schneider 2001).

So, who is to decide whether geoengineering should be deployed? Should a country be allowed
to do so unilaterally? Could it be prevented from doing so? Some countries are expected to
benefit from climate change, at least gradual climate change through this century. According to
Nordhaus and Boyer (2000: 131), for example, Russia, China, and Canada would all gain. Would
these countries need to be compensated for damages resulting from a geoengineering
intervention to limit climate change? If the losers from climate change use geoengineering to
cool temperatures, might the winners use geoengineering to absord, rather than to scatter,
radiation? (Might there be geoengineering wars?) Could they be prevented from doing so?
Would countries be allowed to engineer any temperature, or would they only be permitted to
limit change from the recent historical average? The world’s poorest countries are especially
vulnerable to climate change, and yet they are likely to be the least able to develop and deploy a
geoengineering effort. Should the more capable states be required to do so for them?10 Should
they be made to pay compensation if they do not? Suppose geoengineering affected the spatial
distribution of climate, even if it succeeded in preventing the global (average) climate from
changing. Should the countries adversely affected be compensated? How would damages be

10 There is a similarity here with the new norm of *the responsibility to protect,” which requires that the major
powers intervene to stop genocide. As the current situation in Darfur shows, the problem here is that the major
powers are declining to act; they are declining to fulfill their responsibility. See the concluding chapter of Barrett
(2007).
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determined? Which countries would be expected to pay compensation? How could the obligation
to pay be enforced? What about countries that have different attitudes towards risk, or that object
to the idea of deliberately altering the climate whatever the benefits may be? Should their views
be heeded?

Two precedents offer a glimpse into how these concerns might be addressed. The first concerns
experiments with a different kind of particle. The Large Hadron Collider being built in Europe is
intended to test the Standard Model of particle physics. The knowledge gained from this project
will be a global public good, but there is a small chance that the experiment could create
something called a strangelet—an object that, by a process of contagion, might possibly
“transform the entire planet Earth into an inert hyperdense sphere about one hundred metres
across” (Rees 2003: 121). It is even conceivable that the particle smashes might create a growing
black hole—a phenomenon that might destroy not just the Earth but the entire universe. A report
written for the backers of the Large Hadron Collider concludes that there is “no basis for any
conceivable threat” (Blaizot et al. 2003: iii). But the likelihood of a strangelet being created is
impossible to calculate with certainty, since the experiment has never taken place before.
Existing theories are reassuring, but they have not been tested. And do we really want to test
them? Are we sure that the global public good of new knowledge outweighs the global public
bad of the risk of annihilation?

More importantly, who should decide whether the experiments should go ahead? So far, the
decision has been left to the parties who are financing the project—the 20 European members
states of CERN (officially, the European Organization for Nuclear Research), the organization
that is building and that will run the Large Hadron Collider, and its partners on this. project—
India, Japan, Russia, and the United States.!! But should other countries have been consulted?
Should other countries have a veto?

The second precedent concerns the remaining stocks of smallpox virus. Smallpox was eradicated
in 1977, yielding every country a huge dividend (Barrett 2006b). Provision of this global public
good meant that people no longer needed to die of this disease. It meant also that there was no
longer a need for people to be vaccinated. Unfortunately, reaping this dividend has exposed
countries to a new risk. If smallpox were somehow reintroduced today, the world would be more
vulnerable than ever to an epidemic. So long as smallpox exists, this risk remains. Concern about
a possible accidental release caused laboratories around the world to destroy or transfer their
stocks; by 1983, known stockpiles of smallpox virus were held by just two World Health
Organization (WHO) “collaborating centers,” one in Atlanta and the other in Moscow. But were
these the only remaining stocks left? Unfortunately, no one could be sure. Some people
suspected that covert stocks might have been retained by other states. That concern persists
today.

" The members of CERN include Austria, Belgium, Bulgaria, the Czech Republic, Denmark, Finland, France,
Germany, Greece, Hungary, Italy, Norway, the Netherlands, Poland, Portugal, the Slovak Republic, Spain,
Sweden, Switzerland, and the United Kingdom.
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What to do with the last two known stockpiles? In 1986 and again in 1990, the WHO’s
Committee on Orthopoxvirus Infections recommended that the stocks held in Atlanta and
Moscow should be destroyed. But while destriiction would eliminate the risk of an accidental
release, it would also foreclose the option of using the remaining stocks to develop improved
diagnostic tools, antiviral drugs, and a novel vaccine—innovations that would benefit the whole
world should covert stocks exist and should smallpox virus be released deliberately some day.
As with geoengineering, the decision to destroy the remaining stores of smallpox entails a risk-
risk tradeofY. It also has implications for every country.

Again the question: Who should decide? The two states that possess the virus obviously have the
upper hand (just as the major powers would have the upper hand in developing a geoengineering
project), but being WHO collaborating centers, the labs in Atlanta and Moscow are obligated to
serve the global interest.

In 1998, the WHO polled its 190 members. Did they want the last known stocks to be retained or
destroyed? The survey revealed a split. Russia wanted to hold onto its samples; Britain, France,
Italy, and the United States were undecided; every other country (74 other countries responded)
favored destruction. Concerned about the risk of a bioterrorist attack, the United States changed
its position in 1999, asserting a need to keep its stockpile. When the World Health Assembly met
shortly after this, a compromise was worked out. A resolution was proposed that reaffirmed the
goal of eventual destruction but permitted Russia and the U.S. to retain their stocks for research
purposes for a period of three years. The resolution passed by acclamation. Later the reprieve
was extended; and, today, smallpox virus is still kept at the two WHO centers. Inspectors have
satisfied the WHQ’s Advisory Committee on Variola Virus Research that the stocks are secure,
and the Committee has verified that the research undertaken at both labs has progressed. They
have also confirmed, however, that the job is not yet finished. Their judgment is that there is still
reason to retain smallpox for research purposes.

The arrangements surrounding the decision to retain the smallpox stocks are very different from
those connected with the conduct of possibly dangerous experiments. The latter are being
undertaken by a relatively small number of countries, without wider consultation let alone
approval. The smallpox decision, by contrast, has been undertaken in a setting in which all the
world’s countries were invited to take part. To be sure, in this case the power relations among
countries are vastly unequal. But the process that emerged favored consensus—an especially
fortunate outcome. Since every country will be affected by whatever is decided, it is as well that
each should agree with the decision. As matters now stand, the situation with geoengineering is
more akin to the regime for carrying out particle collider experiments than to the smallpox
decision. Currently, there is no institutional arrangement that says what countries are allowed to
do or not to do as regards geoengineering. By default, therefore, countries are pretty much free to
explore geoengineering options or not as they please. It may be unlikely that countries would
seek to act unilaterally (Bodansky 1996), or as part of a “coalition of the willing,” but that
possibility will remain unless and until climate engineering is brought into an institutional
framework of some kind.
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How to proceed? Three steps are needed. First, the possibility of geoengineering should be
examined in detail by the Intergovernmental Panel on Climate Change, in a special report. Its
pros and cons need to be evaluated, and all countries need to be made aware of them. Second,
and drawing on this technical work, the Framework Convention on Climate Change should be
revised. This agreement has the great advantage of having nearly universal participation (the
only non-parties are Andorra, Brunei, the Holy See; Iraq, and Somalia, and these states are free
to join when their circumstances permit). Currently, however, the Framework Convention
embraces the objective of stabilizing atmospheric concentrations of greenhouse gases; it does not
mention geoengineering. A revised convention should emphasize the need to reduce climate
change risk—a broader objective that would encompass not only efforts to reduce atmospheric
concentrations but also adaptation (which is mentioned in the Convention), R&D into new
energy technologies, and geoengineering. Finally, and building upon the first two steps, a new
protocol should be added that specifies whether and under what conditions geoengineering
should be allowed (even if only for research purposes), or possibly even required, and how the
costs of any efforts should be shared."”

Conclusion

Mitigating, forestalling, or averting global climate change is a global public good. Supplying it
by means of reducing emissions is vulnerable to free riding. Too few countries are likely to
participate in such an effort, those that do participate are likely to reduce their emissions by too
littte, and even their efforts may be overwhelmed by trade leakage (Barrett 2005).
Geoengineering presents a very different set of incentives. A single country can deploy a
geoengineering project on its own—and the economics of geoengineering are so attractive that it
seems likely that a country, or perhaps a small group of countries, may want to try to do so at
some point in the future, especially should the worst fears about climate change ever unfold.

The challenge posed by geoengineering is not how to get countries to do it. It is to address the
fundamental question of who should decide whether and how geoengineering should be
attempted—a problem of govemnance (Barrett 2007). Failure to acknowledge the possibility of
geoengineering may or may not spur countries to reduce their emissions, but it will mean that
countries will be unrestrained should the day come when they would want to experiment with
this technology.13 This, to my mind, is the greater danger.

™ Cost sharing has the advantage of widening decision making to include a greater number of countries; see Barrett
(2007), Chapter 4. The conditions noted here could include a moratorijum, as suggested by Cicerone (2006).

¥ A secondary problem is that the countries capable of using geoengineering may not use it to help countries in need
but Jacking such a capability. This is allied to the problem of the rich countries providing adaptation assistance to
the poor, and another reason why all the policy dimensions of climate change need to be evaluated jointly.
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EXECUTIVE SUMMARY

Scientists agree: Climate change is here, and across the region, we are seeing the effects.
Rising temperatures are inhospitable to vital underwater grasses and stress fish popula-
tions from striped bass in the main Bay to brook trout in Pennsylvania’s coldwater streams.
Sea level rise inundates many of the Bay’s iconic islands~—islands that until recently sup-
ported thriving communities.

Climate change adds new challenges to an ecosystem already stressed by pollutants, pop-
ulation growth, and increasing development.

Fortunately, the situation is not without hope. The fight to reduce the greenhouse gases
that cause climate change is not unlike the challenge we face in cleaning up and restoring
the Chesapeake Bay and its rivers and streams. And many of the solutions are the same.

The Bay’s watershed states have identified a list of cost-effective agricultural conservation
practices that must be implemented to achieve the pollution reductions necessary to re-
move the Chesapeake Bay and its tributaries from the nation’s “dirty waters” list. And, as
a recent Yale study demonstrates, many of these agricultural practices will also sequester
substantial amounts of carbon from the atmosphere.

Using information on the number of acres of land, watershed-wide, expected to be placed
under several agricultural best management practices, including cover crops, riparian
buffers, rotational grazing and no-till farming, the Yale study estimated the amount of car-
bon dioxide that would be removed from the atmosphere over a 15 year period.

The result? Approximately 4.8 million metric tons of carbon dioxide would be sequestered
annually—the equivalent of mitigating the carbon dioxide emissions from residential elec-
tricity use across Delaware. The conclusion is clear: Protecting the Bay also helps fight cli-
mate change. Accordingly, CBF is working with partners across the watershed to secure
state and federal funding for agricultural conservation practices and technologies to reap
the multiple benefits of these practices.

Clearly, however, these actions alone will not turn the tide.

To avoid the more catastrophic effects associated with climate change, scientists have es-
timated we need to reduce greenhouse gas emissions worldwide by 50 to 80 percent over
the next 50 years. Transportation, commercial building operations, and residential energy
use account for almost two-thirds of greenhouse gas emissions, so a comprehensive plan
must also address these sources, all of which will also benefit water quality. The technol-
ogy is there, as is the knowledge. With careful planning, sustained commitment, aggres-
sive action, and political will, the Bay—and the planet——can be saved.

Climate Change and the Chesapeake Bay:
Challenges, impacts, and the Multiple Benefits of Agricuitural Conservation Work

CHESAPEAKE BAY FOUNDATION, Jury 2007
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CLIMATE CHANGE 101 About half the
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U.5. Greenhouse Gas Emissions by Gas, 2005

{Percentages reflect amounts of gases adjusted for their relative potency.}
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CLIMATE CHANGE AND THE CHESAPEAKE BAY:
CHALLENGES, IMPACTS, AND THE MULTIPLE BENEFITS
OF AGRICULTURAL CONSERVATION WORK

Scientists agree: Climate change is here, and it is affecting local rivers, streams, and the
Chesapeake Bay.

According to the Intergovernmental Panel on Climate Change (IPCC), there is near-uni-
versal consensus about the scientific reality and probable impacts of climate change. Fur-
ther, these scientists confirm what has long been debated: Human activity is to blame. In
fact, human actions are accelerating numerous phenomena, from higher air and water
temperatures and rising sea levels to the unpredictable weather patterns and increased
storm intensity expected as the result of increasing emissions of greenhouse gases.

In the Mid-Atlantic Region, scientists predict a wide range of climate change-associated ef-
fects—from changes in agricultural and forest production to degraded coldwater fisheries
and the influx of more invasive plants. One likely outcome: the loss of underwater grasses,
like eelgrass, that support species as diverse as the iconic blue crab and the human com-
munities that depend on them.

Some experts, like Dr. Donald Boesch, President of the University of Maryland Center for
Environmental Science, theorize that due to the relatively fragile nature of the Chesapeake
Bay’s current condition and the region’s sinking shorelines, the Bay will be particularly
vulnerable to the temperature increase and sea level rise associated with global climate
change.

Temperature Increase

According to the National Climatic Data Center, global annual temperatures are now about
one degree Fahrenheit (F) warmer than at the start of the 20th century. This warming has
accelerated over the past 30 years, increasing approximately three times faster than previ-
ous century-average trends. The IPCC estimates a further increase in average temperatures
of 2.5 10 10.4 degrees F before 2100.

Among other impacts, higher air temperatures in the Chesapeake Bay region mean a rise
in water temperatures, with potentially devastating ecological consequences. Warmer water
has less capacity to hold dissolved oxygen, and dissolved oxygen is critical for most life in
the Bay, its rivers, and its streams. Thus, higher temperatures may exacerbate the Bay's dead
zone, potentially expanding both the size and the duration of oxygen-deprived areas in
the Bay.

Changes in water temperature can also affect the distribution and health of aquatic species
in the Chesapeake. For instance, adult striped bass, also known as rockfish (a $6.6 billion
fishery), try to avoid water warmer than about 76 degrees F by finding refuge in the cooler
temperatures of deeper water. During the summer, however, rockfish face what scientists
call “remperature-dissolved oxygen squeeze,” when dissolved oxygen concentrations in
these waters drop past the point where adult rockfish can survive.

With predictions of higher water temperatures and expanded dead zones, rockfish will be
increasingly squeezed, forced to live in uncomfortably warm water in order to “breathe.”

Climate Change and the Chesapeake Bay:
Challenges, impacts, and the Multiple Benefits of Agricuitural Conservation Work

CHESAPEAKE BAY FOUNDATION, JuLy 2007
2
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Such stress can affect the health of the fish by changing their feeding habits or making
them more susceptible to disease.

Sea Level Rise

Worldwide, the [PCC predicts that sea level will rise between 8 inches and 2 feet by the
end of this century. Many scientists consider those estimates to be conservative; evidence
is mounting that ice caps and glaciers are melting at accelerated rates. If that continues, says
Dr. Boesch, apparent sea level rise could be as high as three to four feet in the Bay region
by the end of the century.

The Chesapeake Bay and its tributaries share 11,000 miles of shoreline and coastline, in-
cluding some of the most valuable areas in the country. Although sea level rise will affect
many parts of the world, the Bay region may suffer even more. Why? Because, even as wa-
ters rise, much of the area is actually sinking due to geological processes that began dur-
ing the last ice age. This combination of processes has resulted in approximately one foot
of net sea level rise in the Chesapeake Bay over the past 100 years—a rate nearly twice that
of the global historic average. As a result we are losing Tangier Island, Smith Island, and
many other low-lying lands around the Bay.

Thousands of acres of environmentally-critical tidal wetlands are now unable to trap sedi-
ments fast enough to keep pace with rising water levels. In the future, the combination of
sea level tise, relatively flat topography, and subsiding land mass could make the Mid-At-
lantic region—and the people who live here—particularly vulnerable. (Rygel, Yarnal, Fisher
2005).

Such scenarios have clear and sobering implications for restoration efforts across the wa-
tershed.

The impacts of climate change may well impede progress toward meeting Bay restoration
and water quality goals, and make it more of a challenge to restore its health. The prospects
appear grim.

But the situation is not without hope: personal and public commitment, existing knowl-
edge, and new technologies can change the tide. In fact, the fight to reduce greenhouse gas

emissions is not unlike the challenge we face in cleaning up and restoring the Chesapeake
Bay and its rivers and streams. And many of the solutions are the same.

Climate Change and the Chesapeake Bay:
Challenges, Impacts, and the Multipte Benefits of Agricultural Conservation Work

CHESAPEAKE Bay Founparion, Jury 2007
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Mean Sea Level Trends for Selected Lacations in the Chesapeake Bay Watershed
(Source: NOAA}
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CHESAPEAKE BAY FOUNDATION | 3
Saving a National Treasure § The BHY’S Disappea"ng Lands

Pravious Recent %
istand Acreage Acreage Lost Notes
Sharps 830 (1660} 0 {(1962) 100 Drowned in 1962
Poplar 1,400 (1670) 125 {1990 91 Abandonment in 1930
St. Clements 400 {1634) 40 (1890} 80 Abandonment in 1920s
Barren 700 {1864) 250 (1930} 54 Abandonment in 1216
Holland 217 {1668) 140 (1990) 35 Abandonment in 1992
Smith 11,033 (184%) 7.825 (1987} 25 Submerging
Hoopers 3928 (1848} 3,085 (1942) 21 Submerging
Bloodsworth 5,683 (184%) 4,700 (1973} 21 Submerging

{Source: Johnson, Z., 2000)
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THE ROLE OF AGRICULTURE IN MITIGATING GREENHOUSE GASES

Many of the steps needed 1o reduce water pollution will alse lead directly to reductions in greenhouse
R N Sr A B
gases and help minimize the effects of tsing sea level and higher tempevatures.

Dual Benefits of Reducing Nitrogen Poliution in the Chesapsake Hegion

Nitrogen pollution contributes to the formation of frequent oxygen-deprived “dead zones” in the Chesa-
peake Bay and its tributaries, a condition which—in addition 1o killing aquatic life —can actually con-
wibute to greenhouse gas generation by the Bay irself

Globally, estuaries emit approximately one third of the world's oceans' net emissions of nitrous axide. In the few places where it
has been studied, nitrogen pollutant foads to estuaries have been shown to contribute to increased nityous oxide emissions (Mat-
son and Ortiz-Monastenc, 2003). Simifarly, estuarine production of methane also increases under jow-oxygen conditions due 1o
bacterial activity, so the Bay, in its overloaded and degraded state, is actually contributing to climate change.

Watershed-wide, about one-third of the nitrogen pollution in the apeake comes from the air, much
of it in the form of nitrogen oxides formed from the combustion of fossil fuels. Thus, personal choices
to conserve elecricity ot drive mote fuel-efficient vehicles, along with state and national efforts to in-
crease the use of renewable energy sou also reduce e ns of nitrogen oxides. Fach of these ac-
tions has the added benefit of reducing carbon dioxide as well.

Environmental strategies focused on reducing one pollutant (nitrogen) have the porential to address
multiple problems. The conclusion is clear: Protecting the Bay also helps fight climate change.

Climate Change and the Chesapeake Bay:
Challenges, Impacts, and the Muitipte Benefits of Agricuttural Conservation Work
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Agricultural Conservation and the Fight ts Slow Climate Change

Implemnentarion of agriculrural conservation practices, while often overlooked in policy discussions
about reducing greenhouse gases, promises to be doubly beneficial for climate change and water qual-
ity in the Bay region and beyond.

The Chesapeake Bay watershed states have already defined agricultural conservation as a key tool to
achieve the pollution reductions necessary to remove the Chesapeake Bay and its tributaries from the
Clean Water Act's “dirty waters” list. As part of the Chesapeake 2000 Agreement—a pledge to cut the
amnouns of nittogen, phosphorus, and sediment pollution discharged inro the Bay and s rivers—those
watershed states (Permsylvania, Maryland, Virginia, Delaware, West Virginia, and New York} and the Dis-
wict of Columbia have each developed riverspecific “Tributary Strategies” 1o achieve targeted pollution
reduction goals.

Region-wide implementasion of these plans’ agricultural components would reduce the excess nitro-
gen entering the Bay by nearly 63 million pounds annually—approximately 60 percent of the reduc-
tion needed to restore the Bay and its tributaries. As a recent study conducted by graduate students at
the Yale School of Forestry and Environmental Studies (Devooght, Caldwell, and Jewell 2007) demon-
strates, many of these practices will also sequester substantial amounss of carbon from the atmosphere.

Carbon Sequestration Rates of Selected Agricultural Conservation Practices
{Pounds of Carbon per Acre per Year)

No-Till Farming 506
Grass Buffers 440
Rotational Grazing 430

Cover Crops
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Carbon sequestration refers to the net removal of CO; from the atmosphere into fong-term or permanent terrestrial
‘pools” fiving {trees or grasses,; roots and microbes in the soil), stored in products with fong lives such as lumber, or con~
tained as s0il carbon, An enormous amount of carbon is stored in the soil and detritus on the soil-the remnants of
plants and trees. A p can help ¥ these carbon pools. For example, planting riparian buffers
results in carbon sequestered in trees or grasses, And although traditional farming techniques, such as plowing, reduce
soif carbon levels by aflowing CO- to be released inta the air, many farmars in the Bay region practice conservation tillage,
where plowing and hoeing are reptaced with either no, or shallow, tillage that exposes less soil to erosion—and fess car-
bon to the atmosphere.

Climate Change and the Chesapeake Bay:
Challenges, Impacts, and the Multiple Benefits of Agricultural Conservation Work
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Using data from the Chesapeake Bay Program on the number of acres of land, watershed-wide, expected
t0 be placed under selected agricultural best management practices, or BMPs, the Yale study estimated
the toral amount of carbon dioxide that would be removed from the atmosphere over a 15-year period.
The study included only those conservation measures for which there was sufficient scientific evidence
for reliably estimating carbon sequestration rates: conservation tillage, use of winter cover crops, grassed
and forested riparian buffers, rotational grazing, and conversion of cropland to forests or open space.

The Yale analysis found that water-
shed-wide implementation of se- Relative Contribution of each Agricultural BMP
lected agricultural BMPs on Bay to the Total Amount of Carbon Dioxide Sequestered
region farms would sequester ap-
proximately 4.8 million metric tons
of carbon dioxide antually, over a
15-year period (for details see
www.chlorg/yalesrudy). One meuic
ton equals 2,205 pounds.

37% Riparian Fotest Buffers
29% Cropland Conversion $o Farest or Grass
20% Cover Crops and Afternate Crops

10% No Ti
Put this number into perspective:
Implementing these practices could
mitigate, or balance out, the carbon

4% Riparian Grass Buffers

dioxide emissigm ol nearly L’hrt‘»e Rotational Grazing was not included because the contribution was fess than 1%
quarters of a million SUVs (approxi- ft is worth noting that with the exception of winter cover crops,
mately 786,438 Hummers traveling | ypoce practices are included in the suite of eligible “offset
an average of ,1 2,000 miles annu- projects” by the Chicago Climate Exchange, North America’s
ally), or the entire statewide res“’{fn' only active voluntary, legally-binding, integrated greenhouse
tal clectricity use of either New gas trading system (http;//www.chicagoclimatex.com/)

Hampshire ot Delaware (electricity
use estimated using state emission
factors for greenhouse gases and residential elec-
tricity sales. Energy Information Administration).
Essentially, helping Bay region farmers adopt these
measures could mitigate the residental electricity
use of an entire state.

Metric Tons of Carbon Dioxide Sequestered
by Implementing Select Tributary Strategy
Agricultural Practices by State

On a state-by-state basis, the greatest carbon se-
questration benefits would be accrued in Virginia—
approximately 2.3 of the 4.8 million metric tons.
This large share is due to the prevalence of forest
buffers and restoration programs in the Common-
wealth's Tributary Strategies. In Pennsylvania and
Maryland, carbon benefits would come from a
broader combination of conservation practices. All
of these activittes also improve water quality, aquatic
life, and healthy habitats across the local rivers and streams of the Chesapeake,

2.3 Vinginia

1.7 Pennsylvania

& Maryland

Additional Climate Change Benefits of Saving the Bay

CBFE believes the Yale study’s estimate to be conservative because it calculated only the carbon se-
questration benefits of a portion of the agrcultural pracrices in the Tributary Strategies. Other pro-
grams that benefit water quality and mitigate greenhouse gases were not included because of insufficient
quantitative information on their benefits. These include:

Climate Change and the Chesapeake Bay:
Challenges, fmpacts, and the Multiple Benefits of Agricultural Conservation Work
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»  Adoption of enhanced nutrient management practices that will result in less ferdlizer use. This
will lead to reduced emissions of nitrous oxide, a potent greenhouse gas, by as much as 30 1o
40 percent (Council for Agriculural Science and Technology, 2004),

e lmproved manure management: Manure-to energy projects such as anaerobic digesters will
capture methane and use it as an energy source that displaces fossil fuels,

* Precision feeding: Enhanced animal feed quality and metabolic efficiency in meat and milk
production can reduce methane production by livestock,

*  Minimizing the use of farm machinery: Practices such as conservation tillage and no-all farm-
ing can reduce fossil fuel consumption and its associated carbon dioxide emissions by up to
70 percent (West and Marland 2002).

In addition, agriculture can help reduce energy dependence on fossil fuels by providing new sources
of energy (for example: ethanol made from corn or switchgrass, or biodiesel made from soybeans). (For
more detail, see cbiorg/ethanol).

fmplementing the agricultural practices called for in the Tributary Strategies will create multiple envi-
ronmental benefits—on the local level by cleaning up the Bay, its rivers, and its streams, and globally
by mitigating greenhouse gases. Across the watershed, CBF is working with other stakeholders to se-
cure the funds needed to achieve this goal.

RESTORATION OF FORESTED BUFFERS
ALONG STREAMS COVER CROP ACREAGE PLANTED

PA MD k o Watershed

B implementation hrotigh 2
E

Although the Bay state governments have taken some impartant steps toward funding agricultural conservation prac-
tices, we are far from reaching the levels necessary to achieve Chesapeake Bay water quality goals. The charts above
compare state-by-state implementation rates to Tributary Strategy goals for two key agricultural programs.

{Source: Chesapeake Bay Program)

Climate Change and the Chesapeake Bay:
Challenges, Impacts, and the Multiple Benefits of Agricultural Conservation Wark
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CHESAPEAKE BAY FOUNDATION
Saving a National Treasure

Progress around the Watershed

Agriculture has much to offer in helping to reduce greenhouse gas emissions to the atmosphere, while at the same
time improving water quality and the sustainability of the agricultural sector. Of course, much more needs to be done
in this region if we are to achieve the reductions that sclentists say are necessary © avoid catastrophic climate change.

Thankfully, some smart steps are already king place.
PENNSYIVANILovsansvnecnenesenas MARYIANDesrversoesceesassessee
Sovernor Rendell recently doubled the Common- Governor O Malley issued an Executive Order to

create a Mar

wealth's government purchas
electricity from renewable sous
10 o 20 percent, in addition

icantly increasing investment &
frastructure upgrades to supp
production and distribution ¢
alrernative fuels,

d compaitted o achipving a 13
reduction in residential energy
y 2015,

aryland passed a "Clean Cars
Act” which requires new cars or
light-cluty trucks to meet stin-
gent California ermnissions stan-
dards for carbon dioxide and
other pollutants, and ap-
proved the “Healthy Air Act”
which commits Maryland to
joining the Regional Green-
house Gas Initatve, a
t-state partnership that
requi reductions  in
green- house gas emissions
from power plants,

Pennsylvania implemented the
“Clean  Vehicles  Program”
which requires new cars or
higheduty tucks o meet
stringent  California emis-
sions standards for carbon
dioxide and other polkutants.

VIRGINIA seseseee

Governor Kaine issued an Ex-
ecutive Order that established
“green building standards” for
new and renovated state gove
ment buildings, ordered all age
cles to reduce their annual co
DOHI‘CY\C\VS&)}E CNETEY purc
percent by 2010, and created
Policy Advisory Counc

Dl . vovveveseoess

or Fenty signed onto the U.S,

ence of Mayors Climate Pro-
Agreement, committing the
meet the Kyoto Protocol’s tar-
ducing greenhouse gas em

Virginia passed legislation that requires the develop- The District’s newly formed Department of the Envi-
ment of a comprehensive 10-year Energy Plan by July ronment includes a “Sustainable Solutons Division”

Hstated strict of C

sy whos

2007, joins Maryland in establishing a solar ener

grant program, and allows Virginia consumers o re- tumbia with Green,” and the Reliable Energy Trust
ceive a tax credit valued at 20% of the cost of certain Fund supports a variety of energy efficiency and re-

e

energy efficient products. newable energy programs.

CHESAPEAKE 2000 o 0 08 2 80 6 e 8 8 R ¢4 6 B O OB VO R RO VB AR B TP S EOREB VLR OO O RV S

The Chesapeake 2000 Agreement, if fully implemented, would remove approximately 110 million pounds of nito-
gen pollution from the Bay annually and help mirigate the Bay region’s output of CO2.

July 2007
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NEXT STEPS

To avold the more catastrophic effects associated with climate change, scientists believe we need to
stabilize greenhouse gas concentrations in the ammosphere. Doing so means reducing emissions of
these gases worldwide by 50 to 80 percent over the next 50 years. Recent reports issued in Maryland
and Pennsylvania have identified state specific greenhouse gas reduction targets consistent with this goal,
and outlined policy recommendations for achieving them (Environment Maryland, 2007; Pennsylva-
nia Environmental Council, 2007).

Environment Maryland’s “Blueprint for Action” recommends several policy options to reduce carbon
dioxide emissions by approximately 30 million metric wons, representing a 23% decrease from 2006
emissions in Maryland. Similarly, the Pennsylvania Environmental Council’s “Climate Change Road
Map" describes a comprehensive set of policy options that could be implemented to reduce carbon
dicxide emissions in Pennsylvania by 25% from 2000 levels, a reduction of approximately 75 million
metric tons.

Given the need for such drastic cuts and the
multitude of greenhouse gas sources, a compre- U.S. Greenhouse Emission by Sector, 2005
hensive response to climate change will require
a portfolio of solutions: Agriculture is only one.
Transportation, commercial building operations,
and restdential energy use account for almost
wwo-thirds of greenhouse gas emissions, so a
comprehensive greenhouse gas mitigation plan
must also address these sources, all of which will
also benefir water quality.

29% Industrial

28% Transportation

17% Commercial

B a7 residental
m 9% Agricuture

As highlighted in the reports by Environment
Maryland and Pennsylvania Environmental Source: 1.8, EPA, 2007
Council, policy oprions should include:

Transportation:

»  REDUCE reliance on automobile travel through “commuter choice” programs like mass wan-
sit, carpooling, and telecommuting that expand the options available to commuters;

* PROMOTE smuart growth and CURB sprawling development by building more compactly, in
alreacly urbanized areas; and

° CONSTRUCT modem and efficient wransit systems.
Buildings:

*  PROVIDE incentives to build energy-efficient “green” office buildings and improve energy ef-
ficiency in older ones; and
* PLAN and ZONE to promote commercial development inside existing communities and close-

in locations, instead of sprawling across the Bay reglon’s remaining rural, undeveloped, “green-
fields.

Climate Change and the Chasapeake Bay:
Challenges, Impacts, and the Multiple Benefits of Agricultural Conservation Work
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Residential Energy Use:

= IMPLEMENT aggressive energy efficiency programs, including insulation, window replace-
ment, the use of compact fluorescent lighting, and energy conservation; and

* INCREASE the amount of electricity that comes from renewable sources.

Residential Electricity Usage Por Person (Kilowatt Hours)

§,183

ULS, Deparunent of Enexgy, 2001

Aggressive energy programs and increased renewable energy sources could significantly reduce our carbon dioxide emissions.
Per person, Virginia and Maryland use more than two times as much electricity as residents of California.

The long-term campaign o reduce greenhouse ssions and avoid the more devastating effects of
climate change will be fought on many fronts. Fortunately, as highlighted by the Yale repor, efforts to
ean water, including agricultural conservation programs, are vital tools in slowing climate
alls on our local, state, and federal governments to aggressively pursue funding for, and
implementation of, existing anc new agricultural conservation practices and technologies. Clearly, how-
ever, these actions alone will not turn the tide.

ates, the federal government, and individuals to rethink our national energy
policy, increase partnerships between farmers and businesses, take advantage of oppartunities pre-
sented by transportation and land use planning, adopt more efficient technologies, and undertake fun-
damental shifts in the choices each one of us makes, every day, in our businesses and homes. With
careful planning, sustained commimment, aggressive action, and political will, the Bay-—and the planet—
can be saved,

ise calls on ¢

{limate Change and the Chesapeake Bay:
Chalienges, impacts, and the Multiple Benefits of Agriculiural Conservation Wark

CausapEAKE BAY Founpanion, Jury 2007
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CHESAPEAKE BAY FOUNDATION
Saving @ National Treaswre

E Regional Impacts of Climate Change

nization, recent heat waves

it is @ hard reafity to ac-
cept: White climate change
will impact everyone, the
region’s elderly and disad-
vantaged will likely face
the mast devastation.

According to the World Health Orga
in Furope have been linked 1o significant numbers of human
deaths. A preliminary analysis o 2003 heat wave in Europe
estimated that it caused higher than average mortality rates in
Greag Britain (2,043), Portugal (2.099), and France {14,802).

Although quantified predictions are difficulr, itis clear that rising
atmospheric temperatures in this region may have devastating effects, particularly in urban areas like the city of Bal-
timore. An EPA report states that a warming of three degrees F could increase heat-related deaths by 50 percent—
from the current average of 85 w0 130~mostly alfecting the elderly. In additon, Baltimore has some of the worst
alr quality in the country, regularly violating air quality standards for ozone Gmog) and fine particulate matter oot
High remperatures exacerbate this problem and the human health effects associated with air pollution, The p

ble vesult: increased incidence of asthma, reduced lung funcrion, and premature death.

Fish Kills on the Shenandoah River, Virginia

Large numbers of Imouth bass and redbreast sunfish in Virginia's
Shenandoah River watershed have died in the last four years. The causes of
the Shenandoah fish kills remain unknown, but scientists have speculated
thar increased water remperacures may be playing a role——ecither by causing
stress to the fish, making them more susceptible to infection, or providing a

= ; : = shin and gill lesions are particularly prevalenr on many dying fish.
in 2005 alone, nearly 80% of aduit
smalimouth bass died in more than
100 miles of the South Fork Shenan-
doah River in Virginia. A preliminary
study estimated a loss of $686,000 in
retail sales and revenues {Papadakis
2008).

searchers ar James Madison University have documented a water te -
ature increase of as much ag five-degrees Fahrenheit aver the past few
decades in the Shenandoah basin (Brown, Downey and Benzing, 2007). The
cause of the temperature increase is not necessarily inked w global warm-
ing, but as the region’s sclentists continue to search for the causes of these
mysterious fish kills, we are left to wonder whether the Bay region will be see-
ing more of these events as the climate continues to change,

Eelgrass, Crabs, and the Economy and Culture of the Chesapeake Bay

Eelgrass—an underwater grass found in the
mid-to-lower parts of the Bay and a vital link
in the ecological web of the estuary-—expe-
rienced a major die~off in 2003, Dr. Robert
Orth at the Virginia Institute of Marine Sci-
ence (VIMS) and other underwater grass ve-
searchers concur; The die-off was due to
higher water temperatures. Negative im-
pacts of dramatic grass loss may include
degradation of erivical habitat for blue crabs
and other aquatic species, and econom
consequences for the people and industries
that depend on them. - =

July 2007
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Underwater grasses provide blue crabs refuge from predarion and-—particularly critical for young crabs—
cover during molts. Large numbers of juvenile crabs depend on the shelter of the eelgrass beds in Tang-
ter Sound as they move from offshore waters 1o the upper Bay. (VIMS scientists have found that young
crabs are 30 times more prevalent in grass beds than on barren botrom.) In 2006, eelgrass beds remained
few and sparse in the Bay, and the 2007 winter crab survey indicated that the number of young-of-the-
year crabs——those less than two inches across-—was among the lowest observed since the survey began
in 1990.

Rising Water Temp us and F ia Brook Trout

According to the Pennsylvania Fish and Boat
Commission, nearly two million people go
fishing in Pennsylvania cach year, contribut-
ing over $1.6 billion to Pennsylvania’s econ-
omy. The Susquehanna River basin contains
some of the best fishing in the world. Cold-
water species, especially brook trout, once
thrived in all of the Susquehanna basin's
rivers, streams and brooks, Brook troug-—sen-
sitive to stream temperarires for survival and
reproduction-—thrive In water emperatures
cooler than 65 degrees. Although the fish can
tolerate brief periods of warmer water (up to
72 degrees I), exposure (o temperatures
warmer than 75 degrees is usually lethal, even
if for only a fow howurs,

Even g small increase in stream temperatures could cause the dis-
appearance of brook trout from Pennsylvania waters,

Todlay, healthy brook trout habitat and populatios in only a fraction of the fish’s historical range.
Despite significant public and private efforts to restore them and their habitat, these rematning popula-
tions are seriously threatened by climate change. If the brook trout disappear, what will replace them and
the economic engine they drive?

Sea Level Rise Around Hampton Roads, Virginla

A 2005 report by the Center for Integrated Regional Assessment evaluated the relative impacts of sea
tevel rise on Hampron Roads’ communiiies of varying economic health. Compounding the challenges
faced by low-lying areas in Hampton Roads is the loss of living, or natural shorelines, and threats to re~
maining wetlands. While healthy shorelines and wetlands can not stop storms from occurring, they can
play a role in protecting communites from the worst storm surges and floods.

A combination of current demographic modeling and projected sea level rise suggests that hundreds of
thousands of people in the Chesapeake region could fall victm 1o sertous floods, and these storms are
likely to cause the most damage to socially vulnerable populadons within the region. The report defines
areas within Hampron Roads and with high “numbers of children and elderly, and with a high number
of mobile homes” as vulnerable. By a wide margin, these at-risk communities are the most likely to face
severe flood and storm damage. Additionally, these storms-—which are also predicted to increase in in-
tensity—will not only increase demands on emergency services and reseue facilities i these areas, but
lirevally flood those facilities as well :ntially, those with the fewest resources to recover from a cata-
strophic storm will be the hardest hit.
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Save the Bay.
Save the Planet.

i

; 5
CEITES

How Can | Make a Difference?

Many of the things we do to help

e the Bay and its rivers and streams will also help reduce the greenbouse
gases that cause climate change. Simple, everyday choices can have a powerful cumudative effect. Most of us leave
the biggest carbon footprint with our cars. Bvery gallon of gasoline we burm spews abour 20 pounds of carbon
dioxide into the atmosphere. Car exhaust is also one of the fastest growing sources of nitrogen poliution to the
Ray. And, since power plants are huge producers of both CO; and nitrogen pollution, anyihing we do to use less
electrcity at home will also have a positive effect.

Good for Good for
Begin at Home the Bay the Planet
0 Purchase {luoresceny light budbs for your home. 4 v
L1 Install motion sensors to urn off Hghs when you don't need them. 4
= Use energy-clficient appliances. (Look for the Energy Star label) 4 4
O Insulate your hot water heater with an insulated blanket. 4 4
0 Ask your energy company to switch your home to “green energy.” s 4
2 Turn down your heat or air conditioning and hot water heater. 4 1
1 Save tees, fuel, and postage by paying your bills online. 4 L
O Clean or replace your air conditioning filter as recommended. 4 4
O Install low-flow shower heads to reduce water usage. 4 4
O Plant rees near your home o provide shade in summer 4 4
3 Only run your dishwasher when there is a full Joad. 14 4
0 Insulate walls and ceilings, and cautk around doors and windows. U'd 'd
Economize Your Cav
1 ifyou need a new cax, choose one with excellent fuel economy. 4 4
3 Carpool, bike, or take mass transit when you can. 14 v
Q Incity wallic, roll down your windows to keep cool in wanm weather. e [
QO Improve your gas mileage by keeping your tires properly inflated. ¥ 1

15




145

Th gy

CHESAPEAKE BAY
FOUNDATION

Saving a National Treasure

Maryland
Philip Merrifi Environmental Center
6§ Herndon Avenue
Annapotis, MD 21403
410/268-8816
410/269-0481 {from Baltimore metro}
301/261-2350 {from D.C, metro}

Pennsylvania
The Oid Water Works Building
814 North Front Street, Suite G
Harrisburg, PA 17101
717/234-5550

Virginia
{(apitoi Place
1108 Fast Main Street, Suite 1600
Richmond, VA 23219
804/780-1392

Web site: chf.org
E-mail: chesapeake@cbhf.org
Membership information: 888/ SAVEBAY

CHESAPEAKE BAY WATERSHED
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Hottam: Natural Resources Conseriation Senvice
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The Chesapeake Bay's 64,000 square mile
watershed covers parts of six states and is
home to mare than 17 million people,
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CHESAPEAKE BAY COMMISSION

Policy for the Bay» www.chesbay.state.va.us

Climate Change and Chesapeake Bay:
A Summary of Management Issues

Introduction

According to the International Panel on Climate Change, an overwhelming number of
observations indicate that the world is warming, the climate system is changing and that these
changes will be unstoppable for centuries. These changes pose a significant threat to the
ecological health of the Chesapeake Bay and the economy of the surrounding communities, yet
much research remains to fully understand the extent of that threat.

In the efforts to restore Chesapeake Bay and other estuaries around the nation and world, the
focus has been on historical data. What were the conditions of the water quality and living
resources of the estuary over time? What were the factors that led to a degradation or
improvement to. the estuary? Using empirical evidence of the effect of land management
practices or pollution-reducing technologies already established, what future improvements can
be expected?

In light of mounting evidence of global climate change, we may no longer be able to rely solely
on observations of the past when predicting the outcome of restoration activities. In fact,
application of future climate change variables should become a standard practice in the
development and adoption of public policy regarding restoration. This paper will summarize the
stages in decision-making where these variables should be applied and the information gaps that
must be filled before a meaningful assessment of climate change impacts can occur.

Decisions ripe for climate change input

A recurring theme of the Chesapeake restoration effort is “we know what needs to be done.”
Decades of research, modeling, and on-the-ground efforts have demonstrated the practices and
technologies that must be put in place to achieve desired water quality standards, and significant
resources have been and will be dedicated to meeting those standards. However, the
assumptions underlying those goals include historical data on precipitation, temperature, Bay
salinity, and atmospheric COa, among others. Each of these factors can influence the ecology of
an estuary and its watershed and each of these factors are affected by climate change.

In the near term, the effects of climate change may be minimal, but we are not sure. Some
experts caution that that increased intensity and frequency of hurricanes and tropical storms may
bring ruin to parts of the Bay sooner than we think (e.g. Isabel). Regardless, the longer it takes
to reach water quality goals, the more influence climate change will have on our efforts. It is,
therefore, critical to maximize the restoration progress we can make in the next few years.

Qver the long term, it will become increasingly important for climate change factors to be
incorporated into the assumptions that underlie Tributary Strategies or TMDL plans, as well as

Headguartors & Marvland Office 60 West Street, Sulte 406 « Annapolis, MD 21401 » Phone 410.263.3420 « Fax 410.263.9338

4 Office P.O. Box 406 Richmond, VA 23218 P4 ¢ffice Rm. G-05 North Office Bidg., Harrisburg, PA 17020
Phone 804,786.4849 » Fax 804.371.0659 Phone 717.772.3651 » Fax 717.705.3548
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plans to maintain progress that has been achieved {e.g. changes in precipitation frequency and
amount should be considered when evaluating the long-term efficiency of a land-based best
management practice). Similarly, such strategies or plans should incorporate a mechanism to
adapt to changing climatic indicators. In addition to Tributary Strategies or TMDL plans for the
watershed, living resource management plans should also be designed to account for these
factors.

The key to integrating these factors into planning efforts includes two parts. The first is the
extent to which monitoring can be used to reliably detect indicators of climate change and
attribute their causes, much like what is currently in place for water quality. The second is to
communicate this monitoring information in a useful manner to decision-makers. As local, state,
and federal partners look to increase their investment in restoration activities, the time to develop
climate change monitoring and communication tools is now.

Data gaps requiring further research

Estuaries, by nature, are extremely complex ecosystems. This, in turn, makes the influence of
climate change on estuaries that much more difticult to identify and quantify. The effects of land
use, freshwater flow, forcing from the open ocean, and direct contact with the atmosphere will
interact with each other in an estuarine environment. Thus, research conducted exclusively on
land or at sea has limited applicability to an estuary. Unfortunately for the Chesapeake, most
climate change research is not specific to the Bay region. However, there are currently at least a
dozen federal and academic partners' in the watershed currently engaged in climate change
research, albeit without a strategic plan for prioritization of research projects or sharing of
information.

Consequently, significant data gaps remain regarding the influence of climate change on
Chesapeake Bay and its watershed. When filled, this information will be extremely helpful in
determining the future steps of our restoration efforts.

1. How do increases in sea level, storm surge and shoreline development affect
the vulnerability of coastal areas and what are appropriate management
strategies?

The Chesapeake Bay region is the third most vulnerable area in the nation to sea
level rise induced by climate change, trailing only Louisiana and Southern Florida
in national assessments. The effects of sea level rise and storm surge induced by
climate change include shoreline erosion, coastal flooding, salt water intrusion and
freshwater resources, and inundation of some coastal areas. These predicted
changes would significantly affect low-lying land areas, islands, coastal wetlands
and beaches in the Chesapeake Bay. The Bay has risen approximately one foot in
the last century, nearly twice the global average, due to the combination of climate
change and regional land subsidence. Given the current and predicted rates of sea
level rise, many low-lying areas will be dominated by open water by 2050.

! Federal: NSF, NOAA, EPA, USGS, USDA/CSREES, USDA/USFS; Academic: PSU, UMD, VIMS, VA Tech,
Cornell, SERC
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Are there adequate public institutional and private sector mechanisms in place
to address the vulnerability and cost to restore the Chesapeake’s built and
natural infrastructure te climate change-induced sea level rise?

The threats posed by climate change have had serious ramifications for insurers and
the insured in the Chesapeake region. In 2003, the Ceres investor coalition reported
that U.S. insurers have seen a 15-fold increase in insured losses from catastrophic
weather events (those over $1 billion in damages) in the past three decades. Asa
result, insurers are starting to change their risk-assessment models to reflect future
climate change scenarios instead of past weather patterns. For example, rather than
identify individual policies that were of higher risk, All-State Insurance recently
ceased issuing new policies in a large portion of the Chesapeake region.

Scientists have determined that restoration of New Orleans’ wetlands “hurricane
buffer,” lost during Katrina and over past decades, will cost an estimated $14 billion
to restore. The price tag to restore Chesapeake wetlands and other aquatic
resources is unknown.

How many increases in frequency and volume of storm events impact
combined sewer overflow systems (CSOs)?

If, as it has been shown in other areas, CSOs in the Bay watershed have been
designed based on historical precipitation rather than expected future precipitation
levels, should more overflow events be expected, and what will be the impact to the
Bay?

What is the effect of increased atmospheric CO; levels on water chemistry and
organism populations in the Bay?

It has been determined in studies of sea water that as CO; levels rise, there is a
decrease in water pH and carbonate ion concentrations, with implications for
marine organisms with pH and/or carbonate ion sensitivities, However, there do
not appear to be studies on estuarine systems where water chemistry can already
vary greatly from sea water. Similarly, it has been difficult to predict the result of
increased CO; levels on populations of photosynthetic organisms.

What is the expecfed frequency and volume of future precipitation in the
watershed?

Questions remain regarding the timing of precipitation events in the watershed and
the seasonal volume of precipitation. More accurate information is needed in this
regard, as streamflow is a critical factor influencing the Bay’s water circulation and
biogeochemistry, including dissolved oxygen levels.

How will changes to terrestrial ecosystems impact loadings to the Bay?

One example of a terrestrial ecosystem important to water quality is forest. It has
been shown that different tree species and their resulting litter affect nitrogen
eycling differently. Changes in species distribution resulting from climate change
could therefore impact nitrogen loadings. With forests comprising 60 percent of the
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Bay watershed, these changes have the potential to be significant, but predictions
regarding these changes must become more certain.

7. What is the probable impact of climate change on Bay circulation?
Will temperature and salinity changes interact to change historic patterns of
stratification in the Bay?

8. Will changes in temperature alter the behavior and distribution of fish,
shellfish, their habitat, the organisms on which they feed, and pathogens?

Inherent in each of these data gaps is a question regarding the proper role of public policy in
addressing the results. For instance, if CSOs do not adequately accommodate increased volumes
of stormwater resulting from climate change, what additional stormwater management should be
implemented, by what means, and by which entity? How should local land use decisions take
into consideration future changes in sea level and storm surge? How should fisheries
management plans take into account altered migration patterns or food sources?

Conclusion

Of primary importance is the facilitation of a coordinated, Bay-focused effort to determine the
impacts of climate change. Many feel that sea level rise may be the most costly and threatening
of the potential climate change impacts to coastal communities and natural resources in the Bay.
The potential of this risk and the attendant costs of losing both ecosystem service values and
billions in public infrastructure are significant. As a result, there is a vital need for an assessment
of the adequacy of our financial and regulatory systems, currently available, to restore or replace
the built and natural infrastructure., This is especially important in a multi-jurisdictional setting
where several climate policies with significant implications are already in various stages of
formation and implementation. Fortunately, the Chesapeake region has a 30-year history of
public, private, and academic partnerships and ecosystem management. By applying this
cooperative model to the issue of climate change, and integrating climate change factors into Bay
restoration decision-making, the region can be in a position of leadership for the rest of the
country and the world.
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SUPPLEMENT TO
Testimony Before the
United States Senate
Committee on Environment and Public Works
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Submitted to the Record
QOctober 3, 2007

A Framework to Prevent the Catastrophic Effects of Global
Warming using Solar Radiation Management (Geo-Engineering)

Presented by
David W. Schnare, Esq. Ph.D.!
Thomas Jefferson Institute for Public Policy

Purpose of Supplemental Testimony

At the September 26, 2007, hearing of the Senate Environment and Public Works Committee,
Senator Mikulski (Chairman, Appropriations Subcommittee on Commerce, Justice, Science and
Related Agencies) and participating in the hearing by accord of the Committee, specifically
requested me to supplement my testimony for the record by providing a specific “Framework™
by which to address Climate Change using geo-engineering,

The Framework below relies on the National Academy of Sciences 1992 recommendations on
geo-engineering for climate change mitigation. It also reflects the extensive, recent contributions
of researchers working at the U.S. Environmental Protection Agency, the Lawrence Livermore
National Laboratory and the Department of Global Ecology, Carnegie Institution at Stanford
University.

The 1992 NAS Recommendation

In 1992, the National Academy of Sciences, Committee on Science, Engineering, and Public
Policy, released a major report entitled “Policy Implications of Greenhouse Warming.” In that
report, the NAS raised and evaluated three questions regarding use of geo-engineering, and
specifically Solar Radiation Management (SRM) to prevent the catastrophic effects of ice sheet
melting due to global warming:

! Dr. Schnare is the Institute’s Senior Fellow for Energy and the Environment. His position with the Institute is pro
bono. He has been employed by the U.S. Environmental Protection Agency for 30 years and currently serves as a
Senior Counsel in the Office of Civil Enforcement prosecuting violations of the nation’s Clean Air Act. This
testimony reflects the views of the author and does not necessarily reflect the position of the U.S. EPA or the
Thomas Jefferson Institute.
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1. Does it appear feasible that engineered systems could actually mitigate the
effects of greenhouse gases?

2. Does it appear that the proposed systems might be carried out by feasible
technical means at reasonable costs?

3. Do the proposed systems have effects, besides the sought-after effects, that
might be adverse, and can these be accepted or dealt with?

The Academy concluded the answer to the first two questions was “yes” and that it was time to
more fully evaluate the third:

An exhaustive literature search and analysis has not been completed, but it has
been possible to find useful material in the literature and to make first-order
estimates that suggest positive answers to these first two questions. This being the
case, it seems appropriate to continue consideration of the range of
geoengineering possibilities and to pursue answers to question 3 above.

The Promise and Risks of Solar Radiation Management

In the past 15 years, Solar Radiation Management (SRM) has been examined by two premier
scientific groups. Lowell Wood has investigated the practicalities and risks of this approach in
considerable depth. He is currently on the staff at the Lawrence Livermore National Laboratory.
Ken Calderia, of the Department of Global Ecology, Carnegie Institution, has done confirmatory
work at Carnegie and Livermore.

Caldeira concluded that shading the sunlight directly over the polar ice cap by less than twenty-
five percent would maintain the "natural” level of ice in the Arctic, even with a doubling of
atmospheric CO2 levels. By increasing the shading to fifty percent, and the ice shelves grow.
Further, the restoration happens fast. Within five years, the temperature would drop by almost
two degrees, stabilizing the ice, saving the polar bears and the Inuit population, and
demonstrating the efficacy of planetary engineering for 1/3 6" the amount appropriated to assist
in recovery of the hurricane flooding disaster in New Orleans. If the aerosols are launched only
over the Arctic, there is little danger of directly impacting many humans. As well, the approach
is incremental and can be expanded or shut down at will so that temperature effects dissipate
within months, returning the region to its "natural” state.

All researchers examining this form of geo-engineering also recognize that, at best, it is no more
than a way to buy time to develop clean energy technologies. It is not a solution to the
greenhouse gas problem, only a means to prevent the worst of the environmental impacts of
greenhouse gases while finding ways to shift away from carbon-based fuels.
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The Immediate Need for Solar Radiation Management (SRM) Research

Regarding the need for solar radiation management (using sulfate particles), Paul J. Crutzen,
Nobel Laureate for his work on the ozone hole and considered one of the world’s premier
atmospheric physicist, stated last year:

“the very best would be if emissions of the greenhouse gases could be reduced so much
that the stratospheric sulfur release experiment would not need to take place. Currently,
this looks like a pious wish.”

James Hansen, recognized as this nation’s leading governmental climate scientist, has predicted
that massive ice sheet melting may cause damaging increases in sea levels within the next few
decades, unless global temperatures can be reduced.

“Present knowledge does not permit accurate specification of the dangerous level
of human-made GHGs. However, it is much lower than has commonly been
assumed. If we have not already passed the dangerous level, the energy
infrastructure in place ensures that we will pass it within decades [not centuries].”

The pictures below show the effect of the predicted sea level rise on the State of Florida. We
would lose three major metropolitan cities, Miami, Fort Lauderdale and Saint Petersburg, as well
as the nation’s trillion dollar investment at Cape Canaveral potentially by as soon as 2050.

Figure 1

How Solar Radiation Management Works

It has long been recognized that particles in the atmosphere reflect incoming sunlight and thereby
decrease the amount of heat retained by the Earth. In essence, they lower the global temperature,
Although quickly removed by rain in the troposphere, they have a much longer life in the upper
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atmospheric levels, the stratosphere. In the language of physics, these particles “force”
temperatures to go down. Greenhouse gases, in contrast, force temperatures to go up.

Volcanic eruptions show the effect of stratospheric particles on temperature. The figures below
show the size of various “forcings,” including stratospheric particles, over the last 125 years.
Note the exact correlation between the volcanic eruptions (upper blue line) and reduced global
temperatures. Note the size and speed of temperature reductions from these stratospheric
aerosols. They are sufficient to counter-balance the effects of greenhouse gases,

Figure 2
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For this reason both the National Academy of Sciences (1992) and Nobel Prize winner Paul
Crutzen (2006) have recognized the usefulness of this effect to prevent/control climate change.

The purpose of the Framework below is to outline how solar radiation management, using
stratospheric particles, can be evaluated and employed with complete certainty and within the
time needed to prevent the most catastrophic effects of global warming.

The Framework below is based on solar radiation management (SRM) as detailed by Alan Carlin
(2007a and 2007c), and as conceived by Wood, Caldeira and others.
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Relationship of Geo-Engineering to Greenhouse Gas Reduction

It is important to note that the use of solar radiation management does not conflict in any way
with proposals to reduce GHG emiissions to control global warming. When and if these
proposals should bring about actual reductions in GHG emissions, the scope of SRM efforts
could simply be scaled back so as to continue to achieve the objectives defined in the Framework
offered below. That is, the two approaches are complimentary and not “either-or.” If
successfully implemented, both approaches can theoretically control climate change. As
explained above, however, it is very doubtful that GHG emissions control could prevent
dangerous climate changes. (Carlin, 2007¢).

A Framework for Implementing Solar Radiation Management

to Prevent the Catastrophic Consequences of Global Warming

The Framework would consist of five core elements, each of which is essential to application of
the proposed geo-engineering. These five elements reflect the concerns of the National
Academy of Sciences and the consensus of climate scientists and economists conducting both
science and policy research on geo-engineering.

1. Precisely Define Solar Radiation Management Objectives:

In light of the potential to apply SRM incrementally, much like adjustment of a global
thermostat, and in light of the potential for any nation or consortium to use SRM without
“permission,” the first element of the Framework is specification of the objective being sought so
that any nation or international body would have a basis for responsible action. Objective (3),
below, discusses the need for an international body to address actual implementation of SRM.

Proposed Objective:

Maintain the global energy balance at a level that will preserve the historic mass of
all three major ice sheets (Greenland, West Antarctic, and East Antarctic),

This objective might be modified to require additional cooling in the short term to offset the
heating now underway and causing accelerated meliting of the Arctic ice, should it be decided
that the world does not wish to have a North-West Passage available for shipping and other
purposes. Presumably the cooling offered by SRM would be roughly equivalent to that created
by the Mount Pinatubo eruption in 1992 (the last blue blip down in stratospheric aerosol forcing
shown in Figure 2, above). The proposed objective reflects prevention of the primary
catastrophic effect of global warming, sea level rise, an event that would displace more than a
quarter of the population of the world and, as former Vice-President Gore suggests, would end
civilization as we know it.
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2. SRM Research:

Although there is no question that a nation could successfully implement SRM by doing no more
than replicating the major volcanic eruptions, Dr. Wood recommends more optimum types of
particles and more targeted placement of them into the stratosphere. We need research on each
of the following:

a. The optimal size, composition, and placement of particles (elevation and geographic
coverage) and determination of the optimum radiation wavelengths to be reduced, in
order to achieve the Framework Objective;

b. The particle quantities required as a function of temperature reduction (energy
balancing) as needed to meet the Framework Objective, i.e., in order to preserve the
historic mass of all three major ice sheets;

Evaluation of the optimal transport mechanism to carry particles into stratosphere;

Identification of, and evaluation of means to eliminate or reduce, potential adverse
non-temperature environmental effects of particles;

For further discussion, see, references listed in footnote 119 of Carlin, 2007a.
3. Design and implement an institutional setting for use of SRM

Professor Barrett, Director of Johns Hopkins University’s School of Advanced International
Studies, argues there is an immediate need to examine how to manage SRM use through an
international body, a policy recommendation also made by Alan Carlin of the U.S.
Environmental Protection Agency (Barrett 2007, Carlin 2007). To prevent the political
pathologies observed in the operations of the JPCC and the UN Environmental Program, an
international institution patterned after the Federal Reserve Board or the International Monetary
Fund might be expected to provide neutral leadership. Such an apolitical body would likely
operate in small incremental steps, much as the Federal Reserve and the IMF do with monetary
policy. Recalling that SRM could be implemented by a single country with the needed financial
and technological resources, this element of the Framework would serve to ensure international
consensus on this global activity.

4. Legislative Leadership to Limit SRM Legal Liability

Adjusting climates will create global winners but always has the potential to create some local
losers. For example, a decision to cool the Arctic in order to prevent melting of the Greenland
Ice Sheet would also likely close the North-West Passage and may limit rainfall above the Arctic
Circle. Those relying on use of that passage or the rainfall would be losers. Although SRM is
now expected to have few unintended consequences, risk of legal liability could prevent use of
this geo-engineering. Congress will need to address this issue in order to ensure sensible and
timely use of SRM. For a more extensive discussion of this issue, see Carlin, 2007a, p. 181.
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5. Proposed Timeline

This Framework contemplates a five phase approach that would likely achieve its objective of
guaranteeing prevention of catastrophic sea level rise within five years.

Phase I — Laboratory Research and Institutional Development: A consortium to
include the national leaders in SRM, would conduct preliminary research and technical
development work and draft a detailed plan to accomplish the necessary pilot scale
testing of SRM, to include funding requirements. The ideal leader of this consortium
would be Professor Wood (with significant assistance by Professor Caldeira and his
colleagues), and would include institutional experts such as Professor Barrett at Johns
Hopkins. Most physical research would involve laboratory scale physics and chemistry,
as well as computer simulations, modeling, and analyses of the kind routinely conducted
by climate scientists today. Simultaneously, the institutional research branch would
identify alternative means to regulate and manage SRM use, to include formation of a
specific objective such as presented in the first Element above. The plan would include a
detailed proposal for formation of a control institution to test and regulate the use of
SRM. The plan would ideally be reviewed and accepted by experts from a very wide
spectrum of relevant disciplines (18 months, $3.5 million estimated).

Phase II: Careful real world testing of subscale versions of SRM at gradually increasing
scales to verify any remaining questions and development of revised implementation
plan; appointment and organization of the SRM contro! organization (18 months).

Phase HI: Review research resuits and propose and take comment on an SRM schedule
of events. This would be the first major action of the international SRM control body. It
would include a reexamination of the objective to ensure adequate global support (18
months).

Phase IV: Solar Radiation Management (SRM) begins under international control
through the SRM control body. Implementation would be transparent and would include
continuing monitoring and reporting of physical effects as well as and semi-annual pian
revisions based on new information gained. Full SRM for the geographic area
selected/world would be realized within weeks of full implementation. Note that if the
quantities are correctly selected, it would be possible to design SRM so that no further
warming of the area selected/world would occur after that time regardless of other
climatic events as long as an appropriate level of particles is maintained.

Phase V: Maintenance of SRM system based on continued comparisons between
objectives (element 1 above) and actual achievements. The SRM program, if effective,
would be expected to continue until no longer needed (when greenhouse gases are
adequately controlled), and could be expected to remain in place for a century.

For a more lengthy discussion on some of the concepts underlying this Framework, see Carlin,
2007.
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