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SEA LEVEL RISE 

THURSDAY, APRIL 19, 2012 

U.S. SENATE, 
COMMITTEE ON ENERGY AND NATURAL RESOURCES, 

Washington, DC. 
The committee met, pursuant to notice, at 9:34 a.m. in room SD– 

366, Dirksen Senate Office Building, Hon. Jeff Bingaman, chair-
man, presiding. 

OPENING STATEMENT OF HON. JEFF BINGAMAN, U.S. 
SENATOR FROM NEW MEXICO 

The CHAIRMAN. OK. Why don’t we get started? Thank you all for 
coming. Today we have a hearing on the impacts of sea level rise 
on domestic energy and water infrastructure. 

Over the past century a tremendous amount of high value infra-
structure has been built along the coastlines of the United States. 
This infrastructure serves the needs of coastal communities and is 
the foundation for developing much of our abundant coastal energy 
resource. Much of that infrastructure has been built in low lying 
areas that were already prone to flooding from extreme weather. 
That’s become even more at risk as sea levels have risen. 

About 5 million Americans now live in coastal areas that are less 
than 4 feet above sea level. There are nearly 300 high value energy 
facilities standing on land below that level. These energy facilities 
include power plants, oil and gas refineries, and natural gas infra-
structure. 

Recent history has shown that not only is this infrastructure al-
ready vulnerable to extreme weather but also that when coastal en-
ergy assets are compromised the energy disruption affects the en-
tire economy. Sea level rise takes the current level of vulnerability 
and multiplies it. When sea levels rise the storm surge associated 
with extreme storms gets even worse and even an average storm 
can have above average consequences. Water systems that were de-
signed based on a lower sea level may not function properly. Salt 
water intrudes on fresh water resources that communities have de-
pended on for years. 

These impacts from sea level rise are not theoretical and they 
are not disputed and they are not in the distant future. They are 
being confronted today in places such as Louisiana and Florida. 
The affected communities there are already paying substantial cost 
to try to address them. 

As the planet has warmed from human emissions of greenhouse 
gases, the rate of sea level rise has accelerated. It’s expected to con-
tinue doing so. Improved scientific understanding of ice sheets and 
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glaciers has led to higher projections of sea level rise for this cen-
tury with the highest estimates indicating that several feet of rise 
are possible. 

When placed in the context of the continued rapid development 
along the coast, these increased projections of sea level rise are 
cause for concern and merit consideration by this Congress. It’s no 
secret that the discussion of climate change, of which sea level rise 
is just one aspect, has become highly politicized here in the Con-
gress. Outside the halls of Congress though, entities that depend 
on infrastructure at risk of sea level rise are taking the threat seri-
ously and are incorporating the best science into their long term 
plans. 

The Department of Defense, in its 2010 Quadrennial Defense Re-
view Report, highlighted the more than 30 U.S. military installa-
tions that are already facing elevated levels of risk from rising sea 
levels. 

The integrated energy company, Entergy, carried out a Gulf 
Coast adaptation study to assess and manage risks to its energy 
assets from climate change. 

Today we have a witness from Mayor Bloomberg’s office in New 
York to discuss the efforts that New York City is undertaking to 
prepare for elevated sea levels. 

These examples are evidence that those that will be most directly 
affected by climate change do not have the luxury of delaying their 
planning process until the politics are more favorable. 

The discussion we’re having today is an important one. Wit-
nesses will be testifying about real world impacts. I hope that the 
hearing contributes to restarting a national conversation on this 
important issue. 

Let me turn to Senator Murkowski for any comments she has be-
fore introducing the witnesses. 

STATEMENT OF HON. LISA MURKOWSKI, U.S. SENATOR 
FROM ALASKA 

Senator MURKOWSKI. Thank you, Mr. Chairman. Welcome to 
each of you this morning. 

Back in 2008 we held a useful hearing on this same topic. It’s 
good to see some new faces at the witness table. I thank you for 
sharing your time and your expertise with the committee this 
morning. 

We pay a lot of attention to the issue of what is happening with 
our coastline in Alaska. We have about 6,640 miles of general 
coastline. The figure that I use is about 33,000 miles if you go 
around every little island that we have and add it up. It’s really 
quite remarkable. You compare that to just under 5,000 miles of 
coastline in the lower 48. 

So we’re paying attention to what is going on with water in the 
State of Alaska and rising levels. Ice that is receding that is caus-
ing greater erosion of our coastline. The Chairman mentions Flor-
ida. I was down there not too many weeks ago. When you fly over 
the delta areas there and recognize that whether it’s rising sea lev-
els or land that is basically sinking in many areas, how we deal 
with these challenges are really quite considerable. 
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I mention Alaska. I think most say well, you don’t have much in 
terms of population up there. You have limited infrastructure. That 
is true. But we certainly have our share of energy development. We 
certainly have some major challenges as it relates to the coastal 
erosion impacting many of our native villages all along the coast-
line. 

So I’m glad to not only hear about predictions of what the future 
holds, but hopefully some proposals for how we deal with the chal-
lenges that sea level rise will create as well. We face so many dif-
ferent issues within the committee here. It seems like every day 
we’re presented with something. An electric grid that is pushed to 
its limit, rising gas prices that we talk about quite frequently and 
extremely costly reliance on foreign Nations, it’s a long list of perils 
of crisis that we deal with. 

So I think often times it’s easy to forget about these longer term 
issues that confront us. Taking time this morning to have this dis-
cussion about what is going on with our rising sea levels and how 
we may deal with those impacts is important. So I appreciate you 
taking the time to join us here this morning and look forward to 
the testimony. 

The CHAIRMAN. Thank you. 
Let me introduce our witnesses. 
Dr. Waleed Abdalati is the Chief Scientist with NASA. We appre-

ciate you being here very much. 
Dr. Ben Strauss is the Chief Operating Officer and Director of 

the Sea Level Rise Program at Climate Central. We appreciate you 
being here. 

Dr. Anthony Janetos is the Director of the Pacific Northwest Na-
tional Laboratory’s Joint Global Change Research Institute. 

Dr. Leonard Berry is the Director of Florida’s Center for Environ-
mental Studies. 

Mr. Adam Freed is the Deputy Director with the New York City 
Mayor’s Office of Long Term Planning and Sustainability. 

We appreciate you all being here. If each of you could take 5 or 
6 minutes and sort of make the main points that you think we 
ought to understand on this issue. We will include your full state-
ment as part of our record. Then we’ll have some questions. 

Dr. Abdalati, why don’t we start with you and just go across the 
table? 

STATEMENT OF WALEED ABDALATI, CHIEF SCIENTIST, 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Mr. ABDALATI. Thank you. Mr. Chairman, members of the com-
mittee, it’s my pleasure to appear before you today to discuss the 
topic of sea level rise. 

Sea level rise is really one of the most readily recognizable mani-
festations of our changing climate because its effects are very visi-
ble without the aid of instrumentation. You can actually just see 
it. Moreover sea level rise evolves relatively slowly and steadily 
presenting a clear expression of the integrated elements of our 
changing climate. 

Since the late 19th century measurements of sea level rise have 
been made using tide gauges in coastal regions. Because their 
measurements are only relative to the adjacent land rather than a 
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global reference frame, and because their limited distribution 
grossly under samples the ocean, the picture they provide of past 
sea level rise—and current—is incomplete. 

Since 1993 NASA and its partners have been monitoring sea 
level continuously from space using satellite altimetry which pro-
vides more complete and representative information on the chang-
ing sea level. Data from these satellites indicate that sea level has 
risen at a rate of about 3.1 millimeters per year. Not much, but 
when you stack that up year after year, decade after decade, it’s 
quite substantial. 

Estimates based on tide gauges prior to the satellite record offer 
rates of approximately half that amount. These values represent 
global averages. On a regional scale, which really is of greater con-
cern to those who have to deal with the effects of rising seas, sea 
level can vary significantly from place to place. 

Some ocean areas including parts of the Eastern Tropical Pacific 
have experienced a lowering of sea level since 1993, while others 
such as the Western Pacific exhibit sea level rise rates several 
times greater than the global average. Since approximately one- 
third of all Americans live in counties that immediately border the 
Nation’s ocean coasts, understanding this regional variability is 
very important. 

Projections of sea level rise have a large uncertainty as a result 
of our limited but emerging understanding of the factors that con-
tribute to it. These projections range from a low of two-tenths of 
a meter (or about 9 inches) by the end of the century to a high of 
two meters (or about 6 and a half feet). Values near the low end 
are, the scientific community believes, quite a bit less likely than 
some of the others because they don’t account for some potentially 
significant contributions for Greenland and Antarctica that have 
been revealed and better understood in recent years. 

However values at the high end are based on the warmest of the 
future temperature scenarios that we typically use to assess change 
and make these projections. So more likely we’re somewhere in be-
tween. But those represent the major bounds. 

The expansion of oceans in response to warming temperatures, 
which is responsible for about a third of the recent sea level rise, 
is pretty well understood as we look to the future and try and 
make our projections. Glaciers and ice sheets, which contribute 
pretty much the remaining two-thirds, are more complicated. Sci-
entists have a good understanding of their melting and accumula-
tion characteristics, the input and the output by melt. But the 
movement of ice which controls the rate of discharge into the sur-
rounding seas is less clear. 

Recent observations from satellites and otherwise show that a 
number of key outlet glaciers that drain the Greenland ice sheet 
and drain the Antarctic ice sheet have sped up dramatically in re-
cent years. What’s not clear is whether these accelerations are a 
precursor to much greater ice loss in the future or whether these 
changes may be self correcting as these glaciers adjust to their new 
shapes in ways that reduce the forces that drive that rapid dis-
charge of ice. We just don’t know and we’re working to figure that 
out. 
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Current and planned investments in missions like ICESat-2 
which measures ice elevation change, the GRACE follow on which 
measures mass change of ice, airborne observations of ice topog-
raphy and the geometries of the sub-glacial bed will provide in-
sights into the underlying mechanisms of these changes and in-
deed, already have. Satellite data from our international partners 
allow us to examine the variations in flow rates of outlet glaciers 
and track the magnitude and character of their acceleration. The 
information gained from these and other complementary endeavors 
is incorporated into ice sheet models designed to predict how ice 
sheets will contribute to sea level rise in the next one to two cen-
turies. 

The modeling activity is an integrated effort jointly carried out 
by NASA and the National Science Foundation and the Depart-
ment of Energy. These observations, along with sustained observa-
tions of ocean elevation, temperature and circulation characteris-
tics, and global water transport, will inform models and improve 
our understanding of the physics, carrying us closer to a more com-
plete and robust sea level rise prediction. The consequences of a 
one meter globally averaged rise in sea level by the end of this cen-
tury would be very significant in terms of human well being and 
economics and potentially global sociopolitical stability. Because 
the ocean and in part the ice has significant lag in response to tem-
perature changes, the rise in temperatures over the last century 
has already set an inevitable course for this century. As a result 
the effects of sea level rise in the coming decades should inform 
coastal, economic and political planning today. 

Thank you for the opportunity to appear before this committee 
today. I’ll be pleased to answer any questions you may have. 

[The prepared statement of Mr. Abdalati follows:] 

PREPARED STATEMENT OF WALEED ABDALATI, CHIEF SCIENTIST, NATIONAL 
AERONAUTICS AND SPACE ADMINISTRATION 

Mr. Chairman and members of the committee, it is my pleasure to appear before 
you today to discuss the topic of sea level rise. Sea level rise is one of the most read-
ily recognizable manifestations of climate change, because it is directly observable 
without the aid of instrumentation, with very visible effects. Sea level rise is not 
as rapidly variable as many of the other indicators of climate change, such as tem-
perature or precipitation. Rather it evolves relatively slowly and presents a clear ex-
pression of the integrated elements of our changing climate. 

Since the late 19th century, measurements of sea level rise have been made using 
tide gauges in coastal regions. These gauges provide tremendously valuable informa-
tion on local changes in ocean height relative to their adjacent land. However, they 
provide an incomplete picture of the absolute and global rates of sea level rise be-
cause (1) their measurement is relative to the ground surface in which they are 
mounted, so they do not account for the upward or downward movement of that sur-
face itself, and (2) their distribution is limited, making sample measurements in a 
few places rather than over the global ocean. These gauges reflect a bias toward the 
regions in which they are located, grossly undersampling the global ocean; thus they 
do not offer a picture of sea level rise’s considerable regional variability. Since 1993, 
NASA and its partners have been monitoring sea level continuously from space 
using satellite altimetry. Satellite altimetry has the advantage of being able to 
measure globally, for a more complete and representative sampling of the oceans. 
Moreover, it works in a global terrestrial reference frame rather than a local rel-
ative one, making its measurements independent of the local movement of the un-
derlying surfaces. 
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* Figure has been retained in committee files. 

Since the beginning of the satellite record in 1993, sea level is estimated to have 
been rising at a rate of 3.1 ± 0.4 mm/yr (see attached figure)*. Estimates based on 
tide gauges prior to 1993 are for rates of approximately half that amount. 

These values represent global averages. Of greater concern to coastal managers 
and those who have to deal with the effects of sea level rise, are the regional values 
referred to earlier, which can vary significantly from place to place. Some ocean 
areas, including parts of the Eastern tropical Pacific, have experienced a lowering 
of sea level since 1993, while others, such as the Western Pacific, exhibit sea level 
rise rates several times greater than the global mean. This difference is related to: 
the rising or sinking of parts of the globe in response to the loss of the great ice 
sheets that blanketed much of North America roughly18,000 years ago; the global 
wind patterns, which distribute the water differently around the globe by pushing 
water toward land in some areas, and away from land in others; and the rotation 
of the Earth, which also changes the distribution of water. According to the U.S. 
Global Change Research Program report Global Climate Change Impacts in the US 
(2009), ‘‘Approximately one-third of all Americans live in counties immediately bor-
dering the nation’s ocean coasts,’’ and similar scenarios are true—often in greater 
proportions—for other nations. For this reason, it is very important to understand 
variations in sea level not just on a global scale, but on a regional scale as well. 

Looking toward the future, the projections of sea level rise have large uncertainty 
as a result of our limited—but emerging—understanding of the factors that con-
tribute to sea level rise. These projections range from a low of 0.2 meters by the 
end of the century to a high of 2 meters. Values near the low end of the range are 
less likely than others, since they do not account for some potentially significant 
contributions for the Greenland and Antarctic Ice Sheets. At the same time, the 
highest values are based on warmest of the temperature scenarios commonly consid-
ered for the remainder of the 21st century. 

To understand the current state of sea level rise, and estimate the future rates, 
it is important to understand the elements that influence it. In the simplest terms, 
sea level is the combined effects of the following components: 

• Ocean thermal expansion is the increase in ocean volume as it warms. 
• Input from the world’s glaciers and the Greenland and Antarctic ice sheets can 

either raise sea level, when the glaciers and ice sheets are shrinking and dump-
ing their mass into the ocean, or it can lower sea level, when they are growing, 
and taking mass out of the ocean. 

• Terrestrial storage in groundwater, dams and reservoirs, etc. can either raise 
or lower sea level. 

Our current estimates indicate that about a third of the sea level rise over most 
of the last three decades is coming from the expansion of the warming ocean, while 
two thirds is derived from the world’s shrinking glaciers and from the Greenland 
and Antarctic ice sheets. The amount attributable to terrestrial storage is currently 
negligible. 

While sea level is simple to conceptualize, it is difficult to predict, as major con-
tributing factors involved are very complex and not well understood. The biggest 
wild-card in the sea level equation is the Earth’s great ice sheets. With the equiva-
lent of about 7 meters of sea level in Greenland, and 60 meters in Antarctica, their 
potential for contributing to sea level rise is large. To understand how ice sheets 
contribute to sea level rise, one first has to understand their mass budget. As with 
sea level rise, the budget is the difference between the mass input to the ice sheet, 
which comes mainly from snow accumulation, and the output, which is mainly a 
combination of melting, discharge or calving of icebergs, and sublimation (direct 
transition from snow to water vapor). If global average air temperatures continue 
to increase along the trends observed over the last 100 years, all of these compo-
nents—accumulation, melting, and discharge rates—are expected to increase. 

Analysis of satellite, aircraft and in situ observations, coupled with models of the 
accumulation and precipitation, make clear that the Greenland ice sheet has been 
losing mass at a rate that contributes about 0.6 + 0.01 mm/yr to sea level rise, and 
Antarctica is losing ice that translates to the equivalent of 0.45 + 0.2 mm/yr of sea 
level rise. What has the attention of the scientific community, however, is that a 
number of key glaciers in both Greenland and Antarctica have dramatically acceler-
ated their flow to the sea in recent years. Some have more than doubled their speed 
in just a few years. This is in response to the warming of surrounding seas, which 
causes the floating ice at the ends of the outlet glaciers that drain the ice sheet to 
melt, which then reduces their restraining force on the glaciers upstream, causing 
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the ice to accelerate. In the simplest terms, the warmer the seawater gets, the less 
resistance to flow there is in the outlet glaciers, and the more rapidly they dump 
their ice into the sea. 

This phenomenon is of particular concern in the West Antarctic ice sheet (WAIS), 
an area about the size of the states of Texas and Oklahoma combined. WAIS con-
tains the equivalent of 3.3 m of sea level, and all that ice rests on a soft-bed that 
lies below sea level. In this configuration, as warm seawater melts the floating ice 
shelves, causing them to retreat and the glaciers that feed them to speed up, there 
is no mechanism to stop the retreat and associated discharge, if warming continues. 
Thus the WAIS exhibits great potential for substantial and relatively rapid con-
tributions to sea level rise. 

In Greenland, the situation is not as dramatic, since the bed that underlies most 
of the ice is not below sea level, and the potential for unabated retreat is limited 
to a few outlet glaciers. In Greenland, however, summer air temperatures are 
warmer and closer to ice’s melting point, and we have observed widespread accumu-
lation of meltwater in melt ponds on the ice sheet surface. The water from these 
melt ponds often drains rapidly to the bottom of the ice, where it lubricates the 
interface between the ice and the underlying bedrock, and causes a rapid accelera-
tion of the ice toward the sea. Both the acceleration due to ice shelf retreat, and 
the acceleration due to meltwater penetration, represent potential instabilities and 
can lead to rapid sea level rise. To be clear, ‘‘rapid’’ in terms of sea level rise means 
on the order of about a meter or two in a century. There is evidence that during 
some periods over the last 18,000 years, oceans have risen by as much as 5 cm/yr 
(5 meters in a century), which is roughly fifteen times the current rate. Such rapid 
rates of sea level rise are a result of rapid discharge of ice from the Earth’s great 
ice sheets, which, during the last glacial maximum, were much larger than today. 

These past high rates amplify the importance of understanding the underlying 
mechanisms and their likely behavior in the future. The importance is underscored 
by the vulnerability of coastal populations and infrastructure. Unfortunately, while 
we have the ability to observe changes in ice sheets, sea level, and ocean character-
istics, our ability to predict these phenomena is very limited, and requires a greater 
understanding of the physical processes at work. 

The expansion of oceans in response to warming temperatures is fairly well un-
derstood, as are some aspects of ice sheet changes—specifically the loss of ice 
through melt, and the accumulation of ice through precipitation. But the motion of 
ice sheets, which control the rate of discharge to the surrounding seas, are not well 
understood and cannot at present, be predicted with confidence. The speed-up I de-
scribed earlier may constitute a sustained, enhanced discharge keeping rates of sea 
level rise high; it may be a precursor to a more substantial discharge through in-
creased acceleration; or it may be self-correcting, as these glaciers adjust to their 
new shapes in a way that reduces the forces that carry the ice out to the sea. 

With the development of satellite and airborne remote sensing capabilities, cou-
pled with ever-advancing field measurements and modeling efforts, we are begin-
ning to understand current changes and gain insights into what the future may hold 
for the Greenland and Antarctic ice sheets. Our satellite and airborne capabilities 
are providing observations of glacier flow rates, ice topography (which is indicative 
of the underlying processes that affect change), mass change, and depth and topog-
raphy of the bedrock that lies beneath the ice. This last point is particularly impor-
tant because it is the geometry of the bed, in conjunction with surface elevations, 
that determine the extent to which glaciers will continue to accelerate or will slow 
down. 

Current and planned investments in missions such as the Ice, Cloud and Land 
Elevation Satellite 2 (ICESat-2—measuring elevation change) and the Gravity Re-
covery and Climate Experiment (GRACE) follow-on (measuring mass change) and 
airborne observations of ice topography bed geometries provide insights into the un-
derlying mechanisms of ice sheet changes. NASA also works with data from its 
international partners to examine the variations in flow rates of outlet glaciers, 
tracking the magnitude and character of their acceleration. The information gained 
from all of these projects is incorporated into ice sheet models designed to predict 
how ice sheets will contribute to sea level rise in the next one or two centuries. The 
modeling activity is an integrated effort jointly carried out by NASA, the National 
Science Foundation, and the Department of Energy (DOE). NSF also invests in 
basic observations and process studies that are either directly coordinated with or 
are complementary to NASA’s activities, and DOE is building dynamical models of 
Greenland and Antarctica, where future sea level rise projections take advantage of 
observations provided by NASA and NSF. Through these investments and activities, 
the scientific community is making progress toward addressing the wild-card of the 
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sea level rise equation, but we are still a ways off from a level of understanding 
that would allow us to predict future changes accurately. 

Sustained observations of ocean elevation from satellites, in particular with the 
Jason satellite series operated by NOAA in collaboration with our European part-
ners, combined with tide gauges will provide an ongoing measurement of current 
rates of sea level rise. Continued observations of ice sheets and glaciers will provide 
necessary insights into the physical processes that govern their contributions to sea 
level rise. Ongoing measurements of ocean characteristics will continue to inform 
our assessments of temperature and circulation characteristics, which affect the rate 
of expansion. Continued observations of the movement of water throughout the 
Earth will provide important insights into the characteristics of land-water storage. 
All of these data are critical inputs used to inform models and improve our under-
standing of the physics, carrying us closer to a more complete and robust sea level 
rise prediction. 

A complementary method for predicting future sea level rise is to compare past 
temperatures to past sea levels reconstructed from the geological record of Earth’s 
climate history. There is a fairly robust relationship between the two, and by using 
this relationship or correlation, one can predict values of sea level rise for estimated 
values of future temperatures. This method is a statistical, rather than a physical 
approach, and when applied to future warming scenarios, this method provides the 
highest estimates (2 meters of globally-averaged sea level rise) for the end of the 
century. It has the advantage of not requiring a detailed understanding of the com-
plex physics in order to make a prediction, and it produces results consistent with 
recent history. However, because it does not directly incorporate underlying physical 
processes, this method provides limited insight into mechanisms and characteristics 
of future sea level rise. 

In summary, we can say with confidence that sea levels have been rising at a rate 
of approximately 3.1 mm/yr over the last 30 years. About a third of this rise is at-
tributed to thermal expansion and about two thirds comes from the melting, retreat, 
etc. of glaciers and ice caps. The projections for the future are very uncertain, and 
range from a low of 0.2 meters by the end of the century to a high of 2 meters. 
This large uncertainty is a result of our currently limited understanding of instabil-
ities in flow rates of outlet glaciers on the Greenland and Antarctic ice sheets. More-
over, some coastal areas will experience perhaps little or no rise in sea level, while 
others may experience rates that are far greater than this globally-averaged value. 
The consequences of a 1 meter rise in sea level by the end of this century would 
be very significant in terms of human well-being and economics, and potentially 
global socio-political stability. 

Finally, because the ocean and in part the ice have a significant lag in response 
to temperature changes, the rise in temperatures over the last century has already 
set an inevitable course for this century. As a result, the effects of sea level rise 
in the coming decades should inform coastal, economic, and political planning today. 

The CHAIRMAN. Thank you very much. 
Dr. Strauss. 

STATEMENT OF BENJAMIN H. STRAUSS, COO AND DIRECTOR, 
PROGRAM ON SEA LEVEL RISE, CLIMATE CENTRAL, PRINCE-
TON, NJ 

Mr. STRAUSS. Good morning Chairman Bingaman, Senator Mur-
kowski and other distinguished members of the committee. Thank 
you for your attention to this important topic. 

I’m Dr. Ben Strauss, co-author of several recent reports and peer 
review papers assessing sea level risk to the lower 48 States. I’m 
also Director of the Program on Sea Level Rise at Climate Central, 
a New Jersey based, non-profit research organization that conveys 
scientific information to the public. We take strictly new climate or 
energy policy positions. 

My testimony will address two topics. 
First, how sea level rise is amplifying risk from coastal storm 

surges. 
Then, the communities and infrastructure exposed at the lowest 

elevations. 
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The nearest term sea level projections I will share in inches may 
sound small but they are dangerous. The key problem is that rising 
seas raise the launch pad for coastal storm surges and tilt the odds 
toward disaster. Just a few extra inches could mean the difference 
to flood and disable New York City’s subway system as an example. 
You might think of it this way. Raising the floor of a basketball 
court would mean a lot more dunks. 

In the long term we are likely to see many feet of sea level rise 
and be forced to redraw the map of the United States. The high 
end of projections for this century would be enough to turn Miami- 
Dade County, Florida into a collection of islands. But in the nearer 
term we will mainly experience sea level rise as more and more 
coastal floods reaching higher and higher. In fact, according to our 
analysis sea level rise due to global warming has already doubled 
the annual risk of extreme coastal flooding across widespread areas 
of the Nation. 

Global average sea level has risen about 8 inches since 1880. 
This means that warming is already contributing to the damage 
caused by any coastal flood today. Studies back an additional global 
rise likely this century between one and 7 feet. 

In some areas, especially for Louisiana, Texas and the Mid-At-
lantic States, sinking land will add to the total effective rise. Tak-
ing such local factors into account we made mid range projections 
for sites around the lower 48 of one to 8 total inches increase by 
2030 and 4 to 19 by 2050 depending upon location. All along the 
Pacific from Seattle to the Oregon coast to San Francisco to Los 
Angeles, the part of past and projected sea level rise from global 
warming more than triples the odds of century floods by 2030 in 
our analysis as you can see from the display to my left. 

The places with asterisks have a more than 3 times ratio be-
tween the red bar which gets the odds of a century flood by 2030 
with global warming projections. The blue bar gets the odds in a 
world without sea level rise from global warming. The same is true 
inside the Chesapeake and Delaware bays and many sites to the 
north, a 3 x or more ratio. 

These increases are likely to cause a great deal of damage at 
over half of the 55 sites where we studied flood risk. Storm surges 
on top of sea level rise have better than even chances to reach more 
than 4 feet above the high tide line by 2030. Yet nearly 5 million 
U.S. residents live in 2.6 million homes on lands below this level. 
Multiplied by the national average sales price of existing homes in 
2010 this stock comes roughly to more than $500 billion of residen-
tial real estate. 

An enormous amount of infrastructure also lies in the same zone 
from airports to waste water treatment plants and including al-
most 300 energy facilities as you can see in the second display 
along with subtotals for some States and some populations figures. 
The facilities shown are mainly natural gas, oil and gas, and elec-
tric facilities. More than half are in Louisiana, the vast majority of 
those unprotected by levies. 

In 285 municipalities more than half the population lives on land 
below the 4 foot mark. 106 of those places are in Florida, 65 are 
in Louisiana and 676 towns and cities spread across every coastal 
State in the lower 48, except for Maine and Pennsylvania, more 
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* See Appendix II 

than 10 percent of the population lives below the 4 foot mark. 
Maps and statistics for 3,000 coastal towns, cities, counties and 
States are name and zip searchable at sealevel.climatecentral.org 
and I urge you and your colleagues and staff members to explore 
the places important to you. 

In conclusion the risks from sea level rise are imminent and seri-
ous. This is not a distant problem only of concern for our children. 
Escalating floods from sea level rise will affect millions of Ameri-
cans and threaten countless billions of dollars to buildings and in-
frastructure. 

I look forward to answering any questions you may have regard-
ing this data and being a resource in any way I can to you and 
your offices. Thank you. 

[The prepared statement of Mr. Strauss follows:] 

PREPARED STATEMENT OF BENJAMIN H. STRAUSS, COO AND DIRECTOR, PROGRAM ON 
SEA LEVEL RISE, CLIMATE CENTRAL, PRINCETON, NJ 

Good morning, Senator Bingaman and colleagues. Thank you for your attention 
to this important topic. I am Dr. Ben Strauss, coauthor of two recent peer-reviewed 
papers making an assessment of sea level risk to the lower 48 states, as well as 
the summary report* submitted with my written testimony. I am also Director of 
the Program on Sea Level Rise at Climate Central, a nonprofit research organiza-
tion that conveys scientific information to the public. We take no policy positions. 

In my testimony today as in my research, I will address two topics: first, how sea 
level rise is amplifying the risk from coastal storm surges, and then, what commu-
nities and assets are exposed at the lowest elevations. 

The nearest-term sea level projections I will share, in inches, may sound small. 
But they are dangerous. The key problem is that rising seas raise the launch pad 
for coastal storm surges, and tilt the odds toward disaster. Just a few extra inches 
could mean the difference to flood a family’s basement—or New York City’s subway 
system, disabling it for months. You might think of it this way: raising the floor 
of a basketball court would mean a lot more dunks. 

In the long term, we are likely to see many feet of sea level rise, and be forced 
to redraw the map of the United States. The high end of projections for this century 
would be enough to turn Miami-Dade County, Florida into a collection of islands. 
But in the near term, we will mainly experience sea level rise as more and more 
coastal floods, reaching higher and higher. 

In fact, according to our analysis, sea level rise due to global warming has already 
doubled the annual risk of extreme coastal flooding across widespread areas of the 
nation. Global average sea level has risen about 8 inches since 1880. This means 
that warming is already contributing to the damage caused by any coastal flood 
today. Diverse studies bracket additional global rise likely this century between 1 
and 7 feet. 

In some areas, especially for Louisiana, Texas, and mid-Atlantic states, sinking 
land will add to the total effective rise and compound problems. Taking such local 
factors into account, we made mid-range projections for sites around the lower 48 
of 1-8 total inches increase by 2030, and 4-19 by 2050, depending upon location. All 
along the Pacific, from Seattle to the Oregon coast to San Francisco to Los Angeles, 
the component of past and projected sea rise from global warming more than triples 
the odds of ‘‘century’’ floods by 2030 in our analysis, as you can see from the display. 
The same is true inside the Chesapeake and Delaware Bays, and many sites to the 
north. 

These increases are likely to cause a great deal of damage. At over half the 55 
sites where we studied flood risk, storm surges on top of sea rise have better than 
even chances to reach more than 4 feet above the high tide line by 2030. Yet nearly 
5 million U.S. residents live in 2.6 million homes on land below this level. Multi-
plied by the national average sales price of existing homes in 2010, this stock comes 
to more than $500 billion of residential real estate, in a rough estimate. An enor-
mous amount of infrastructure also lies in the same zone, from airports to waste-
water treatment plants, and including almost 300 energy facilities—as you can see 
in the second display, along with population figures. The facilities shown are mainly 
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natural gas, oil and gas, and electric facilities. More than half are in Louisiana, the 
vast majority there unprotected by levees. 

In 285 municipalities, more than half the population lives on land below the 4- 
foot mark. One hundred and six of these places are in Florida and 65 are in Lou-
isiana. In 676 towns and cities spread across every coastal state in the lower 48 ex-
cept Maine and Pennsylvania, more than 10% of the population lives below the 4- 
foot mark. Maps and statistics for 3,000 coastal towns, cities, counties and states 
are name-and ZIP-searchable at sealevel.climatecentral.org, and I urge you and your 
colleagues and staff members to explore the places important to you. 

In conclusion, the risks from sea level rise are imminent and serious; this is not 
a distant problem only of concern for our children. Escalating floods from sea level 
rise will affect millions of Americans, and threaten countless billions of dollars of 
damage to buildings and infrastructure. 

Thank you for your attention. 

The CHAIRMAN. Thank you very much. 
Dr. Janetos. 

STATEMENT OF ANTHONY C. JANETOS, DIRECTOR, JOINT 
GLOBAL CHANGE RESEARCH INSTITUTE, PACIFIC NORTH-
WEST NATIONAL LABORATORY/UNIVERSITY OF MARYLAND, 
COLLEGE PARK, MD 

Mr. JANETOS. Thank you, Mr. Chairman. Members of the com-
mittee, thank you very much for the opportunity to come and speak 
with you this morning. I want to make several points drawing on 
my written testimony. 

One, which we’ve already heard some of, is that there is—there 
are known vulnerabilities of the current energy infrastructure to 
the conditions under which they exist today. Current sea levels, the 
rate of rise of sea level, however modest in today’s world and varia-
bility in the climate system, frequency and intensity of storms as 
we know them now. 

But these vulnerabilities are being increased as sea levels inex-
orably continue to rise with risks of damage, service interruption 
and longer term service reduction of vulnerability of that infra-
structure. 

Third, while we immediately think of the Gulf region, for under-
standable reasons, it is not by far the only part of the U.S. with 
infrastructure that’s potentially vulnerable. In addition to the ex-
hibit that we just saw, I show in my written testimony a map 
drawn from a very recent scientific assessment showing energy fa-
cilities, production facilities, in the State of California that are po-
tentially at risk of inundation from reasonable levels of storm 
surge. 

Fourth, the risk in any particular location depends very strongly 
on local conditions, subsidence, the status of barrier islands. Bar-
rier islands turn out to be particularly important because they tend 
to absorb wave energy. As they erode that energy is simply trans-
mitted to the infrastructure and to the coastline. In many parts of 
both the Gulf and the Southeast and further up the eastern sea-
board, including places closer to here in the Newport News, Hamp-
ton Roads area, both NOAA and the USGS have identified those 
areas as being highly sensitive to the impacts of sea level rise in-
cluding their energy facilities. 

As Senator Murkowski noted in her opening statements, Alaska 
is also seeing very large and rapid changes both due to sea level 
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rise, but also due to the loss of ice and dramatically increased ero-
sion which has the capacity to effect energy development patterns. 

We’ve already seen both short term interruption and longer term 
reductions in service as a consequence of extreme storms. While 
Hurricane Katrina is the best known example, it’s by no means the 
only one. Important to keep in mind is that the physical vulner-
ability of the energy infrastructure itself is not the only issue to 
keep in mind. 

The delivery of energy services, after all, is primarily what we 
care about in both the short term and the long term. That also de-
pends quite critically on the status of the transportation sector, 
roads and rails, on communications, on a whole host of other as-
pects of infrastructure. There was, within the last 5 years, there 
was an excellent scientific assessment done by the Department of 
Transportation and the U.S. Geological Survey, for example, to look 
at the transportation infrastructure in the Gulf which showed 
clearly, and this is also illustrated in my written contribution, that 
literally thousands of miles of roads and rails that are below 4 feet 
of elevation. 

It’s worth keeping in mind that the storm surge of Katrina, when 
it made landfall, was over 25 feet. So there’s substantial transpor-
tation infrastructure that’s already at risk. 

While we do know these things about the current state of 
vulnerabilities of both energy and transportation infrastructures, 
the scientific assessment literature and the risk assessment lit-
erature on these topics is really very recent. Most of the major as-
sessments have been done, scientific assessments, have been done 
within the last 5 years. The two major reports coordinated in the— 
by colleagues at Oak Ridge National Laboratory, were literally 
done and submitted within the last 6 weeks. So we are still, I 
think, at a very, very early stage in trying to assess the depth and 
the confidence that we have in our knowledge base. 

The primary literature itself is still rather sparse. This is an area 
where research is poised to make significant contributions to our 
understanding of this risk and what might be done about it as we 
move forward. In that respect, siting decisions, we’ve talked mostly 
about current infrastructure. But siting decisions for future infra-
structure are almost completely unexplored. How all the factors 
that will go into a whole set of siting decisions are really relatively 
unexplored in today’s world. 

So this is, in closing, this is an area where our ability to balance 
known risks and vulnerabilities with our still developing under-
standing of potential adaptations and actions that might be taken. 
Our relative lack of knowledge that would contribute to better 
siting decisions for the future makes this an area where research 
contributions could make a substantial difference. Thank you. 

[The prepared statement of Mr. Janetos follows:] 

PREPARED STATEMENT OF ANTHONY C. JANETOS, DIRECTOR, JOINT GLOBAL CHANGE 
RESEARCH INSTITUTE, PACIFIC NORTHWEST NATIONAL LABORATORY/UNIVERSITY OF 
MARYLAND, COLLEGE PARK, MD 

Good morning, Mr. Chairman and members of the Committee. Thank you for in-
viting me to testify this morning. I am very pleased to be able to speak briefly on 
the topic of the vulnerability of the energy infrastructure to sea-level rise, and more 
broadly to climate variability and change. 



13 

* All figures have been retained in committee files. 

A CONCISE SUMMARY OF CURRENT KNOWLEDGE 

Other witnesses on this panel will speak to the scientific issues behind rising sea- 
levels. The figure below, drawn from the last scientific assessment of the Intergov-
ernmental Panel on Climate Change, shows mean global sea-level changes over the 
past century (figure provided by V. Burkett)*. 

By the year 2100, global sea-level could rise somewhere between an additional 20 
cm and 60 cm, depending on what emissions trajectory the world ends up on, and 
how sensitive the interacting processes of thermal expansion and glacier ice dynam-
ics are to rising temperatures, both globally and regionally. The science in this area 
is quite dynamic, and some of the physical uncertainties are large, making detailed 
predictions difficult. 

In any particular coastal region, sea-level rise is governed not only by the dynam-
ics of the global ocean, but by the particular physical forces at work in that region 
itself. So, for example, local bathymetry is important on the ocean side, and so are 
the dynamics of the land itself—whether it is subsiding, as in much of the Gulf 
Coast, for example, or rising, as in parts of the Pacific Northwest. Examples from 
several locations in the Gulf are shown below (figure provided by V. Burkett). 

But regardless of the particular rates of sea-level rise in any one place, it is clear 
that there is always some degree of concern about potential impacts of infrastruc-
ture to rising sea-level, for many reasons. This concern can be divided into two 
parts. The first aspect is the degree to which infrastructure is exposed to current 
or increased physical impacts of rising seas. 

One of the biggest concerns in this respect is storm surge, the risk of which in-
creases as sea-level rises for the simple reason that there is more water to be trans-
ported by winds, tides, and waves. So even without changes in frequency or inten-
sity of storms, rising sea-levels will lead to greater storm surge, and therefore great-
er risk to existing infrastructure. An example of why storm surge is of such impor-
tance is shown by Hurricane Katrina, whose initial surge was more than 25 feet 
at the time of landfall. Katrina’s effects included a reduction in oil production of 
roughly 19% for the year through disruption of energy infrastructure, and linked 
transportation infrastructure (summarized in Wilbanks et al 2012a). 

The presence or absence of barrier islands can make a very large difference in 
the amount of physical energy that near-shore or on-shore infrastructure is exposed 
to. Barrier islands can absorb a large amount of wave energy by acting in effect as 
natural seawalls, and thereby reduce (but not eliminate) the exposure of infrastruc-
ture to the effects of waves and storm surge (figures below from V. Burkett). 

If storm frequency or intensity were to change as a consequence of longer-term 
changes in the physical climate system, that would also have an effect on exposure 
to physical impacts. The science is mixed on these points, with recent scientific as-
sessments from the US Global Change Research Program (2010) suggesting that in-
creases in tropical storm frequency is not well-supported by the science, but that 
tropical storm intensity is likely to increase over the coming decades. 

The second major component of the potential impacts of sea-level rise and climate 
variability and change on energy infrastructure is the intrinsic vulnerability of the 
existing infrastructure. Infrastructure that is already situated in coastal waters, or 
energy generation, transportation, or grid infrastructure that is on the coasts is var-
iously vulnerable to storms, erosion, temperature extremes, and other aspects of the 
physical climate system. Some of this vulnerability comes simply from location. Sev-
eral scientific assessments and papers identify the locations of major collections of 
energy and other infrastructure in the Gulf region, for example (Burkett, Wilbanks, 
CCSP study). These clearly are vulnerable to the effects of tropical storms and the 
rising sea-level of the Gulf. But the Gulf is not the only region with infrastructure 
that is potentially vulnerable. The Hampton Roads/Newport News region of Vir-
ginia, for example, has been recognized both by NOAA and USGS as being poten-
tially quite vulnerable to sea-level rise impacts, and there are power plants in coast-
al regions of California that have been identified as potentially vulnerable (figures 
below from Wilbanks et al 2012a and 2012b). 

Operators of equipment in the Gulf already recognize, and have operational poli-
cies in place to deal with the existing stresses caused by the physical environment 
in the Gulf. But it is not clear yet what additional procedures might need to be put 
in place to adapt to changing conditions, in large part because of the difficulty in 
projecting climate variability and sea-level rise on regional scales. 

Burkett (2011) identifies six primary drivers of vulnerability of coastal (both on- 
shore and off-shore) energy infrastructure: 
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• Increased ocean and atmospheric temperature 
• Changes in precipitation pattern and runoff 
• Sea-level rise 
• More intense storms 
• Changes in wave regimes 
• Increased dissolved CO2 and ocean acidity 
This list of physical drivers of vulnerability recognizes that both changes in the 

ocean environment and the near-shore terrestrial environment (e.g. runoff) as well 
as the climate system itself have potentially important implications for energy and 
other infrastructure. 

Wilbanks and colleagues (2012a,b) point out that the vulnerability of the energy 
sector’s physical infrastructure is also linked to the vulnerability of other societal 
infrastructure—in particular, the condition and vulnerability of the transportation 
sector to similar physical stresses. Likewise, the vulnerability of the grid itself to 
changes in the physical climate system is important. There are both well-docu-
mented case studies from particular events (with an emphasis on the impacts of se-
vere storms), and concerns about the potential for both average conditions and ex-
tremes to change over time. A major contribution of these assessments is the rec-
ognition that the delivery of energy services is a multi-sectoral phenomenon, and 
thus considerations of the linked vulnerabilities of major infrastructures should be 
part of an analysis of potential adaptation options. The figure below (Wilbanks 
2012a) illustrates the complexity of sectoral interactions that affect the response of 
energy infrastructure to climate variability. 

A particular example of known vulnerabilities of closely related sectors to energy 
comes from a major scientific assessment of the vulnerability of the transportation 
sector in the Gulf Region, jointly conducted by the US Department of Transportation 
and the US Geological Survey (CCSP 2008). One illustration of their results, the dis-
tribution of road and rail networks vulnerable to long-term inundation, is shown 
below. 

WHAT CAN ADDITIONAL RESEARCH CONTRIBUTE? 

While the scientific community and both the public and private sectors are assess-
ing what is known about current risks and vulnerabilities, there are many knowl-
edge gaps that make assessing future risks and vulnerabilities difficult. These gaps 
provide an opportunity for additional contributions from both fundamental and ap-
plied research. 

In order to help identify some of the knowledge gaps, we provide an overall frame-
work based on a research project in our own laboratory, supported by SERDP, that 
will do a vulnerability analysis of military installations (Moss, personal communica-
tion). 

OVERVIEW OF RESEARCH APPROACH FOR VULNERABILITY ASSESSMENT OF DOD 
INSTALLATIONS 

When adapted to the needs of the energy sector, and particularly to issues associ-
ated with understanding the vulnerability of that sector to sea-level rise and other 
changes in the physical climate system, this framework provides a guide to several 
potentially important interdisciplinary research topics. 

• We clearly need to improve our understanding of the interactions of energy de-
mand and supply with other sectors, including land-use and water, but also 
transportation. Along with this integrated understanding should come the abil-
ity to model integrated systems on regional scales. 

• At the same time, determine the sensitivity of the energy sector to other 
stresses and forcing agents, e.g. changes in population, in demand for energy 
services, in cooling technologies, in the productivity of terrestrial and coastal 
ecosystems, in the availability of alternative renewable sources of energy such 
as hydropower and biofuels. 

• Understanding and quantifying regional climate change, and other regional 
changes in the physical environment, such as sea-level rise and storm surge, is 
also a very high priority. The relationships between global changes in these 
physical systems and regional changes are complicated, but the scaling ques-
tions must be resolved so that decision-makers can analyze different possible 
scenarios of the future at scales that matter to their decisions. 

• It is critically important to understand the potential magnitude of changes in 
the climate system, including the oceans, for several decades. But just as impor-
tant will be fundamental research on other modes of variability in the climate 
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system, including seasonal-to-interannual variability and any potential changes 
in storm frequency and intensity or other extreme events. 

• And as important as it is to understand the changes in the physical environ-
ment, their forcing agents, and the processes that control how they affect impor-
tant features of climate, or important aspects of sensitivity of natural systems, 
it is just as important to understand the human dimensions of change. A much 
better understanding, and the ability to model adaptation decisions must be 
sought in order to understand how different potential futures might be ad-
dressed in reasonable and thoughtful ways. 

Thank you very much for your attention. 
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The CHAIRMAN. Thank you very much. 
Dr. Berry. 

STATEMENT OF LEONARD BERRY, DIRECTOR, FLORIDA CEN-
TER FOR ENVIRONMENTAL STUDIES, FLORIDA ATLANTIC 
UNIVERSITY, JUPITER, FL 
Mr. BERRY. Mr. Chairman, Senator Murkowski, thank you. As 

we’ve learned the sky is not falling but the water is rising. That’s 
a problem for Florida. 

It’s a special problem. I know Florida is always a special case if 
you read the newspapers. But sea level rise is a special problem 
for Florida for 3 or 4 reasons. 

One, Florida is flat. 
Second, many of those people Ben is talking about live within 3 

feet above sea level and more are coming there year by year. 
Unfortunately Florida is limestone. Limestone is porous. So we’re 

not just dealing with the question of water rising. We’re dealing 
with the question of water infiltrating into our subsurface, pol-
luting, already polluting, our aquifers and potentially bringing real 
dangers to our water supply with high energy risks. 

So those 3 or 4 things are at risk for all of Florida. In some of 
my remarks I focus on the Southeast. That’s because the risks are 
very heavy there. But all of Florida is impacted, not so much the 
Gulf Coast, but every other part. 

It’s not a future problem for us in Florida. At high tides we get 
flooding. That didn’t happen 20 years ago. Drains back up with un-
fortunate consequences in some houses. I won’t go into the details. 

The canals which were planned 50 years ago and built 50 years 
ago are beginning not to function. That 8 inches of sea level rise 
that we heard about is the difference. The country is so flat that 
even that 8 inches allows the canals not to drain by gravity. 

Water backs up. People get flooded. So we’re either dealt with 
drought or flood. 
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But that’s a current problem. What we’re more concerned about 
is the projections for the future. We’re looking at projections locally 
where we’re focusing, not on 2100 because I think people’s eyes 
glaze over at 2100. 

We’re focusing on 2030 and 2060. Those two dates are well with-
in the planning arisance of most of the agencies. Planning roads, 
planning airports, planning energy facilities, 2060 is tomorrow. 

We’re looking at the potential for 3 to 7 inches of rise by 2030, 
9 to 27 by 2060. Those are big numbers for us in Florida. The im-
pacts for 2060, we estimate 400,000 square miles of Florida would 
be impacted, directly or indirectly. 

Billions of dollars, with a B, of real estate, problems from 
schools, hundreds of schools would be impacted. Most importantly 
and we’re worrying about current energy facilities. If we’re going 
to deal with the new water facilities, we’re going to deal with the 
pumping. 

We’re going to deal with adjusting to this level of impact. A lot 
more energy is going to be needed. So we’re not worrying—we are 
worrying about current energy. 

But we’re also worrying about how we deal with future energy. 
We’re going to have to look at the Gulf Stream maybe. We’ve al-
ready got some research efforts there, solar energy as well as our 
conventional sources. 

At the ground level people are responding. I think the example 
of the Four County Compact in Southeast Florida is an important 
one. Four counties that normally fight like, whatever, to compete 
with one another are actually working together on a sea level rise 
plan because they feel that what happens in one county is going 
to happen—is going to impact the others. 

They, in a brilliant effort, managed to get through the State of 
Florida legislature some legislation last year that said we are going 
to form Adaptation Action Areas. They are going to be able by law 
be able to define areas where special adaptation might be experi-
mented with. That process is beginning. 

I’d have to say the universities are working pretty hard on this 
topic. The Federal agencies on the ground, particularly in associa-
tion with Everglades National Park and its problems are working 
on this topic. We realize that inaction is not a permissible response. 

We propose, I think, 5 things. 
That further effort to be made to identify areas at special risk. 
That we should use the Special Adaptation Areas to identify 

planning and removal and reconstruction efforts which would incor-
porate sea level rise into all of our future planning, future meaning 
more than 5 years. 

We should look at the Everglades Comprehensive Restoration 
Plan in the light of sea level change. 

Last, but not least, we should look at the future energy impacts 
that sea level rise will need for the State and for the Nation. 

Thank you. 
[The prepared statement of Mr. Berry follows:] 
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* See Appendix II for Annexes A–C. 
** Figures 1–4 have been retained in committee files. 

PREPARED STATEMENT OF LEONARD BERRY, DIRECTOR, FLORIDA CENTER FOR 
ENVIRONMENTAL STUDIES, FLORIDA ATLANTIC UNIVERSITY, JUPITER, FL 

My name is Dr. Leonard Berry. I am the Director of the Florida Center for Envi-
ronmental Studies, Distinguished Professor of Geosciences at Florida Atlantic Uni-
versity (FAU) and the Co-Director of the Climate Change Initiative at FAU. 

INTRODUCTION 

Florida is a special case for sea level rise; it is very flat with millions of people 
living along the coast. A large portion of the population relies on subsurface water 
which is being compromised by salt water intrusion due to the porous limestone un-
derlying much of Florida. Sea level rise is also complicated by the threat of hurri-
canes and storm surge. Water management in Florida is highly organized, but will 
need major adjustments to accommodate our changing circumstances. Most adapta-
tion responses will require a substantial increase in energy usage, which will test 
our already limited resources. 

PEOPLE AND SEA LEVEL RISE 

Florida has a population of nearly 19 million people and this is projected to double 
in the next 50 years. Approximately 14 million people live along the coast. Most of 
our coastal assets are in low elevation areas where water supplies, roads, storm 
sewers, power grids and other infrastructure are at risk from storm surges and 
flooding at high tide. In view of the current sea level rise projections, the areas most 
at risk include: the Florida Keys, coastal and inland Miami-Dade County (the City 
of Miami is the 7th largest city in the country), coastal and inland portions of 
Broward County, the Florida Everglades, and the cities, Fort Lauderdale, Cape Ca-
naveral, Charlotte Harbor, Cedar Key, and Pine Island Sound. All of these have ele-
vations below two feet (Annex C)*. 

Florida has recorded 5-8 inches of sea level rise in the past 50 years, and this 
intensifies existing water management issues. Future projections suggest 3-7 inches 
of additional rise by 2030 and 9-24 inches by 2060 (Figure 1)**. 

FLORIDA GEOLOGY AND SEA LEVEL RISE 

The porous limestone underlying much of Florida resembles Swiss cheese and 
makes the state particularly vulnerable to sea level rise. Due to this geological 
structure, building barriers to prevent sea level rise is often impractical and finan-
cially prohibitive. The coast is also vulnerable to periodic tropical storms and hurri-
canes with related storm surge: Hurricane Andrew had storm surges above 17 feet. 
Every increment of sea level rise adds to the devastation of storm surge. The com-
bination of sea level rise, intense rainfall, and storm surge creates the on-going po-
tential for major flooding. 

IMPACTS ALREADY IDENTIFIED 

Sea level rise is already creating multiple complications in Florida. 
1) Coastal Flooding 

Even though Florida has experienced only a few inches of sea level rise, we are 
already seeing flooding at high tide due to the backup of drainage systems. This 
new phenomena occurs regularly at lunar high tides and is an indicator of future 
problems as sea level continues to rise. 
2) Flood Control Issues in Miami-Dade County 

Sea levels were lower when South Florida’s flood gates were constructed in the 
1950s and 1960s. With the few inches of sea level rise that we’ve seen in the past 
decades, several of these flood gates are unable to discharge storm water at their 
design capacity during high tides. 

There is already a multi-million dollar need to retrofit or rebuild many South 
Florida flood gates and a recent report finds that only six more inches of sea rise 
may cripple almost half the area’s flood control capacity. 
3) Salinization of Aquifers 

Many coastal wellfields that withdraw freshwater from the productive Biscayne 
limestone aquifer are located along the coastal belt of the Lower East Coast. These 



18 

wellfields are extremely vulnerable to saltwater intrusion due to rising sea level and 
drinking water extraction 

For example, because of sea level rise and salt water intrusion into fresh water 
wells, officials in the City of Hallandale Beach are spending $16 million to upgrade 
their storm water system and to move the city’s entire drinking water supply west-
ward. City officials understand that this is a temporary solution to a problem that 
will worsen in the coming decades. 

FUTURE PROJECTED IMPACTS 

1) Water Management 
Much of the coastal flood protection infrastructure designed and built by the U.S. 

Army Corps of Engineers 50 years ago will lose its design capacity if the projected 
sea level rise for South Florida becomes a reality. 

2) Vulnerable Real Estate 
There are 4,315 square miles of vulnerable areas that include agricultural land, 

developed land, forests, mangroves, marsh and tidal flats, other swamp and forested 
wetlands, pastures, sandy beaches, scrub, grasslands, prairies, and sandhills. Also 
included are the southern parts of Everglades National Park, billions of dollars of 
residential real estate, hundreds of schools, hospitals, and hotels, as well as two nu-
clear reactors and hundreds of hazardous material sites. 

3) Transportation Readjustment 
A recent study emphasized the need for a detailed assessment of the implications 

for roads and other transportation taking into account 2060 projections for sea level 
rise. Local studies of South Florida and the West Central Coast show that some 
communities and major metropolitan areas such as Fort Lauderdale will lose parts 
of their transportation networks at this level of sea level rise. 

4) Coastal well contamination 
Coastal well contamination will extend further inland as sea level rise continues. 
Most coastal communities in South Florida depend on wellfields that tap under-

ground freshwater aquifers for their water supply. Saltwater intrusion into these 
aquifers is due to the current sea level and concentrated coastal development al-
ready threatens the region’s water supply. Between the years 1995 and 2000, a com-
pilation of data resulted in an approximate location of the freshwater/saltwater 
interface on the Lower East Coast (Figure 4). The heavily populated area from the 
Florida Keys to Palm Beach County is considered especially vulnerable. Many coast-
al wellfields which withdraw freshwater from the productive Biscayne aquifer are 
located along the coastal belt of the Lower East Coast and will be highly vulnerable 
if saltwater intrusion is accelerated due to rising sea level. A more detailed analysis 
is needed to identify the impact of projected sea level rise on selected utility 
wellfields that are at risk of saltwater intrusion. 

IMPLICATIONS FOR ENERGY, WATER, AND RESOURCE MANAGEMENT 

Water is already heavily managed in Florida with extensive canal systems. These 
will need major retrofitting and reconceptualizing as sea level rises. Energy needs 
will grow rapidly with additional pumping needed both for water supply and drain-
age, desalinization (which is considerably energy intensive), and with increased cool-
ing needs due to higher temperatures. 

Power demands for additional water treatment cannot be supplied by the current 
grid infrastructure or installed capacity. The results of the current water/energy 
nexus evaluation suggest the possibility of conflicts over water supplies in the near 
future. To reduce this potential, resolution of water rights, water quality, and other 
laws will be important. 

Due to the projected increase of energy demands, Florida will need to continue 
to explore alternative as well as traditional energy sources. There is widespread, 
long term potential in alternative energy sources such as solar energy, biofuels, and 
harnessing the readily accessible Gulf Stream as an ocean energy resource. 
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Table 1: Initial Estimates of Energy Adaptation and Costs (source: personal com-
munication with Dr. Frederick Bloetscher, Florida Atlantic University.) 

RESPONSES 

Many of Florida’s decision makers are aware of these problems and are beginning 
to respond to them. 
1) Organizations 

Counties and cities are organizing to respond to sea level rise at the local level. 
The Southeast Florida Climate Change Compact is a unique partnership of four di-
verse counties and was formed precisely for the purpose of responding regionally to 
the impacts of sea level rise and other climate related phenomena. This organization 
has a detailed action plan and needs statement that is summarized in Annex A. One 
important contribution of this group is that they have identified the need for special 
adaptation action areas. Legislation incorporating this language was passed by the 
Florida legislature and signed into law in 2011. Federal adoption of similar legisla-
tion would not only benefit Florida but also other states vulnerable to sea level rise. 

Coastal cities such as Punta Gorda, Florida, have invested in detailed adaptation 
plans to monitor and respond to sea level rise. Regional planning councils across the 
state have undertaken initiatives that will in part address sea level rise issues. 
Florida’s Department of Economic Opportunity has established a multi-agency, 
multi-disciplinary focus group to address sea level rise future planning. The South 
Florida Water Management District is conducting extensive hydrological modeling 
and scenarios, along with collaborating with other organizations and agencies. 
2) Research and Education 

The Florida State University System is undertaking significant research programs 
and state and local projects on sea level rise monitoring and adaptation. These in-
clude the Florida State University System’s Climate Change Task Force, the Na-
tional Science Foundation-funded Coastal Areas Climate Change Education Partner-
ship, the CLEO institute, the Resilient Tampa Bay Project, and a large-scale NASA/ 
Florida Atlantic University project. The Florida Climate Institute is currently ex-
panding to multiple universities and will continue and build upon the previously 
mentioned research and projects. Several state and federal agencies have on-going 
sea level rise studies, these agencies include: the Florida Department of Transpor-
tation, the Florida Department of Economic Opportunity, the Florida Division of 
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Emergency Management, US Fish and Wildlife, NOAA, US Army Corps of Engi-
neers, National Park Service, the US Geological Survey (USGS), the South Florida 
Water Management District and the Florida Department of Environmental Protec-
tion. The USGS and other agencies have on-going programs on the implications of 
sea level rise and Everglades’ restoration. A major summit on the risk and response 
of sea level rise in Florida is scheduled for June 2012 (Annex B). 
3) Data Gathering and Monitoring 

There is an on-going need for a thorough vulnerability assessment, particularly 
for communities affected by sea level rise. Comprehensive data gathering is nec-
essary. Monitoring environmental changes is vital to understanding the impacts of 
sea level rise. The USGS, in coordination with other local agencies, will need to es-
tablish a region-wide, formal saltwater intrusion monitoring network. Federal agen-
cies will also need to develop and implement computer models to understand and 
predict both saltwater intrusion and flooding under future sea level rise scenarios. 

THE COST OF INACTION 

It is important to note that: 
1. For every dollar spent on hazard mitigation, society saves four dollars in 

the long term 
2. When the mitigation efforts have been on flooding hazards, it is a five to 

one return on investment 
3. The largest return on investment occurs when mitigation projects focus on 

reducing business interruption from loss of utilities. Most of Florida’s utility in-
frastructure is underground, situated directly on the coast, and at risk. 

4. Building resilience now will pay off tomorrow. 
5. New coastal infrastructure and large scale, long term restoration projects 

(i.e. Everglades Restoration) may not be successful and may be a waste of re-
sources and time if sea level rise is not accounted for in the planning and imple-
mentation. 

6. There will be long-term societal costs as people move from their homes to 
inland areas. 

WHAT SHOULD WE BE DOING NOW 

1. We need to further identify areas and communities at special risk using 
the State of Florida Adaptation Action Area legislation. Efforts should be made 
to align Federal legislation with these critical state level policies. 

2. There is an urgent need to incorporate sea level rise projections into all 
infrastructure and water management plans, including the Everglades Restora-
tion. We can evaluate and better understand the value and utility of restoring 
freshwater flow. We need increased motoring activities, including additional Na-
tional Water Level Program Networks (NWLON), which will be important in 
understanding and tracking changes in sea level rise for the state. Establish-
ment of a state-wide saltwater intrusion monitoring network is also rec-
ommended. 

3. We should be identifying future energy needs, including the cost of adapta-
tion, for the coming decades, and moving towards traditional and alternative 
energy forms to meet these needs. 

4. In addition, we need to utilize our past response to extreme events to cre-
ate more sustainable community systems. Florida emergency management is al-
ready successfully working towards such initiatives. 

CONCLUSION 

The impacts of sea level rise are already a reality in South Florida and, as sea 
level rise continues, they will further impact all parts of Florida. The actions out-
lined above need to be taken now to increase our resilience and prepare for and min-
imize these impacts. People and organizations on the ground are already respond-
ing. We are delighted that, through this hearing, the US Senate is also responding. 
The people of Florida are already concerned about sea level rise as local awareness 
through major efforts has increased significantly. A larger role for the Federal Gov-
ernment is clearly warranted. 

ADDITIONAL RESOURCES AND REFERENCES 

Florida Center for Environmental Studies: http://www.ces.fau.edu/ 
Florida Climate Institute: http://floridaclimateinstitute.org/ 
South Florida Water Management District: http://www.sfwmd.gov 
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Four County Compact: http://www.southeastfloridaclimatecompact.org/ 
Climate Central: http://www.climatecentral.org/ 
University of South Florida, Resilient Tampa Bay: http://sgs.usf.edu/rtb/index.php 

The CHAIRMAN. Thank you very much. 
Mr. Freed. 

STATEMENT OF ADAM FREED, DEPUTY DIRECTOR, MAYOR’S 
OFFICE OF LONG-TERM PLANNING AND SUSTAINABILITY, 
NEW YORK, NY 

Mr. FREED. Good morning, Mr. Chairman, Senator Murkowski 
and members of the committee. On behalf of Mayor Michael 
Bloomberg, thank you for the opportunity to testify on the impacts 
of sea level rise in New York City. The steps we are taking through 
PlaNYC, a long term sustainability plan to increase our climate re-
silience. 

As a city with more than 520 miles of coastline, New York City 
faces real and significant climate risks even without sea level rise. 
Today, more than 200,000 New Yorkers live within the Federal 
Emergency Management Agency designated 1 in 100 year flood 
zone. These zones contain vibrant neighborhoods, critical infra-
structure, natural areas, historic landmarks and approximately 
200,000 jobs including Wall Street in Lower Manhattan. 

Our current vulnerability was tested by Tropical Storm Irene 
which resulted in the first mandatory evacuation in New York City 
affecting approximately 370,000 residents. The New York City 
Panel on Climate Change, convened by Mayor Bloomberg, found 
that New York City sea levels have risen about an inch a decade 
over the past century. This rate is increasing. Our sea levels could 
rise by more than 2 feet by mid century and by as much as 4 and 
a half feet by 2100. This will significantly increase the size of our 
flood zones and lead to greater impacts in areas subject to flooding. 

The consequences of sea level rise in New York, if not addressed, 
could have a significant ripple effect throughout the U.S. economy. 
The city generates over $600 billion a year in economic activity, 
roughly 4 percent of the Nation’s GDP. New York Harbor is home 
to the Nation’s second and third largest trade gateways handing 
over $350 billion in exports and imports, over 11 and 20 percent 
of the Nation’s waterborne and air freight, respectively. 

Sea level rise will significantly impact our energy and water in-
frastructure, the subject of today’s hearing. New York is one of the 
most reliable, densest and extensive energy networks in the coun-
try including over 90,000 miles of underground power cables, over 
200 substations and 17 in-city power plants. Many of our power 
plants are located near the water to allow fuel deliveries, the use 
of water for cooling and steam generation and water discharges. 

Today, 10 of our 17 in-city power plants are in the 1 in 100 year 
flood zone. By the 2050s modest rates of sea level rise will increase 
this number to 13, double the number of substations in flood zones, 
and increase the miles of power cables, steam and natural gas 
pipes vulnerable to coastal flooding. 

In terms of our water infrastructure the city’s drainage and 
waste water system consists of over 7,000 miles of sewers and 96 
pumping stations. Our 780 combined sewer and storm outfalls and 
14 waste water treatment plants are located on the water so that 
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gravity can drain the sewer system and treated waste water can 
be discharged into the harbor. A change in sea level could substan-
tially limit the ability of these systems to drain or discharge requir-
ing system wide and costly system upgrades. 

Addressing these risks in a dense urban environment poses sig-
nificant challenges. It is not feasible, desirable or cost effective to 
pick up and move New York City to higher ground. Instead 
PlaNYC includes over 30 initiatives to increase the city’s climate 
resilience, our ability to prepare for, withstand and recover from 
extreme events and environmental changes. This includes working 
with FEMA to update the city’s flood insurance rate maps which 
have not been significantly revised since 1983 when sea levels were 
3 inches lower. 

The FIRMs however, only incorporate historic information and do 
not and will not reflect future sea level rise. To ensure sea level 
rise is incorporated into the design and operation of our critical in-
frastructure, we launched a task force composed of 26 city, State 
and Federal agencies and 15 private infrastructure operators to 
identify the impacts of climate change on our infrastructure and to 
develop coordinated strategies to mitigate these risks. As a part of 
this effort, we are working with the U.S. Army Corps of Engineers, 
a critical partner in these efforts, and academic institutions to 
evaluate a variety of coastal protection strategies. An effort funded 
in part by HUD’s Sustainable Communities Program. 

Finally, we are building city projects today to better manage 
these risks. Several waste water treatment plants include flood 
gates and plans to rise critical infrastructure above future flood 
heights. Parks such as Brooklyn Bridge Park on Governor’s Island, 
include shoreline treatments and salt resistant plantings that can 
accommodate periodic flooding. The entire 60 acre Willets Point’s 
development site in Queens is being elevated out of the coastal 
flood plain. 

Local governments, however, cannot meet this challenge alone. 
The Federal Government can assist us by providing information, 

decisionmaking tools, flexible policies and funding that support 
local resilience. 

FEMA should regularly update its FIRMs and provide flood ele-
vation data for the 1 in 500 year flood zone. They should also in-
clude overlays that show where flood lines could be in the future 
as the buildings and infrastructure we build today are likely to last 
through the end of the century. 

Federal agencies could also provide localities with high resolution 
LiDAR data which is the most accurate topographical data avail-
able. 

In addition Federal agencies must recognize the need for regu-
latory flexibility in urban areas like New York City where we do 
not have room to retreat from the shoreline. Regulatory flexibility 
may also be needed for the water supply system as climate events 
could increase turbidity. 

Funding should be allocated to the U.S. Army Corps of Engineers 
to conduct risk reduction studies in high risk communities, the 
starting point for decisions regarding major coastal protection 
measures. If substantial investments in coastal protections are 
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needed Federal funding will be necessary both for these measures 
and to adapt our aging infrastructure. 

We must recognize the seriousness of the challenge posed by sea 
level rise and our responsibility to meet them. Climate risks should 
be addressed through an informed, decisionmaking based on the 
latest scientific information and a thorough understanding of the 
cost and benefits of action and inaction. New York City is imple-
menting a flexible risk based approach that emphasizes those ini-
tiatives that have tangible benefits today and will have even great-
er benefits as our sea level rise. 

But we cannot do this alone. We need the active and ongoing 
support of our Federal partners. I thank you for the opportunity to 
testify today. 

[The prepared statement of Mr. Freed follows:] 

PREPARED STATEMENT OF ADAM FREED, DEPUTY DIRECTOR, MAYOR’S OFFICE OF 
LONG-TERM PLANNING AND SUSTAINABILITY, NEW YORK, NY 

Good morning, Mr. Chairman and Members of the Committee. I am Adam Freed, 
Deputy Director of the New York City Mayor’s Office of Long-Term Planning and 
Sustainability. On behalf of Mayor Michael R. Bloomberg, thank you for the oppor-
tunity to testify on the impacts of sea level rise on New York City and the steps 
we are taking through PlaNYC, our long-term sustainability plan, to increase our 
climate resilience. 

As a city with more than 520 miles of coastline, New York City faces real and 
significant climate risks, even without sea level rise. Today, more than 200,000 New 
Yorkers live within the Federal Emergency Management Agency (FEMA)-designated 
1-in-100 year flood zone. These zones contain vibrant neighborhoods, critical infra-
structure, natural areas, historic landmarks, and approximately 200,000 jobs. Our 
current vulnerability was tested by Tropical Storm Irene, which resulted in the first 
mandatory evacuation in New York City effecting 370,000 residents. 

The New York City Panel on Climate Change, convened by Mayor Bloomberg, 
projects that the city’s sea levels could rise by more than two feet by mid-century 
and by as much as four and a half feet by 2100. This will significantly increase the 
size of our flood zones and lead to greater impacts in areas subject to flooding. 

The consequences of sea level rise on New York City have national significance. 
The city is the hub of the largest regional economy in the U.S., generating over $600 
billion a year—4% of our nation’s GDP. New York Harbor is home to the nation’s 
second and third-largest trade gateways, handling over $350 billion in imports and 
exports—over 11% of the nation’s waterborne freight and over 20% of air freight. 
We are home to the headquarters of 45 Fortune 500 companies. Thus, sea level rise 
impacts in New York, if not addressed, could have a devastating ripple effect 
throughout the U.S. economy. 

Sea level rise will significantly impact our energy and water infrastructure. New 
York City has one of the most reliable and extensive energy networks in the coun-
try, including over 90,000 miles of underground power cables, over 200 substations, 
and 17 in-city power plants. Many of our power plants are located near the water 
to allow fuel deliveries, the use of water for cooling and steam generation, and water 
discharges. Today, 10 of the 17 power plants located within the city are in the 1- 
in-100 year flood zone. By the 2050s, modest rates of sea level rise will increase this 
number to 13, double the number of substations in flood zones, and increase the 
miles of power cables and steam and natural gas pipes vulnerable to coastal flood-
ing. 

In terms of water infrastructure, the City’s drainage and wastewater system con-
sists of over 7,000 miles of sewers 95 pumping stations. Our 780 combined sewer 
and storm outfalls and 14 wastewater treatment plants are located along the shore-
line so that gravity can drain the sewer system and treated wastewater can be dis-
charged into the harbor. A change in sea level relative to outfalls could substantially 
limit the ability of these systems to drain or discharge, requiring costly, system-wide 
upgrades. 

Addressing these climate risks in a dense urban environment poses challenges— 
it is not feasible, desirable, or cost-effective to pick up and move New York City to 
higher ground. Instead, PlaNYC includes over 30 comprehensive initiatives to in-
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crease the city’s climate resilience—our ability to prepare for, withstand, and re-
cover from extreme events and environmental changes. 

This includes working with FEMA to update the city’s Flood Insurance Rate Maps 
(FIRMs), which have not been significantly revised since 1983 when sea levels were 
three inches lower. The FIRMs, however, only incorporate historic information and 
do not reflect the impacts of sea level rise. To ensure sea level rise is incorporated 
into the design and operation of the city’s critical infrastructure, we launched a task 
force, composed of 26 city, State, and Federal agencies and 15 private infrastructure 
operators, to identify the impacts of climate change on the city’s critical infrastruc-
ture and develop coordinated strategies to mitigate these risks. As part of this ef-
fort, we are working with the U.S. Army Corps of Engineers—who remain a critical 
partner in addressing the risks posed by sea level rise—and academic institutions 
to evaluate a variety of coastal protection strategies—an effort funded in part by the 
U.S. Department of Housing and Urban Development’s Sustainable Communities 
program. 

Finally, we are building city projects to better manage these risks. Several waste-
water treatment plants include flood gates and plans to raise critical equipment 
above future flood heights. Many parks, such as Brooklyn Bridge Park, include 
shoreline treatments and salt-resistant plantings that can accommodate periodic 
flooding. The entire 60-acre Willets Point development site in Queens is being ele-
vated out of the floodplain. 

Local governments, however, cannot meet this challenge alone. The Federal gov-
ernment can assist us by providing critical information, decision-making tools, poli-
cies that support local resilience, and funding for flood studies and infrastructure. 
FEMA should regularly update its FIRMs and provide flood elevation data for the 
1-in-500 year flood zone, so that we can be better informed to take action. FEMA 
should also include overlays that show where the flood lines could be in future 
years—as the buildings and infrastructure we build today are likely to last a cen-
tury. Federal agencies could provide localities with high-resolution LiDAR data, 
which is the most accurate topographical data available. They could also issue guid-
ance on the differences between Federal storm surge models, such as SLOSH and 
ADCIRC, and when it is appropriate to use them. A model for the provision of many 
of these tools is the United Kingdom’s Climate Impacts Programme (UKCIP), which 
is funded by the national government. 

While we all share the objective of protecting and restoring coastal wetlands, fed-
eral agencies must recognize the need for regulatory flexibility in urban areas like 
New York City, where we do not have room to retreat from the shoreline in response 
to rising sea levels. For example, a recent rule prohibiting the use of Clean Water 
Act Section 320 funds under the National Estuary Program for certain actions in 
or near open water or wetlands significantly limits our ability to use these funds 
to protect our coastline. 

Regulatory flexibility may also be needed for water supply systems as climate 
events could increase turbidity. Funding should be allocated to the U.S. Army Corps 
of Engineers to conduct storm damage risk reduction studies in high-risk commu-
nities, the starting point for decisions regarding major coastal protection measures. 
If substantial investments in coastal protections are needed based on a thorough 
cost-benefit analysis, federal funding will be necessary for these measures as well 
as to adapt our aging infrastructure. We have received funding from the Depart-
ment of Housing and Urban Development’s Sustainable Communities program—a 
critical program that enables cities to reduce barriers to achieving affordable, eco-
nomically vital, and sustainable communities—to identify and evaluate flood resil-
ience strategies and design standards that may be compromised by climate change. 
For FY13, the President has again requested $100 million for the program, which 
was funded in FY11 but was zeroed out in FY12. I urge Congress to continue this 
innovative program. 

We must recognize the seriousness of the challenges posed by sea level rise and 
our responsibility to meet them. Climate risks should be addressed through in-
formed decision-making, based on the latest scientific information, and a thorough 
understanding of the costs and benefits of action and inaction. New York City is 
pursuing and implementing a flexible, risk-based approach that emphasizes the 
most effective initiatives that have tangible benefits today and will have even great-
er benefits as our sea levels rise. But we cannot do this alone. We need the active 
and ongoing support of our Federal partners. 

Thank you again for the opportunity to testify. 

The CHAIRMAN. Thank you very much. Thanks to all of you for 
the excellent testimony. 
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Let me start with 5 minutes of questions. Then I’ll defer to the 
others here to ask their questions. 

I think the testimony Mr. Freed just gave is particularly focused 
on what we need to be trying to understand here in the Congress. 
That is what are the actions the Federal Government could take 
to assist local areas, communities, and States to deal with this sea 
level rise, which has already occurred, but is expected to increase 
over the next decades. 

As I understand everyone’s testimony, I don’t think there’s any 
disagreement that we’re going to see increased sea level rise in fu-
ture decades, increased over what we’ve already seen. I think the 
figure one of you mentioned a was 9- or 10-inch increase since 
1880? Is that accurate? 

Mr. STRAUSS. Eight inches. 
The CHAIRMAN. Eight inches since 1880. But that’s expected to 

be increased in future decades. 
Mr. STRAUSS. Yes, we’ll probably get another 8 before 2050. 
The CHAIRMAN. So the expectation is that another 8 inches of sea 

rise is likely before 2050? 
Mr. ABDALATI. I think it’s well within the range. I’m comfortable 

with that number. It’s well within the range of possibilities. It ac-
tually may be at the low end. 

The CHAIRMAN. OK. 
Let me just ask if there are other suggestions? Several of you 

have mentioned things. 
Dr. Berry mentioned a couple of things—I think Mr. Freed did— 

that the Federal Government should be doing to try to help local 
and State governments deal with this thing. Also to make sure that 
the decisions that are made at the Federal level with regard to 
siting and design and construction of infrastructure take into ac-
count this information that you’ve all described to us. 

Are there things that we ought to be doing that we’re falling 
short on at this point? 

Dr. Abdalati, did you have any more thoughts on that point? 
Mr. ABDALATI. I think as scientists and as people who deal with 

the effects of sea level rise there is always the interest and need, 
frankly, for more information. The challenge, as you are well 
aware, is balancing that against the resources available. 

I think the implications that you have heard have made clear 
that the risks are great. I shouldn’t say the risks, I should say 
more the vulnerabilities—are quite substantial. Because we don’t 
know—we can’t tighten up that range for the future—we have to 
make plans, I would say, that exercise prudent judgment in the 
face of that uncertainty. 

So, you know what the Federal Government can do, and frankly 
is doing, is invest. I won’t speak to the specifics of adaptation and 
what supports those approaches. I think that they’ve been outlined 
quite nicely. 

Where I come from is the information. Trying to get that uncer-
tainty down, trying to understand what’s likely on our horizon so 
that we can plan better. In that sense we are actually making sub-
stantial investments in monitoring the ocean characteristics and 
monitoring the ice sheet and modeling these capabilities. 
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So what I believe the Federal Government can do and is working 
to do in terms of information is support the activities that NASA, 
the National Science Foundation, the Department of Energy, our 
international colleagues, frankly, are undertaking to tighten those 
numbers, better understand what’s happening so that the policy le-
vers we need to pull can be addressed or utilized more effectively. 

The CHAIRMAN. Dr. Strauss, do you have suggestions for things 
we ought to be doing at the Federal level that would respond to 
this situation? 

Mr. STRAUSS. Yes, I think if we want to reduce the risk and the 
vulnerability, the actions the Federal Government can take can be 
divided into a few simple categories. I’ll just stop at that high level. 

One is to preserve, restore, protect natural defenses like barrier 
islands, salt water marshes, beaches. Those things form a front line 
of defense against storm surge. That’s being made riskier by sea 
level rise. 

A second area is to build artificial defenses where that is appro-
priate and efficacious. 

A third approach is not to build more in harm’s way. 
A fourth approach is to consider a planned retreat from places 

that cannot be effectively protected. 
The CHAIRMAN. That sounds like a logical set of options. 
Any of the rest of you want to add? 
Dr. Berry, did you have something to say? 
Mr. BERRY. Picking up on earlier comments, I think we need 2 

kinds of information. 
I think we need, as was said, that we need information about, 

better information about what’s going to happen in the future. 
But I also think, taking a slightly pessimistic view that sea level 

will go on rising, we need much more detailed information on areas 
at risk. That needs more specific air photography, more specific 
mapping. 

I think as we, in areas like the Gulf Coast in Florida, which are 
susceptible to hurricanes, it’s not the exact amount of sea level rise. 
It’s the storm surge and the associated flooding. That is not just 
a coastal issue. It’s inland too. I think understanding the risk to 
communities particularly at some of the disadvantaged commu-
nities that are most at risk is really an important part of planning 
for the future. 

The CHAIRMAN. My time is expired on this first round. But I 
wanted to acknowledge Rafe Pomerance who is in the audience. He 
has been urging we have a hearing on this subject for some time. 
I appreciate his persistence on that. 

Let me defer to Senator Murkowski. 
Senator MURKOWSKI. Thank you, Mr. Chairman. 
I’ll continue on with your line of discussion here, because I think 

all we need to do is look to Alaska to see what it is that we have 
been doing to identify those areas at risk. 

We’ve done an inventory of those coastal villages that are at risk 
of literally dropping into the ocean. We have done that. 

We have looked to evacuation plans. 
We have looked to how we can build out revetments along the 

sea wall. 
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But our reality is that with the Federal agencies that exist, they 
are there to help after the disaster has happened. FEMA will only 
respond once the crisis has occurred. Once you’ve dropped off the 
edge. 

The Corps of Engineers, we learned, was very limited in terms 
of what it is that they can do to provide assistance. So Mr. Freed, 
I listened with interest to your comments about the protection 
plans. In reality we are not set up well to adapt, to have an adap-
tation plan in place where you then can take Federal dollars and 
State dollars, local dollars, to provide for a path forward. 

We can help on the mitigation end. We can help with cleaning 
up the crisis. But we’re not very good envisioning and being 
proactive. I think this is something that we need to look critically 
at. 

I was in Louisiana a few weeks ago, as I mentioned. I think that 
is one of the most graphic examples that we have in this country 
of the impact to our energy infrastructure. Because that’s what this 
hearing is about, due to sea level rise, is Highway 1 or Louisiana 
Highway 1, that narrow little skinny corridor that’s nothing but a 
road connecting you to Port Fouchon that hosts the energy infra-
structure truly for the Nation in terms of what is coming in, what 
is going out, how we service off shore. 

It’s a pretty phenomenal community, if you will, that is con-
nected by a road that is at or below sea level. The effort to raise 
that up so that we avoid wiping out the road is one that has been 
a many year effort, many billions of dollars. They’ve made some 
progress to it. But it is a perfect example of our vulnerability. We 
just kind of close our eyes and hope we make it through the next 
hurricane. 

Senator Landrieu isn’t here today to speak to it or she would be, 
I’m sure, passionately pounding the desk here. I’ll do so on her be-
half in recognizing that we’ve got an obligation here with energy 
infrastructure that we have committed to. Yet we’ve got one way 
in. It is truly at risk. 

So the question I would have to all of you is on the budget side. 
The President has sought $769 million in his 2013 budget request 
to pay for what the Administration is calling Climate Finance. It’s 
my understanding that well over $5 billion to date has been spent 
and this has been to direct funding overseas to assist. 

The question that I have coming from my coastal villages when 
they find out that it’s going to be $150 million to move a village 
of 350 people and they’re told that can’t happen. Then they find out 
that we’re spending money, billions over the years, to help over-
seas. The question is what are you doing to help us at home? 

I know that the people of Louisiana ask the same thing. They 
probably ask you, Dr. Berry, down in Florida. What are we doing 
here to help? 

Can you speak to the issue of how we can better prepare the map 
that was presented up there in terms of the number of commu-
nities that are below 4 foot? I think this should be a real wake up 
call to us that we’ve got some obligations that are pending now. 
What do we do with them? 

We’ll start with you, Mr. Freed. 
Mr. FREED. Yes, thank you for the question, Senator Murkowski. 
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I think the most critical action or one of the most critical actions 
the Federal Government can do is ensuring that the FEMA flood 
maps are up to date and updated regularly. 

Senator MURKOWSKI. They’re lousy right now, by the way. 
Mr. FREED. We know New York City’s has a plus or minus 3 foot 

margin of error which is well within the bounds of what we expect 
for sea level rise toward the end of the century, so a significant 
risk. That’s our current exposure. So ensuring they’re regularly up-
dated, ensuring they’re updated with the latest available tech-
nology, LiDAR data and ensuring that they are forward looking be-
cause the flood maps don’t just dictate flood insurance but our 
building code in the city where we require certain flood protections. 

How infrastructure and where infrastructure are sited and to 
what level is all dependent on the flood maps which by their nature 
and definition only look at historic storms, only look at historic 
flooding. We know that that environmental baseline has shifted 
and is not as relevant as it was looking at future risks. So ensuring 
those are up to date and regularly updated is critical. 

I think when you look at the cost of adaptation it’s very hard to 
think about because much of what needs to be done will be incor-
porated into existing planning. So as you’re upgrading a facility, as 
you’re building a waste water treatment plant, which you would do 
even without sea level rise, what is the incremental addition that 
sea level rise and future projections play a role into that. So it’s 
not as if there is a single price tag for these set of projects that 
absent sea level rise we wouldn’t do. 

How do you incorporate that into the ongoing infrastructure in-
vestments that are necessary to upgrade our aging infrastructure 
throughout the country and in urban areas? What is that additive 
that’s needed to address for climate risks? 

Senator MURKOWSKI. Others want to speak to that? 
Dr. Janetos. 
Mr. JANETOS. Thanks very much. I would like to move forward 

on this line of discussion. One of the things that the Federal Gov-
ernment is doing but could continue to do is the creation of a set 
of tools that actually enable the sort of analysis of potential fu-
tures. There are 3 elements of those tools. 

One is understanding the energy sector and the investment in in-
frastructure itself. What is a sector actually vulnerable to, not just 
with respect to sea level rise but with respect to changes in de-
mand, to the availability of new technologies, how sensitive is it to 
changes in the up shore, onshore, environment that after all con-
trols how we manage that land, controlled runoff, controls the 
availability of water, sedimentation. 

Second, those integrated tools need to be able to move from the 
sorts of global observations of which we have many to actually 
being able to simulate local conditions, to take into effect local sub-
sidence or rising of the land, either sinking or rising, the existence 
or changes in barrier islands. But changes in the local geography 
and physical forcings that determine, that help determine, that vul-
nerability and how it will evolve in the future. 

Then the last element that these integrated tools really need to 
incorporate are aspects. The ability to model different potential 
consequences of adaptation actions because one of the things that 
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will determine how decisions are made is what options are actually 
available to local institutions, to cities, municipalities and towns. 
Without knowing what options are available to them after all, how 
are they to decide whether one is more effective or more desirable 
than another? 

We really do need to have the development of integrated tools 
that allow us, with the best fundamental science that we can mus-
ter, but then allow us to put that in the service of these decision-
making institutions and individuals. 

The CHAIRMAN. Senator Franken. 
Senator FRANKEN. Thank you, Mr. Chairman. I noticed that 

there are very few colleagues from the other side of the aisle here 
in this hearing. But ironically there’s an elephant in the room. 

[Laughter.] 
Senator FRANKEN. Climate change is the elephant. Climate 

change induced sea level rise is clearly impacting the health and 
security of our Nation. But this is a fact of life that’s going unno-
ticed by too many Americans because science has taken a back seat 
to politics. 

We saw this on the Senate Floor shortly after the EPA came out 
with its scientific finding that greenhouse gases endanger public 
health and welfare. Yet this scientific question turned into mostly 
a party line vote here in the Senate. Unfortunately this measure 
to overturn the scientific finding of the EPA did not pass, but un-
derscores the difficulty to address this challenge when we are so 
divided on the issue of climate change. 

I’d like to go right down the list of panelists. Can each of you tell 
me whether you agree or disagree with the EPA finding that the 
rise in greenhouse gases endangers public health and welfare? 

Mr. ABDALATI. I certainly agree with that. It does so in many 
ways. Sea level being—particularly getting at the welfare compo-
nent—sea level being the topic we’re discussing today, but also in 
terms of air quality, pollution, the effects of water distribution as-
sociated with that. Where there was a reference to a 100-year flood 
zone; well, those 100-year zones based on historical data don’t real-
ly apply today because things are different now. So vulnerabilities: 
the availability of water resources, the kinds of crops that can grow 
in one place are now better suited for others, and so on and so 
forth. 

So there is very strong scientific consensus on what is happening 
and why, and strong consensus on—not as strong because opinions 
vary—but on the effects associated with climate change. But I do 
want to be clear, you know, science needs skeptics. When we stop 
questioning ourselves and when we stop questioning each other, 
science suffers for it and society suffers for it. 

So any respectable scientist welcomes constructive debate and 
discussion, but on the matter of climate change and its associated 
impacts, the consensus is strong. It doesn’t mean we stop ques-
tioning ourselves or each other, but the consensus is strong, and I 
absolutely agree with the EPA finding. 

Senator FRANKEN. OK. I encourage skepticism, but I don’t en-
courage cynicism and denial that’s paid for. 

Mr. ABDALATI. I totally agree. I appreciate your saying that. 
Senator FRANKEN. Dr. Strauss. 
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Mr. STRAUSS. I agree with EPA’s finding. I agree with Dr. 
Abdalati. There is a strong scientific consensus about what is hap-
pening. 

On the subject of this hearing, I would like to point out again. 
That under our noses is the fact and it’s been budgeted and de-
tailed and accounted for that we have 8 inches of global sea level 
rise, more in some places locally, but 8 inches of global rise which 
has been caused by global warming over the last century. So if your 
basement was flooded because a 5 inch wall of water came pouring 
down your stairs you were a victim of climate change. 

That’s happening with coastal floods today. It’s unlabeled. It’s 
unrecognized. But it is, in fact, a current and ongoing impact. 

Senator FRANKEN. Dr. Janetos. 
Mr. JANETOS. Senator, I’ve had the privilege of either partici-

pating in or leading a number of the impact scientific assessments 
of climate impacts in the U.S. over the last decade. Every one of 
them has come to the same conclusion. That for natural resources 
and as we’ve seen today, for major parts of our existing infrastruc-
ture, the impacts of changes in the climate system are not some 
theoretical thing that will happen to our children and grand-
children. 

Things are happening now. They’re well documented. I was actu-
ally a reviewer of the underlying scientific assessment that EPA 
did to support its finding. I agreed with it then and I agree with 
it now. 

Senator FRANKEN. Is it OK if we go through all the witnesses? 
The CHAIRMAN. Go ahead. 
Senator FRANKEN. Dr. Berry. 
Mr. BERRY. Yes. I’ll be brief. I agree. 
But I also think that from a practical point of view instead of too 

much debate about global warming focusing on the issues like we 
are today is a very productive way forward. But I agree totally. 

Mr. FREED. Thank you, Senator. I unequivocally agree with that 
finding. I think there are very few elements of our lives that will 
not be impacted to some degree by climate change. 

Just want to add and thank for the opportunity to be here be-
cause while there are national and international debates about 
whether climate change is happening and what are the impacts 
from things like sea level rise, it’s often the State and local govern-
ments who are left to deal with the real impacts that are already 
occurring. So greatly appreciate being included in today’s discus-
sion. 

Senator FRANKEN. OK. My time is up. Thank you to all the wit-
nesses. 

I just want to say something I’ve said before that we are paying 
the price already for this. That part of our debate on what kind of 
energy we go forward with and what kind of energy we use and 
what kind of energy we develop. Part of the cost benefit analyses 
of all of that has to take in account, into account, what we’re talk-
ing about today. 

If we don’t we’re sticking our head in the sand. Now I’ve had an 
ostrich and an elephant in my testimony. 

[Laughter.] 
Senator FRANKEN. Thank you. 
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The CHAIRMAN. Senator Wyden. 
Senator WYDEN. Thank you, Mr. Chairman. I can’t possibly com-

pete with Senator Franken for purposes of analogies, but I very 
much share your concerns, Senator. I appreciate your making the 
point. 

Gentlemen, you all have raised some important issues. Dr. 
Strauss, Senator Cantwell and I were just commenting that you 
kept looking at the two of us, Oregon and Washington. So we un-
derstand what the stakes are in terms of storm surges and 
tsunamis. 

My judgment with respect to some of these key questions about 
rising sea levels also now factors in the fact that I went to 
Fukushima last week, about a week or so ago. Of course, there they 
had the triple whammy. They had the earthquake. They had the 
tsunami which destroyed most of the site’s backup generators for 
the plants even one of their emergency battery banks. Then we had 
the hydrogen explosions as well. 

Now, Dr. Strauss, you noted in your testimony something that I 
think really hasn’t gotten a lot of debate. It certainly should after 
Fukushima and with the latest evidence. That is that a rising sea 
level raises the launch pad for storm surges. It is going to raise the 
launch pad for tsunamis as well. 

Now what I’m thinking about on the basis of what I saw a little 
bit ago at Fukushima, unit four, you know, in particular, particu-
larly damaged one. Just the inventory of the essentially, the hot-
test, you know, materials. You have another earthquake/tsunami 
kind of rupture with these spent fuel, you know, rods in these 
pools. The spent fuel rods are going to melt. They could catch fire. 

That’s going to release a lot of radioactivity. All of this is com-
pounded by the testimony that you gave essentially this morning 
with respect to the rising sea level raising this, you know, launch 
pad. So I believe the question that I’d like to ask and maybe start 
with you, Dr. Berry. 

We’ve got a lot of nuclear plants located along the coast all over 
the world because of the need for, you know, cooling water. On the 
basis of these rising sea levels and also what was seen at 
Fukushima, what I’ve tried to outline just in a minute or so. Is it 
your view that it’s time for us to do some rethinking with respect 
to the location of vulnerable plants? Plants that are near to cata-
strophic, you know, flooding that was, for example, caused by a tsu-
nami that Dr. Strauss, all but stared down Senator Cantwell and 
I and kind of talking about? 

This is not abstract issues for us in the Pacific Northwest. These 
are very, very real. So what is your thinking with respect to that 
point, Dr. Berry? 

Mr. BERRY. Florida has the, I think, unique distinction of having 
two nuclear power stations on barrier islands. Barrier islands are 
by definition fragile environments. There were good reasons to lo-
cate them there. 

But as a colleague of mine says, 3 feet of sea level rise would be 
a problem for Turkey Point. For example, that nuclear power sta-
tion because Turkey Point when out of commission for a few hours 
with Hurricane Andrew and the storm surge associated with that, 
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3 extra feet and with a storm that was a longer duration. Hurri-
cane Andrew was very fierce, but it went through very quickly. 

I would recommend very importantly that the NRC begin to look 
very closely at the implications of sea level rise on our nuclear fa-
cilities and our other energy facilities that are near the coast. 

Senator WYDEN. One last question if I might for you, Dr. 
Strauss. Can you amplify a little bit on this question of the rising 
sea level serving as a launch pad because for us in the Pacific 
Northwest that is going to be a very real issue? I juxtaposed what 
I saw at unit 4 and these, as you know, these facilities are right 
next to the ocean. 

There’s what amounts to a makeshift bag of rocks that con-
stitutes a sea wall. It just takes your breath away at the thought 
of sort of what you’ve outlined in terms of rising sea levels, 
tsunamis triggered by earthquakes. I mean, give us a little bit 
more analysis of the implications of an elevated launch pad and 
what that means in terms of trying to our think through public 
policies to deal with them. 

Mr. STRAUSS. Thank you, Senator. I lived in Seattle for a couple 
of years and Portland for a summer, maybe that’s why I was direct-
ing my gaze. 

Let me start with something a little different, quickly. The Pa-
cific Northwest seems to get an enormous earthquake magnitude, 
about 9.0, every 300 to 500 years. The last one was in 1700. 

One that that those earthquakes do besides creating a lot of di-
rect damage is lower the elevation of the land sometimes dramati-
cally, very suddenly. The forecast would be for maybe one or two 
meter drop at the next 9.0 earthquake along portions of the coast. 
So while a lot of areas in the United States are slowly subsiding 
that’s not very much the case in the Pacific Northwest. 

In fact, parts are lifting up slowly because of the tension between 
tectonic plates. But the earthquake is when that tension relieves, 
the plate drops. So you could have places that are suddenly a 
meter lower which is another way of raising the launch pad once 
you get past the damage from the quake. 

The other point is that all along the Pacific sea level rise from 
climate change is making a big difference—is along the Pacific sea 
level rise is converting century storms into decade storms or an-
nual storms faster than anyplace else in the United States. That’s 
because while you don’t have hurricanes. So the difference today 
between a 1-year storm and a storm that happens only once in a 
hundred years is relatively small. 

Because that difference is relatively small, a small amount of sea 
level rise converts what’s today a once a century storm into an an-
nual storm fairly quickly. Now if you have steep slopes it may not 
be a great problem. But in flatter areas or where there are critical 
facilities, it is. 

So what all that means is that on the Pacific Coast you’ll start 
to see water in places where it wasn’t more quickly than in other 
places. 

Senator WYDEN. My time is up. But I want to thank you for your 
work and your scientific expertise. 
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Dr. Strauss, I think this is going to help provide a wakeup call 
for us to put in place policies to start dealing with this. I thank 
you. 

The CHAIRMAN. Senator Cantwell. 
Senator CANTWELL. Thank you, Mr. Chairman. Thank you Dr. 

Strauss and panelists for bringing up these issues. 
I would just note that my colleague, Senator Collins and I 

worked on an adaptation bill several years ago. We got this bill out 
of the Commerce Committee, but not all the way through Congress. 
I also must tell you that we’re seeing the impacts of climate change 
right now in the Pacific Northwest, on ocean acidification levels, 
and the related negative affects on the shell fish industry. So we’re 
really seeing economic impacts today. 

In regard to your statement about the impact of storms, I’m not 
so sure we haven’t already had those 200-year events back to back 
in the last few years when we saw major damage. But now you’re 
talking about a century flood more than triples by 2030. I am con-
cerned about these threats because we have so much vulnerable 
property in the Puget Sound. We have something like $27 billion 
worth of structures that could be impacted by this rise in sea level. 

So, to me, the issue is what do we do now? Do you think that 
this is partly an issue of getting maps established? Some 
verification of these maps at local levels? When you think about 
what we’ve been doing for emergency response and things of that 
nature, we have to get the information and develop a plan. 

We have to get people to understand what the impacts are and 
then we can support communities in trying to plan around them. 
We know this already because of the general threat of tsunamis. 
But what you’re saying is get ready. 

We’re going to see a lot more of this. It’s going to have a very, 
very dramatic economic impact, much greater than people realize. 

Mr. STRAUSS. Thank you, Senator. 
Yes. I expect there will be a significant economic impact. That 

we’re already experiencing one, although we may not label it as 
such. 

I agree with my colleagues that we will be able to deal with this 
problem much more efficiently if we have better information. One 
side of that better information is improved maps, improved ele-
vation maps at a very fine scale in coastal areas. I know a lot of 
progress is being made on that front with laser, LiDAR elevation 
mapping. 

I think the more difficult area is actually around understanding 
storm surge and the water dynamics. You know, our analysis—so 
our analysis of elevation, in my research, covers all of the area, all 
the coastal area in the lower 48. But our analysis of storm surge 
focuses on 55 water level stations that NOAA maintains around 
the coast. One is in Seattle. But they’re scattered. 

So understanding in detail what the storm surge patterns are in 
between those 55 stations involves a lot of scientific fire power, a 
lot of computing, a lot of simulation of different storms from dif-
ferent angles, at different tides. So there is a tremendous amount 
of work that I think we could do to improve our understanding of 
how sea level rise will interact with storm surges and progressively 
reach new areas posing new risks. 
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Senator CANTWELL. I can tell you I plan on introducing legisla-
tion to make sure that we implement what is necessary to become 
a weather ready Nation. The notion that we have information that 
could be helpful to the American public about storms but we just 
don’t have the dedicated computing time to take all the algorithms 
and run the scenarios is a mistake. We must move forward. 

The fact that NOAA now has almost hand held devices that can 
communicate within an instant of an earthquake what the sea level 
rise would be in a geographic area—that’s the kind of technology 
we need to have in first responders’ hands. So I think we just have 
to figure out how to be much more aggressive about outlining these 
maps and scenarios for people, so that we can start planning. 

Obviously, we need to do more. I mean, you’re talking about ef-
fects that are going to take place regardless of whether we do any-
thing about climate change or greenhouse gas emissions through 
climate change legislation. These are things that are going to hap-
pen. 

So now the question is if we keep making it worse, what are the 
scenarios that are going to happen? I believe that this is worth a 
lot of prevention. To do this, we need the computing time. 

Just as an example, we were without a Doppler system in the 
Northwest. Now we have that state-of-the-art Doppler system on 
the coast, and it can tell us much more about storm intensity. It 
can say exactly where that water level is going to be. It helps us 
communicate this to people. 

But, first, we have to get the information to local governments, 
to individuals, to first responders, so that they can understand 
what the scenario really is. I think today’s hearing, Mr. Chairman, 
really goes a long way in highlighting how critically important this 
is to our economy. We just can’t sustain this kind of level of sea 
level rise without a plan. 

We need a plan. 
Thank you. 
The CHAIRMAN. Thank you. 
Let me ask, you know, I think the way we’ve been talking about 

it and the way I’ve thought about it most of the time is that we 
need to have good information in order to make good decisions 
about investment in infrastructure. But it seems to me that we also 
need good information in order to make good decisions about in-
vestment in protection. 

That we have sort of an article of faith here in Congress that we 
want to help protect wetlands, coastal wetlands and there are a lot 
of coastal wetlands that are very much at risk. We saw some of the 
damage to them with the various hurricanes in the Gulf Coast. 

What does this expected sea rise tell us about what we ought to 
do with regard to protection of wetlands. I mean, do we need to be 
hardnosed about which areas are in fact worth protecting because 
they are sufficiently resistant to this kind of thing that they can 
make it? What areas can we just not expect to protect? 

Maybe that’s too hard or too subjective a question to answer very 
well. But I don’t know if anyone wants to take a shot at it. 

Dr. Berry. 
Mr. BERRY. I think the Fish and Wildlife Service is putting a 

good deal of effort in Florida and in the Southeast and generally 
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looking at this very issue. One of the strategies, maybe, that you 
decide which wetlands are able to migrate inland and which are 
not. Try to make decisions about the value of protecting coastal 
wetlands. 

The ideal circumstance is to have that wetland migrate inland as 
the sea level rises. If that can happen and there’s space for it. 
We’re actually looking at corridors of protected areas that could be 
used for natural and people assisted migration, not only of wet-
lands, but of animals and other characteristics. 

But we are in danger of losing 30 to 40 percent of our coastal 
wetlands through the sea level rise process. That is a very unfortu-
nate view of the future. But it’s likely to happen. 

The CHAIRMAN. Dr. Freed. 
Mr. FREED. Mr. Freed, but thank you for the promotion. 
The CHAIRMAN. Mr. Freed, excuse me. 
Mr. FREED. You’re making my Jewish mother very proud of me 

now. 
[Laughter.] 
The CHAIRMAN. Great. 
Mr. FREED. You know, New York City already has over 6,000 

acres of wetlands. Many people don’t think of New York City with 
the vast natural earth that we have. We have a number of projects 
working with the U.S. Army Corps of Engineers with the bi-State 
Port Authority of New York and New Jersey to restore those wet-
lands for the ecological value that they have. 

However, as was just pointed out, you often can’t migrate the 
wetlands back when you have sea level rise, when you have dense-
ly populated, already built up areas. What we want to do is look 
at what is the ecological value of the wetlands that we may lose 
to the wetlands that we have. Figure out where it makes the most 
sense to make investments to protect them and preserve them. 

One of the strategies we’re looking at is creating a mitigation 
banking system where we can actually use economic growth and 
development to create a mitigation bank to then preserve those 
areas and those wetlands that have the greatest ecological value, 
contiguous areas. I think looking for those strategies where you can 
pinpoint and really maximize the investments in which you’re mak-
ing are critical to address the issues that we have. Use the eco-
logically based adaptation strategies, the natural systems that 
know how to protect us against the risks that we face. 

The CHAIRMAN. Dr. Janetos. 
Mr. JANETOS. Senator, we understandably focus on the effects of 

the physical effects of inundation of sea level rise when we talk 
about coastal wetlands. But there are two other factors to also keep 
in mind as we start to think about what affects their ability to sur-
vive in place. 

One of those is the actual acidity of the ocean water itself. The 
extra carbon dioxide in the atmosphere has actually had the effect 
of raising the acidity of the ocean, coastal oceans, as well. While 
we don’t understand everything we would like to understand about 
the sensitivity of plants and aquatic marine plants and animals to 
that increase in acidity, for many of the species that we do know 
something about we’re starting to see adverse impact. 

So that’s one thing to keep in mind. 
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The second is that the survivability of wetlands on the coast also 
depends, in large part, on what happens upstream. The availability 
of sediment coming down river, simply the availability of water 
flow coming down to the coast depends critically on how or if we 
manage lands upstream. So an integrated knowledge and the inte-
grated strategies of protecting or continuing to value those coastal 
ecosystems or their ecological value also depends not only on know-
ing about the sea level rise itself, but on what’s happening in the 
near shore environment upstream on solid land. 

The CHAIRMAN. Dr. Strauss, did you want to make a comment? 
Mr. STRAUSS. Yes. I, just briefly, I’d like to expand on Dr. Berry’s 

comments to say some salt water marshes will be able to migrate 
at least within a certain range of rates of sea level rise. But they’ll 
only be able to migrate if there is available adjacent land. 

So one possible step that we can take if we want to maximize the 
ability of marine wetlands to protect us from storm surges is to 
protect the adjacent land that is available for migration and ex-
pand our idea of what the footprint of a wetland is from, you know, 
the current wetland to the potential future wetland. 

The CHAIRMAN. Very good. 
Senator Franken, did you have questions? 
Senator FRANKEN. Yes, I do. Thank you, Mr. Chairman. 
Dr. Abdalati, Minnesota is OK for now, right? 
[Laughter.] 
Mr. ABDALATI. You’re doing fine for now. 
Senator FRANKEN. OK. Good. We have Lake Superior in Min-

nesota. A little known fact is that the Great Lakes? coastline is 
twice as long as the Atlantic seaboard. Almost 3 times the length 
of the Gulf of Mexico. So you can see why we’re thinking about 
water too. 

But the issue is complex and the international upper Great 
Lakes study has shown there are major differences between climate 
impacts on sea levels and on Great Lake levels. We know, for in-
stance, that because of increasing evaporation over the past 60 
years, Lake Superior levels have been dropping. But lake levels can 
rise or drop quickly and the possibility of higher levels at times 
cannot be dismissed. 

These uncertainties impact commerce, recreational uses and 
water and sewage and sewer infrastructure. If we are going to have 
sound management of the Great Lakes coast we ought to have a 
better understanding of the factors impacting those lakes. The 
study called for a collaborative effort among Federal, State and 
local agencies on Great Lake management and decisionmaking. 

My question, Dr. Abdalati, is, is NASA aware of this collabo-
rative, adaptive management process being developed for the Great 
Lakes? 

Mr. ABDALATI. I would certainly have to check with the Director 
of our Applications Division in Earth Science for specifics on that. 
But I will say, you know, you touched on some very important 
points. The mechanisms that are affecting the levels of the lakes 
are different. But they are no less a manifestation of our changing 
climate. 

You referred to the increased evaporation. There’s also the flip 
side of that, the ability of the atmosphere to carry more water 
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vapor leads to larger precipitation events as well. The movement 
of lake water from one shore, you know, as the winds circulate 
pushing the lake up on one side, lowering it on another and vise 
versa, happens, is also associated with the complex weather and 
climate patterns that occur. 

So, you know, I agree—or what you put your finger on is—there 
are multiple manifestations of our changing climate. While the 
mechanisms of sea level rise and the mechanisms of lake changes 
are different, they are interconnected in that way. 

I think partnerships, as was referred to at all levels of our gov-
ernment, are essential for success because each brings to the table 
a different perspective, a different element and different capabili-
ties. 

Senator FRANKEN. What resources, such as NASA’s climate mod-
eling capacity or hydro-climatic data collection abilities can you 
provide to this Great Lakes Management Process? 

Mr. ABDALATI. Certainly our insight to climate prediction, our in-
sight to water movement and water transport—what a lot of people 
don’t realize is we have satellites, a pair in particular called 
GRACE (Gravity Recovery and Climate Experiment), that measure 
the movement of water. They get a lot of visibility because they’re 
tracking changes in the ice sheets and their contributions to sea 
level rise. 

But they also track changes in lake volume for lakes that are 
large enough. Terrestrial water storage, you know, when soil be-
comes moist that has a gravity signal that these satellites observe. 

There are certain space based capabilities. There are higher reso-
lution, visible imagery that can look at the characteristics in coast-
al regions, the erosion processes, the exposure processes, the health 
of the surrounding vegetation. 

Actually I was glad to hear about the LiDAR mapping applica-
tion because that was actually pioneered by NASA. We’ve used it 
to track elevation changes in glaciers, but one of the activities 
when I was a post-doc at Wallops Flight Facility was doing beach 
mapping using LiDAR to track—or measure—the beach character-
istics before a hurricane and then after a hurricane to assess—or 
quantify—the erosion characteristics and get at the underlying 
physics. 

That has been transitioned largely to commercial enterprises. 
But certainly that capability, those tools and our expertise in that 
area, I think would be of tremendous value for the vulnerability as-
sessment: management input, or capabilities, or input to manage-
ment practices, and so forth. 

So the satellites, the aircraft, the models, our relationships with 
industry in making these kinds of observations, and finally the con-
text and the broader climate Earth system characteristics, are all 
elements that would support a strategy that integrates State func-
tions, Federal functions as well as the local municipalities. 

Senator FRANKEN. I would like to ask you or urge you to work 
with my office and to pursue this aggressively. I think it’s a good 
opportunity. 

Mr. ABDALATI. I’d be more than happy to do that. 
Senator FRANKEN. Oh, thank you. Thank you very much. 
Mr. Chairman. 
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Mr. ABDALATI. I actually have to because my wife is from Min-
nesota and I owe it to her. I have to pay back. 

Senator FRANKEN. I understand that. 
[Laughter.] 
The CHAIRMAN. You have that same situation. 
Senator FRANKEN. My wife is from Maine. 
The CHAIRMAN. Oh. 
Senator FRANKEN. So I have to do certain things regarding 

Maine. 
The CHAIRMAN. I see. I see. 
Senator FRANKEN. But I understand the dynamic. 
[Laughter.] 
The CHAIRMAN. I see, general dynamic. 
Senator FRANKEN. Yes. 
The CHAIRMAN. Alright. Let me ask about a specific issue. My 

impression is that private insurance companies are not anxious 
and rushing forward to provide insurance against the kinds of 
flooding that we’re talking about in these coastal areas. So it falls 
to the Federal Government to provide that insurance. 

Do we know if the information you folks have been testifying on 
this morning is adequately incorporated into the projections for 
what it’s going to cost the taxpayer, the Federal Government, to 
cover the cost of these expected future climate changes? Is that 
something that is factored in or is it just we’re sort of flying blind 
here? We don’t have any idea we just pay the bills when they come 
in? 

Don’t have any expectation as to what—as I’ve understood the 
way insurance companies operate they do pretty sophisticated pro-
jections of what their liabilities are going to be going forward. Only 
by doing that are they able to set the premiums at a level that 
allow them to make money. At the Federal level I don’t know if 
we’re doing that. 

Have any of you looked at this question or have any information 
about it? 

Mr. Freed. 
Mr. FREED. Certainly. In New York City there’s a large dis-

connect, I think, between the information we have and know is 
coming and what is provided. There are large parts of the city and 
Long Island where you simply can’t buy flood or wind insurance 
that the private insurance market has abandoned those areas be-
cause they view the risk as too great. 

Those areas are larger than the 1 in 100 year flood zone. Because 
they recognize that the risk has migrated out of those zones and 
is beyond that which then leaves the National Flood Insurance pro-
gram on the line to provide insurance as a last resort. In many 
cases the property values are capped at $250,000 in the flood insur-
ance program which can often exceed the full value of the homes 
that they’re insuring. 

Therefore there’s a large unmet risk that you either need to try 
to seek the private market to fill or the property owner themselves 
is left to fill after an emergency which then increases the cost be-
yond the flood insurance program to disaster aid and recovery. So 
I think there’s an enormous disconnect. You’re seeing the private 
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insurance markets reacting by simply not providing insurance to 
those areas. 

The State, local, Federal Government will have to fill that unmet 
need. 

The CHAIRMAN. Dr. Berry. 
Mr. BERRY. Very similar situation in Florida. We have Citizen’s 

Insurance which I pay into which is a State insurance. That is not 
backed by a great deal of reinsurance. 

It’s not backed by the amount of reinsurance that would enable 
us to deal with a major hurricane. As time goes on it’s going to be 
more and more difficult, I think, to get insurance. 

We do have a meeting in June in which this is an important com-
ponent. We’re looking at it as a specific issue and getting some of 
the insurance companies at the table. 

The CHAIRMAN. Good. 
I think this has all been very useful. We appreciate the excellent 

testimony. We will try to take some of your suggestions for actions 
we can take here at the Federal level and urge those on our col-
leagues here. 

Thank you. That will conclude our hearing unless you had an-
other question, Senator Franken? 

If you did, go ahead. 
Senator FRANKEN. Thank you, Mr. Chairman. 
Basically I wanted to ask about addressing climate change in the 

long term. I think it requires that we grow clean energy sources. 
But many of our Federal incentives that had been in place like the 
Wind Energy Production Tax Credit are expiring which is a serious 
blow to clean energy and to tens of thousands of jobs including, Mr. 
Abdalati, in Minnesota. 

So this is a little pressure on you. We actually found a way to 
extend these incentives. It would require closing a few, well it’s not 
loop holes, it’s subsidies that we give to big oil and gas companies. 
It’s the top 5 that made $137 billion of profits in 2011. 

I think that if you make $137 billion, if you’re those 5 companies, 
you really don’t need tax subsidies from the taxpayer. So the Sen-
ate recently voted on the measure to close $2000 billion, $2 billion 
worth of these subsidies to help our alternative energy sector and 
that measure failed largely again, along party lines. I find that 
really troubling. 

This means that those who voted against the measure said no to 
growing our clean energy economy simply because they don’t want 
the profits of big oil to go down $2 billion, I guess, or they argued 
that this would increase the cost of gas at the pump. Although we 
had experts on what was causing the price of gas. My question on 
that they said that eliminating these subsidies would have either 
a non-existent effect on the price of gas or negligible. 

My question is that Minnesota has reached a goal to reach 25 
percent renewable energy as early as 2025. We’re already ahead of 
pace on that. Hopefully that’s just the starting point. 

Could you talk about the importance of expanding clean energy 
globally as a way to address climate change and rising sea levels? 

Mr. ABDALATI. I’ll comment because you brought up a very im-
portant point. I won’t comment specifically on what should be done 
to increase the development of renewable energies or alternative 
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energy sources. But what I will say is we’re well aware the climate 
is changing. I don’t think there’s, in the scientific community, any 
dispute about that. 

The climate has always changed. It always will for various rea-
sons. But the success of society in the face of those changes really 
depends on 3 things: 

It depends on how big the changes are. 
How rapidly they come. 
Our ability to anticipate and prepare for them. 
So when you’re talking about alternative energy sources you’re 

tackling two of those 3 elements. You’re tackling the potential mag-
nitude of the change, not just of climate but ultimately sea level 
as well. You’re tackling the rate of change. 

So in my view, if that is not motivation—if the success of society 
in the face of these changes—is not motivation, I’m not sure what 
is. You know, there are some who challenge even the assertion— 
or the assessment—that climate is changing, and for these reasons. 
But if you look at the fact that we mention insurance companies, 
those whose economies—or economic models—depend on data and 
accurate data, are among the biggest users of climate data, are tak-
ing this seriously. 

Our military charged with the safety of our Nation, protecting 
our citizens, are taking this very seriously. 

So it’s clear there are changes coming. 
It’s clear that the way we use energy is contributing to those 

changes. 
I think it should be equally clear that our success in the face of 

those changes really depends on slowing them down, keeping them 
as small as we reasonably can. I’m not talking about going crazy 
and reeking economic havoc. Although I don’t know what it would 
take to do that. 

But investments in alternate energy are, I think, essential for a 
successful future. 

Senator FRANKEN. Dr. Strauss. 
Mr. STRAUSS. Thank you, Senator. 
I’d like to elaborate for a moment on the big picture, sea level 

wise. Dr. Abdalati made two excellent points. We have some ability 
to influence the speed of change and the amount of change. Both 
of those things are critical. 

We can turn to long term history for some guidance about what 
might be possible like the mutual fund ads say, past performance 
does not guarantee what will happen in the future. But it is some 
indicator. 

The last time that it was about as warm as it is today, before 
the last, the warm period before the last ice age, about 125,000 
years ago. It was about 4 degrees warmer Fahrenheit. Four degrees 
of warming Fahrenheit from where we are now is for the scientific 
community about a best case scenario of what we might limit our-
selves to with an aggressive transition to renewable energies. 

At that time, when it was 4 degrees warmer, sea level was very 
likely at least 20 feet higher than it is today. You wouldn’t recog-
nize the United States map with 20 feet higher sea levels. 

We also know that in the warming, since that time, there was 
a period when sea levels rose more than one foot per decade for 
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more than 2 centuries. So that’s ten feet a century, very fast. So 
either that amount of rise or that speed of rise would be very crip-
pling. 

We don’t know that we’re headed to either of those things. But 
we do know that the global ice sheet system is capable of delivering 
them under some circumstances. So I think it is very prudent for 
us to look. 

You know, it’s very important to look at reducing greenhouse gas 
emissions if we want to reduce the chance of high speed sea level 
rise or the chance of long term extreme sea level rise. 

Senator FRANKEN. Yes. I mean, is that OK, Mr. Chairman? 
Mr. JANETOS. Senator, one of the activities that we had under-

way in our institute for, literally, for a couple of decades is the de-
velopment and use of models that actually look at the affect of the 
evolution of the energy mix, the technology mix and how what af-
fect that can have on where you end up on climate forcing, where 
you end up in terms of atmosphere concentration of greenhouse 
gases and ultimately affects on the climate system. 

As we heard at the beginning of the testimony which sea level 
rise gets realized over the 21st century depends, quite critically, on 
which scenario the world ends up on. We don’t pretend to predict 
the future because all those scenarios depend on a whole host of 
economic and political decisions. But one thing we can say with 
some confidence is that transition to a mix of energy technologies 
that produce enough energy as demand rises, but do so in a way 
that minimize and begin to reduce the actual emissions of green-
house gases to the atmosphere is a transition that really has to 
happen rapidly if there’s going to be a good likelihood of stabilizing 
both concentrations and the forcing of the atmosphere within this 
next number of decades. 

Senator FRANKEN. This just seems like such an important hear-
ing for in terms in subject matter, in terms of our future. I think 
that’s sort of an understatement. I think it’s something that in this 
committee, we need to talk about. 

I think economically it will only help us to develop these renew-
able energy sources of solar and wind and biomass. I think that 
we’re going to be competing with the rest of the world because it’s 
going to be so obvious where we’re headed and what we need to 
do. 

I just feel that it’s our responsibility here in the Senate to be ad-
dressing this and addressing it head on and not be afraid to do 
that. Have the conversation lead us to be the best stewards of this 
planet for our children and our grandchildren and other genera-
tions. So I want to thank the Chairman for calling this important 
hearing. I want to thank all the witnesses. 

Mr. Chairman. 
The CHAIRMAN. Thank you very much for being here and being 

so involved in the issue and the committee work. Thank you all 
again for testifying. I think it’s been very useful. 

That will conclude our hearing. 
[Whereupon, at 11:15 a.m. the hearing was adjourned.] 
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APPENDIXES 

APPENDIX I 

Responses to Additional Questions 

RESPONSES OF BENJAMIN H. STRAUSS TO QUESTIONS FROM SENATOR BINGAMAN 

Question 1. There are many questions about how reliable sea level projections are. 
Can you describe in more detail the strengths and limitations of the models and also 
how best decision-makers should use the information that is available for future 
planning. 

Answer. Sea level projections include a wide range of uncertainty, but there are 
many reasons for decision-makers to take the high end of current projections very 
seriously. 

Scientists take two main approaches for projecting future sea levels: physical mod-
els and semi-empirical models. Physical models have the strength of building di-
rectly from known physical processes affecting sea level. However, the scientific 
community has not yet found a way to model Greenland and Antarctic ice sheets 
close to accurately, and these are by far the most dangerous factors (representing 
about 200 feet of sea level rise potential in total, as compared to about 2 feet in 
total potential from small glaciers, and about one foot per century potential from 
the expansion of ocean water as it warms). Physical models have generally left out 
aspects of ice sheet response, and model projections (for example, projections given 
in the last two reports of the Intergovernmental Panel on Climate Change, or IPCC) 
have been low compared to observed sea level rise since 1900. 

By contrast, semi-empirical models have been able to match historic sea levels 
over the last 100 years, and even 1,000 years, with great fidelity. Semi-empirical 
models use historic relationships between global temperature and the rate of sea 
level change to make their projections. This approach implicitly captures all factors 
that have contributed to recent sea level changes (including all contributions from 
ice sheets), and implicitly incorporates all of them into projections. Physical mod-
elers criticize semi-empirical models because they do not tie directly to physical 
processes, and because the whole approach relies on extrapolation. As temperatures 
reach farther into new heights not seen in the record on which a model is based, 
it becomes less clear whether historic relationships will continue to apply. 

On the one hand, semi-empirical models probably exaggerate the contribution of 
glaciers in the future, because the stock of glacial ice will dwindle and disappear 
(something the model can’t ‘‘know’’ based on the last century). On the other hand, 
the models may well underestimate the contribution of ice sheets—which hold 100 
times the water that glaciers do—because ice sheets appear to have only just begun 
exerting their influence. If ice sheets decay in new ways in the 21st century, com-
pared to the 20th century, big surprises are possible. During the last Ice Age, sea 
levels bottomed out about 400 feet lower than today. But during the great thaw 
from about 20,000 years ago until about 8,000 years ago, the sea rose faster at cer-
tain times than one foot per decade, a rate much greater than the darkest contem-
porary projections. 

Semi-empirical models generally project more sea-level rise this century than 
physical models do, but there is a real possibility that both approaches underesti-
mate what could happen. Greenhouse gases are increasing in the atmosphere today 
at a rate many times faster than anything the planet has seen in at least the last 
55 million years, so it is reasonable to expect surprises. This is why, for example, 
New York State and City have decided to use two sea-level rise scenarios, a tradi-
tional one and a fast-melt scenario—one kind of approach decision-makers might 
consider. (The fast-melt scenario assumes an extra 3+ feet of sea level rise per cen-
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tury, based on the overall average sea level rise rate during the long thaw from the 
last Ice Age.) 

Both physical and semi-empirical models rely on projections of future greenhouse 
gas emissions, and on global climate models that translate those into temperature 
projections. It is a common (although not universal) practice to present a range of 
sea-level projections based on a range of possible emission scenarios in one bundle. 
Whenever this is the case, it is important for decision-makers to recall that so far, 
we are on a path close to the highest of all major emission scenarios used. Con-
tinuing on such a path would point toward the higher part of any range of sea level 
projections. 

The deep historical record also points toward higher projections. Before the last 
Ice Age, there was a warm period, about 125,000 years ago, with global tempera-
tures perhaps slightly warmer than today, and certainly cooler than the tempera-
tures projected this century under the higher emissions scenarios. During that last 
warm period, sea level peaked 20-to-30 feet higher than today. The planet was in 
a different orbit then, so the warm period is not a perfect analog to today, but it 
certainly points toward caution about how high we might ultimately drive sea lev-
els. 

The international scientific community, as reflected by the IPCC, has a dem-
onstrated track record of underestimating sea-level rise. Based on personal observa-
tions, I’d also add that for many climate scientists, it can feel safe, reflexive, or ‘‘con-
servative,’’ to emphasize projections that deviate relatively little from present condi-
tions (despite—or perhaps because of—accusations of ‘‘alarmism’’). Such projections 
generally incorporate less novelty, and ask less of their audiences. However, for a 
decision-maker with responsibilities for public safety or economic wellbeing, ignoring 
high-end projections would seem to be the opposite of conservative. 

One more note about sea level projections is critical for future planning. Most pro-
jections are given as a range to be achieved by a given year—say, by 2050 or 2100. 
This can lead to the impression that the rise would then stop. In fact, under the 
higher projections, the rate of sea level rise continues to accelerate so it is rising 
faster than ever at the end date. Both the speed and amount of sea level rise con-
tribute to the dangers it poses, but ultimately, high speed would threaten social sta-
bility the most. So the high-end sea-leve rise projections include a double threat. 

In conclusion, decision-makers would be well served by taking the high end of 
model projections for sea-level rise very seriously—for semi-empirical as well as 
physical models. 

Question 2. Opponents of policies to reduce carbon emissions often cite the costs 
and economic burden of such policies as a main reason for their opposition. Your 
testimony here today would indicate that the costs of inaction, and also of not plan-
ning for a certain level of climate change that we have already committed to, are 
quite high. Are there studies that effectively quantify these costs, and if so, how do 
they compare to the costs of being proactive? 

Answer. A recent peer-reviewed study by James Neumann and colleagues esti-
mated the value at risk from sea level rise by 2100 for the contiguous US, and also 
estimated total costs with proactive adaptive measures. For a ‘‘mid SLR scenario’’ 
of 2.2 feet by 2100 (in fact, this is toward the lower end of most recent projections), 
the authors found just over $1 trillion at risk ($600 billion with 3% discounting) if 
no action were taken. By contrast, the estimated total cost plus damages under an 
optimized program of defense and retreat was estimated at $236 billion under the 
same scenario ($64 billion discounted). This finding suggests enormous costs and ex-
posure for failure to plan and respond to sea level increases. Under a ‘‘high SLR 
scenario’’ of 4.1 feet, the estimated total cost plus damages under an optimized pro-
gram was $324 billion ($75 billion discounted). 

A global analysis by Robert Nicholls and colleagues estimated $7 vs. $70 billion 
in annual coastline defense costs for North America by 2100, for 1.5-foot vs 6.5-foot 
sea-level rise scenarios. Under the high-rise scenario, the study assumed abandon-
ment of 25% of vulnerable land. The study did not estimate damages, only the cost 
of defenses—which the Neumann study suggests are many times less than the dam-
age potential. 

A third recent study, by Ross Hoffman and colleagues, found 7-9% increases in 
overall annual storm damage costs along Gulf and Atlantic coasts of the U.S., 
through 2030, assuming essentially linear continuation of recent historical trends in 
sea level rise (in other words, a very low sea level rise scenario not allowing for ac-
celeration—although accelerated sea level rise has recently been detected from Cape 
Hatteras to Boston). Locally, increases of 20% or more were common. Factoring in 
potentially warmer sea surface temperatures (and thus aggravated storms), the 
overall annual storm damage increase grew, and ranged from 18-20%. 
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These studies all focus on direct potential damages and the cost of defenses. The 
literature on the economics of sea-level rise so far does little to address potential 
broader negative indirect impacts on economy-wide growth and welfare, although 
these are regarded as possible. However, the studies cited above do showcase recent 
thinking and highlight the very large costs of failing to reduce heat-trapping pollu-
tion, and of failing to plan for the increasing amounts of sea level rise to which we 
are already committing ourselves. 

At a smaller scale and from a more practical, less theoretical perspective, my an-
swer to question 1a from Senator Cantwell throws some light on costs being scoped 
by local governments as they contemplate putting defenses in place today. 

Overall, the costs of inaction are poorly understood, and very likely underesti-
mated. As a prime example, we are not even counting the cost of the roughly 8 
inches of global sea level rise we have already experienced due to warming over the 
last century. Today, every single coastal flood is wider and deeper due to sea level 
rise. Therefore, a fraction of the economic damage from every coastal flood can al-
ready be linked to climate change. However, no one is yet doing the accounting or 
labeling required to count this cost. 

Values used in this answer are 2010 dollars. 
Question 3. From the maps that you submitted with your testimony it appears 

that the nation’s energy infrastructure in Louisiana is particularly vulnerable to sea 
level rise. What impacts do you expect that could have on the country as a whole? 

Answer. The Department of Homeland Security has estimated that having Lou-
isiana Route 1 and Port Fourchon, which it serves, out of service for 90 days would 
lead to a long-term reduction of 120 million barrels of oil and 250 billion cubic feet 
of natural gas production, and would have up to an $8 billion negative impact on 
the US economy (GDP). Rising seas increase this risk. 

More broadly, the Gulf coastal region, including low-lying coastal areas of Texas, 
Louisiana, Mississippi and Alabama, has about $500 billion in oil and gas assets, 
plus $300 billion in electric utility assets, expected to grow to $930 billion combined 
by 2030, according to a study by Entergy. The region is responsible for roughly half 
of the nation’s natural gas and oil production, and half the oil imports. Entergy esti-
mates $2.7-4.6 billion in annual extra damages and costs from climate change in 
the region, by 2030, depending upon climate scenario. 

Entergy’s research also suggests $0.5-1.1 billion in increased annual impacts in 
Louisiana, alone, with $0.4-0.7 billion of this directly from increases in flooding and 
storm surge (aggravated by sea level rise), and the balance from increased wind and 
rain and business interruption. 

Question 4. Are there particular power plants or other pieces of energy infrastruc-
ture that are of primary concern? Is it feasible to protect them, or will they simply 
need to be retired or replaced? 

Answer. The analysis I presented is best suited for assessing aggregate exposure 
(e.g. totals per state or nationally), and not the risk to individual pieces of infra-
structure. Certainly there are individual facilities of primary concern—for example, 
facilities that might pose important dangers if damaged (e.g. nuclear plants), or as-
sets that contribute significantly to the national energy supply (e.g. Route 1 in Lou-
isiana, which serves a large proportion of oil and gas extraction facilities in the Gulf 
of Mexico). For the most accurate risk assessment, the danger to such vital facilities 
should be examined on a case-by-case basis using best available elevation data 
(ideally laser-based LiDAR data) and physical hazard modeling (e.g. simulated 
storm events), incorporating a wide range of future sea level rise scenarios, includ-
ing high-end. Individual circumstances will determine the feasibility and economics 
of protection vs. retirement in each case. 

That said, in the long run, I have no doubt that retreat will be the only practical 
recourse for many sites. The main questions are when, and whether facilities can 
complete their useful lifetimes first. 

RESPONSES OF BENJAMIN H. STRAUSS TO QUESTIONS FROM SENATOR MURKOWSKI 

TOOLS FOR FIXING THE PROBLEM 

Question 1. In Congress, it has become apparent that cap-and-trade lacks the sup-
port needed to pass, and internationally, the U.N. has failed to develop a treaty that 
all nations are willing to ratify. What we are left with at the moment are regula-
tions by the EPA under the Clean Air Act, which many of us oppose due to our con-
cerns about their economic impact. 

a. How much of a difference will CAFE standards and New Source Perform-
ance Standards for power plants actually have on projected sea level rise? 
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Answer. According to many projections, strong reductions in global total green-
house emissions would make a large difference for sea level rise by the end of the 
century. CAFE standards and New Source Performance Standards would contribute 
toward such reductions, but I am not aware of any analysis that would let us assess 
what effect those measures alone might have on sea level rise. 

By the end of the century, strong reductions could make the difference between 
keeping or losing South Florida; a defensible or indefensible problem in most coastal 
areas; and stabilizing or accelerating rates of sea level rise. It is important to note, 
however, that due to momentum built into the physical system, it may already be 
too late to slow down sea level rise over the next four decades; and we may already 
be committed to considerable sea level rise over the long run. A recent study, for 
example, projected we might see about five feet of rise by 2300 even if all global 
greenhouse gas emissions permanently stop in 2016. (On the other end of the spec-
trum, five feet this century—a possibility if we make no cuts in emissions—would 
be vastly more difficult to adjust to. Like a bullet, the faster sea level rise moves, 
the more dangerous it is.) 

SETTING PRIORITIES 

Question 2. A New York Times article from 2007, entitled ‘‘Feel Good vs. Do Good 
on Climate,’’ brings up a number of interesting points on this subject. Using New 
York as a case in point, the article states that ‘‘The warming that has already oc-
curred locally is on the same scale as what’s expected globally in the next century.’’ 
Bjorn Lomborg is also quoted as saying, ‘‘No historian would look back at the last 
two centuries and rank the rising sea level here as one of the city’s major problems.’’ 

a. In comparison to malaria, famine, and other global problems that are af-
fecting people right now, how much attention should be paid to rising sea lev-
els? 

Answer. Many global problems cause great suffering and deserve much attention. 
Most of them are fairly cyclical: so far in global history, disease and hunger tend 
to come and go, rise and fall, as even do armed conflict and war. What distinguishes 
many problems associated with global warming, and sea level rise in particular, is 
their one-way and irreversible nature. Carbon dioxide lingers in the atmosphere for 
centuries, and ice sheets that melt or crumble into the sea would take millennia to 
rebuild. It is true that few or no historians would rank sea level rise over the past 
two centuries as a major problem, but sea level is already rising about three times 
faster than it was one hundred years ago, and is expected to accelerate much more, 
in a world where far more population and assets are concentrated along the coast 
than ever before. 

In choosing whether and how much to invest in reducing global warming and its 
impacts, versus other problems, this one-way ratchet is important to remember. It 
is also important to remember that emissions, temperature and sea level rise are 
all currently accelerating. If and when we choose to cut emissions, research indi-
cates we will already be locked into decades more of increasing damage and distress, 
before improvements from the cuts become noticeable. There is a great danger that 
by the time impacts become painful and obvious enough to loom large in most peo-
ple’s eyes compared to other immediate issues of the day, we will already be com-
mitted to much greater pain for generations to come. (Pain that could include much 
more famine—consider this summer’s drought a small foretaste of the threat to agri-
culture—and the geographic spread of tropical diseases like malaria.) 

With respect to the local vs. global warming analogy, consider the difference be-
tween heating one toe to 105 degrees (say, by dipping it in a hot tub), versus heat-
ing your whole body through and through to the same temperature. The former is 
a minor discomfort, while the latter is a life-threatening systemic crisis. The two sit-
uations are not fairly comparable. 

ACCURACY TO DATE 

Question 3. Scientists and researchers have been making projections about sea 
level rise for years—if not decades. Climate models are constantly being re-worked, 
and refined, but hearings like these provide an opportunity to look back as well as 
forward. 

a. To the extent that past projections were made for sea level rise in 2010, 
2012, or another point around the current period, how accurate have those pro-
jections been? 

Answer. The projections for sea level rise by 2010, made by both the third and 
fourth major assessments of the Intergovernmental Panel on Climate Change— 
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whose reports are generally regarded as the international scientific consensus near 
the time they are made—have been markedly too low. Actual sea level rise has been 
on the very upper edge of the entire wide range of possibilities projected. 

For more background on sea level rise projections, please see my reply to Senator 
Bingaman’s first question. 

RESPONSES OF BENJAMIN H. STRAUSS TO QUESTIONS FROM SENATOR CANTWELL 

Question 1. Knowing the responsibilities states, cities, and localities already have 
and their limited ability to raise additional resources, it seems like we are going to 
have to establish some sort of federal program that can direct the billions of dollars 
needed to adapt our nation’s infrastructure to and protect our citizens from the im-
pacts of climate change. 

a. Do you believe such a Federal role and funding stream is necessary? 
Answer. It seems very likely that many or most coastal cities, counties and states 

will not be able to afford the cost of adapting to sea level rise, or at least will choose 
not to pay it. In fact, examples are already accumulating of cities studying the cost 
of protection, and balking at the price tag, or choosing projects that will not offer 
meaningful protection. 

Norfolk, VA engaged the Dutch engineering firm Fugro to design and cost out de-
fenses. Sea wall cost came to $300 million (compared to an $800 million total annual 
budget for the city). Norfolk declined the proposal because of its high price and be-
cause the solution didn’t protect against inland flooding and sewer overflow (which 
can be complicated by rising seas—drainage of inland water is retarded). Norfolk, 
population 250,000, is now developing a plan to seek federal aid for a comprehensive 
$1 billion fix over the next 30 years, according to the Washington Post. 

An Army Corps of Engineers levee project that could have protected communities 
in north and central Lafourche, LA, from storm surge on top of rising seas, at a 
cost of roughly $1 billion, was recently canceled, according to Houma Today. 

The Washington Post reported this spring that Louisiana has so far not been able 
to find $320 million to raise a vulnerable, low-lying section of LA Route 1, which 
serves Port Fourchon, a lynchpin in the nation’s current energy infrastructure (for 
more see answer to question no. 3 from Senator Bingaman). 

In Seattle, WA, citizens will vote this fall on a $290 million bond ballot measure 
to repair and rebuild a downtown waterfront seawall. The new seawall will be built 
to tolerate 11 inches of sea level rise. Climate Central’s recent peer-reviewed re-
search projects 11 inches of sea level rise (90% confidence range: 4-21 inches) for 
the Seattle area by 2050. Even if the citizens vote to pay and the wall is built, it 
will not protect the city for even close to its planned 100-year life under a wide 
range of sea-level rise scenarios. 

Question 1b. Wouldn’t a price on carbon, which could serve to both reduce the se-
verity of these climate impacts and provide the needed funds, make the most sense? 

Answer. It is my understanding that the great majority of economists believe a 
price on carbon would be the most efficient way to reduce emissions and therefore 
future impacts. Most impact reduction would be realized after 2050, because of the 
powerful momentum of warming. Although our actions today can reduce future 
costs, many costly impacts are indeed unavoidable (and already taking place, even 
if not labeled as costs of climate change). 

Question 2. As we think about our economic and energy future, we need to con-
sider the real costs of inaction. A recent study has estimated that the impacts of 
climate change will cost my home state of Washington 10 billion dollars per year 
by 2020. This is an enormous burden that will be arriving very soon. 

Answer. It is imperative that we get ahead of this curve and prepare for these 
impacts now. To that end, we must maintain vital funding of research programs and 
facilities that advance scientific knowledge and understanding and provide the foun-
dation for cost-effective, innovative solutions. Unfortunately, funding carve-outs in 
the Department of Energy’s Office of Science have impacted base program funding 
for user facilities and research in recent years. 

In my home state, PNNL is working on solutions to the challenges climate change 
imposes, but to succeed, they need our continued support. In these fiscally austere 
times, it makes even less sense to be a penny wise and a pound foolish. PNNL is 
conducting important research, for example through the Atmospheric Radiation 
Measurement (ARM) Program, to get a better sense of what changes in climate are 
already occurring and will likely occur in the future—advancing our understanding 
of the climate system that include complex components such as aerosols, clouds, and 
the carbon cycle. 
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PNNL is also working to provide better information to plan for the coming im-
pacts. They’re developing high resolution models that incorporate critical infrastruc-
ture and natural resources of each region to inform mitigation and adaptation deci-
sions at the state and regional level. This information will be invaluable for infra-
structure planning by natural resource managers, energy companies, and govern-
ment agencies that currently face great uncertainties in their decision making in re-
sponse to changing regional climates. 

It seems to me that the upfront costs of this research and planning will be ex-
tremely modest relative to the costs coming down the road. 

Question 2a. Do all of you agree that proposed cuts to research and development 
will impede our ability to prepare for and mitigate the worst impacts of climate 
change? 

Answer. Without any cuts at all, the national investment in research on climate 
change, its impacts, and reducing and coping with those impacts, is almost certainly 
very small compared to the scale of the threat. What would the defense budget be 
if an enemy power threatened to annex much of South Florida, the boot of Lou-
isiana, Long Island, and the United States’ largest ports and naval bases? This is 
a sampling of effects from something like a worst-case scenario for sea-level rise this 
century (and that is just one climate change impact; drought and agricultural effects 
may be more damaging). 

Question 2b. Do you hear from states and localities appreciating your analysis and 
that they use your data to make better planning decisions? 

Answer. Our data have only just been released this spring, so it is early for col-
lecting this kind of feedback, but I understand our work will be incorporated in the 
coming national climate assessment, and has been used for public education by 
groups and individuals in at least Massachusetts, Florida, North Carolina, and Cali-
fornia. 

RESPONSES OF WALEED ABDALATI TO QUESTIONS FROM SENATOR BINGAMAN 

Question 1. There are many questions about how reliable sea level projections are. 
Can you describe in more detail the strengths and limitations of the models and also 
how best decision-makers should use the information that is available for future 
planning. 

Answer. Two methods have been used for projecting sea level rise. The first is 
through models that seek to accurately describe the physics that affect sea level 
changes. These include expansion of oceans as they warm, the physics associated 
with the movement, melting, and accumulation of glaciers and ice sheets, and the 
variability in stored groundwater. These models have the strength of being phys-
ically based, enabling a representation of the underlying causes of sea level rise. 
They have the limitation, however, of not being able to fully capture the effects of 
changes in the flow rates of glaciers on ice sheets, which can contribute substantial 
amounts to sea level, as a result, this approach, while grounded in physics has his-
torically underestimated sea level rise, and has historically not been able to capture 
the accelerating ice loss from ice sheets. 

The second method is to compare past temperatures to past sea levels recon-
structed from the geological record of Earth’s climate history. There is a fairly ro-
bust relationship between the two, and by using this relationship or correlation; one 
can predict values of sea level rise for estimated values of future temperatures. This 
method is a statistical, rather than a physical approach, and when applied to future 
warming scenarios, this method provides the highest estimates (2 meters) for the 
end of the century. It has the advantage of not requiring a detailed understanding 
of the complex physics in order to make a prediction, and it produces results con-
sistent with recent history. However, because it does not directly incorporate under-
lying physical processes, this method provides limited insight into mechanisms and 
characteristics of future sea level rise. 

Despite the limitations, all of the many peer-reviewed, science-based sea-level 
models predict that sea-level rise will continue for the foreseeable future, although 
the models differ as to the precise rate of the average rise, and most models have 
underestimated current rates of sea level rise. 

In addition, there is considerable regional variability in the rate of sea level rise, 
which makes prediction at a particular location very difficult. This variability is a 
result of ocean circulation characteristics, changes in land processes and characteris-
tics in different regions, the Earth’s rotational characteristics, the sources of sea 
level rise, etc. 

For the purpose of supporting decision-making, the key points to keep in mind are 
as follows: 
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• the projections have a very wide range of uncertainty; 
• they historically have underestimated rates of sea level rise, largely because 

there are some physical processes associated with rapid ice loss that the com-
munity is just beginning to get a handle on; 

• there is considerable regional variability, such that local values may be much 
higher or lower than the global average, which is currently 3.1+0.4 mm/yr.; 

• improving the projections requires continued acquisition and analysis of data on 
sea levels, ocean characteristics, ice sheets, glaciers, and groundwater storage, 
and continued improvements in models through the analysis and incorporation 
of these data. 

• Besides scientific uncertainties, some of which are mentioned above, uncertainty 
in future greenhouse gas emissions also contributes to uncertainty in future sea 
level rise. 

NASA, in conjunction with our partner agencies, both domestically and inter-
nationally, continues to invest in the observations and analysis that support current 
assessments and future predictions of sea level rise, both globally and regionally. 

Question 2. Opponents of policies to reduce carbon emissions often cite the costs 
and economic burden of such policies as a main reason for their opposition. Your 
testimony here today would indicate that the costs of inaction, and also of not plan-
ning for a certain level of climate change that we have already committed to, are 
quite high. Are there studies that effectively quantify these costs, and if so, how do 
they compare to the costs of being proactive? 

Answer. There is an urgent need to better estimate the economic costs of climate 
change; without such estimates the cost-effectiveness of measures to mitigate or 
adapt to climate change cannot properly be assessed. 

Economic analysis is out of the purview of NASA’s mission. This type of cost esti-
mate should be performed as part of the National Climate Assessments (http:// 
www.globalchange.gov/what-we-do/assessment) that have been conducted by the US 
Global Change Research Program and which can be found at http://li-
brary.globalchange.gov/. However, due to a lack of capacity, both past Assessments 
and the ongoing Assessment (scheduled for completion in 2013) include very little 
economic analysis. 

Question 3. Are there particular power plants or other pieces of energy infrastruc-
ture that are of primary concern? Is it feasible to protect them, or will they simply 
need to be retired or replaced? 

Answer. The protection our domestic energy infrastructure is critical to national 
safety, security and the livelihood of many Americans. The vulnerability is a com-
bination of the amount of sea level rise, climate and weather patterns in the vicinity 
of these components of the infrastructure, the elevation and the surrounding land-
scape of where they are situated, and the resilience of these structures. NASA’s ef-
forts and expertise in sea level focus on the magnitude and distribution of sea level 
rise, which can inform risk assessments, however, determining the vulnerability is 
beyond the scope of the agency’s activities. 

RESPONSES OF WALEED ABDALATI TO QUESTIONS FROM SENATOR MURKOWSKI 

TOOLS FOR FIXING THE PROBLEM 

Question 1. In Congress, it has become apparent that cap-and-trade lacks the sup-
port needed to pass, and internationally, the U.N. has failed to develop a treaty that 
all nations are willing to ratify. What we are left with at the moment are regula-
tions by the EPA under the Clean Air Act, which many of us oppose due to our con-
cerns about their economic impact. 

a. How much of a difference will CAFE standards and New Source Perform-
ance Standards for power plants actually have on projected sea level rise? 

Answer. There is no question that international and domestic regulatory policies 
will influence the future state of sea level; however, the relative impact on future 
sea level rise of CAFE standards and New Source Performance Standards in par-
ticular lies outside the current scope of NASA scientific research. Of course, these 
regulations also have beneficial effects on air quality and human health, and CAFÉ 
standards are projected to save consumers $1.7 trillion in fuel costs over the life of 
the program. 

SETTING PRIORITIES 

Question 2. A New York Times article from 2007, entitled ‘‘Feel Good vs. Do Good 
on Climate,’’ brings up a number of interesting points on this subject. Using New 
York as a case in point, the article states that ‘‘The warming that has already oc-
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* Figure has been retained in committee files. 

curred locally is on the same scale as what’s expected globally in the next century.’’ 
Bjorn Lomborg is also quoted as saying, ‘‘No historian would look back at the last 
two centuries and rank the rising sea level here as one of the city’s major problems.’’ 

a. In comparison to malaria, famine, and other global problems that are af-
fecting people right now, how much attention should be paid to rising sea lev-
els? 

Answer. Sea level rise is one of many global challenges people face right now, in 
the United States and elsewhere. Each of these challenges has major implications 
and should be regarded as matters of great importance by the public, the science 
community, and policy makers. The relative urgency of one problem over another 
depends on the values we place on life and property, the degree of threat posed by 
each one, and the risks we as a nation are willing to take. In the United States, 
sea level rise is very likely to adversely affect the well-being of many of our citizens, 
and come at a great cost in terms of property and infrastructure. Deferred action 
on the sea level and climate change fronts means the costs of adapting will be great. 
Assessing how the sea level threat compares to the other threats humans face de-
pends on information and accurate models. At NASA we continue to acquire this 
information, and use it to inform models, so that the risks and vulnerabilities can 
be appropriately assessed. 

ACCURACY TO DATE 

Question 3. Scientists and researchers have been making projections about sea 
level rise for years—if not decades. Climate models are constantly being re-worked, 
and refined, but hearings like these provide an opportunity to look back as well as 
forward. 

a. To the extent that past projections were made for sea level rise in 2010, 
2012, or another point around the current period, how accurate have those pro-
jections been? 

Answer. Past projections of sea level rise have typically underestimated the ob-
served rate of rise. The figure* below is taken from Church et al., Oceanography, 
2011 and shows a comparison of projections from the Fourth Assessment Report of 
the Intergovernmental Panel on Climate Change. Sea level projections from this re-
port were matched with observations in the year 1990. The range of projections is 
shown by the orange band and the beige lines. For the beige lines, an attempt was 
made to account for a more rapid loss of ice from the ice sheets in light of rapid 
changes in glacier flow that the climate models could not simulate. Nevertheless, 
the observations from tide gauges (black line) and from satellite altimeters (red line) 
fall near the top of all projections. 
Reference 

Church, J. A., J. M. Gregory, N. J. White, S. M. Platten, and J. X. Mitrovica, Un-
derstanding and Projecting Sea Level Change, Oceanography, 24(2), pp. 130-143. 

LETTER FROM FORMER NASA OFFICIALS 

Question 4. On March 28th, your agency’s Administrator, Charles Bolden, received 
a letter from approximately 50 former NASA officials. The letter asked that NASA 
‘‘refrain from including unproven and unsupported remarks’’ in climate-related 
statements. The letter also mentions ‘‘catastrophic forecasts,’’ and I want to ask you 
about that characterization. As with any prediction of future events, estimating sea 
levels over the next century is a decidedly difficult task. And it is made more com-
plicated when attempts to forecast specific consequences—to infrastructure, people, 
or wildlife—are involved. 

a. My question is: how important do you feel it is to be clear and transparent 
about the range of uncertainty associated with these types of predictions? 

Answer. It is not merely important, but it is absolutely essential that scientists 
provide clear characterizations of uncertainty when making predictions about the 
range of possible future scenarios. If scientists are not transparent about uncer-
tainty it diminishes both the credibility and utility of the results. This is why both 
the IPCC Assessments and the peer-reviewed literature upon which they are based 
make such extensive efforts to include characterizations of uncertainty that are rig-
orous, transparent, and use carefully-defined terminology. 
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It is equally important to remember that while we cannot precisely predict the 
future, we can make informed estimates based on past and current observations, 
and our knowledge of physical processes. Therefore, the path to decreasing uncer-
tainty is through observations, and continuously improving our understanding of the 
physical processes that drive the Earth system. It is also important to remember 
that, no matter how good our science may become, future climate will always be un-
certain because it depends on future human actions. 

Unfortunately, in a world where discussion seems to revolve around extremes, 
some use uncertainty to imply doubt, and subsequently offer it as a reason for inac-
tion. In fact, uncertainty implies the possibility of higher risk, and can be used to 
support the case for stronger, not weaker, action to minimize risk. None-the-less, 
for policy to be informed, and for the dialogue on the topic to be honest, scientists 
must continue to be as clear about what we don’t know, as we are about what we 
believe to be the case. 

RESPONSES OF WALEED ABDALATI TO QUESTIONS FROM SENATOR CANTWELL 

Question 1. Knowing the responsibilities states, cities, and localities already have 
and their limited ability to raise additional resources, it seems like we are going to 
have to establish some sort of federal program that can direct the billions of dollars 
needed to adapt our nation’s infrastructure to and protect our citizens from the im-
pacts of climate change. 

a. Do you believe such a Federal role and funding stream is necessary? 
b. Wouldn’t a price on carbon, which could serve to both reduce the severity 

of these climate impacts and provide the needed funds, make the most sense? 
Answer. As I stated in this hearing, the climate has always changed. It always 

will, for a variety of reasons. The success of society in the face of those changes real-
ly depends on how big the changes are, how rapidly they occur, and our ability to 
anticipate and prepare for them. There is a significant level of federally funded re-
search under way targeted at determining what the future will likely bring, so that 
we can be equipped to prepare for the changes that lie ahead. What is learned 
through this research can also inform policies targeted at slowing and reducing the 
change, to levels that can be more easily adapted to. The federal government plays 
a critical role in developing the necessary knowledge to successfully confront the 
challenges associated with climate change, and this must continue. Placing a price 
on carbon is one tool that can be used to incentivize people to find alternative forms 
of energy that may have less of an impact on our environment and sea level. The 
effectiveness of this approach, and how it compares to others is not clear, and is 
not something NASA is involved in studying. What is clear, however, is that the 
reliable evaluation of this effectiveness requires an understanding of the physical 
processes at work, which is where the contributions from the NASA investments are 
critical. 

Question 2. As we think about our economic and energy future, we need to con-
sider the real costs of inaction. A recent study has estimated that the impacts of 
climate change will cost my home state of Washington 10 billion dollars per year 
by 2020. This is an enormous burden that will be arriving very soon. 

It is imperative that we get ahead of this curve and prepare for these impacts 
now. To that end, we must maintain vital funding of research programs and facili-
ties that advance scientific knowledge and understanding and provide the founda-
tion for cost-effective, innovative solutions. Unfortunately, funding carve-outs in the 
Department of Energy’s Office of Science have impacted base program funding for 
user facilities and research in recent years. 

In my home state, PNNL is working on solutions to the challenges climate change 
imposes, but to succeed, they need our continued support. In these fiscally austere 
times, it makes even less sense to be a penny wise and a pound foolish. PNNL is 
conducting important research, for example through the Atmospheric Radiation 
Measurement (ARM) Program, to get a better sense of what changes in climate are 
already occurring and will likely occur in the future—advancing our understanding 
of the climate system that include complex components such as aerosols, clouds, and 
the carbon cycle. 

PNNL is also working to provide better information to plan for the coming im-
pacts. They’re developing high-resolution models that incorporate critical infrastruc-
ture and natural resources of each region to inform mitigation and adaptation deci-
sions at the state and regional level. This information will be invaluable for infra-
structure planning by natural resource managers, energy companies, and govern-
ment agencies that currently face great uncertainties in their decision making in re-
sponse to changing regional climates. 
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It seems to me that the upfront costs of this research and planning will be ex-
tremely modest relative to the costs coming down the road. 

a. Do all of you agree that proposed cuts to research and development will 
impede our ability to prepare for and mitigate the worst impacts of climate 
change? 

Answer. For decades our nation’s investment in research and development has led 
to great advances in our understanding of, and ability to predict, sea level rise and 
climate change. Continued commitment to research and development will no doubt 
lead to more robust climate predictions and predictions of future sea level rise, and 
will increase our ability to successfully deal with climate change. In these chal-
lenging fiscal times, it is the difficult task of our nation’s policy makers to balance 
the need for these investments against other challenges we face. We at NASA work 
hard to maximize the science return on that investment, no matter its size. 

Question 2b. Do you hear from states and localities appreciating your analysis and 
that they use your data to make better planning decisions? 

Answer. NASA’s Earth Science Division includes an Applied Sciences Program, 
which partners with public and private organizations such as state and local govern-
ments on ways to incorporate NASA Earth observational data and science results 
in their decision-making activities and services. These have proven to be both valu-
able and appreciated. Some examples of these successful collaborations are given 
below. 
New Mexico Department of Health Utilizes NASA Satellite Products for Dust Storm 

Forecasting 
A NASA-funded project with the New Mexico Department of Health (DoH) led to 

the production of daily 48-hour dust forecasts drawing on observations from MODIS 
and CALIPSO. Dust storms are known to trigger asthmatic responses and cardio-
vascular issues in susceptible individuals. These forecasts are available to the public 
and end-users throughout the state via the New Mexico DoH web portal (http:// 
nmtracking.unm.edu) and are also linked to the national CDC Environmental Public 
Health Tracking Network (EPHTN). 
NASA/ARRA Project aids California Agricultural Community 

Agricultural uses of water account for more than 80% of total water consumption 
in many Western states, and optimization of irrigation management is a key compo-
nent of sustaining agricultural water supplies. Knowing how much and when to irri-
gate can be a complicated and costly decision. Through American Reinvestment and 
Recovery Act (ARRA) funds, NASA worked with California Department of Water Re-
sources (CDWR) on a project to apply NASA Earth satellite observations in the Cali-
fornia Irrigation Management Information System (CIMIS). The project integrated 
NASA Terra, Aqua, and Landsat satellite measurements with agricultural weather 
conditions from CIMIS to map key indicators of crop water requirements and agri-
cultural irrigation demand across the entire California Central Valley at the scale 
of individual fields on a daily basis. The project produced estimates of crop water 
needs for each field, providing a new source of information that can be used by 
growers to account for optimal irrigation rates when scheduling irrigation. NASA 
and CDWR worked with grower associations and individual growers in the project. 
NASA’s GRACE Data Enhances the U.S. Drought Monitor 

The U.S. Drought Monitor provides weekly maps of national vulnerability to 
drought, supporting state and local effort to focus on preparedness and risk manage-
ment to manage water supply and deliver drought aid where it is needed most. A 
project sponsored by NASA’s Earth Science Division integrated data products from 
the GRACE (Gravity Recovery and Climate Experiment) satellite to enhance the 
U.S. Drought Monitor. The project combined GRACE data and other observations 
to improve information on soil moisture and groundwater records, which are used 
to produce weekly maps of wetness conditions in the soil and aquifers. Prior to the 
addition of the new GRACE-based products, the US Drought Monitor lacked infor-
mation on deep soil moisture and groundwater storage—water resources that can 
be used to gauge the impacts of long episodes of wet or dry weather. 

‘‘These maps provide regional to national-level water resource informa-
tion that was previously unavailable to policy and decision-makers. The 
novel use of satellite-based gravity data in combination with advanced mod-
eling techniques has given us a unique perspective on groundwater that 
was not resolvable through just ground-based observations that can provide 
new information for hydrologic drought monitoring.’’ 

—Brian Wardlow, National Drought Mitigation Center. 
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California Department of Health Using NASA Satellite Products 
A NASA-funded project with the California Department of Health led to the oper-

ational integration of NASA data products, such as MODIS and Landsat, into the 
California Vector-borne Disease Surveillance Gateway. Enhanced products are dis-
tributed to Gateway users throughout California for improved risk assessment of 
mosquito-borne encephalitis viruses, including the West Nile Virus. 
NASA Satellite Products Support Mapping Carbon Flux in Oregon Forests 

Forests play a vital role in the carbon cycle through the absorption of carbon diox-
ide and release of carbon through events such as wildfires, insect infestations, and 
timber harvests. This dichotomy complicates forest management strategies that in-
corporate carbon absorption through the cycle of forest growth, death and regenera-
tion. To help forest managers understand carbon flux, a NASA-funded project devel-
oped a unique model that uses remote sensing data to gain insight into the carbon 
flux of Oregon’s forests. Created by the Oregon Department of Forestry (ODF), the 
Oregon Roundtable on Sustainable Forests uses the project’s approach to carbon as-
sessment to assess the feasibility of forest management plans. 

‘‘We have traditional estimates of carbon flux based on inventory plots, 
but [the project’s] data integrates the physiological functions of forest eco-
systems with state-of-the-art landscape modeling, satellite remote sensing, 
large-scale vegetation mapping, and computer simulation. [The project] uses 
the technology investments of NASA and puts them into a useful format to 
help us better understand the annual flux of carbon through Oregon for-
ests.’’ 

Andrew Yost, Oregon Department of Forestry 
Question 3. Shellfish farmers in Washington State are being severely impacted by 

ocean acidification. In Washington, the shellfish industry employs over 3,200 Wash-
ingtonians and has a total economic contribution of $270 million annually. 

In 2010, I secured funding to acquire and deploy ocean acidification sensors near 
major shellfish hatcheries in Washington State. Today, these sensors, combined 
with buoys from NOAA’s Integrated Ocean Observation System program, allow 
shellfish growers to monitor ocean acidity in real time. Real time ocean acidification 
data has made all the difference to the shellfish industry, illustrating a strong 
nexus between ocean acidification data and shellfish recruitment. Without real time 
monitoring, the shellfish industry cannot survive. 

a. Dr. Abdalati, are we getting close to having reliable satellite data on the 
acidity of the ocean like we do for sea surface temperature? 

Answer. Yes, we are getting closer. However, it is not yet possible to directly 
measure the acidity of the ocean from space. It is possible to estimate some prop-
erties of the ocean related to ocean acidity (or pH, a measure of acidity or basicity 
of an aqueous solution, in this case, the ocean) and the biological, chemical, and eco-
logical impacts of changing ocean acidity from what are known as ‘‘ocean color’’ sat-
ellites. Properties of the ocean related to ocean acidity and the impacts of ocean 
acidification on ocean biology that can be estimated from ‘‘ocean color’’ satellites in-
clude new data products such as particulate inorganic carbon (PIC), biogenic silica, 
and the partial pressure of carbon dioxide (pCO2), as well as standard products such 
as phytoplankton chlorophyll (chl). 

‘‘Ocean color’’ sensors can measure light coming from the ocean in the ultraviolet 
to infrared portions of the electromagnetic spectrum. The light coming from the 
ocean is referred to as the ocean’s optical properties or ‘‘color’’, and can provide 
quantitative, detailed information on the ocean’s biology, ecology, and chemistry. Re-
searchers can use ocean color satellite data of the optical properties of the ocean to 
estimate or model ocean acidity indirectly, as well as the biological impacts of ocean 
acidification. For example, recently-published NASA-funded research has developed 
a method for predicting coastal surface-water pCO2 (partial pressure of carbon diox-
ide, or CO2) from remote-sensing data, based on self organizing maps and a non-
linear semi-empirical model of surface water carbonate chemistry (Hales et al., 
2012, in press, Progress in Oceanography). In the ocean, the pCO2 is determined 
from measurements of two of the following: dissolved inorganic carbon, pH and alka-
linity. pCO2 in the ocean can change based on location (sampling depth, latitude), 
ocean temperature, and the ocean’s alkalinity (or measure of the ocean’s capacity 
to balance acid, such as hydrogen ions, with base, such as carbonate ions). Biological 
processes in the ocean also influence the pCO2 in the ocean. While this algorithm 
is experimental, this type of study not only gives us insight in to what properties 
from ocean color satellites can be used to estimate ocean acidity regionally and glob-
ally, but also provides quantitative information on carbon cycling. 
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Question 3b. What monitoring sensors and algorithms are still needed to observe 
the acidification of the ocean remotely from satellites? 

Answer. Continued observations from NASA satellite ocean color sensors will pro-
vide data on properties of the ocean such as phytoplankton chlorophyll (proxy for 
ocean plants), which help to detail ecological impacts of ocean acidification on ‘‘pri-
mary producers’’ (bottom of the food chain). Understanding the impacts of ocean 
acidification on the primary trophic level will allow researchers and managers to 
identify and understand the impacts of ocean acidification on higher trophic levels 
(e.g., fisheries) that depend on primary producers for food. Satellites can provide 
this information from a local to a global scale. Continuity of ocean color data from 
past sensors such as the Sea-Viewing Wide Field-of-view Sensor (SeaWiFS), and ex-
isting sensors such as the Moderate resolution Imaging Spectroradiometer (MODIS), 
and perhaps future data from the Suomi NPP VIIRS (Visible Infrared Imager Radi-
ometer Suite) are critical to providing a time series of biological data in the ocean 
critical for detailing the response of the ocean’s biology and ecology to ocean acidifi-
cation. 

RESPONSES OF LEONARD BERRY TO QUESTIONS FROM SENATOR BINGAMAN 

Question 1. Opponents of policies to reduce carbon emissions often cite the costs 
and economic burden of such policies as a main reason for their opposition. Your 
testimony here today would indicate that the costs of inaction, and also of not plan-
ning for a certain level of climate change that we have already committed to, are 
quite high. Are there studies that effectively quantify these costs, and if so, how do 
they compare to the costs of being proactive? 

Answer. It is almost common sense to want to understand a problem and build 
a response to it over time—the old proverb ‘‘a stitch in time saves nine’’. Apart from 
that, the economics show that the cost of inaction is great. A 2008 study by Tufts 
University reports that by 2075 in Florida alone, the cost of inaction would be $184 
billion and $345 billion by 2100 (Stanton and Ackerman, 2007). Research that is 
currently being conducted is starting show that this may be an underestimation. 

In the recent ClimAID report for New York State (Rosenzweig et al., 2011, ch. 
7), a detailed case study of the impacts of a 100 year storm on transportation and 
economic activity in New York City estimates additional costs (as compared to the 
present) of $12 billion for a 2-foot rise in sea level, and $26 billion in additional 
costs for a 4 foot rise. (p. 348.) This is for just one storm, and not the worst conceiv-
able storm. Moreover, NPCC 2010 p. 177 notes that estimates indicate that the cur-
rent 100-year storm is likely to occur once every 15 to 35 years by the 2080s. This 
all suggests that we need more detailed information of assets at risk. 

Question 2. Are there particular power plants or other pieces of energy infrastruc-
ture that are of primary concern? Is it feasible to protect them, or will they simply 
need to be retired or replaced? 

Answer. The critical infrastructure includes transportation, water supply and 
treatment systems, power stations and buildings among others. There are methods 
for dealing with relatively near term climate hazards, including flood walls and 
evacuation plans; for the longer term, larger infrastructure may be required, such 
as harbor surge barriers in some areas. 

We need a national assessment of energy infrastructure at risk to sea level rise. 
However in Florida we do know during Hurricane Andrew, the Turkey Point nuclear 
power station was briefly compromised and we must make doubly sure that any new 
facilities build at least three feet of level rise into their environmental assessment 
and into their operation. 

RESPONSES OF LEONARD BERRY TO QUESTIONS FROM SENATOR MURKOWSKI 

TOOLS FOR FIXING THE PROBLEM 

Question 1. In Congress, it has become apparent that cap-and-trade lacks the sup-
port needed to pass, and internationally, the U.N. has failed to develop a treaty that 
all nations are willing to ratify. What we are left with at the moment are regula-
tions by the EPA under the Clean Air Act, which many of us oppose due to our con-
cerns about their economic impact. 

a. How much of a difference will CAFE standards and New Source Perform-
ance Standards for power plants actually have on projected sea level rise? 

Answer. While we can’t prevent sea level rise over the next 50-60 years. We can 
take mitigation efforts in order to prevent further global temperature increases and 
thus reduce the seas thermal expansion causing much of sea level rise. 
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SETTING PRIORITIES 

Question 2. A New York Times article from 2007, entitled ‘‘Feel Good vs. Do Good 
on Climate,’’ brings up a number of interesting points on this subject. Using New 
York as a case in point, the article states that ‘‘The warming that has already oc-
curred locally is on the same scale as what’s expected globally in the next century.’’ 
Bjorn Lomborg is also quoted as saying, ‘‘No historian would look back at the last 
two centuries and rank the rising sea level here as one of the city’s major problems.’’ 

a. In comparison to malaria, famine, and other global problems that are af-
fecting people right now, how much attention should be paid to rising sea lev-
els? 

Answer. When it comes to future climate change, past is not prelude. Sea level 
rise is expected to continue at an accelerating rate, making this a critical global 
problem that, in fact, is happening now. In Southeast Florida freshwater wells are 
becoming saline and flood control structures are losing capacity. Trillions of dollars 
of infrastructures are at risk, imperiling our future national economy including— 
our ability to address other global problems. Because adaptations that involve sig-
nificant infrastructure changes take many decades to plan, design and build, we 
must be proactive in making initial adaptations (flood walls and evacuation plans) 
and also be proactive now as we begin the long planning process for potentially larg-
er solutions. Mayor Bloomberg is treating this issue of climate change seriously 
enough to set up a special process to examine the impacts on the city and make 
adaptation plans. 

Florida and our nation spends a great amount of time and money on Emergency 
Preparedness to minimize the future impacts of floods, hurricanes, earthquakes, 
etc., and to react to relatively short term postdisaster recovery needs. The warming 
of oceans and rapid increases in ice loss in polar regions are ‘‘Leading Indicators’’ 
of future sea level rise which will produce important permanent changes in our nat-
ural and built environments. These changes will produce large investment losses for 
those directly impacted by sea level rise and large indirect financial costs or tax bur-
dens in other areas unless society begins to shift new developments to lower risk 
areas and implements policies that encourage established developments to move to 
these lower risk areas as appropriate. 

ACCURACY TO DATE 

Question 3. Scientists and researchers have been making projections about sea 
level rise for years—if not decades. Climate models are constantly being re-worked, 
and refined, but hearings like these provide an opportunity to look back as well as 
forward. 

a. To the extent that past projections were made for sea level rise in 2010, 
2012, or another point around the current period, how accurate have those pro-
jections been? 

Answer. Projections have generally been on the low side because the IPCC did not 
include estimates of polar and glacial ice reductions in its projections. 

RESPONSES OF LEONARD BERRY TO QUESTIONS FROM SENATOR CANTWELL 

Question 1. In the Puget Sound region, sea level is projected to rise by six inches 
by 2050—13 inches by the end of the century. And due to potential ice melt from 
Greenland and Antarctica, increases of up to four feet for Puget Sound are even pos-
sible by the end of the century. This is particularly alarming to me and my constitu-
ents because structures located in flood hazard areas are valued at 28.7 billion dol-
lars in Puget Sound alone. 

Sea level rise and severe storms could be a big problem for the many military in-
stallations in Puget Sound that are critical to our national security. We’ve already 
seen how Florida’s Homestead Air Force Base was essentially destroyed by Hurri-
cane Andrew in 1992. And Hurricane Ivan badly damaged Naval Air Station Pensa-
cola in 2004. 

And sea level rise is just one of the many harmful impacts my state is going to 
have to deal with because of global warming pollution. Climate change is expected 
to severely disrupt our very supply and demand of energy. Shifts in the amount and 
timing of stream-flow will lead to substantial changes in our seasonal hydroelectric 
power generation, which my state depends upon for two-thirds of its electricity 
needs. Projected snowpack decreases of 29 percent by the 2020s, 44 percent by the 
2040s, and 65 percent by the 2080s are frankly quite daunting when we already 
have too little water to go around and our needs are just going to increase over time. 
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Unless we act, in coordination with the rest of the world, this snowpack decline is 
going to cost my constituents billions of dollars in lost hydropower, irrigation water, 
and industries that depend on salmon recovery. 

All of the expected impacts add up to a rather expensive bill. A recent study esti-
mated that climate change impacts in Washington state will reach nearly 10 billion 
dollars per year by 2020. That’s just eight years from now, and it’s the same burden 
on my constituents as an increase of three-and-a-half dollars for a gallon of gasoline. 

I am proud that my state is a national leader in developing a climate response 
strategy. Incorporating climate change into its planning decisions whether they are 
where to place new infrastructure or where to focus adaptation efforts. 

I was struck by Dr. Strauss’s recent report that found the threat of a ‘‘century’’ 
flood in Washington state more than triples by 2030. That’s a daunting assessment 
given that already since 1990, Puget Sound has experienced 16 federally declared 
flood disasters, and Interstate 5 has closed four times due to flooding. One of those 
closures resulted in $47 million in lost economic output to the state. 

Our states are already struggling to keep their budgets balanced while maintain-
ing critical funding for education, first responders, transportation systems, and 
other essential government services. As you look at the costs to Florida and New 
York city, how are you planning to pay for these necessary adaptation measures? 

Answer. The preferred way to pay for adaptation is to encourage new growth in 
low risk areas and provide incentives for existing coastal developments to relocate 
or rebuild as appropriate. This requires a long lead time and Congressional action 
to establish strategic long term policies to develop water resources, transportation, 
and power infrastructure for the new developments. The implementation of the 
interstate highway system and the subsequent growth of suburbs shows the poten-
tial for encouraging growth in new areas. Other policies are also needed to help 
those in high risk areas who want to relocate. These might include a special tax 
deduction category for developed property AND land which are subject to sea level 
rise impacts and are donated to a national seashore trust in advance of functional 
loss or after loss due to a tropical storm or other event. It might also include re-
forms to flood insurance and disaster relief programs to encourage or require prop-
erty owners to relocate to lower risk areas after a damage event. 

As far as Florida is concerned, there are no special funds set aside to deal with 
these issues. Local governments are devoting considerable resources identifying 
issues and responding to current threats on a somewhat piece meal basis. 

Question 2. Knowing the responsibilities states, cities, and localities already have 
and their limited ability to raise additional resources, it seems like we are going to 
have to establish some sort of federal program that can direct the billions of dollars 
needed to adapt our nation’s infrastructure to and protect our citizens from the im-
pacts of climate change. 

a. Do you believe such a Federal role and funding stream is necessary? 
Answer. A key principle for planning, especially long range planning for climate 

adaptation, is to have vision of a desired future condition and develop a plan to 
move consistently toward that goal. With regard to sea level rise, that goal would 
greatly reduce national exposure to sea level rise risk over the next 50+ years with 
policies that strongly encourage new development and relocations in low risk areas. 
This might involve federal investment in large scale, next generation infrastructure 
(transportation, water, sewer, power, and communication systems) as a framework 
for development of new energy efficient climate friendly communities, much like the 
way the current interstate system investment has helped energize and shape US 
community developments since the 1950s. When identifying low risk areas, it will 
be important to recognize that sea level rise is most likely to continue for multiple 
centuries and is very likely to accelerate briskly in coming years. 

Federal support will be necessary to help coastal areas adjust to rising sea level. 
The protection and possible relocation of transportation and wastewater treatment 
systems, for example, will be very expensive and not adapting will have significant 
adverse local and interstate consequences. 

b. Wouldn’t a price on carbon, which could serve to both reduce the severity 
of these climate impacts and provide the needed funds, make the most sense? 

Answer. A carbon price would be very important. There are other approaches that 
can be pursued as well. For example, a recent key article in Science indicates that 
great progress can be made worldwide using existing technology in reducing meth-
ane emissions and black soot. 

Question 3. As we think about our economic and energy future, we need to con-
sider the real costs of inaction. A recent study has estimated that the impacts of 
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climate change will cost my home state of Washington 10 billion dollars per year 
by 2020. This is an enormous burden that will be arriving very soon. 

It is imperative that we get ahead of this curve and prepare for these impacts 
now. To that end, we must maintain vital funding of research programs and facili-
ties that advance scientific knowledge and understanding and provide the founda-
tion for cost-effective, innovative solutions. Unfortunately, funding carve-outs in the 
Department of Energy’s Office of Science have impacted base program funding for 
user facilities and research in recent years. 

In my home state, PNNL is working on solutions to the challenges climate change 
imposes, but to succeed, they need our continued support. In these fiscally austere 
times, it makes even less sense to be a penny wise and a pound foolish. PNNL is 
conducting important research, for example through the Atmospheric Radiation 
Measurement (ARM) Program, to get a better sense of what changes in climate are 
already occurring and will likely occur in the future—advancing our understanding 
of the climate system that include complex components such as aerosols, clouds, and 
the carbon cycle. 

PNNL is also working to provide better information to plan for the coming im-
pacts. They’re developing high resolution models that incorporate critical infrastruc-
ture and natural resources of each region to inform mitigation and adaptation deci-
sions at the state and regional level. This information will be invaluable for infra-
structure planning by natural resource managers, energy companies, and govern-
ment agencies that currently face great uncertainties in their decision making in re-
sponse to changing regional climates. 

It seems to me that the upfront costs of this research and planning will be ex-
tremely modest relative to the costs coming down the road. 

a. Do all of you agree that proposed cuts to research and development will 
impede our ability to prepare for and mitigate the worst impacts of climate 
change? 

Answer. Yes, proposed cuts would have potentially significant negative effects. In 
fact, additional funding is needed for vulnerability assessments and the monitoring 
and collection that is needed for these assessments. 

b. Do you hear from states and localities appreciating your analysis and that 
they use your data to make better planning decisions? 

Answer. Yes, states and localities have been quite active in sharing information 
and planning approaches. These include the Southeast Florida Regional Climate 
Change Compact, Broward and Martin Counties, Florida’s Department of Economic 
Opportunity, The City of Punta Gorda, Florida, The Florida Department of Trans-
portation, and The City of New York. 

Question 4. Sea level rise, storm surges, and extreme weather events will increase 
the risk of flooding and damage to energy production and delivery systems such as 
power plants, transmission lines, pipelines, and oil refineries. More storm activity 
will increase the cost of power and infrastructure maintenance and lead to more, 
longer blackouts and disruptions of services. 

As we plan for these potential disruptions, we should be looking for ways to make 
the electric grid more resilient and reliable. The Department of Energy’s 2011 Quad-
rennial Technology Review found that we are ‘‘underinvesting in activities sup-
porting modernization of the grid.’’ This underinvestment delays the nation’s transi-
tion to a more resilient, reliable, and secure electricity system, which is needed even 
more urgently due to the additional challenges from climate change. 

a. Should grid modernization efforts and making the grid smarter be impor-
tant parts of our response to electric vulnerabilities created by climate change? 

Answer. Yes. Often the demands for power and power generating capacity are not 
co-located, which means that power will have to move long distances across the grid 
(note we lose about 6% of power in transmission). At present, the carrying capacity 
of the grid and the control systems required are not in place. As a result, without 
reinforcing the grid and migrating to digital controls, the grid will increasingly put 
populations at risk in the southeast, southwest, and Rocky Mountain states. 

b. Is securing our grid against these threats just as important as against 
other potential threats such as cyberattacks? 

Answer. The risks are categorically different. Cyber attacks can bring the grid 
down temporarily as a result of control interruptions. Hardening the access to the 
control system is the key to preventing cyber attacks. Climate change issues are as-
sociated with the carrying capacity of the wiring system. If power cannot get 
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through the wiring, large scale interruptions will occur during the most vulnerable 
periods (very hot or cold). 

[Responses to the following questions were not received at the 
time the hearing went to press:] 

QUESTIONS FOR ADAM FREED FROM SENATOR BINGAMAN 

Question 1. Opponents of policies to reduce carbon emissions often cite the costs 
and economic burden of such policies as a main reason for their opposition. Your 
testimony here today would indicate that the costs of inaction, and also of not plan-
ning for a certain level of climate change that we have already committed to, are 
quite high. Are there studies that effectively quantify these costs, and if so, how do 
they compare to the costs of being proactive? 

Question 2. Are there particular power plants or other pieces of energy infrastruc-
ture that are of primary concern? Is it feasible to protect them, or will they simply 
need to be retired or replaced? 

QUESTIONS FOR ADAM FREED FROM SENATOR MURKOWSKI 

TOOLS FOR FIXING THE PROBLEM 

Question 1. In Congress, it has become apparent that cap-and-trade lacks the sup-
port needed to pass, and internationally, the U.N. has failed to develop a treaty that 
all nations are willing to ratify. What we are left with at the moment are regula-
tions by the EPA under the Clean Air Act, which many of us oppose due to our con-
cerns about their economic impact. 

a. How much of a difference will CAFE standards and New Source Perform-
ance Standards for power plants actually have on projected sea level rise? 

SETTING PRIORITIES 

Question 2. A New York Times article from 2007, entitled ‘‘Feel Good vs. Do Good 
on Climate,’’ brings up a number of interesting points on this subject. Using New 
York as a case in point, the article states that ‘‘The warming that has already oc-
curred locally is on the same scale as what’s expected globally in the next century.’’ 
Bjorn Lomborg is also quoted as saying, ‘‘No historian would look back at the last 
two centuries and rank the rising sea level here as one of the city’s major problems.’’ 

a. In comparison to malaria, famine, and other global problems that are af-
fecting people right now, how much attention should be paid to rising sea lev-
els? 

ACCURACY TO DATE 

Question 3. Scientists and researchers have been making projections about sea 
level rise for years—if not decades. Climate models are constantly being re-worked, 
and refined, but hearings like these provide an opportunity to look back as well as 
forward. 

a. To the extent that past projections were made for sea level rise in 2010, 
2012, or another point around the current period, how accurate have those pro-
jections been? 

RESPONSIBILITY FOR FIXING THE PROBLEM 

Question 4. Mr. Freed, as Deputy Director of Mayor Bloomberg’s Office of Long- 
Term Planning and Sustainability, you’ve spent time looking at what projected sea 
level rise could mean for Manhattan. And the fact that you’ve looked at this is testa-
ment to the number of ways—and the number of entities—that could ultimately find 
a role in any problems that result. 

a. In your view, does responsibility for addressing and preparing for sea level 
rise reside with state, local, or federal governments, companies, insurance pro-
viders, individuals—or some combination of all of them? 

QUESTIONS FOR ADAM FREED FROM SENATOR CANTWELL 

Question 1. In the Puget Sound region, sea level is projected to rise by six inches 
by 2050—13 inches by the end of the century. And due to potential ice melt from 
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Greenland and Antarctica, increases of up to four feet for Puget Sound are even pos-
sible by the end of the century. This is particularly alarming to me and my constitu-
ents because structures located in flood hazard areas are valued at 28.7 billion dol-
lars in Puget Sound alone. 

Sea level rise and severe storms could be a big problem for the many military in-
stallations in Puget Sound that are critical to our national security. We’ve already 
seen how Florida’s Homestead Air Force Base was essentially destroyed by Hurri-
cane Andrew in 1992. And Hurricane Ivan badly damaged Naval Air Station Pensa-
cola in 2004. 

And sea level rise is just one of the many harmful impacts my state is going to 
have to deal with because of global warming pollution. Climate change is expected 
to severely disrupt our very supply and demand of energy. Shifts in the amount and 
timing of stream-flow will lead to substantial changes in our seasonal hydroelectric 
power generation, which my state depends upon for two-thirds of its electricity 
needs. Projected snowpack decreases of 29 percent by the 2020s, 44 percent by the 
2040s, and 65 percent by the 2080s are frankly quite daunting when we already 
have too little water to go around and our needs are just going to increase over time. 
Unless we act, in coordination with the rest of the world, this snowpack decline is 
going to cost my constituents billions of dollars in lost hydropower, irrigation water, 
and industries that depend on salmon recovery. 

All of the expected impacts add up to a rather expensive bill. A recent study esti-
mated that climate change impacts in Washington state will reach nearly 10 billion 
dollars per year by 2020. That’s just eight years from now, and it’s the same burden 
on my constituents as an increase of three-and-a-half dollars for a gallon of gasoline. 

I am proud that my state is a national leader in developing a climate response 
strategy. Incorporating climate change into its planning decisions whether they are 
where to place new infrastructure or where to focus adaptation efforts. 

I was struck by Dr. Strauss’s recent report that found the threat of a ‘‘century’’ 
flood in Washington state more than triples by 2030. That’s a daunting assessment 
given that already since 1990, Puget Sound has experienced 16 federally declared 
flood disasters, and Interstate 5 has closed four times due to flooding. One of those 
closures resulted in $47 million in lost economic output to the state. 

Our states are already struggling to keep their budgets balanced while maintain-
ing critical funding for education, first responders, transportation systems, and 
other essential government services. As you look at the costs to Florida and New 
York city, how are you planning to pay for these necessary adaptation measures? 

Question 2. Knowing the responsibilities states, cities, and localities already have 
and their limited ability to raise additional resources, it seems like we are going to 
have to establish some sort of federal program that can direct the billions of dollars 
needed to adapt our nation’s infrastructure to and protect our citizens from the im-
pacts of climate change. 

a. Do you believe such a Federal role and funding stream is necessary? 
b. Wouldn’t a price on carbon, which could serve to both reduce the severity 

of these climate impacts and provide the needed funds, make the most sense? 
Question 3. As we think about our economic and energy future, we need to con-

sider the real costs of inaction. A recent study has estimated that the impacts of 
climate change will cost my home state of Washington 10 billion dollars per year 
by 2020. This is an enormous burden that will be arriving very soon. 

It is imperative that we get ahead of this curve and prepare for these impacts 
now. To that end, we must maintain vital funding of research programs and facili-
ties that advance scientific knowledge and understanding and provide the founda-
tion for cost-effective, innovative solutions. Unfortunately, funding carve-outs in the 
Department of Energy’s Office of Science have impacted base program funding for 
user facilities and research in recent years. 

In my home state, PNNL is working on solutions to the challenges climate change 
imposes, but to succeed, they need our continued support. In these fiscally austere 
times, it makes even less sense to be a penny wise and a pound foolish. PNNL is 
conducting important research, for example through the Atmospheric Radiation 
Measurement (ARM) Program, to get a better sense of what changes in climate are 
already occurring and will likely occur in the future—advancing our understanding 
of the climate system that include complex components such as aerosols, clouds, and 
the carbon cycle. 

PNNL is also working to provide better information to plan for the coming im-
pacts. They’re developing high resolution models that incorporate critical infrastruc-
ture and natural resources of each region to inform mitigation and adaptation deci-
sions at the state and regional level. This information will be invaluable for infra-
structure planning by natural resource managers, energy companies, and govern-
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ment agencies that currently face great uncertainties in their decision making in re-
sponse to changing regional climates. 

It seems to me that the upfront costs of this research and planning will be ex-
tremely modest relative to the costs coming down the road. 

a. Do all of you agree that proposed cuts to research and development will 
impede our ability to prepare for and mitigate the worst impacts of climate 
change? 

b. Do you hear from states and localities appreciating your analysis and that 
they use your data to make better planning decisions? 

Question 4. Sea level rise, storm surges, and extreme weather events will increase 
the risk of flooding and damage to energy production and delivery systems such as 
power plants, transmission lines, pipelines, and oil refineries. More storm activity 
will increase the cost of power and infrastructure maintenance and lead to more, 
longer blackouts and disruptions of services. 

As we plan for these potential disruptions, we should be looking for ways to make 
the electric grid more resilient and reliable. The Department of Energy’s 2011 Quad-
rennial Technology Review found that we are ‘‘underinvesting in activities sup-
porting modernization of the grid.’’ This underinvestment delays the nation’s transi-
tion to a more resilient, reliable, and secure electricity system, which is needed even 
more urgently due to the additional challenges from climate change. 

a. Should grid modernization efforts and making the grid smarter be impor-
tant parts of our response to electric vulnerabilities created by climate change? 

b. Is securing our grid against these threats just as important as against 
other potential threats such as cyberattacks? 

QUESTIONS FOR ANTHONY C. JANETOS FROM SENATOR BINGAMAN 

Question 1. Opponents of policies to reduce carbon emissions often cite the costs 
and economic burden of such policies as a main reason for their opposition. Your 
testimony here today would indicate that the costs of inaction, and also of not plan-
ning for a certain level of climate change that we have already committed to, are 
quite high. Are there studies that effectively quantify these costs, and if so, how do 
they compare to the costs of being proactive? 

Question 2. Are there particular power plants or other pieces of energy infrastruc-
ture that are of primary concern? Is it feasible to protect them, or will they simply 
need to be retired or replaced? 

QUESTIONS FOR ANTHONY C. JANETOS FROM SENATOR MURKOWSKI 

TOOLS FOR FIXING THE PROBLEM 

Question 1. In Congress, it has become apparent that cap-and-trade lacks the sup-
port needed to pass, and internationally, the U.N. has failed to develop a treaty that 
all nations are willing to ratify. What we are left with at the moment are regula-
tions by the EPA under the Clean Air Act, which many of us oppose due to our con-
cerns about their economic impact. 

a. How much of a difference will CAFE standards and New Source Perform-
ance Standards for power plants actually have on projected sea level rise? 

SETTING PRIORITIES 

Question 2. A New York Times article from 2007, entitled ‘‘Feel Good vs. Do Good 
on Climate,’’ brings up a number of interesting points on this subject. Using New 
York as a case in point, the article states that ‘‘The warming that has already oc-
curred locally is on the same scale as what’s expected globally in the next century.’’ 
Bjorn Lomborg is also quoted as saying, ‘‘No historian would look back at the last 
two centuries and rank the rising sea level here as one of the city’s major problems.’’ 

a. In comparison to malaria, famine, and other global problems that are af-
fecting people right now, how much attention should be paid to rising sea lev-
els? 

ACCURACY TO DATE 

Question 3. Scientists and researchers have been making projections about sea 
level rise for years—if not decades. Climate models are constantly being re-worked, 
and refined, but hearings like these provide an opportunity to look back as well as 
forward. 
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a. To the extent that past projections were made for sea level rise in 2010, 
2012, or another point around the current period, how accurate have those pro-
jections been? 

QUESTIONS FOR ANTHONY C. JANETOS FROM SENATOR CANTWELL 

Question 1. Knowing the responsibilities states, cities, and localities already have 
and their limited ability to raise additional resources, it seems like we are going to 
have to establish some sort of federal program that can direct the billions of dollars 
needed to adapt our nation’s infrastructure to and protect our citizens from the im-
pacts of climate change. 

a. Do you believe such a Federal role and funding stream is necessary? 
b. Wouldn’t a price on carbon, which could serve to both reduce the severity 

of these climate impacts and provide the needed funds, make the most sense? 
Question 2. As we think about our economic and energy future, we need to con-

sider the real costs of inaction. A recent study has estimated that the impacts of 
climate change will cost my home state of Washington 10 billion dollars per year 
by 2020. This is an enormous burden that will be arriving very soon. 

It is imperative that we get ahead of this curve and prepare for these impacts 
now. To that end, we must maintain vital funding of research programs and facili-
ties that advance scientific knowledge and understanding and provide the founda-
tion for cost-effective, innovative solutions. Unfortunately, funding carve-outs in the 
Department of Energy’s Office of Science have impacted base program funding for 
user facilities and research in recent years. 

In my home state, PNNL is working on solutions to the challenges climate change 
imposes, but to succeed, they need our continued support. In these fiscally austere 
times, it makes even less sense to be a penny wise and a pound foolish. PNNL is 
conducting important research, for example through the Atmospheric Radiation 
Measurement (ARM) Program, to get a better sense of what changes in climate are 
already occurring and will likely occur in the future—advancing our understanding 
of the climate system that include complex components such as aerosols, clouds, and 
the carbon cycle. 

PNNL is also working to provide better information to plan for the coming im-
pacts. They’re developing high resolution models that incorporate critical infrastruc-
ture and natural resources of each region to inform mitigation and adaptation deci-
sions at the state and regional level. This information will be invaluable for infra-
structure planning by natural resource managers, energy companies, and govern-
ment agencies that currently face great uncertainties in their decision making in re-
sponse to changing regional climates. 

It seems to me that the upfront costs of this research and planning will be ex-
tremely modest relative to the costs coming down the road. 

a. Do all of you agree that proposed cuts to research and development will 
impede our ability to prepare for and mitigate the worst impacts of climate 
change? 

b. Do you hear from states and localities appreciating your analysis and that 
they use your data to make better planning decisions? 

Question 3. All of the testimonies indicate that the impacts from climate change 
are already here, and more are coming soon. I am wondering how much influence 
the amount of emissions over the next few decades will have on future climate 
change impacts. 

Predicting the extent of future climate changes and evaluating impacts of alter-
native mitigation and adaptation strategies will require significant improvement in 
the accuracy of climate change models. We also need more complete representations 
of human systems at regional to local scales, where mitigation and adaptation plan-
ning occur. 

a. In improving the accuracy and scope of our models, how helpful would it 
be to have a more certain emissions pathway into the future? 

b. Would this certainty improve our ability to plan for and adapt to climate 
change impacts? 
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APPENDIX II 

Additional Material Submitted for the Record 

STATEMENT OF BEN STRAUSS AND REMIK ZIEMLINSKI, CLIMATE CENTRAL 

SEA LEVEL RISE THREATS TO ENERGY INFRASTRUCTURE 

A SURGING SEAS BRIEF REPORT BY CLIMATE CENTRAL 

April 19, 2012. 

Summary 
Sea level rise from global warming is well on the way to doubling the risk of 

coastal floods 4 feet or more over high tide by 2030 at locations nationwide. In the 
lower 48 states, nearly 300 energy facilities stand on land below that level, includ-
ing natural gas infrastructure, electric power plants, and oil and gas refineries. 
Many more facilities are at risk at higher levels, where flooding will become pro-
gressively more likely with time as the sea continues to rise. These results come 
from a Climate Central combined analysis of datasets from NOAA, USGS and 
FEMA. 

Rising seas 
Global warming has raised sea level about 8 inches since 1880, and the rate of 

rise is accelerating. Scientists expect 20 to 80 more inches this century, a lot de-
pending upon how much more heat-trapping pollution humanity puts into the at-
mosphere. In the near term, rising seas will translate into more and more coastal 
floods reaching higher and higher, as sea level rise aggravates storm surges. These 
increases threaten widespread damage to the nation’s energy infrastructure. This 
brief analyzes the potential risk. 

Multiplying risk 
Based on peer-reviewed research, Climate Central’s March 2012 report, Surging 

Seas (surgingseas.org/NationalReport), made local sea level rise and coastal flood 
risk projections at 55 water-level stations distributed around the lower 48 states. 
At the majority of these sites and across the U.S., according to the projections, cli-
mate change more than doubles the odds of near-term extreme flooding, compared 
to a hypothetical world without warming. Across sites, median odds for floods reach-
ing at least 4 feet above local high-tide lines are 55 percent by 2030. Median odds 
for floods exceeding 5 feet are 41 percent by 2050. Odds vary regionally, but gen-
erally rank highest along the Gulf of Mexico. However, warming multiplies odds the 
most along the Pacific and then Atlantic coasts. Numbers are detailed in Table 2 
of Surging Seas. 

Energy infrastructure exposed 
A great number of coastal energy facilities lay below these elevations, exposed to 

increasing risk of floods. This analysis identifies 287 facilities less than 4 feet above 
the high-tide line, spread throughout the 22 coastal states of the lower 48. More 
than half of these are in Louisiana, mainly natural gas facilities. Florida, California, 
New York, Texas, and New Jersey each have 10-to-30 exposed sites, mainly for elec-
tricity in the first three states, and for oil and gas in the last two. All told, this 
brief catalogs 130 natural gas, 96 electric, and 56 oil and gas facilities built on land 
below the 4-foot line. Below the 5-foot line, the total jumps to 328 facilities with 
similar geographic and type distribution. 
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Figure 1* shows a map of coastal facility locations below 4 feet. Table 1 presents 
total energy facilities below 1-to-10 feet, state by state. Tables 2-4 break out natural 
gas, electric, and oil and gas facilities. 

Analysis methods 
To arrive at the values presented here, we overlay point coordinate data for en-

ergy facilities from the Federal Emergency Management Agency HAZUS Database 
/ MH (version 1.1), against previously developed flood-risk zones. Surging Seas docu-
ments the methodology for developing these zones, which are based on the elevation 
of land relative to local high-tide lines (as opposed to standard elevation). The Surg-
ing Seas analysis employed national datasets from NOAA and USGS. 

The HAZUS database breaks down energy facilities into several classes. We lump 
‘‘Oil / Gas Refinery’’ and ‘‘Oil / Gas Storage Facility / Tank Farm’’ together with ‘‘Oil 
/ Gas Facility’’; the database includes only two sites in the first two categories less 
than 10 feet, vs. 118 for the last category. Similarly, we lump ‘‘Substation’’ (1 below 
10 feet) together with ‘‘Electric Facility’’ (201). 

Limitations 
The results presented here should be presented with certain limits in mind. For 

example, the FEMA source data used includes only point coordinate values for each 
energy facility. Actual facilities cover larger areas that may include higher or lower 
elevations. This analysis uses the best publicly available elevation data covering the 
entire coast of the lower 48 states. However, like most datasets, the elevation 
dataset includes errors, so any point may be higher or lower than the value pro-
vided. These factors mean that results for any individual facility should be viewed 
cautiously. We therefore do not present results at the individual level. However, 
averaged over many facilities, potential errors should cancel out, making the aggre-
gate findings presented more reliable. 

This analysis simply tallies facilities under different elevations. It does not ac-
count for levees, seawalls, or other features that may offer protection. However, 
areas depressed below a sea-flood level, even if isolated from the ocean, may be 
more subject to flooding from rainwater during storms, as drainage would be im-
peded. 

The Surging Seas report presents more thorough and detailed limits that all apply 
for this brief as well. 
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Table 1. Total energy facilities on land less than l-to-l0 feet below local high tide. Includes oil 

and gas, natural gas, and electric facilities, as well as other facilities. 

Table Z. Natural gas facilities on land less than l-to-lO feet below local high tide. 
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You may republish this brief report and/or its tables and graphics online, in their 

original form, provided you cite Climate Central and provide a link to 
sealevel.climatecentral.org. You must seek prior permission for print republication. 

Table 3. Electric facilities on land less than Ho-l0 feet below local high tide. 

Table 4. Oil and gas facilities on land less than l-to-lO feet below local high tide. 
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STATEMENT OF BEN STRAUSS, CLAUDIA TEBALDI, AND REMIK ZIEMLINSKI 

A CLIMATE CENTRAL REPORT: SURGING SEAS 

SEA LEVEL RISE, STORMS & GLOBAL WARMING’S THREAT TO THE US COAST 

March 14, 2012. 
Executive Summary 

Global warming has raised sea level about 8 inches since 1880, and the rate of 
rise is accelerating. Scientists expect 20 to 80 more inches this century, a lot de-
pending upon how much more heat-trapping pollution humanity puts into the sky. 
This study makes mid-range projections of 1-8 inches by 2030, and 4-19 inches by 
2050, depending upon location across the contiguous 48 states. 

Rising seas dramatically increase the odds of damaging floods from storm surges. 
For over two-thirds of the locations analyzed (and for 85% of sites outside the Gulf 
of Mexico), past and future global warming more than doubles the estimated odds 
of ‘‘century’’ or worse floods occurring within the next 18 years—meaning floods so 
high they would historically be expected just once per century. For over half the lo-
cations analyzed, warming at least triples the odds of century-plus floods over the 
same period. And for two-thirds the locations, sea level rise from warming has al-
ready more than doubled the odds of such a flood even this year. 

These increases are likely to cause an enormous amount of damage. At three 
quarters of the 55 sites analyzed in this report, century levels are higher than 4 
feet above the high tide line. Yet across the country, nearly 5 million people live 
in 2.6 million homes at less than 4 feet above high tide. In 285 cities and towns, 
more than half the population lives on land below this line, potential victims of in-
creasingly likely climate-induced coastal flooding. 3.7 million live less than 1 meter 
above the tide. 

About half of this exposed population, and eight of the top ten cities, are in the 
state of Florida. A preliminary independent analysis suggests about $30 billion in 
taxable property is vulnerable below the three-foot line in just three counties in 
southeast Florida, not including the county with the most homes at risk in the state 
and the nation, Miami-Dade. Small pockets or wide areas of vulnerability, however, 
exist in almost every other coastal state. 

The population and homes exposed are just part of the story. Flooding to four feet 
would reach higher than a huge amount of dry land, covering some 3.0 million acres 
of roads, bridges, commercial buildings, military bases, agricultural lands, toxic 
waste dumps, schools, hospitals, and more. Coastal flooding made worse by global 
warming and rising seas promises to cause many billions of dollars of damage over 
the coming decades. 

This report and its associated materials, based on two just-published peer-re-
viewed studies, is the first major national analysis of sea level rise in 20 years, and 
the first one ever to include: 

• Estimates of land, population and housing at risk; 
• Evaluations of every low-lying coastal town, city, county and state in the contig-

uous US; 
• Localized timelines of storm surge threats integrating local sea level rise projec-

tions; and 
• A freely available interactive map and data to download online (see 

SurgingSeas.org). 
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Summaries of these findings at a state-by-state level are available in fact sheets 
at SurgingSeas.org/factsheets. The original peer-reviewed studies can be found via 
SurgingSeas.org/papers. All findings reflect best estimates from the research; actual 
values may vary. 

This report focuses on new research and analysis, not recommendations; but it is 
clear from the findings here that in order to avoid the worst impacts, the United 
States must work to slow sea level rise by reducing emissions of heat-trapping 
gases, and work to diminish the remaining danger by preparing for higher seas in 
coastal cities and counties everywhere. SurgingSeas.org/plans lists a selection of ex-
isting resources, plans and efforts to prepare, from local to national levels. 

SEA LEVEL RISING 

Background 
Global average sea level has increased over 8 inches since 1880,1 and global 

warming has caused the great majority, if not all, of that rise.2 Warming has acted 
in two main ways: by heating up and thus expanding the global ocean; and by at-
tacking glaciers and polar ice sheets, pouring meltwater and icebergs into the sea.3 
The planet has heated by more than one degree Fahrenheit over the last century, 
rising faster as we have burned coal, oil and gas faster, and so sent ever more heat- 
trapping gases into the air.4 Scientists overwhelmingly agree that these building 
gases are responsible for most of the warming observed thus far.5 

Warming and sea level rise6 are both accelerating, as is the rate of decay of ice 
sheets on Greenland and Antarctica.7 Loss of ice from these sources has the poten-
tial to raise sea level by many tens of feet over centuries. In the warm period before 
the last Ice Age—when the planet was as warm as we expect it to become by 2100 
or sooner, at least without deep and immediate cuts to pollution—global sea level 
very likely reached over 20 feet higher than it is today,8 an eventual sea level we 
could be committing to within decades9 if not already.10 That rise would be enough 
to drown many major coastal metropolises. 

Projections 
This century, scientists expect about 20 to 80 more inches of global sea level rise, 

depending significantly on how much more heat-trapping pollution humankind puts 
into the sky.11 The amount also depends on just how strongly pollution translates 
into warming, and just how strongly warming translates into sea rise. The analysis 
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presented in this report, based on a paper by Tebaldi and others,12 takes a wide 
range of possibilities into account. It also factors in the gradual sinking or rising 
of coastal land around much of the U.S., which leads to faster or slower rates of 
local sea level rise, compared to global rates. 

This study’s middle-of-the-road projections for 2030 range from one inch of local 
sea level rise in the northwest corner of Washington State, where the land is slowly 
rising, to 8 inches near New Orleans, where it is sinking. By 2050, these projections 
increase to 4 and 19 inches, respectively. Best-and worst-case projections range from 
lower to considerably higher values. Table 1 shows findings for all 55 locations stud-
ied, plus regional and national summaries. 
Storm surge: The risk multiplier 

Rising seas dramatically increase the odds of damaging floods from storm surges. 
For over two-thirds of the 55 locations analyzed (and for 85% of sites outside the 
Gulf of Mexico), past and future global warming more than doubles the estimated 
odds of ‘‘century’’ (or worse) floods occurring by 2030—meaning floods so high they 
would historically be seen with only a one percent (or less) chance per year. For over 
half the locations analyzed, warming at least triples the odds of century-plus floods. 
Figure 1* illustrates these changes around the nation, and Table 2 shows results 
at all flood study sites. Additionally, for two-thirds of the locations, sea level rise 
from warming has already at least doubled the annual risk of century-plus floods 
(see Table 2 and footnote 18). These calculations all incorporate the assumption that 
90% of historic sea level rise has stemmed from warming. 

The increases in odds come despite the fact that sea level rise from warming, over 
the next two decades and over the last century, is better measured in inches than 
in feet. In many places, only inches separate the once-a-decade flood from the once- 
a-century one; and separate the water level communities have prepared for, from 
the one no one has seen. Critically, a small change can make a big difference, like 
the last inch of water that overflows a tub. Sea level rise is raising the launch pad 
for storms and high tides, and being experienced by the ever-more frequent occur-
rence of extreme high water levels during these events—long before the ocean 
reaches damaging heights permanently. 

Flood waters will reach different levels in different places on different schedules. 
Part of these differences will come from uneven local rates of sea level rise, part 
will come from chance, and part will come from how big local storm surges tend to 
be, which can vary a lot. Mostly because of this last factor, expected heights above 
high tide are generally about a foot higher than the national average in the Gulf 
of Mexico, and a foot lower than average in southern California and the southern 
Atlantic coast. But lower heights do not necessarily imply lower risk. For example, 
two feet of sea level rise should make an enormous difference in places where two- 
foot surges are rare extremes, and relatively less in places where ten-foot surges are 
sometimes seen. 

This study found that at over half the sites examined, there is a one-in-two or 
better chance of water reaching at least 4 feet higher than the average local high 
tide by 2030, at least once. 85 percent of stations have at least one-in-six odds. By 
2050, many locations should experience 5-foot or higher floods, with at least one- 
in-two odds at nearly half of stations, and at least one-in-six odds at nearly two- 
thirds. In all cases, sea level rise caused by global warming increases the odds, usu-
ally doubling or tripling them or more. Table 2 provides details for each site studied. 
U.S. vulnerability 

Floods exceeding these levels are likely to cause an enormous amount of damage. 
Across the country, nearly 5 million people live in 2.6 million homes on land less 
than 4 feet above high tide. In 285 cities and towns, more than half the population 
lives below this line, potential victims of increasingly likely climate-induced coastal 
flooding. And nationwide, over 6 million people live on land less than 5 feet above 
average high tide. Based on a paper by Strauss and others,13 this study estimated 
the land, housing and population less than 1-10 feet above local high tide levels, 
for every coastal town, city, county and state in the contiguous 48 states. 
SurgingSeas.org presents full results in a searchable, interactive map and in tables. 
3.7 million live on land less than 1 meter above the local high tide. 
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About half of the exposed population under 4 feet, and eight of the top ten cities, 
are in the state of Florida. A preliminary independent analysis suggests about $30 
billion in taxable property lies below the three-foot line in just three counties in 
southeast Florida, not including the county with the most homes at risk in the state 
and the nation, Miami-Dade.14 

Small pockets or wide areas of vulnerability, however, exist in almost every other 
coastal state, as Figure 2* makes clear. Table 3 shows the top ten states, counties 
and cities by total population living less than 4 feet above local high tide. State fact 
sheets at SurgingSeas.org/factsheets provide more summary information at a state 
level. The map at SurgingSeas.org links each city displayed with the nearest flood 
analysis site used in this study, as an indicator for when and with what chances 
a given water height might be achieved in the area. Actual odds may vary over even 
small distances. 

The population and homes exposed are just part of the story. Flooding to four feet 
would reach higher than a huge amount of dry land, covering some 3 million acres 
of roads, bridges, commercial buildings, military bases, agricultural lands, toxic 
waste dumps, schools, hospitals, and more. Coastal flooding made worse by global 
warming and rising seas promises to cause many billions of dollars of damage over 
the coming decades. This report focuses on population, housing and land, but future 
analyses will address infrastructure, landmarks, and property threatened. 

A number of state and local governments are beginning to plan or even take ac-
tion against the challenge of sea level rise. SurgingSeas.org/plans presents a list and 
further resources. 
Research methods 

To make maps of low and vulnerable coastal land, this study used the highest- 
resolution nationwide coastal elevation data publicly available, from the National 
Elevation Dataset (US Geological Survey; cells ca. 30 feet on a side). We adjusted 
elevations to indicate heights compared to the nearest average high tide levels, be-
cause these can vary by several feet from place to place. Tidal information came 
from VDatum, a tool created by the National Oceanic and Atmospheric Administra-
tion. We then removed from consideration all wetland area as defined by the Na-
tional Wetlands Inventory, and overlaid the remaining map elevation zones against 
high-resolution data from the 2010 Census to extract population and housing esti-
mates. SurgingSeas.org/LandAnalysis provides more detail. 

To analyze future high water levels from sea level rise plus storm surge and tides, 
we studied 55 water level gauges around the US. We combined local factors, such 
as sinking land, and global future sea level rise estimates, to make local sea level 
rise projections at each site. We then used historic patterns of local extreme water 
levels to forecast future probabilities of extremes assuming the same patterns con-
tinue, but augmented by the projected local sea level rise. Our analysis also in-
cluded developing confidence intervals around best estimates. SurgingSeas.org/ 
FloodAnalysis provides more detail. 

To estimate how global warming shifts the odds of high storm surges, we com-
puted extreme event probabilities in a hypothetical world with no warming-induced 
sea level rise, past or future, and then compared the results with our first calcula-
tions including warming. We retained local sea level change from vertical land 
movement in the no-warming scenario. Based on a review of scientific literature, we 
assumed that 10% of the global average sea level rise observed since 1880 came 
from factors other than warming, and so also retained this 10% of global rise in the 
no-warming scenario. 

For more detail, visit SurgingSeas.org/research, which includes links to fuller de-
scriptions of our methods, and the two core scientific papers upon which this report 
is based: 

Tebaldi C, Strauss B H and Zervas C E 2012. Modelling sea level rise 
impacts on storm surges along US coasts. Environmental Research Letters. 

Strauss B H, Ziemlinski R, Weiss J L, and Overpeck J T 2012. Tidally 
adjusted estimates of topographic vulnerability to sea level rise and flooding 
for the contiguous United States. Environmental Research Letters. 

Limitations 
The results presented here should be interpreted with certain limits in mind. One 

set of limits comes from the elevation data used. Like almost any dataset, it in-
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cludes errors—so any point classified as below a given height, may in fact be above 
it; and any point classified as above a height, may be below it. These potential er-
rors should cancel out when evaluating the totals of what is affected over larger 
areas like towns, cities and counties. However, elevation error should be kept in 
mind when looking at any individual point on the map that accompanies this anal-
ysis (SurgingSeas.org/map). 

Another issue from the elevation data concerns their horizontal resolution. Cells 
30 feet on a side are too large to completely capture fine features like levees or sea-
walls, which may protect land even when it is below the water level, such as in the 
New Orleans area. Therefore, this analysis quantifies the land, housing and popu-
lation below different threshold elevations—amounts not affected by built protec-
tion—but does not evaluate how much would be inundated, given each water level. 
Of course, many areas are not protected; protected areas are protected only to lim-
ited heights; and being below water level poses challenges for storm water drainage, 
increasing the risk of rain-driven flooding. 

The analysis of flood odds and timing applies strictly only at the 55 water level 
gauge sites studied, and can only be considered general indicators for the sur-
rounding areas. This is mainly because storm surge patterns can vary from place 
to place, even over short distances, due to geography and storm directions. Statistics 
among gauges sometimes correspond well over wide areas, suggesting wide applica-
bility. But they also sometimes vary greatly over short distances, suggesting the op-
posite. 

This report assumes that recent historic storm patterns do not change in the fu-
ture. However, global warming may change the frequency or intensity of storms that 
affect coastal flooding. This analysis also leaves out projected changes in Atlantic 
circulation expected to add several extra inches of sea level rise along the Northeast 
Corridor by mid-century;15 and projected changes in the ‘‘gravity fingerprint’’ of 
global oceans,16 which may partly counteract the first change.17 

Most broadly, this report presents our best estimates for the quantities analyzed, 
given the underlying data and our assumptions. True values are likely to fall above 
or below our estimates. 
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Table 1. Projected sea level rise with 90% confidence intervals. 
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Table 2. Increase in flood odds driven by sea level rise from global warming.18 
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ATTACHMENTS OF LEONARD BERRY, DIRECTOR, FLORIDA CENTER FOR 
ENVIRONMENTAL STUDIES, FLORIDA ATLANTIC UNIVERSITY, JUPITER, FL 

ANNEX A.—SOUTHEAST FLORIDA SEA LEVEL RISE CONCERNS FOR FEDERAL 
CONSIDERATION 

Based on the findings of the Final Recommendations of the Interagency Ocean 
Policy Task Force (July 2010), a National Priority Objective in an Area of Special 
Emphasis is to ‘‘Strengthen resiliency of coastal communities . . .and their abilities 
to adapt to climate change impacts and ocean acidification.’’ Southeast Florida is 
highly vulnerable to the effects of climate change, especially sea level rise. In order 
to effectively address sea level rise issues, the Southeast Florida Regional Climate 
Compact Counties have identified a number of concerns for federal assistance re-
lated to adaptation policies, adaptation funding and technical needs. 

SOUTHEAST FLORIDA REGIONAL CLIMATE CHANGE COMPACT 2012 JOINT LEGISLATIVE 
PROGRAM 

Statements on Sea Level Rise 
SUPPORT—greater incorporation of adaptation strategies in the development of 

state climate and energy policies, legislation, and appropriations priorities. 
SUPPORT—legislation which complements and enhances the utilization and im-

plementation of Adaptation Action Area comprehensive plan designation in law for 
areas that experience coastal flooding and that are vulnerable to the related impacts 
of sea level rise. (See expanded language below under Broward County Legislative 
Program). 

SUPPORT—programs and efforts that provide technical assistance and funding to 
local governments to aid the integration of adaptation planning in local comprehen-
sive plans. 

SUPPORT—funding for adaptation planning and investments (see attached letter) 
in the areas of water management, water supply, transportation and other projects 
that provide hazard mitigation and serve to reduce immediate and long-term risks 
(of sea level rise) to infrastructure. 
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SUPPORT—policies, legislation and funding that will provide for the complete im-
plementation of the Comprehensive Everglades Restoration Plan as fundamental to 
Everglades Restoration, but also the vitality of local water resource management ef-
forts given the overall contributions of the Everglades to regulated water storage 
and aquifer recharge which will become increasingly important under variable cli-
mate conditions and in the face of sea level rise. 

SUPPORT—greater recognition of the role of Everglades Restoration in planning 
for economic and environmental sustainability, climate adaptation, including the im-
pacts of sea level rise and extreme weather, such as droughts and floods. 
2012 Broward County Legislative Program 

SUPPORT: Federal legislation that would create and fund a national infrastruc-
ture bank or other new infrastructure funding source to finance projects needed by 
state and local governments to adapt to the impacts of climate change and the grow-
ing regional needs for improved infrastructure with emphasis on investments in 
areas such as water management, water supply, transportation and other projects 
that provide hazard mitigation and serve to reduce risks to urban infrastructure 
from extreme weather events and rising sea levels. 

SUPPORT: Specific recognition of an ‘‘Adaptation Action Area’’ through designa-
tion in federal legislation for those regions, such as Southeast Florida, that are 
uniquely vulnerable to climate impacts, including sea level rise, for the purpose of 
prioritizing funding for infrastructure needs and adaptation planning, This specifi-
cally includes support for the inclusion of Adaptation Action Area language with the 
Army Corps of Engineers (USACE) and the Environmental Protection Agency 
(EPA), enabling at-risk regions to develop long-term plans for adaptation. 
Technical Needs Identified in Compact Work Group Discussions 

• Continued technical support from federal agencies. The Compact acknowledges 
the significant role and contributions of federal agency partners in local and re-
gional planning efforts relating to water supply, water resource management, 
and sea level. These collaborations have served to substantially advance pro-
grammatic efforts and the Compact with the applied expertise and resources of 
the USACE, NOAA, USGS, and EPA staff in local and regional offices. Contin-
ued support is need to develop technical tools and aid in the implementation 
of the Southeast Florida Regional Climate Change Action Plan. 

• Improved and expanded hydrologic modeling for the region to understand the 
impacts of sea level rise with scenario testing for adaptation infrastructure im-
provements. Particular areas of vulnerability and analysis will include sea level 
rise, drainage and flood control infrastructure, changing precipitation patterns, 
impacts on groundwater levels, surface water management, and saltwater intru-
sion and its influence on potable wellfields and water supplies. The USGS is 
currently working on this type of modeling in select pilot areas of South Florida. 

• Installation of additional National Water Level Observation Network (NWLON) 
stations. NOAA conducted an assessment of tidal stations along the Florida 
Coast and identified the need for additional NWLON stations and subordinate 
gages. This additional monitoring equipment will be important in under-
standing and tracking changes in sea level rise for the region. 

Inventory of infrastructure at risk: While NOAA, USGS, USACE and others have 
aided the region in the development of inundation maps, vulnerability assessments 
are impeded by the lack of complete and accurate geographic information system 
(GIS) coverages for select infrastructure, such as historical and cultural resources. 
Funding is needed to create these coverages to determine impacts associated with 
sea level rise and storm surge. 
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CONGRESS OF THE UNITED STATES 

WASHINGTON, DC 20515 

May 13, 2011. 

Hon. RODNEY FRELINGHUYSEN, 
Chairman, House Appropriations Committee, Subcommittee on Energy and Water, 

2362-B Rayburn House Office Building, Washington, DC. 
Hon. PETE VISCLOSKY, 
Ranking Member, House Appropriations Committee, Subcommittee on Energy and 

Water, 1016 Longworth House Office Building, Washington, DC. 
DEAR CHAIRMAN FRELINGHUYSEN AND RANKING MEMBER VISCLOSKY: 
As you begin work on the Fiscal Year 2012 Energy and Water Appropriations bill, 

we respectfully request you to include language with the Army Corps of Engineers 
enabling at-risk, multi-county regions impacted by rising sea levels to develop long- 
term plans for adaptation. 

Scientists around the world and within our most respected institutions note an 
alarming level in sea level rise, possibly by several feet over the next century. This 
will inudate low-lying coastal zones, impacting hundreds of millions of people world-
wide and tens of millions of Americans here at home. Our states and local commu-
nities are just beginning to grapple with the possible effects of what this kind of 
massive, permanent flooding will mean. It is critical that local leaders be given the 
necessary tools to start planning now, so that our communities will have enough 
time to prepare for these life-altering effects. 

We request that the following language be inserted into the Army Corps of Engi-
neer’s Operations & Maintenance account, or whichever account you feel is most 
relevent: 

‘‘Funds will be used to study, define and designate several ‘‘Adaptation 
Action Areas,’’ which are at-risk, multi-county, regions of the country, 
uniquely vulnerable and significantly impaced by rising sea level.’’ 

We hope that this language will enable regional groups to begin effectively 
strategizing and planning for adaptation to sea level rise. We thank you for your 
consideration of this important request. 

Sincerely, 
ALCEE L. HASTINGS, 

Member of Congress. 
TED DEUTCH, 

Member of Congress. 
DEBBIE WASSERMAN SCHULTZ, 

Member of Congress. 
FREDERICA WILSON, 

Member of Congress. 

ANNEX B.—SEA LEVEL RISK AND RESPONSE SUMMIT 
THE FUTURE OF FLORIDA AND THE COAST 

Boca Raton Marriott, FL, June 20, 21 & 22, 2012. 

Introduction 
This Summit will result in raising an awareness and visibility of sea level rise 

and climate change issues to make them a central agenda item for the future of 
Florida and to emphasize how local and regional actions can be translated to other 
regions in the U.S. and abroad. Furthermore, this Summit will result in high-
lighting the ‘‘now’’ of sea level rise and showcase the myriad of activities taking 
place in Florida and the organizations that are mobilizing to address the issue to 
a national and global audience. In addition, the Summit will produce specific rec-
ommendations to local, state and federal agencies presented in a report summary 
and a website where visual aids and publications will be used to educate summit 
participants before and after the summit. 

Format And Purpose 
The Center for Environmental Studies (CES) at Florida Atlantic University, the 

Florida Sea Grant Program, and the United States Geological Survey will hold a 
Sea Level Rise Risk and Response Summit June 20th through June 22nd. The orga-
nizers have collaborated with a diverse group of experts in designing the program, 
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* Map to Annex C has been retained in committee files. 

goals and outcomes. The Summit will take place in Boca Raton, Florida and seek 
to bring in an audience of up to 300. 

The purpose of this summit is three-fold: Highlight the interrelationships between 
sea level rise, limestone geology, and water management in Florida; share the ongo-
ing responses and adaptation planning of agencies, institutions, and civic society to 
sea level rise; and compare the Florida situation and response with other vulnerable 
localities in the US and worldwide. This summit will focus on the complex sea level 
rise issues in Florida and provide examples from other coastal regions within the 
US and internationally. 
Goals And Objectives 

The goals are to make a diverse audience of Summit attendees aware of the myr-
iad of adaptation activities currently underway in the region and beyond. From this 
shared awareness, there will be a plan to continue a process of cooperation and co-
ordination of adaptation responses. The primary objective is to present an aware-
ness and understanding of the effects of sea level rise on the built environment and 
other social and societal issues and to explore adaptation and mitigations practices 
and policies that could be used to offset negative impacts. Other objectives include: 

• Highlighting current and ongoing sea level rise and climate change research ini-
tiatives from academia, regional planning, state and federal projects taking 
place in Florida. 

• Share methods and lessons learned with other states/regions to improve plan-
ning, decision making and adaptation. 

• Provide scientific information to enable effective decision making to enable ef-
fective decision making to address the threats and opportunities posed by cli-
mate and sea level rise (similar to US Global Change Research Program goal). 

• Identify concerns, compatibilities and links between social and economic issues, 
underserved populations, and the built environment with regards to sea level 
rise, salt water intrusion and water supply issues. 

ANNEX C.—ADDITIONAL RESOURCES, COLLABORATIONS, AND RESEARCH* 

1) Department of Transportation Research: Development of a Methodology for the As-
sessment of Sea Level Rise Impacts on Florida’s Transportation Modes and In-
frastructure 

In Florida, low elevations can make transportation infrastructure in coastal and 
low-lying areas potentially vulnerable to sea level rise (SLR). Because global SLR 
forecasts lack precision at local or regional scales, SLR forecasts or scenarios for 
parts of the state have been prepared using varying tools and approaches. However, 
Florida still lacks a consensus on the appropriate methodology to forecast potential, 
adverse impacts. Also, a comprehensive analysis of transportation infrastructure po-
tentially at risk in Florida from SLR has not been conducted. 

In this project, Florida Atlantic University researchers analyzed findings, includ-
ing data sources and methodologies used to forecast SLR. They recommended data 
sources and methods for forecasting SLR and related impacts in Florida and inves-
tigated integrating SLR forecasts with FDOT information systems to identify at-risk 
infrastructure. Using the Weiss Overpeck 1-meter (?3 ft) estimate of SLR to illus-
trate the methodology, researchers linked mapping software and datasets to create 
a framework for identifying transportation facilities at risk. Project Manager: Maria 
Cahill, AICP, FDOT Planning Office, Principal Investigator: Dr. Leonard Berry, 
Florida Atlantic University www.dot.state.fl.us/research-center, www.ces.fau.edu/cli-
matelchange/fdot 
2) Integrative Collaboration on Climate and Energy (ICCE) 

Launched by Florida Atlantic University in the spring of 2009, ICCE is a cross- 
university program creating relevant linkages across disciplines. With Florida At-
lantic University as the lead institution ICCE includes more than 80 faculty mem-
bers in a multitude of climate change-related disciplines. Collectively, we have 
strong collaborative linkages with local, state and federal governmental and non- 
governmental organizations, the business community, and public. Other University 
collaborators include: University of South Florida, Florida Gulf Coast University, 
and Columbia University. Our partners provide strong support in topical and re-
gional areas. Based on our expertise, deep community connections, and long-held 
partnerships, we are uniquely positioned to take research-based knowledge and 
apply it to practical decision-making that focuses on the needs of the region and its 
people. Furthermore, we know that the work of ICCE will have implications for ad-
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dressing the climate change issues that will soon be faced by much of the Unites 
States and the world. www.ces.fau.edu/climatelchange/icce 
3) Resilient Tampa Bay 2011 

A Knowledge Exchange with Dutch Experts was hosted by the University of 
South Florida’s Patel Center for Global Solutions in Tampa, Florida, on February 
21-23, 2011. The three-day workshop was organized in collaboration with local, re-
gional, state, and international entities. More than 150 attendees heard from Dutch 
and local water experts on resiliency issues relating to Tampa Bay, particularly on 
urban flooding, storm surge, and sea level rise. Additionally, key stakeholders 
formed four geo-focal teams to identify vulnerabilities and to make recommenda-
tions on resiliency strategies for four defined locations: Tampa Bay, City of Tampa, 
City of St. Petersburg, and Gulf Beach Communities. 

Today, coastal cities around the world face a range of dynamic regional and global 
pressures. These pressures make coastal cities more vulnerable to flooding, storm 
surges, coastal erosion, and more. Global change pressures serve as threat multi-
pliers thus increasing existing problems for these cities. The Tampa Bay region is 
one of these coastal areas that will become more vulnerable in the future; hence the 
critical need to improve its resiliency. Tampa Bay’s key vulnerabilities related to 
water include: 

• Urban flooding events caused by heavy rainfall induce frequent but limited local 
damage 

• Storm surges caused by hurricanes. Occurrence probability is low but as high- 
impact events, they can lead to catastrophic flooding along the entire coast. 

• Sea level rise caused by climate change. As a long-term driver, it will increase 
existing flooding problems. 

The goal of Resilient Tampa Bay 2011 was to exchange ideas on developing resil-
iency plans for the Tampa Bay region. The challenge was to consider plans that 
would protect vital infrastructure, improve conditions for economic development, 
and minimize the impact of hurricanes and other natural disasters. Key issues ad-
dressed were: 

• Determining the factors that make Tampa Bay vulnerable 
• Establishing progress toward improving resiliency in Tampa Bay 
• Understanding existing visions and solutions for improving resiliency in Tampa 

Bay 
• Recommending the next steps for improving resiliency in Tampa Bay 
As part of an ongoing effort to engage Dutch water experts in addressing resil-

iency challenges in Tampa Bay, we partnered closely with the Dutch Consulate in 
Miami and the Dutch Embassy in Washington, D.C., to secure the participation of 
several Dutch speakers who shared some of their most effective and reliable solu-
tions for flood resiliency. The Patel Center has been instrumental in establishing a 
dialogue between Dutch water experts and their counterparts in the Tampa Bay re-
gion through two previous workshops in June 2009 and November 2009. Resilient 
Tampa Bay 2011 built upon the momentum created from the prior workshops and 
will serve as a springboard to launch ongoing resiliency planning efforts in our re-
gion. 
4) Florida Water Management and Adaptation in the Face of Climate Change 

A WHITE PAPER ON CLIMATE CHANGE AND FLORIDA’S WATER RESOURCES 

SUPPORTED BY THE STATE UNIVERSITY SYSTEM OF FLORIDA NOVEMBER 2011 

The State of Florida will be faced in the coming years with significant challenges 
and opportunities for managing water in a highly dynamic and changing climate. 
The impacts of climate change on water resources management will have con-
sequences for the economic sustainability and growth of the state. A strong aware-
ness of climate change impact issues and potential adaptation strategies that could 
be implemented by the state will increase its resilience over the long-term to uncer-
tain climatic conditions and sea level rise. To that end, a series of white papers have 
been prepared by State University System (SUS) of Florida Universities to coalesce 
our understanding of realized and predicted climate change impacts with a focus on 
various topics. The report presented herein addresses water resources and adapta-
tion issues across the state. 

The primary objectives of this report are: (1) to identify Florida’s water resources 
and water-related infrastructure that are vulnerable to climate change; (2) show de-
mographics in the state that are vulnerable to climate change impacts with a focus 
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on water resources and sea level rise; and (3) highlight some of the alternative tech-
nologies currently being used to solve water resource supply issues in the state that 
are likely to expand and be challenged under various scenarios of climate change. 

Florida is highly vulnerable to climate change as a result of its expansive shore-
line, low elevation and highly permeable aquifers, and the location of high popu-
lation centers and economic investments close to the coastline. Further, the state 
receives a high frequency of tropical storm landings that are accompanied by tidal 
surges that compound the risks of sea level rise. Because the state is highly vulner-
able compared to other regions globally, Florida’s academic, governmental and non- 
governmental institutions are developing adaptation strategies and conducting re-
search on climate change. In this white paper, we highlight climate change issues 
relevant to water management, but also recognize the financial challenges to imple-
ment adaptation measures to address climate change solutions. Implementing adap-
tation measures will require an unprecedented level of resource leveraging and co-
ordination among academic, governmental, non-governmental, and private sector en-
tities. http://floridaclimate.org/whitepapers/ http://floridaclimate.org/ 
waterlmanagementlpdf.php 
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