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Executive Summary: Numerous studies have examined the energy, economic, and environmental impacts of a national
energy strategy that emphasizes greater energy efficiency. America’s Energy Choices, for exampie, showed that vigorous
adoption of cost-effective energy efficiency and renewable energy measures could reduce national energy intensily in
2030 by nearly 50%, dramatically reduce our nation's petroleum dependence, save consumers more than $2 trillion net
over the next 40 years, and cui carbon dioxide emissions in 2030 by more then 70% relative to emissions in1988.07
However, America's Energy Choices and similar studies only consider direct economic impacls -- the cost of energy
efficiency measures and the value of the energy savings.

The purpose of this study is to build on America's Energy Choices by analyzing the indirect economic benefits of a high
efficiency energy strategy -- the impacts on employment and income that could result from shifting economic activity away
from the energy supply sectors of our economy and from reducing the cost of energy services. We compare a High
Efficiency scenario for all end-use sectors of the economy to a Reference. business-as-usual scenario./2!

We also examine the employment and income impacts that result solely from improving the fuel economy of automobiles
and light trucks.

The anaiysis is conducted using an input-output economic model. Dividing the economy into 25 sectors, ihe input-output
model estimates the overall employment and income effects from changes in spending patterns in particular sectors.3]
The changes consist of investments in energy efficiency measures and reductions in energy consumption and thus
energy bills. The model accounts for direct (i.e., on-site} effects, indirect (i.e., supplier) effects, and induced {i.e.,
respending) effects from investments and expenditures at ali levels.

The High Efficiency scenario assumes exiensive efficiency improvements in all sectors of the economy--more efficient
vehicles, improved appliances, betier insulated buildings, more efficient lighting, manufacturing improvements, and the
like. All of the efficiency measures are cost effective on a fife-cycle basis considering only direct energy costs (i.e., without
quantifying and taking into account externalities). The additional investment in energy eificiency measures in the High
Efficiency scenario averages about $46 billion per year during 1992-2010. These investments result in about 20% less
energy consumption in 2010 compared to the Reference scenario, with absolute energy consumption rising slightly during
1992.2000, bul then declining slightly during 2001-2010. Energy use per unit of GDP falls 2.4% per year on average
during 1990-2010 in the High Efficiency scenario. This rate nearly malches the decline in energy intensity in the United
States during 1973-86. We also estimate a 24% reduclion in carbon dioxide (CO2) emissions, 14% reduction in nitrogen
oxides (NOx) emissions and 5% reduction in suifur dioxide (SO2) emissions in 2010 in the High Efficiency scenario
relative o the Reference scenario.

Based on our input-output analysis, the High Efficiency scenario leads to more jobs, higher personal income, and
marginally higher GDP throughout the twenty-year period (see Table S-1). We estimate that about 293,000 new jobs
could be created by 1995, 471,000 new jobs by 2000, and nearly 1.1 milion jobs by 2010 on a net basis. The addition of
1.1 million jobs in 2010 represents approximately a 0.7% increase in the projected employment level that year (see Figure
$-1). Likewise, the rise in persenal income during the twenty-year period in the high efficiency case reaches 0.5% by
2010, while the increase in GDP is ess than 0.1%.

The positive employment and income results are due primarily o the relatively low labor iniensity of the energy sectors
(coai, oil and gas exiraction, fuel refining, and efectric and gas utilities) compared fo the economy as a whole. Conserving
energy reduces the energy bills paid by consumers and businesses, thereby enabling grealer purchase of non-energy
goods, equipment, and services. The result is a shift of economic activity away from energy supply industries and fowards
sectors of the economy which employ more workers per dollar received. Regarding the different effects, less than 10% of
the net iobs created are associated with direct investment in efficiency measures while more than 90% are associated
with energy bill savings and respending of those savings.

Most seciors of the economy gain jobs and generate additional income while a few sectors lose jobs and generate less
income in response to widespread energy efficiency improvements (see Table S-2). Our analysis shows the largest
absolule increase in jobs is in the construction, retall trade, and services industries. These sectors instali energy efficiency
measures and gain new business orders from the respending of energy bill savings.

As expected, the energy supply indusiries employ fewer workers in the High Efficiency scenario as compared o the
Reference scenario. The oil and gas exiraction industries and gas utilities lose the most workers in percentage terms. It is
important to recognize that the projected job losses in Table S-2 are based on comparison with the Reference scenario.
Considering the projected change in the actual employment levels between 1990 and 2010, a lotal of about 260,000 jobs
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could be lost in the five energy sectors by 2010 in the High Efficiency scenario. These potential job losses are due
primarily to expected productivity improvements, not to changes in absolute energy use during 1990-2010. In addition,
individual companies may be able to reduce any adverse jobs impacts by diversifying into the energy efficiency field (e.g.,
if utilities hire workers to implement energy efficiency programs).

Efficiency improvements solely in automobiles and light trucks also yield favorable jobs and income results. In the Vehicle
Efficiency scenario, we assume that the average rated fuel economy of new cars increases from 28 miles per galion in
1990 to 40 miles per gallon in 2000 and then to 50 miles per gallon by 2010, with equivalent percentage improvemenis in
the fuel economy of light trucks. Compared to the Reference scenario, the Vehicle Efficiency scenario produces 72,000
and 244,000 more jobs in the overali economy by 2000 and 2010, respectively. About 20% of the net increase in jobs is
within the molor vehicle industry itself. Furthermore, we find that there is a net gain in jobs in the nation as a whole even if
there is either a moderate increase in the fraction of vehicles that are imported or a slight drop in vehicle sales at the
same lime that fuel economy increases. Conversely, a decrease in import share or an increase in vehicle exporls wouid
yield even more new jobs than indicated above.

The resulls of this study are consistent with other input-output studies that examine how energy efficiency improvements
atfect employment levels. These other siudies, which consider more limited efficiency investments and/or geographic
coverage, indicate that specific energy efficiency measures or programs create more jobs at the regional or state level as
compared 1o energy suppiy projects.

in conclusion, this study adds a new dimension to the national debate over energy priorities. Energy efficiency
improvements lead to more jobs and higher personal income at the national level, in addition to saving consumers money,
reducing energy imports, and cutting poliutant emissions associated with energy supply. In terms of energy policy
objectives, it is unnecessary to choose either economic benefits and jobs on the one hand or environmental protection on
the other. We can create more jobs and better protect the environment by adopting policies that enhance energy
efficiency. Given the economic, energy, and environmenial challenges that our nation faces, can we afford not to act?
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Table $-1. Summary of Input-Output Analysis
1990 1995 2000 2005 2010
Referencs Scenario
abr (Billicen 19%0%) $5,514 56,205.6 $6,4983.0 37,888, 358,9811.1
7
Jobs {(Thousands} 122,600 129,273 136,494 144,273 152,850
Income (Billion 1990%) $3,290 8§3,712.4 54,182,9 54,741, 53,368.3
G
Energy {Quads) 85.02 90.49 35,61 101,20 106.20
Bru/GDE (19908} 15,419 14,582 13,672 12,827 11,5804

High EZfficiency Scenario

GhP (Billion 1990%) 55,514 56,20%5.6 56,993.8 $7,891. &8,914.8
2

Jobs {(Thousands) 122,600 129,366 136,965 143,04% 153,737

Tncome {(Billion 1990%5) 83,290 53,719.0 54,203.¢6 54,761, 55,394.8
2

Fnergy {Quads) 85,02 87.14 88.07 87.0% 85.35

Btu/GDP {19905} 15, 41% 14,040 12,583 11,033 9,574

Net Efficiency Gains

GDPE (Billion 19%035) nfa 1.0 0.8 1.5 3.7

Jobs (Thousands) nfa 293.0 471.0 7760 1,087.0

Income (Billlicn 1990%) nfa 6.6 10.7 20.2 Z28.5

Energy {Quads} nfa ~-3.4 -7.5 ~14,1 -20.8

Bty GEDP (19903 nfa ~542.0 -1,079.0 ~-1,794, -2,332.0



Table 9-2. Differences in Employment Levels in 2010, High Efficlency vs.
Reference Scenaric

Sector Net Job Changes Percent Changs

Subtotal Gains 1,503,088 n/a
Construction 342,101 4.4%
Retail Trade 197,491 1.1%
Services 152,264 0.3%
Agriculture 118,569 3.6%
Restaurants 105,259 1.3%
Health Services 91,651 (.8%
Finance, Insurance, Real Hstate TF,93) 0.8%
Hon-Durable Goods 73,589 0.8%
Cther Manufacturing 72,824 L.1%
Motor Vehicles 53,587 6.Z%
Wholesale Trade 44,644 0.5%
Hotels and Lodging 34,404 1.4%
rood Processing 2F,270 1.8%
Stone, Glass, Clay 26,403 4.1%
Frimary Metals 23,417 2.3%
Transportation/Communications 22,873 (.4%
Chemicals 22,018 1.8%
rulp and Paper 10,958 1.5%
Miscellaneous Mining 3,943 Z.1%
Water/Sewer Utilities B92 0.4%

Subtotal Losses {(416,209) n/a
Refining {8,095) {5.4%)
Coal Mining {20,300 £12.9%)
Gas Utilitles (71,090} {21.0%)
011 and Gas Extraction {13%,080} {30.4%;
Blectric Utilities {177,744} {21.6%)

Net Employment Gain 1,086,779 n/a
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An Abrupt Climate Change Scenario and Its Implications for United

States National Security
October 2003

By Peter Schwartz and Doug Randall

imagining the Unthinkable

The purpose of this report is to imagine the unthinkable ~ to push the boundaries of current
research on climate change so we may better understand the potential implications on United
States national security.

We have interviewed feading climate change scientists, conducted additional research, and
reviewed several iterations of the scenario with these experts. The scientists support this
project, but caution that the scenario depicted is extreme in two fundamental ways. First,
they suggest the occurrences we outline weuld most likely happen in a few regions, rather
than on globally. Second, they say the magnitude of the event may be considerably smaller.

We have created a climate change scenario that although not the most likely, is plausible, and
would challenge United States national security in ways that should be considered
immediately.

Executive Summary

There is substantial evidence to indicate that significant global warming will occur
during the 21 century. Because changes have been gradual so far, and are projected
to be similarly gradual in the future, the effects of giobal warming have the potential
to be manageable for most nations. Recent research, however, suggests that there is a
possibility that this gradual giobal warming could lead to a relatively abrupt slowing
of the ccean’s thermohaline conveyor, which could lead to harsher winter weather
conditions, sharply reduced soil moisture, and more intense winds in certain regions
that currently provide a significant fraction of the world's food production. With
inadequate preparation, the result could be a significant drop in the human carrying
capacity of the Earth's environment.

The research suggests that once temperature rises above some threshold, adverse
weather conditions could develop relatively abruptly, with persistent changes in the
atmospheric circulation causing drops in some regions of 5-10 degrees Fahrenheit in
a single decade. Paleoclimatic evidence suggests that altered climatic patterns could
tast for as much as a century, as they did when the ocean conveyor collapsed 8,200
years ago, or, at the extrerne, could last as long as 1,000 years as they did during the
Younger Dryas, which began about 12,700 years ago.
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In this report, as an alternative to the scenarios of gradual climatic warming that are
so common, we outiine an abrupt climate change scenaric patterned after the 100-
year event that occurred about 8,200 years ago. This abrupt change scenario is
characterized by the following conditions:

s Annual average lemperatures drop by up to 5 degrees Fahrenheit over Asia
and North America and 6 degrees Fahrenheit in northern Europe

e Annual average temperatures increase by up to 4 degrees Fahrenheit in key
areas throughout Australia, South America, and southern Africa.

e Drought persists for most of the decade in critical agricuitural regions and in
the water resource regions for major population centers in Europe and eastern
North America.

o Winter storms and winds intensify, amplifying the impacts of the changes.
Western Furope and the North Pacific experience enhanced winds.

The report explores how such an abrupt climate change scenario could potentiatly
de-stabilize the geo-political environment, ieading to skirmishes, battles, and even
war due {0 resource constraints such as:

1) Food shortages due to decreases in net global agricultural production

2) Decreased availability and quality of fresh water in key regions due to shifted
precipitation patters, causing more frequent floods and droughts

3) Disrupted access to energy suppiies due to extensive sea ice and storminess

As global and local carrying capacities are reduced, tensions could mount around the
world, leading to two fundamental strategies: defensive and offensive. Nations with
the resources to do so may build virtual fortresses around their countries, preserving
respurces for themseives. Less fortunate nations especially those with ancient
enmities with their neighbors, may initiate in struggles for access to food, clean
water, or energy. Unlikely aliiances could be formed as defense priorities shift and
the goal is resources for survival rather than religion, ideology. or national honar.

This scenario poses new challenges for the United States, and suggests several steps
to be takern:

e Improve predictive climate models to atlow investigation of a wider range of
scenarios and to anticipate how and where changes couid occur

» Assemble comprehensive predictive models of the potential impacts of abrupt
climate change to improve projections of how climate could influence food,
water, and energy

e Create vulnerability metrics to anticipate which countries are most vulnerable
to climate change and therefore, could contribute materiatly to an increasingly
disorderly and potentially viclent worid.
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s Identify no-regrets strategies such as enhancing capabilities for water

management

e Rehearse adaptive responses

s Explore local implications

s Explore geo-engineering cptions that control the climate.

There are some indications today that global warming has reached the threshold
where the thermohaline circulation could start to be significantly impacted. These
indications include observations documenting that the North Atlantic is increasingly
being freshened by meiting glaciers, increased precipitation, and fresh water runoff
making it substantially tess salty over the past 40 years.

This report suggests that, because of the potentially dire consequences, the risk of
abrupt climate change, although uncertain and quite possibly small, should be
elevated beyond a scientific debate to a U.S. national security concern.

Climate Change
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Reduction in Carrying
Capacity
Food
Water
Energy
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National Securlty
implications
Border management
Gilobal conflict
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An Abrupt Climate Change Scenario and {ts Implications for United

States National Security
October 2003

Introduction

When most people think about climate change. they imagine graduat increases in
temperature and only marginal changes in other climatic conditions, continuing
indefinitely or even leveling off at some time in the future. The conventional wisdom
is that modern civilization will either adapt to whatever weather conditions we face
and that the pace of climate change will not overwhelm the adaptive capacity of
society, or that our efforts such as those embodied in the Kycto protocol will be
sufficient to mitigate the impacts. The [PCC documents the threat of gracual climate
change and its impact to foed supplies and other resources of importance to humans
will not be so severe as to create security threats, Optimists assert that the benefits
from technoiogical innovation wiil be able to outpace the negative effects of climate
change.

Climatically. the gradual change view of the future assumes that agriculture will
continue 1o thrive and growing seasons will lengthen. Northern Europe, Russia, and
North America witl prosper agriculturally while southern Europe, Africa, and
Central and Scuth America will suffer from increased dryness, heat, water shortages,
and reduced production, Gverall, global food production under many typical climate
scenarios increases. This view of climate change may be a dangerous act of self-
deception, as increasingly we are facing weather related disasters -- more hurricanes,
monsoons, floeds, and dry-spells - in regions arcund the world.

Weather-related evenits have an enormous impact on society, as they influengce food
supply. conditions in cities and communities, as well as access to clean water and
energy. For example, a recent report by the Climate Action Network of Australia
projects that climate change is likety to reduce rainfail in the rangelands, which could
iead to a 15 per cent drop in grass productivity. This, in turn, could lead to
reductions in the average weight of cattle by 12 per cent, significantly reducing beef
supply. Under such conditions, dairy cows are projected to proguce 30% less milk,
and new pests are likely to spread in fruit-growing areas, Additionally, such
conditions are projected to fead to 10% less water for drinking. Based on model
projections of coming change conditions such as these could occur in several food
producing regions around the world at the same time within the next 15-30years,
challenging the notion that society’s ability to adapt will make climate change
manageable.
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With over 400 million people tiving in drier, subtropical, often over-populated and
economically poor regions taday, climate change and its follow-on effects pose a
severe risk to political, economic, and social stability. in less prosperous regions,
where countries lack the resources and capabilities required to adapt quickly to more
severe conditions, the preblem is very tikely to be exacerbated. For some countries,
climate change could become such a chatlenge that mass emigration resuits as the
desperate peoples seek better lives in regions such as the United States that have the
resources to adaptation,

Because the prevailing scenarios of gradual globat warming could cause effects like
the ones described above, an increasing number of business leaders, economists,
policy makers, and politicians are concerned about the projections for further change
and are working to limit human influences on the climate. But, these efforts may not
be sufficient or be impiemented scon enough.

Rather than decades or even centuries of gradual warming, recent evidence suggests
the possibility that a more dire climate scenario may actuaily be unfolding. This is
why GBN is working with OSD to deveiop a plausible scenario for abrupt climate
change that can be used to explore imptications for food supptly, heaith and disease,
commerce and trade, and their consequences for national security.

While future weather patterns and the specific detaiis of abrupt climate change
cannot be predicted accurately or with great assurance, the actual history of climate
change provides some useful guides. Our goal is merely Lo portray a plausible
scenario, simitar to one which has already occurred in human experieince, for which
there is reasonable evidence so that we may further explore potential implications for
United States national security.

Medieval War Period

"8,200-Year Event

] Younger Dryas

Temperature over Greenland (°F)
&

15 10 5 g
Age (Thousand years before present)
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The above graphic, derived from sampling of an ice core in Greenland, shows a
historical tendency Tor particular regions 1o experience pericds of abrupt costing
within periods of general warming.’

The Cooling Event 8,200 Years Ago

The climate change scenaric outlined in this report is modeled on a century-long
climate event that records from an ice core in Greenland indicate occurred 8,200
years ago. immediately following an extended period of warming, much iike the
phase we appear to be in today, there was a sudden cooling . Average annual
temperatures in Greenland dropped by roughiy 5 degrees Fahrenheit, and
temperature decreases nearly this large are fikely to have occurred throughout the
North Atlaniic region. During the 8.200 event severe winters in burope and some
other areas caused glaciers to advance, rivers to freeze, and agricuhtural lands to be
less productive. Scientific evidence suggests that this event was associated with, and
perhaps caused by, a collapse of the ocean’s conveyor following a period of gradual
wWarming.

Longer ice core and oceanic records suggest that there may have been as many as
eight rapid cooling episodes in the past 730,000 years, and sharp reductions in the
ocean conveyer--a phenomenon that may well be on the horizon - are a tikely
suspect in causing such shifts in climate.

The Younger Dryas

About 12,700 years ago, also associated with an apparent collapse of the
thermohatline circulation, there was a cooling of at least 27 degrees Fahrenheit in
Greenland, and substantial change throughout the North Atlantic region as well, this
time lasting 1,300 years. The remarkabie feature of the Younger Dryas event was that
it happened in a series of decadal drops of around 5 degrees, and then the cold, dry
weather persisted for over 1,000 years. While this event had an enormous effect on
the ocean and land surrounding Europe (causing icebergs to be found as far south as
the coast of Portugal), its impact would be more severe today - in our densely
populated society. [t is the more recent periods of cooling that appear to be
intimately connected with changes to civilization, unrest, inhabitability of once
desirable land, and even the demise of certain populiations.

The Little Ice Age

Beginning in the 14th century, the North Atlantic region experienced a cooling that
lasted until the mid-19th century. This cooling may have been caused by a significant
slowing of the ocean conveyor, although it is more generally thought that reduced
solar output and/or volcanic eruptions may have prompted the oceanic changes.
This period, often referred to as the Little ice Age, which fasted from 1300 to 1850,
brought severe winters, sudden climatic shifts, and profound agriculitural, economic,
and political impacts to turope.

PRB. Alley, from The Two Mile Time Machine, 2000,
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The pericd was marked by persistent crop failures, famine, disease, and population
migration, perhaps most dramatically felt by the Norse, also known as the Vikings,
who inhabited iceland and later Greenland. lce formations along the coast of
Greeniand prevented merchanis from getting their boats to Greenland and fisherman
from getting fish for entire winters. As a result, farmers were forced to slaughter
their poorly fed tivestock -- because of a lack of food both for the animals and
themselves -- but without fish, vegetables, and grains, there was not enough food to
feed the population.

Famine, caused in part by the more severe climatic conditions, is reported to have
caused tens of thousands of deaths between 1315 and 1319 alone. The general cooling
also apparently drove the Vikings out of Greenland -- and some say was a
contributing cause for that society’s demise.

While climate crises like the Little ice Age aren’t solely responsibie for the death of
civitizations, it's undeniable that they have a large impact on society. It has been less
than 175 years since 1 million people died due to the Irish Potato famine, which also
was induced in part by climate change.

I A e e ST o S PO
A CHimate Uhe £ 08 OO

The past examples of abrupt climate change suggest that it is prudent to consider an
abrupt climate change scenario for the future as plausible, especially becatise some
recent scientific findings suggest that we could be on the cusp of such an event. The
future scenario that we have constructed is based on the 8,200 years before present
event, which was much warmer and far briefer than the Younger Dryas, but more
severe than the Little {ce Age. This scenario makes plausible assumptions about
which parts of the globe are likely to be colder, drier, and windier. Although
intensified research could help to refine the assumptions, there is no way to confirm
the assumptions on the basis of present models.

Rather than predicting how climate change will happen, our intent is to dramatize
the impact climate change could have on society if we are unprepared for it. Where
we describe concrete weather conditions and implications, our aim is to further the
strategic conversation rather than to accurately forecast what is likely to happen with
a high degree of certainty. Even the most sophisticated models cannot predict the
details of how the climate change wili unfold, which regions will be impacted in
which ways, and how governments and society might respond. Mowever, there
appears [0 be general agreement in the scientific community that an extreme case like
the one depicted below is not implausible. Many scientists would regard this
scenario as extrerne both in how soon it develops, how large, rapid and ubiguitous
the climate changes are. But history tells us that sometimes the extreme cases do
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ocecur, there is evidence that it might be and it is DOD’s job to consider such
scenarios.

Keep in mind that the duration of this event could be decades, centuries, or miliennia
and it coutd begin this year or many years in the future. In the climate change
disruption scenario propeosed here, we consider a period of gradual warming leading
to 2010 and then gutline the following ten years, when like in the 8,200 event, an
abrupt change toward cooling in the pattern of weather conditions change is
assumed 10 ooy,

Warming Up 10 2010

Following the most rapid century of warming experienced by modern civilization,
the first ten years of the 21st century see an acceleration of atmospheric warming, as
average temperatures worldwide rise by .5 degrees Fahrenheit per decade and Dy as
much as 2 degrees Fahrenheit per decade in the harder hit regions. Such temperature
changes would vary both by region and by season over the globe, with these finer
scale variations being larger or smaller than the average change. What would be very
clear is that the planet is continuing the warming trend of the late 20% century.

Most of North America, Europe, and parts of South America experience 30% more
days with peak temperatures over 90 degrees Fahrenheit than they did a century ago,
with far fewer days below freezing. In addition to the warming, there are erratic
weather patterns: more fioods, particuiarly in mountainous regions, and protonged
droughts in grain-producing and coastal-agricultural areas. In general, the climate
shift is an economic nuisance, generally affecting lecal areas as storms, droughts, and
hot spells impact agriculture and other climate-dependent activities. (More French
doctors remain on duty in August, for exampie.) The weather pattern, though, is not
yet severe enough or widespread enough o threaten the interconnected giobal
society or United States national security,

As temperatures rise throughout the 20 century and into the early 2000s potent
positive feedback loops Kick-in, accelerating the warming from .2 degrees Fahrenheit,
10 .4 and eventually .5 degrees Fahrenheit per year in some locations. As the surface
warms, the hydroiogic cycle (evaporation, precipitation, and runoff) accelerates
causing temperatures to rise even higher. Water vapor, the most powerful natural
greenhouse gas, traps additional heat and brings average surface air termperatures
up. As evaporation increases, higher surface air temperatures cause drying in forests
and grasslands, where animals graze and farmers grow grain. As trees die and burn,
forests absorb less carbon dioxide, again leading to higher surface air temperatures
as well as fierce and uncontrotlable forest fires Further, warmer temperatures melt
snow cover in mountains, open fields, high-latitude tundra areas, and permafrost
throughout forests in cold-weather areas. With the ground absorbing more and
reflecting less of the sun's rays, termperatures increase even higher.

Abrupt Ciimate Change 8



By 2005 the climatic impact of the shift is felt more intensely in certain regions
around the world. More severe storms and typhoons bring about higher storm
surges and floods in low-lying istands such as Tarawa and Tuvalu (near New
Zealand). In 2007, a particuiarly severe storm causes the ocean to break through
levees in the Netheriands making a few key coastal cities such as The Hague
uniivable. Failures of the delta island levees in the Sacramento River region in the
Central Vatley of California creates an inland sea and disrupts the agueduct system
transporting water from northern to southern California because salt water can no
longer be kept out of the area during the dry season. Melting along the Himalayan
gtaciers accelerates, causing some Tibetan people to relocate. Floating ice inthe
northern polar seas, which had already lost 40% of its mass from 1970 to 2003, is
mostly gone during summer by 2010. As glacial ice melts, sea levels rise and as
wintertime sea extent decreases, ocean waves increase in intensity, damaging coastal
cities. Additionalty mitlions of pecple are put at risk of flooding around the globe
{roughty 4 times 2003 levels), and fisheries are disrupted as water temperature
changes cause fish to migrate to new locations and habitats, increasing tensions over
fishing rights.

Each of these local disasters caused Dy severe weather impacts surrounding areas
whose natural, human, and economic resources are tapped to aid in recovery, The
positive feedback loops and acceleration of the warming pattern begin to trigger
responses that weren't previously imagined, as natural disasters and stormy weather
occur in both developed and lesser-developed nations. Their impacts are greatest in
less-resilient developing nations, which do not have the capacity built into their
social, economie, and agriculiural systems to absorb change.

As melting of the Greenland ice sheet exceeds the annual snowfall, and there is
increasing freshwater runoff from high latitude precipitation, the freshening of
waters in the North Atlantic Ocean and the seas between Greenland and Furope
increases. The iower densities of these freshened waters in turn pave the way for a
sharp slowing of the thermohaline circulation system.

The Period from 2010 1o 2020

frer roughly 60 years of slow freshening, the thermohaline collapse begins in 2010,
disrupting the temperate climate of Europe, which is made possible by the warm
fiows of the Gulf Stream (the North Atlantic arm of the giobal thermohaline
conveyor). Ocean circulation patterns change, bringing less warm water north and
causing an immaediate shift in the weather in Northerrn Europe and eastern North
America. The North Atlantic Gcean continues to be affected by fresh water coming
from melting glaciers, Greenland’s ice sheet, and perhaps maost importantly increased
rainfail and runoff. Decades of high-latitude warming cause increased precipitation
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and bring additional fresh water 1o the salty, dense water in the North, which is
normally affected mainly by warmer and saitier water from the Gulf Stream. That
rnassive current of warm water no longer reaches far into the North Atlantic. The
immediate climatic effect is cooler temperatures in Europe and throughout much of
the Northern Hemisphere and a dramatic drop in rainfall in many key agricuitural
and populated areas. However, the effects of the collapse will be felt in fits and starts,
as the traditiona! weather patterns re-emerge only to be disrupted again—for a full
decade.

The dramatic slowing of the thermohaiine circuiation is anticipated by some ocean
rasearchers, but the United States is not sufficiently prepared for its effects, timing. or
intensity. Computer models of the climate and ocean systems, though improved,
were unable to produce sufficiently consistent and accurate information for
policymakers, As weather patterns shift in the years following the collapse, it is not
clear what type of weather future years will bring. While some forecasters believe the
cooling and dryness is about to end, others predict a new ice age or & giobal drought,
ipaving policy makers and the public highly uncertain about the future climate and
what 1o do, if anything. Is this merely a "blip” of little importance or a fundamental
change in the Earth's climate, requiring an urgent massive human response?

The Weather Report: 2010-2020

@

Drought persists for the entire decade in critical agricultural regions
and inthe areas around major population centers in Europe and
eastern North America.

Average annual temperatures drop by up to b degrees Fahrenheit aver
Asia and North America and up to 6 degrees Fahrenheit in Europe.

Temperatures increase by up to 4 degrees Fahrenheit in key areas
throughout Australia, South America. and southern Africa.

Winter storms and winds intensify, amptifying the impact of the
changes. Western Europe and the North Pacific face enhanced
westerly winds,

]

Fach of the years from 2010-2020 sees average temperature drops throughout
Northern Europe, leading to as much as a 6 degree Fahrenheit drop in ten years.
Average annual rainfall in this region decreases by neariy 30%; and winds are up to
15% stronger on average. The climatic conditions are maore severe in the continental
interior regions of northern Asta and North America.
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The effects of the drought are more devastating than the unpleasantness of
temperature decreases in the agricultural and populated areas. With the persistent
reduction of precipitation in these areas, lakes dry-up, river flow decreases, and fresh
water supply is squeezed, overwhelming available conservation options and
depleting fresh water reserves. The Mega-droughts begin in key regions in Southern
China and Northern Europe around 2010 and last throughout the full decade. At the
same time, areas that were relatively dry over the past few decades receive persistent
years of torrential rainfall, flooding rivers, and regions that traditicnally relied on
dryland agriculture.

In the North Atlantic region and across northern Asia, cooling is most pronounced in
the heart of winter - December, January, and February -- although its effects linger
through the seasons, the cooling becomes increasingly intense and less predictable.
As snow accumuiates in mountain regions, the cooling spreads to summertime. In
addition to cooling and summertime dryness, wing pattern velocity strengthens as
the atmospheric circulation becomes more zonal.

While weather patterns are disrupted during the onset of the climatic change around
the globe, the effects are far more pronounced in Northern Europe for the first five
years after the thermohaline circulation coliapse. By the second half of this decade,
the chill and harsher conditions spread deeper into Southern Europe, North America,
and beyond. Northern Europe cools as a pattern of colder weather lengthens the
time that sea ice is present aver the northern North Atlantic Ocean, creating a further
cooling influence and extending the period of wintertime surface air temperatures.
Winds pick up as the atmosphere tries to deal with the stronger pole-to-equator
temperature gradient. Cold air blowing across the European continent causes
especially harsh conditions for agriculture. The combination of wind and dryness
causes widespread dust storms and soil 1oss.

Signs of incremental warming appear in the southern most areas along the Atlantic
Ocean, but the dryness doesn't let up. By the end of the decade, Eurcpe’s climate is
more like Siberia’s.

There is considerable uncertainty about the climate dynamics of the Southern
Hemisphere, mainly due to less paleoctimatic data being avaitable than for the
Northern Hemisphere. Weather patterns in key regions in the Southern Hemisphere
could mimic those of the Northern Hemisphere, becoming colder, drier, and more
severe as heat flows from the tropics to the Northern Hemisphere, trying to
thermodynamically balance the climatic system. Alternativety, the cooling of the
Northern Hemisphere may lead to increased warmth, precipitation, and storms in
the south, as the heat normally transported away from equatorial regions by the
acean currents becomes trapped and as greenhouse gas warming continues to
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accelerate, Either way, it is not implausible that abrupt climate change will bring
extrerme weather conditions to many of the world’s key population and growing
regions al the same time ~ stressing global food, water, and energy supply.

The Regions: 2010 to 2020

The above graphic shows a simplified view of the weather patterns portrayed in this scenario.

Furope. Hit hardest by the climatic change, average annual temperatures drop by 6
degrees Fahrenheit in under a decade, with more dramatic shifts along the
Northwest coast. The climate in northwaestern Europe is colder, drier, and windier,
making it more iike Siberia. Southern Europe experiences less of a change but stili
suffers from sharp intermittent cooling and rapid temperature shifts, Reduced
precipitation causes soil loss to become a probtem throughout Europe, contributing
to food supply shortages. Europe struggles to stem emigration out of Scendinavian
and northern European nations in search of warmth as well as immigration from
hard-hit countries in Africa and eisewhere.

United States. Colder, windier, and drier weather makes growing seasons shorter
and tess productive throughout the northeastern United States, and longer and drier
in the southwest. Desert areas face increasing windstorms, while agricultural areas
suffer from soil loss due to higher wind speeds and reduced soil moisture. The
change toward a drier climate is especially pronounced in the southern states.
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Coastal areas that were af risk during the warming pericd remain at risk, as rising
ocean levels continues along the shores. The United States turns inward, committing
its resources o feeding its own poputlation, shoring-up its borders, and managing the
increasing global tension,

China. China, with its high need for food supply given its vast population, is hit hard
by a decreased reliabitity of the monsoon rains. Occasional monsoons during the
suramer season are welcomed for thelr precipitation, but have devastating effects as
they flood generally denuded iand. Longer, colder winters and hotter summers
caused by decreased evaporative cooling because of recuced precipitation stress
already tight energy and water supplies. Widespread famine causes chaos and
internal struggles as a cold and hungry China peers jeatously across the Russian and
western borders at energy resoLirces.

Bangiadesh. Persistent typhoons and a higher sea level create storm surges that
calsse significant coastal erosion, making much of Bangladesh nearly uninnabitable.
Further, the rising sea level contaminates fresh water supplies inland, creating a
drinking water and humanitarian crisis. Massive emigration occurs, causing tension
in China and India, which are struggling to manage the crisis inside their own
boundaries.

Fast Africa. Kenya, Tanzania, and Mozambigue face slightly warmer weather, but
are challenged by persistent drought. Accustomed to dry conditions, these countries
were the least influenced by the changing weather conditions, but their food suppty
is challenged as major grain producing regions suffer,

Australia. A major food exporter, Austratia struggles to supply food around the
globe, as its agriculture is not severely impacted by more subtie changes in its
climate. But the large uncertainties about Southern Hemisphere climate change make
this benign conclusion suspect.

Impact on Natural Resources

The changing weather patterns and ocean temperatures affect agriculture, fish and
wildlife, water and energy. Crop vields, affected by temperature and water stress as
well as length of growing season fall by 10-25% and are less predictable as ey
regions shift from a warming to a cooling trend. As some agricultural pests die due
to temperature changes, other species spread more readily due to the dryness and
windiness - requiring alternative pesticides or treatment regiments. Cormmercial
fishermen that typically have rights to fish in specific areas will be ill equipped for
the massive migration of their prey.
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With only five or six key grain-growing regions in the world {US, Austratia,
Argentina, Russia, China, and India), there is insufficient surplus in global focd
supplies to offset severe weather conditions in a few reglions at the same time ~ let
alone four or five. The world's economic interdependence make the United States
increasingly vulnerable to the economic disruption created by local weather shifts in
key agriculturat and high population areas around the world. Catastrophic shortages
of water and energy supply — both which are stressed around the glebe today -
cannot be quickly overcome,
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Human civilization began with the stabilization and warming of the Earth's climate.
A colder unstable climate meant that humans could neither deveiop agriculture or
permanent settiements, With the end of the Younger Dryas and the warming and
stabilization that followed, humans could learn the rhythms of agriculture and settle
in places whose climate was reliably productive. Modern civilization has never
experienced weather conditions as persistently disruptive as the ones outlined in this
scenario, As a result, the implications for national security outlined in this report are
only hypothetical. The actual impacts would vary greatly depending on the nuances
of the weather conditions, the adaptabifity of humanity, and decisions by
nolicymakers.

Violence and disruption stemming from the stresses created by abrupt changes in the
climate pose a different type of threat to national security than we are accustomed 1o
tocay. Military confrontation may be triggered by a desperate need for natural
resources such as energy, food and water rather than by conflicts over ideclogy,
religion, or national honor. The shifting motivation for confrontation would alter
which countries are most vulnerable and the existing warning signs for security
threats.

There is a long-standing academic debate over the exterit to which resource
constraints and environmental challenges lead to inter-state conflict. Whiie some
betieve they alone can fead nations to attack one another, others argue that their
orimary effect is 1o act as a trigger of conflict among countries that face pre-existing
social, economic, and potitical tension. Regardless, it seems undeniable that severe
environmental problems are iikely 1o escalate the degree of global conflict.

Co-founder and President of the Pacific Institute for Studies in Development,
Environment, and Security, Peter Gleick cutlines the three most fundamenta!
challenges abrupt climate change poses for national security.

1. Foed shortages due to decreases in agricuitural production

2. Decreased availability and guality of fresh water due to flooding and droughts
3. Disrupted access to strategic minerals due to ice and storms
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In the event of abrupt climate change, it's tikely that food, water, and energy resource
constraints wiil first be managed through economic, political, and diplomatic means
such as treaties and trade embargoes. Over time though, conflicts over land and
water use are likely to become more severe — and more violent. As states become
increasingty desperate, the pressure for action will grow.

Decreasing Carrying Capacity

[ ——— Tne graphic shows how abrupt
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Today, carrying capacity, which is the ability for the Earth and its natural ecosystems
including social, economic, and cultural systems to support the finite number of
people on the planet, is being challenged around the world. According to the
International Energy Agency, global demand for oil will grow by 66% in the next 30
years, but it’s unclear where the supply will come from. Clean water is similarly
constrained in many areas around the world. With 815 million pecple receiving
insufficient sustenance worldwide, some would say that as a globe, we're living well
above our carrying capacity, meaning there are not sufficient natural resources o
sustain our behavior.

Many point to technoiogical innovation and adaptive behavior as a means for
managing the global ecosystem. indeed it has been technological progress that has
increased carrying capacity over time. Over centuries we have learned how 1o
produce more food, energy and access more water. But will the potential of new
technologies be sufficient when a crisis like the one outlined in this scenario hits?

Abrupt climate change is likely to stretch carrying capacity well beyond its already
nrecarious timits. And there's a natural tendency or need for carrying capacity to
become realigned. As abrupt clirnate change lowers the wortd’s carrying capacity
aggressive wars are likely to be fought over food, water, and energy. Deaths from
war as well as starvation and disease will decrease population size, which overtime,
will re-balance with carrying capacity.
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When you look at carrying capacity on a regional or state level it is apparent that
thase nations with a high carrying capacity, such as the United States and Western
Europe, are likely to adapt most effectively to abrupt changes in climate, because,
relative to their population size, they have more resources to call on. This may give
rise to a more severe have, have-not mentality, causing resertment toward those
nations with a higher carrying capacity. It may lead to finger-pointing and blame, as
the wealthier nations tend to use more energy and emit more greenhouse gasses such
as CO2 into the atmosphere. Less important than the scientifically proven
retationship between CO2 emissions and climate change is the perception that
impacted nations have - and the actions they take.

The Link Between Carrying Capacity and Warfare

Steven LeBtanc, Harvard archaeciogist and author of a new book catled Carrying
Capacity, describes the relationship between carrying capacity and warfare. Drawing
on abundant archaeological and ethnological data, LeBlanc argues that historically
humans conducted organized warfare for a variety of reasons, including warfare
over resources and the environment. Humans fight when they outstrip the carrying
capacity of their natural environment. Every time there is a choice between starving
and raiding, humans raid. From hunter/gatherers through agricuiturat tribes,
chiefdoms, and early compiex societies, 25% of a popuiation’s adult males die when
war breaks out.

Peace occurs when carrying capacity goes up, as with the invention of agriculture,
newly effective bureaucracy, remote trade and technological breakthroughs, Also a
large scale die-back such as from plague can make for peaceful times-—-Europe after
its major plagues, North American natives after Furopean diseases decimated their
populations (that's the difference between the Jamestown colony failure and
Plymouth Rock success). But such peaceful periods are short-lived because
population quickly rises to once again push against carrying capacity, and warfare
resumes. Indeed, over the mitiennia most societies define themselves accorcing to
their ability to conduct war, and warrior culture becomes deeply ingrained. The
most combative societies are the ones that survive.

However in the last three centuries, LeBlanc points out, advanced states have
steadlily lowered the body count even though individual wars and genocides have
grown larger inscale. Instead of slaughtering ali their enemies in the traditional
way, for example, states merely kill enough to get a victory and then put the
survivors to work in their newly expanded economy. States also use their own
bureaucracies, advanced techinology, and international rules of behavior to raise
carrying capacity and bear a more careful refationship to it.

All of that progressive behavior could collapse If carrying capacities everywhere
were suddenly lowered drastically by abrupt climate change. Humanity would
revert to its norm of constant battles for diminishing resources, which the batties
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themselves would further reduce even beyond the climatic effects. Once again
warfare would define humar life.

Conflict Scenario Due to Climate Change

Europe Asia United States
2010-2020 2012: Severe drought
and cold push 2010: Border 2010: Disagreements
Scandinavian sKirmishes and with Canada and
populations conflict in Bangladesh, | Mexico over water
southward, push back ; India, and China, as increase tension
from EU mass migration occurs | 2012: Flood of refugees
2015 Conflict within toward Burma 10 southeast U.S. and
the EU over food and 2012; Regionatl Mexico from
water supply leads to instability teads Japar: | Caribbean islands
skirmishes and to develop force 2015 Furopean
strained diplomatic projection capability migration to United
retations 2015 Strategic States {mostly
2018: Russia joins EU, | agreement between wealthy)
providing energy Japan and Russia for 2016: Confiict with
resources Siberia and Sakhalin European countries
2020; Migration from | energy resources over fishing rights
northern countries 2018: China intervenes | 2018: Securing North
such as Holland and in Kazakhstan to Americe, US. forms
Germany toward protect pipetines irtegrated security
Spain and laly regularly disrupted by | alliance with Canada
rebels and criminals. and Mexico
2020: Deparument of
Defense manages
borders and refugees
from Caribbean and
Furope.
2020-2030 2020: Increasing: 2020 Persistent 2020; Oil prices

sikirmisnes over water
and irmmigration
2022: Skirmish
between France and
Germany over
comrnercial access to
Rhine

2025 B nears
cotlapse

2027 Increasing
migrationto
Mediterranean
countries such as
Algeria, Morocco,
Egypt, and Israel
2030: Nearly 10% of
European popuiation

conflict in Souwth East
Asia; Burma, Laos,
Vietnam, India, China
2025; Internal
conditions in China
deteriorate
dramatically leading
to civil war and border
Wars,

2030: Tension growing
between China and
Japan over Russian
anergy

increase as security of
supply is threatened
by conflicts in Persian
Gulf and Caspian
2025 Internal struggle
in Saudi Arabia brings
Chinese and U5
naval forces to Gulf .in
direct confrontation
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moves 1o a different
country

The chart above outlines some potential military implications of climate change

The two most likely reactions to a sudden drop in carrying capacity due to climate
change are gefensive and offensive.

The United States and Australia are likely to build defensive fortresses around their
countries because they have the resources and reserves to achieve seff-sufficiency.
With diverse growing climates, wealth, technology, and abundant resources, the
United States could likely survive shortened growing cycles and harsh weather
conditions without catastrophic losses. Borders will be strengthened around the
country to hold back unwanted starving immigrants from the Caribbean istands {an
especially severe problem), Mexico, and South America. Energy supply will be
shored up through expensive {econocmically, politically, and moraily) aiternatives
such as nuclear, renewables, hydrogen, and Middle Eastern contracts. Pesky
skirmishes over fishing rights, agricultural support, and disaster relief wiil be
commonplace. Tension between the U.S. and Mexico rise as the U.S. reneges on the
1944 treaty that guarantees water flow from the Colorado River. Relief workers wit]
be commissioned to respond to flooding aleng the southern part of the east coast and
much drier conditions inland. Yet, even in this continuous state of emergency the
.S, wilt be positioned well compared to others. The intractable problermn facing the
nation will be calming the mounting military tension around the worid.

As famine, disease, and weather-related disasters strike due to the abrupt climate
change, many countries’ needs will exceed their carrying capacity. This will create a
sense of desperation, which is likely to lead to offensive aggression in order to
reclaim balance. Imagine eastern European countries, strugghing to feed their
poputiations with a falling supply of focd, water, and energy, eyeing Russia, whose
population is already in decline, for access to its grain, minerals, and energy supply.
Or, picture Japan, suffering from flooding along its coestal cities and contamination
of its fresh water supply. eying Russia’s Sakhalin istand oil and gas reserves as an
energy source to power desalination plants and energy-intensive agricuitural
processes. Frivision Pakistan, India, and China - all armed with nuclear weapons -
skirmishing at their borders over refugees, access to shared rivers, and arable land.
Spanish and Portuguese fishermen might fight over fishing rights ~ leading tc
conflicts at sea. And, countries including the United States would be fikely to better
secure their borders. With over 200 river basins touching muitiple nations, we can
expect conflict over access to water for drinking. irrigation, and transportation, The
Danube touches twelve nations, the Nile runs though nine, and the Amazon runs
through seven.
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in this scenario, we can expect alliances of convenience. The United States and
Canada may become one, simplifying border controls. Or, Canada might keep its
hydropower—causing energy problems in the US. North and Soutn Korea may align
to create one technically savvy and nuciear-armed entity. Europe may actas a
unified block - curbing immigration problems between European nations — and
allowing for protection against aggressors. Russia, with its abundant minerals, oil,
and natural gas may join Europe.

In this world of warring states, nuclear arms proliferation is inevitable. As cooling
drives up demand, existing hydrocarbon supplies are stretched thin. With a scarcity
of energy supply - and a growing need for access -- nuclear energy will become a
criticat source of power, and this will accelerate nuciear proliferation as countries
develop enrichment and reprocessing capabilities to ensure their national security.
China. India, Pakistan, Japan, South Korea, Great Britain, France, and Germany will
all have nuclear weapons capability, as will Israel, Iran, Egypt, and North Korea.

Managing the military and political tension, occasional skirmishes, and threat of war
will be a challenge. Countries such as Japan, that have a great deat of social cohesion
(meaning the government is able to effectively engage its population in changing
pehavior) are most likely to fair well. Countries whose diversity already produces
conflict, such as India, South Africa and Indonesia, will have trouble maintaining
order. Adaptability and access to resources will be key. Perhaps the most frustrating
challenge abrupt climate change will pose is that we'll never know how far we are
into the climate change scenario and how many more years - 16, 100, 1000 --- remain
nefore some kind of return to warmer conditions as the thermohaline circulation
starts up again. When carrying capacity drops suddenly, civilization is faced with
new challenges that today seem unirmaginable.

> o 2

Ocean, land, and atmosphere scientists at some of the wortd's most prestigious
organizations have uncovered new evidence over the past decade suggesting that the
plausibility of severe and rapid climate change is higher than most of the scientific
community and perhaps all of the political community is prepared for. [f it occurs,
this phenomenon will disrupt current graduat glebal warming trends, adding to
climate complexity and lack of predictability. And paleoclimatic evidence suggests
that such an abrupt climate change could begin in the near future.
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The Woods Hole Oceanographic Institute reports that seas surrounding the North
Atlantic have become less salty in the past 40 years. which in turn freshens the deep
ocean in the North Atlantic. This trend could pave the way for ocean conveyor
collapse or slowing and abrupt climate change.
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The above graphic shows early evidence that a thermohaline circulation collapse may be imminent,
as the North Atlantic is increasingly being freshened by surrounding seas that nave become less

salty over the past 40 years.?
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The above two headlines appeared in Nature Magazine in 2001 and 2002, respectively. They
suggest that the North Atlantic salinity level may lower, increasing the likelihood of a
thermohaling circulation cotiapse,

With at least eight abrupt climate change events documented in the geoiogical
record, it seems that the questions to ask are: When will this happen? What will the
impacts be? And, how can we best prepare for it? Rather than: Will this really happen?

There is a debate in newspapers around the globe today on the impact of human
activity on climate change. Because economic prosperity is correlated with energy
use and greenhouse gas emissions, it is often argued that economic progress leads to
climate change. Competing evidence suggests that climate change can cceur,
regargless of human activity as seen in climate events that happened prior to modern
society.

It's important to understand human impacts on the environment - both what's done
to accelerate and decelerate (or perhaps even reverse) the tendency toward climate
change. Alternative fuels, greenhouse gas emission controls, and conservation efforts
are worthwhile endeavors. in addition, we shouid prepare for the inevitable effects
of abrupt climate change ~ which will likely corne regardless of human activity.

Here are some prefiminary recommendations to prepare the United States for abrupt
climate change:

1)

Improve predictive climate models. Further research should be conducted so
more confidence can be placed in predictions about climate change. There
needs to be a deeper understanding of the relationship between ocean
patterns and climate change. This research should focus on historical, current,
and predictive forces, and aim to further our understanding of abrupt climate
change, how it may happen, and how we'll know it's cccurring.

Assemble comprehensive predictive models of climate change impacts.
Substantial research shouid be done on the potential ecological, economic,
social, and political impact of abrupt climate change. Sephisticated models
and scenarios should be developed to anticipate possible local conditions. A
systemn should be created to identify how climate change may impact the
global distribution of social, economic, and political power. These analyses
can be used to mitigate potential sources of conflict before they happen.

Create vuinerability metrics. Metrics should be created to understand a
country's vuinerability to the impacts of climate change. Metrics may include
climatic impact on existing agricultural, water, and mineral resources;
technical capability; social cohesion and adaptability.
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4) ldentify no-regrets strategies. No-regrets strategies should be identified and
implernented to ensure reliable access to food supply and water, and o ensure
national security.

5) Rehearse adaptive responses, Adaptive response teams should be established
to address and prepare for inevitable climate driven events such as massive
migration, disease and epidemics, and food and water supply shortages,

8) Explore local implications. The first-order effects of climate change are local.
While we can anticipate changes in pest prevalence and severity and changes
in agricultural productivity, one has to look at very specific locations and
conditions to know which pests are of concern, which crops and regions are
vuinerable, and how severe impacts will be. Such studies should be
undertaken, particularty in strategically important food producing regions.

7} Explore geo-engineering options that control the climate. Today, it is easier
to warm than to cool the ¢limate, so it might be possible to add various gases,
such as hydrofiuorocarbons, to the atmosphere to offset the affects of cooling.
Such actions, of course, would be studied carefully, as they have the potential
to exacerbate conflicts among nations.

Conclusion

It is quite plausible that within a decade the evidence of an imminent abrupt climate
shift may become clear and reliable. 1t is also possible that our modeis will better
enabie us to predict the conseguences. In that event the United States will need to
take urgent action to prevent and mitigate some of the most significant impacts.
Diplomatic action will be needed to minimize the likelihood of conflict in the most
impacted areas, especially in the Caribbean and Asia. However, large popuiation
movements in this scenario are inevitable. Learning how to manage those
populations, border tensions that arise and the resulting refugees will be critical.
New forms of security agreements dealing specificatly with energy, food and water
will aiso be needed. In short, while the US itself will be relatively better off and with
more adaptive capacity, it witl find itself in a world where Europe will be struggling
internatly, large number so refugees washing up on its shores and Asia in serious
crisis over food and water. Disruption and conflict will be endemic features of life.
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To remain competitive, planners must adopt sophisticated finance valuation tools.

For nearly a century, utility planners have used engineering-economics based models to estimate the cost of electricity
produced by different generating technologies. In 1978, EPRI formalized these models and they are widely known under
the name of EPRI-TAG or Revenue Requirements Models (RRM). While these procedures are almost universaily nsed to
estimate the kWh cost of electricity for planned resource alternatives, it is not generally understood that, as commoniy
applied, these approaches are rule-of-thumb proxies which yield only rough approximations of true cost.

This may have been reasonably useful in a simpler time, when the capacity choice may have been limited o a coal versus
an cil-fired steam plant, both of which had similar financial risk characteristics. Today’s environment, however, is far
more complex and includes a variety of resource options - from purchased power, to capital-intensive renewables - which
differ considerably in terms of their financial risk, flexibility atiributes and the sirategic options they create for
management. In order to remain competitive in this environment, firms will have to adopt more sophisticated finance-
orienied valuaiion tools.

Surprisingly, IRP and similar processes have not engendered investigations and debates about appropriate procedures for
valuing resource alternatives. While these processes raise all sorts of planning issues, every-. one seems quile content {o
leave the” seemingly arcane procedures for estimating levelized electricity (busbar) cosis to the green-visor types with
fittle meaningful cutside review.

This means that some of the firm's most imporiant decisions are made on the basis of black-box output that few truly
understand.

Correct resource valuation (Le., invesiment analysis) is imporiant in a monopoly setting. Partiatly competitive
environments make rescurce valuation cven more crucial, yet it seems widely believed that the prospect of a restructured
industry eliminates the need for discussion of how renewables and conventional technologies should be valued. The
assumption is that the market will take care of it. But competition does not imply that we will get brilliant, or even just
plain "correct”, analyses of the cost of electricity from various renewable and conventional sources.

History {and the literature) is replete with examples, mostly from manufacturing, which support this contention. For
example, myopic capital budgeting contributed in part to the near collapse of the American steel industry in the 1970':
accounting-based analyses suggested that continued use of existing technology was the least-cost alternative. And, this is
not an isclated. Indeed, traditional, accounting-based benefit- cost analyses almost always suggest that the incumbent
technology is a better bet and that the innovation is too costly! Flawed engineering-based analyses also kept American
manufacturers from making timely investments in innovative process technologies such as computer-aided design and
compuier-integraied-manufacturing.

This Ied to a loss of world preeminence for these manufacturers who then spent the next two decades re-gaining a
leadership position. Given the dismal record engineering-based cost models have in identifying promising innovations in
manufacturing, it is unreasonable to expect that they will help us understand the costs and benefiis of renewable
technologies or of distributed generation and other radical innovations to the electricity production process.

MNow some will argue that the last thing we need is public debate about appropriate resource valuation models since under
compeiition utilities will simply purchase from low-cost providers thus making IRP cost-analyses irrelevant. Bul these
purchase decisions will require sophisticated valuation procedures - fuel and power contracts require valuation of
uncertain future cost streams which is far more complex than, say, evaluating contracts for the firm's cleaning-supplies.

Utlities will need 0 understand that risk and other financial properiies vary widely with the underlying generation
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technology and that this affects future cosis and profitability; in a competitive market kilowatt- hours are not all equai.
Finaily, as atilities prepare for competition managers are increasingly concerned about creating value with each
investment they make. Yet the investment analysis procedures used by their planners were conceived around the time of
the Model-T Ford. It is not possible to make efficieat investments in today’s complex environment using outdated rule-of-
thumb approaches that were "close enough” in a regulated monopoly environment; firms that rely on such models will
make good investments and purchases only by accident.

Traditional Cost Models

EPRI-TAG, the RRM and similar models which rely on busbar costs generally favor expense-iniensive over capital-
intensive technologies. This section presents a number of reasons why engineering cost approaches do not correctly refiect
the relative value of resource alternatives.

Engineering Approaches Ignore Financial Risk. Engineering models do not account for financial risk. Loosely defined,
{financial risk is the variability of annual cosis. Under an engineering approach, a risky annual cost stream has the same
present value as an equivalent bui sqfe cost stream. This violates fundamental finance theory. Dollar for dollar, a risky
cost stream, such as future outiays for fuel, has 2 higher present value since it is less desirable than a safe cost stream.

This intuition - that a risky cost siream is less desirable - seems to be widely undersiood. For example; home buyers
overwhelmingly choose fixed rate mortgages even though adjustable rate morigages carry initially lower interest rates.
‘These borrowers obviously conclude that the projecied fixed-rate stream of payments has a lower present value - it is more
desirable. Similarly, investors of all types and all risk-aversions purchase riskless U.S. Treasury obligations even though
they yield much less for a given. $1,000 investment than do riskier instruments such as low-grade bonds. Engincering cost
approaches that ignore risk will always indicate that riskier, lower cost alternatives such as gas-fired turbines are the most
economic, a resuli that is logically equivalent to arguing that junk bonds are 2 beiier investment than U.S. Treasury bills
becaase they promise a higher annual payment stream: for each $1,000 invesied and are hence "cheaper.”

FEngineering Approaches Compare Resource Alternatives Exclusively on the Basis of their Busbar Cost. 'The busbar costs
exclude overhead and indirect costs such as fuel purchasing, engineering siaff time, or Clean Air Act compliance costs.
Ignoring these costs in the resource evaluation probably worked reasonably well when. technology alternatives were fairly
homogenecous - .e., when the alternatives consisted of technologically- equivalent fossil-fired options which required {or
"consumed”) more or less the same types and amount of over- head resources.

Today's technology choices, however, are considerably more beterogeneous, consisting of a variety of technological and
institutional alternatives with vasily different cost characteristics. The overhead requirements for this diverse range or
resource options vary considerably. For example: some passive, renewable alternatives, such as remote PV sites, operate
reliably and require little support from the corporate infra-structure thus consuming very little over- head or indirect costs
as compared to traditional ceniral station technologies.

Busbar cost comparisons thus tend to overstate the cost of renewable oplions relative to iraditional fossil aliernatives. This
is consistent with experience in manufacturing, which taught us that new process technologies often produce what Paul
Milgrom and fohn Roberts, both of Stanford University, call complementary benefiis - benefits which yield imporstant cost
reductions in overhead and indirect costs, not in the direct costs. To the extent that such complementartizes are, or will
eventually be created by renewables, the exclusive reliance on the busbar cost measure becomes all the more problematic.
‘Traditional FERC-based cost accounting procedures are insufficient fo properly reflect indirect costs for decision making
purposes. New, Activity-Based- Costing (ABC) procedures must be employed in order to fully understand the total costs
of operating particular technologies.

Engineering Cost Approaches Estimate "Stand-Alone” Costs for Re- source Options When They Should Evaluate Their
Impact on the Cost and Risk of the Generating Portfolio. Financial portiolios are widely used by investors to manage risk
and 1o maximize performance under a variety of unpredictable economic ovicomes. Similarly, it is imporiant to conceive
of electricity generation not in terms of the cost of a particular technology today, bt io terms of its perifolio cost. At any
given time some alternatives in the portfolio may have high costs while others have lower costs, yet over time, the astuie
combination of alternatives serves (o minimize overall generation cost relative to the risk. By contrast, traditional
engineering cost approaches focuses on finding the least cost aliernative- a questionable procedure that is roughly
analogous to trying to identify vesterday's best performing stock and investing in # exclusively.



Financial investors understand that the future is unpredictable; therefore, rather than emphasizing foriune telling, investors
focus on building robust portfolios that are expected to maximize return for the given level of risk. Portfolio theory
principles suggest that the important measure for valuing alternaiive resource options is kow a palticuJar option affects
the generating costs of the portfolio of resource options relative to how it affects the risk of that portfelio. Finding the
“least- cost” technology is probably no longer relevant, assuming it is even possible in this dynamic envircnment. Rather,
it makes more sense to focus on developing efficient {i.e., oplimal} generating porifolios which may consist of various
technoiogical as well as financial and contractual options. It may turn out that renewables piay only a relatively minor role
in such portfolios - perhaps 10% or less for the foreseeabie future.

Engineering Cost Approaches Ignore Valuable Managerial and Strategic Options That Renewables and Other New
Technologies Often Create. The RRM and similar approaches assume that the benefits and costs of alternative
technologies can be properly modeled purely on the basis of their direct cash flows. Experience in manufacturing,
however, suggests that sew technologies often create valuable managerial or strategic options which can be "exercised” at
a later time. While such options in- crease a project’s value, they yield no immediate accounting-cost benetit. For example,
renewables and other modular iechnologies {¢.g., small gas- fired generation) can create valuable flexibility oprions since
managers can install capacity slowly, over time, to maich load increases. This helps capacity expansion decisions become
more routine -like the installation. of additional telephone central office capacity - and hence less cosily. Recent work on
the value of flexibility suggests that when valued in a traditional manner, inflexible projects are equivaient to flexibie ones
only if their present value is considerably greater.

Some modular technologies provide sirategic and capability options for managers by creating opportunities to serve new
customers, or to provide different services or levels of quality and reliability. Additional work will be required to better
understand how to conceive of these options so we might begin to measure their value. The strategic/capability option
idea was conceived in manufacturing, where Robert Kaplan of Harvard University observed an interesting resuli:
manufacturers that adopied numerically controlled process technology in the 1970's were able 1o more readily adopt
compuier-integrated-manufacturing (CIM} a decade or so laier be- cause of the special capabilities the initial investment
yielded. Numerically controlied production machines required workers to learn how to resolve product shapes and the
required machine movements into a series of numerically-coded instructions. This training and experience created &
capability in the work force which helped the firm adopt CIM.

Strategic/capability options are hard to value because it is hard to see the future. In the case of the paper- tape technology,
hindsight clearly implies that no matter what the initial cash-flow-based benefit-cost analyses may have indicated, the
original adoption of numerically-con- trolled equipment was ultimately’ cost-effective, not necessarily because of direct
cost savings, but because of the capabilities and the strategic options it created. Similarly, the benefits of new energy
technologies cannot be fully understood without conceptaalizing the possible strategic options they create.

Enginzering Cost Approaches Ignore the Cost-of-Quality in Generating and Delivering Eleciricity. In manufacturing, the
Cost-of-Cuality is a faisly well understood concept which implies the elimination of wasteful activities such as assembly-
line set-ups, the maintenance of parts inventories or the re-manufacture of defective products. As yet, there is no generally
accepted definition of the cost-of-guality in electricity production and delivery, although it undoubiediy implies the
reduction or elimination of inherently wasteful activity including traditional reserve reguirements and fransactions such as
meter-reading and the ordering, movement and storage of materials. Of course, attaining such resulis re- quires that we
substantially re-conceptualize the entire generation/delivery process just as manufacturing was largely re-conceived in the
Iate 197(0's from mass-production o flexible-marnufacturing. Renewables and other ;modular techoologies may enable the
process to be re~conceptualized in this fashion.

i manufacturers were able to eliminate inventories and other wasteful activity in the process of assembling autos and
airpianes with literaily millions of parts, then utilities can learn to reconceptualize their 19th century electricity
production/ delivery process to eliminate reserves and other similar wasteful activities. Bui, the traditional cost accounting
used by utilities does not identify these wasteful activitics. This was also true in manufacturing until two de- cades ago;
for example, there was no manufacturing cost category for “producing defective paris.” Similarly, the cosis of maintaining
idle or spinning generation reserves are not explicitly recorded by viility accountanis foday so that managers have littie
incentive to focus on these activities so as to reduce cost. Instead, utility managers focus on line-ifem accounting costs
such as fuel or mainienance - a process that is similar to the earlier focus of production managers, who equated cost
reduction with such strategies as substituting lower-cost materials, a strategy that would generally be rejected in to day's



compelitive global manufacturing.

Finally, quality manufacturing implies the production of goods that deliver value through intelligent de. sign which meets
customer needs and expectations. Peter Drucker observes that flexible manufacturing has been able to reduce the energy,
material and labor content of manufactured products because the information content has risen. The idea can apply to
electricity production/distribution as well: the focus needs to shift from one of busbar cost minimization to one of
delivering fewer, "smarter” kilowatt-hoars, each of which has a greater value to customers.

While all of the above issues affect the valuation of new energy technologies, a detailed discussion of them is beyond our
scope. The rest of this article focuses on one of the key limitations of traditional engineering cost models - their fatlure to
correcily reflect financial risk.

Resource Valuation Risk and Discount Bates. Valuation is one of the key differences between the engineering and
the finance approaches {o esthmating a project’s kWh costs. The finance approeach attempts to estimate how
knowledgeable investors would discount a particular cost stream, given that increased systematic risk commands a
higher reguired return or disconnt rate. Appropriate discount rates can be estimaied by comparing a particular
cost stream to a similar siream which has a known risk.

For example, consider a projected stream of fixed mainienance outlays for a newly installed gas turbine. Pixed
mainienance will be undertaken as long as the firm has sefficient income to do so. In other words, by installing a gas
turbine, the firm obligates itself {0 a sirecam of yearly maintenance ountlays. This is not much different from the firm's
obligation to make iis bond interest pavments. Indeed fixed or contractual obligations are "debt- equivalents” in the words
of Richard Brealey and Stewart Myers, which must be discounied at the firnt's cost of debt.

In contrast to the finance approach, utility planners tend 1o discount all costs using the firm's weighied average cost of
capital {WACC), which is the logical equivalent of estimating a project’s labor. costs on the basis of the wage rate of Hong
Kong tailors. The WACC is the discount rate for the firm’s net cash flows - its profits and is aot correct for valuing project
cost streams. When we estimate the present value for a particular project cost stream, say the expected cost of fuel or
maintenance, we are attempting ic estimate the price at which a contract for the future delivery of that fuel or maintenance
would trade in the marketplace, an exercise that has nothing to do with a particular firra's cost of capital. The following
example illusirates.

The owner of a gas turbine wants 1o "sell” #s annual Tuel purchase obligation rather than assume the risk itself. -1 seeks
an investor who, in re- turn for a single up front payment, will supply a fixed amount of {uel each year for the next thirty
years. The owner conid take "bids” for this con- tract and, given perfect information, bidders would discount the expected
fuel outlays at the appropriate risk- adjusted discount rate. The owner's WACC would not even enter the analysis. Indeed,
it has nothing to do with the bidder's risk. If it did, bids for future fuel delivery would vary on the basis of each owner's
{i.e., utifity's) WACC which makes litile sense. Indeed, as far as [ am aware, firms that offer long term fixed rate gas
contracts do not charge low-WACC utilities more even though 2 WACC based present value analysis says that this is
what they should do!

Proper resource valuation, using appropriate market-based discount rates invariably indicates that renewables are
considerably more cost-effective than engincering-based models would suggest. in some locations, such as Hawaii,. where
generous iax credifs are offered, photovoltaics, at under five cents per kilowati-hour, are clearly the low-cost alternative.
{By comparison, the levelized cost for conventional {combustion turbine) power in the Northeast is 33.051/AWh.}

Twa Components of Risk Totd financial risk, which can be thought of as the year-io-vear fluctuations in a cost siream, is
the sum of: i} random or unsysiematic (diversifinbie} risk and 1) svstematic risk which is correlated to changes in
economic conditions. Both components must be reflecied in a cost analysis using the following valuation rule: expecied
{after- tax) cash flows are discounted at the (after-tax) markef-based discount rate. The discount rate reflecis systematic
risk only; random risk must be reflected through the proper estimation of expecied cash flow which is the probability-
weighted average of ail cash flow possibilities. While this is a basic idea in finance, 11 creates considerable confusion. For
example, a recent NREL report concluded that capturing uncertainty in the cash flows is superior to discouni rate
adjastments, which it found "question- able.” (A Manual for the Economic Evaluation of Energy Efficlency, Analytic
Studies Division, 1993). The report’s conclusion obviousty flies in the face of standard finance theory.
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Engineers and planners fend to conceive of risk in terms of specific failures or undesirable outcomes, e.g.: the risk that a
technology or component will fail prematurely or that a fuel price forecast may be wrong. Planners express such risks
through "scenarios,” an exercise which can help gauge random risk but completely ignores the important systematic
component. An iflustration can help distinguish the two ideas.

Projected Fuel Prices

Natural gas price forecasis vary considerably. The random risk of correcily estimating a future gas price escalation rate
can be considered a planning risk. However, even if one particular forecast were known o be comect, if can only be
correct on average. as Figure 1 illustrates. T assumes two gas escalation forecasts, 2% and 4% per annum, with each
outcome equally likely. If the gas-price escalation rafe is driven only by random factors, (which is not likely) then the
expected escalation rate 1s: 5 x 2% + .5 x 4%=3%.

This escalation forecast, no matter how "accurate,” still represents an expecied value - an average. Aciual daily and
monthly gas prices will vary arcund this expected value in a systematic manner with changes in economic conditions. The
market-based discount rate compensates only for this sysiematic variation around the expected value. The discount rate
does not compensate for the fact that the expected value is in itself unceriain.

Why does the discount rate not reflect random risk? Because capital markets do not compensate investors for undertaking
diversifiable risk. For example, the shares of oil drilling firms are relatively low-risk (and yield relatively low rates of
return) even though oil drifling is 2 risky business o an individual firm. But investors can easily diversify the random risk
of how many "dry koles/ 2 given firm might hitf which leaves them with the remaining non-diversifiable systematic risk:
i.e., the value of the ol produced varies systematically with economic conditions. The discount rate reflects only this risk.

Technology Risk

Emerging technologies such as photovoltaics are said to pose a s0- called technology risk: 2.8, arrays may degrade or
may not survive the 30 years promised by manuefacturers. It is frequently, and erroneousty assumed that this technology
risk reguizes a discount rate adjusiment. But array-failures are random, and an expected array life - the probability-
weighted mean of all the lives examined - can be estimated by studying past performance. The "lechnology risk” of PV,
therefore, is handled by adiusting the expecied cash flow so that it reflects a module’s expecied lie. No discount rate
adiustment is made since array 1ife is a random risk. This does not mean PV has no risk; it simply means that the
technology has no systematic risk.

These arguments may seem less than satisfactory to some, who might reason that there exists a finite probability of
premature array failure which poses a significant uncertainty. that should be caplured in the discount rate. But this risk is
diversifiable; it is Virtually eliminated in a large installation, of say, hondreds of arrays. Mow, some relatively constant
percentage of arrays will fail every year, which is not a risk issue, but involves estabiishing reserve requitements - a cash
flow issue - to cover repiacements. This is identical to the risk surrounding component failure for any other technology
including gas turbines and nwclear plants.

Conclusion

Proper resouice valuation is crucial to firms hoping to prosper under restructuring. Traditional, engineering-based energy
valuation tools focus on direct cash flows and ignore financial risk, overhead costs, embedded options and quality issues
surrounding the generation of power in a newly emerging competifive environment. These tools failed miserably when
American manufacturers tried to use them in an effort to understand and become part of the "new manufacturing” twenty
years age. If is important for energy managers and public policy makers to understand the potentially misleading
indications that such lools can give and 1o pro actively support additional research which will lead to more robaust
valpation models.

By Dr. Shimon Awerbuch, Independent Financial Economist, 5O Shelley Drive, NashugNHO3062 Tel: 603/8%1-1342; E-
Mail: awerbuch@aol com. Awerbuch served on the finance facuity at University of Massachuseiis- Lowell, as Chisf;
Economic/Policy Studies, Wew York Siate Utility Intervention Office and as a consultant with Ernst and Young.
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Vermont Takes Top Honor from Harvard's Kennedy School
Efficiency Vermont wins prestigious “Oscar” of Government Awards

May 8, 2003, Washington, DC ~ It's been called the Oscar of government awards. The
innovations in American Government Award is granted to just five recipients each year,
by Harvard University's Kennedy School of Government. Today, Efficiency Vermont
received the award, for its pioneering approach to energy efficiency services. Selected
from a nationwide field of 1,200 nominees, Efficiency Vermont received recognition for
its impact on Vermont’s environment, economy and on energy policies as the nation’s
first staiewide energy eificiency utility.

“By creating an independent entity whose sole mission is energy efficiency, Vermont has
empowered its citizens io secure their energy future,” said Patricia McGinnis, President
and CEQ of the Council for Excelience in Government, which administers the award in
parthership with Harvard. “And this small state is leading the way 10 a brighter future for
those far beyond its borders. Already other states and countries — Maine, indiana, Brazil
— are tooking to Efficiency Vermont as a model for cost-effective energy savings.”

The award brings with it $100,000 to fund efforts to encourage replication of the winning
initiatives. Efficiency Vermont pians to use the funds to inform and acdvise other states in
their efforts to develop cost-effective energy efficiency services.

“Today, Vermont received recognition as a national leader for its innovative approach

to meeting its energy needs,” said Vermont Governor Jim Douglas. "We are proud that
the nation can look 1o Vermont for solutions to America's energy challenges.

| congratulate the Vermont Legislature and Public Service Board for their vision, the

staff at Efficiency Vermont for their hard work and dedication, and. most importantly, |
congratulate all Vermontiers, because - as a state - we all benefit from energy efficiency.”

Winners were selected by a national committee that included David Gergen, Director of
the Center for Public Leadership at Harvard University and edifor-at-large at U.S. News
and World Report; former Maryland Lieutenant Governor Kathleen Kennedy Townsend
and former San Diego Mayor Susan Golding.

“Vermont is in distinguished company,” said Michael Dworkin, Chair of the Vermont
Public Service Board, who accepted the award with Efficiency Yermont Managing
Director Biair Hamilton. “Efficiency Vermont has rightfully eamed a place among a group
of organizations that truly are making the world a better piace. By helping Vermonters
use energy more efficiently, Efficiency Vermont will save Vermont homes and
businesses miliions of dollars and eliminate hundreds of thousands of lons of green-
house gas emissions — all al half the cost of generating and distribuling new power.”

Operating since 2000, Efficiency Vermont provides fechnical guidance and financiai
incentives 1o businesses and househoids sfatewide.
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About Efficiency Vermont

Efficiency Vermont is the nation's first statewide energy efficiency utility. It provides
technical advice, financial assistance, and design guidance 1o help make Varmont
homes and businesses more ensrgy efficient.

Efficiency Vermont was created in 1999 when the Vermont Pubiic Service Board ordered
the creation of one, statewide efficiency utility. Previously, Vermont's 22 energy utilities
were independently responsible for efficiency services. Efficiency Yermont is operaied
by Vermon: Energy Investment Corporation {VEIC}, an independent, non-profit
organization under contract {o the Vermont Public Service Board. VEIC is a Vermont-
based organizalion founded in 1986. Efficiency Vermont began operating in 2000.

For more information about Efficiency Vermont, call ioli-free 1-888-021-5900 or visit
www efficiencyvermoni.com.

About the Innovations Award

For 16 years the Innovations in American Government Award has recognized quality
and responsiveness at all levels of government and has fostered the replication of
innovative appreoaches 1o the challenges facing government.

The award — a program of the institute for Govemnment Innovation at Harvard
University's John F. Kennedy School of Government — is administered in partnership
with the Coungil for Excellence in Government. The program was founded by the Ford
Foundation to identify and promote excellence and creativily in the public sector.

The Institute for Government innovaiion at Harvard University’s John F. Kennedy
School of Government, established through an endowment from the Ford Foundation,
fosters excelience in governmenis throughout the world. 1i serves as a giobal hub for
public-secior innovators through networks, conferences and research.

The Council for Excellencs in Government is 2 national, nonprofit, nonpartisan
organization whose mission is fo improve the government performance by strengthening
results-orienied management and creative leadership in the public sector, and to build
understanding by focusing public discussion on government's role and responsibilities.

For more information on the Innovations in American Government program and this
vear's finalists, please visit www.gxoelgov.oig.
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Green Technology Center io Open

Collaborations Build Environmental ""Brightficld” on Chicago's Industrial West Side
by Bobbye Middendorf

Drawing on the ideas, visions, and inspirations of all stakeholders in a big project allows for the whole to
become truly greater than the sum of its parts. Such all-encompassing collaboration has been instrumental in the
process of developing the Chicago Center for Green Technology, the city's new energy efficient and
environmentally friendly showcase. And it has worked. The project is almost finished; the tenants are moving
in; and its grand opening is scheduled for May.

The Chicago Center for Green Technology is an integral part of the city's aggressive plan (o generate 20 percent
of its electrical power from aliernative sources within five years. It is the new home of Spire Solar Chicago, a
company dedicated to manufaciuring and marketing solar panels in the greater Chicago area. It will also house
the non-profit GreenCorps, an innovative wellare-to-work Life skill and landscaping training program launched
eight years ago by the City of Chicago’s Department of Environment {DOE).

Collaborating Built Opportunities from the Start

This siie's clean-up and the building's renovation embody the collaborative process, engaging the expertise of
federal and local government departments and agencies, associations, and public and private business and
indusiry, as well as the Jocal community.

Together, they sel ihe siage for the return of manufacturing, offices, training facilities, and a surrounding public
park landscape to this circa 1950s office building on a recovered brownfield. Brownlfields are properties whose
environmental conditions hinder their redevelopment. The U.S. Departnent of Energy's "Brightfields” plan
envisions such properties as ideal locations for alternative energy farms, with solar panels arrayed on the
suriace.

According to David Reynolds, Deputy Commissioner al Chicago's DUE, collaborations between government
agencies and departments were a hallmark of the early stages of this project, from commitling to the cleanup to
deciding io turn the parcel from brownfield 1o brightfield. The property had become a dumping ground, covered
with debris from road building and housing teardowns, never processed for reuse. When the mountains of
rubble continued to build, the former owner was taken (o court, After the city became receiver of the site, it
took on the task of removing the debris.

Working with the planning and budgeting depariments, the city's DOE was able t0 identily funds o reprocess
the materials and use the cleanup operation as a way 1o give back to the local community. In the beginning, they
processed the housing teardown piles, recycling all materials they could and hauling oul the rest. Leaders at the
DOE encouraged other city departments 1o reuse the wealih of materials, such as gravel, that had been dumped
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at the site. Local businesses were realed as 1es0urcss 1o be preserved, as well. Reynolds notes that "every truck
driver wa paﬂ of & minonity-owned {rucking company. As the project progressed, the cily was able to help
local companies build capacity.”

Creating a Dream Team

M s
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i clearing the site, the City began talking to members of the Americas Lustituie of Architects
Chicago Committee on the Environment, which shared the vision of g een design. It partnered with ComEd,
which commitied o generating more energy {rom aliernative sources. And it began looking {or a tenant. Then
the Pederal Departient of Energy introduced Spire to Chicago's Department of Environment. The city's
aliernative energy plan clicked into place.
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giving Spige S{?ia; Ch;cagﬂ a Ch&ﬁue to build up its mar}..eting muscie Eoca}dy The cﬁy agrf:ed to pumhase $2
mitlion of the initial production, while ComEd agreed to purchase 56 million of the company’s initial
production.”

{n most projects, the architects are the only partners who talk with evervone involved. But Carol McLaughlin,
Project Architect at Farr Associates, the architectare firm leading the project, "gathered the client, tenants,
owners, building managers, architects and all the engineering pariners — including civil, electrical, and
mechanical engineers — the landscape architects, everyone.” The firm held an Integrated Design ‘%?{}rk;s“ep in

which all parties could brainstorm ways 1o create one of the most energy efficient, environmentally friendly
public buildings in the country.

Abming for Platinum

In 1999, the Green Building Council published their LEED ("L eadership in Energy and Environmental

Design") Green Building Rating System, which "evaluates environmental performance from a 'whole building'
perspective over the building's life cycle.” So the Chicago Center for Green Technology aimed to achieve the

ighest, or Platinum, LEED Rating. In fact, the LEED rating system document was used as the working
checklist when the parties came together at the day-long Integrated Design Workshop.

LEED raiings start from the basics, and offer additional points for exceeding standard reguirements related o
planning for sustainable sites, epergy efficiency, conserving materials and rﬁsm}mes, enhancing indoor air
guality, and safeguarding water. Farr Associates archilect Ron Dean went through the LEED ratings list on the
building point by point. Among the many innovations are a light (highly reflective) Qai ing lot surface ghued
togeiher with resin byproducts of the paper indusiry, and tree slands o provide shade 1o the parking lot. A pond
collects and cleans storm water runctl from building, parking lois, and sidewalks, leeching out toxins belose
water enters the sewer system.

The buiiﬁma also poasts 20-30 percent recycled maierials, innovative heating and cooling sysiems, solar pangls
used as southern window awnings to block the sun, avtomatic fluorescent light dimmers that adjust with the

zzaimgﬂ hgi 1, elevalors thatl run on vegetable oil, parking and showers [or bike commuiers, and of course solar
panels arrayed on the roof. Extensive computer energy modeling indicates the building is scheduled to be 40
percent more energy efficient than other similar buildings. The site’s greephouse is framed with non-arsenic-
treated lomber. At least 50 percent of the building materials were manufactured within 300 miles of Chicago.
Using off-the-shelf technology in innovalive ways means that the learning curves for insialling parts of the
system are really more like a process of modification than radical new technigues. Siil], there were local
challenges to getling innovations :&ga g&,@-i&eﬁ& approved on the project. These 200-foot deep wells carry
pE&siﬁc pipe filled wiih propylene glycol, a ponloxic, environmentally safe anti-Treese. As it chrculutes tiro

the tubes, it helps the heating and cooling svstem use the steady-state deep ground temperature to draw away
ihe building's summer heat of pre-warm the building in the winter,




McLaughlin emphasizes the importance of generating ideas that embodied multi-use. For an example she poinis
to the section of green roof and says, "It helps with insulation. It helps to lessen the summer ‘heat island’ efiect,
and it helps slow storm water runoff.” According to Ron Dean, the roof will be planied with sedum and other
drought-tolerant ground cover.

"It is a place where citizens can learn about innovative ways to harness alternative energy, understand the huge
opportunities for recycled and reused materials, and experience a world class model of energy efficient,
environmentally friendly green design. Interpretive signs both inside and out will help visitors fully
comprehend the environmental principles put o work.” — Jessica Rio, spokesperson for the Department of
Environment.

Making the Whole System Work

When T checked in with Mark Burger, sales manager for Spire Solar Chicago, the company had just recently
moved into its sew home. "I've never been in so comforiable a space before. Most buildings can't handle rapid
temperature {luctuations. As we're talking, the temperature is dropping and the wind is blasting. You don't seg
the blinds swaying from drafts around the windows, and this building seems to be handling the plunging
temperatures well. It maintains its temperate environment without blasts of heat or cold from the [heating and
cooling system}L”

According (o Jessica Rio, spokesperson for the Depariment of Environment, this bullding will become 2 new
Chicage destination. "It is & place where citizens can learn about innovalive ways (o harmness alternative energy,
undersiand the huge opportunities for recycled and reused materials, and experience a world class model of
cnergy efficient, environmentally friendly green design. Interpretive signs both inside and out will help visitors
fully comprehend the esvironmenial principles put to work.” Docents as well as permanent signage will serve o
enlighten visitors. Training, meeling, and community programming rooms will be available for public use, as
they are at Morth Park Nature Center. With GreenCorps landscapers in iraining, visitors will be able 1o see cily
lot gardening in action as well as view (he pond, greenhouse, and arrays of selar panels capturing nonpolluting
energy.

The building’s focus on public education will encourage citizens io leamn what's possible and enable them to
speak up with authority. Burger observes thal incorporating solar panels s a capital-intensive investment,
Getiing involved with large scale residential, cominercial, and industrial rehabs and new const uction early in
the process, and working with architects, engineers, and developers who are also the source for repeat business,
generates a higher likelibood of success. "Is critical thal consumers start io speak up, demanding innovative,
energy efficient technologies be used on new construction and rehabs where they have a voice. People have lo
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start making their demands for clean, allernative energy known to landlords, developers, architects, and others,
g

"
concludes Burger. "Then they'!l have to starl io pay atlention!”
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Chicago will be America’s Greenest City
by Jim Slama

Have you heard? America’s thisd largesi city has sel its sights o8 a new image. Hog buicher (o the world is out.
Solar power, energy efficiency, habitat resioration, and twenty-firsi century windmills are in. It's an exciling
ime to be an environmentalist in Chicago.

The effort is being led by Mayor Daley. In the early years of his administration, he began an ambiticus program
to plant thousands of rees each year in neighborhoods across Chicago. Now more than 250,000 of these living
air conditioners have been planted lo provide oxygen and cooling throughout the summer. And inspired by
world class cities like Paris and Rome, the mayor has also embarked on an ambitious beautification progran: in
which grafitti is blasted, flowers are planted, and litter is cleaned up from streets and peighborhoods throughout
the city.

In recent years, the Mayor icansed up with Commissioner of the Department of the Enviroament, Bill Abolt, a
nine-year veteran of the administration. During his tenure, Abolt has led an impressive effort o make the city &
global leader in renewable energy production and manufacturing. I you're in Chicago. you don't have {o travel
far to see some of his successful endeavors. Selar panels on the Field Museum, Art Institute, and INature
Museum come fo mind. So does the roofiop garden on top of city hall. Next month the Chicago Center for
Oreen ?ecimolegy opens as a showcease green building that houses some culling-edge environmental
companies. And soon after that. internationally known green consuliant Bill McDonough will intreduce his
view on what it will take o make Chicago America's greenest city.

Aboli’s hard work and effectiveness recently were rewarded with a promotion. He is now Chicago's Chief
Management Officer, the number three job in city government, behind the Mayor and his Chief of Staff. This
new position should give Aboll even more authority and resources to support the city's green vision.

Jim Slama: Chicagoe has an intention to be the greeaest city in America. Tell us aboui that gool and how i
developed.



Rill Abolt: The vast array of environmental projects we have creaied are making the city more prosperous, more
beautiful, and more healthy. People are paying attention to this because very few other major Cilies have
defined themselves as green. You expect progressive policies in places like Seattle and Portland. When a hig,
diverse city like Chicago takes these steps it's pretty significant. The bottom line is that Mayor Daley is
committed and serious ahoul our environmental initiatives and sees them as a key part of the city's competitive
strategy in the futare.

Whai's driving the mayor?

The mayor appreciates that cities are an environmentally friendly way to live. Dense urban arcas served by
good public transit are far preferable to far flung suburbs contributing to sprawl, traffic congestion, and the
related air pollution. Mavor Daley also understands the importance of sustainability and the responsibility that
he has to be a steward of the city and i1s resources. There is a tremendous opportunity to reconnect city dwellers
with nature and with natural areas. With the right kind of programs we can beautify sireeis and seighborhoods,
improve our air guality, and make the city more livable and attractive — the kind of place [where} you want to
work and raise a family.

What kind of projects are you working on?

The city has a tremendous commilment (o a variety of green programs. Chicago is already the leading big city
for bicycling in North America. Ouwr beautification program has placed planters loaded with beautiful plants and
flowers throughout the ¢ity. Development of the museum campus park and recoastruction of the entise Lake
Michigan shoreline are also lmportant programs. Beyond that the city has the largest and most aggressive
brownfields redevelopment program in the United States.

Whai's a browsfield?

A brownfield is a piece of property that is under-utilized and has some kind of environmental contamination.
Fxamples are an old gas station with a leaky oil tank or a former factory with contaminated grounds. You have
to clean that contamination before you can redevelop the property. So the mayor was on the leading edge back
in the early 1990s in turning brownfield sites around.

What is the cornersione of vour vision to make Chicago America’s greenest city?

The mayor has laid oul an energy plaa for Chicago that is sirategically Haked with this goal. The plan aims 10
meet most of our future electrical needs through a few simple strategies. The first is to tansforin the city of
Chicago into one of the smartest energy managers out there by making most of our facilities energy elficient,
The next strategy will use clean-burning small-scale power plants placed in city facilities to generate power at
peak times, Those can be managed from ooe location and dispaiched as needed without the additional cost of a
new power plant. We were able to create what amounts o a six-and-a-hall megawait power plant in six weeks
just by installing the technology. In a similar vein, we are working with a hospital association o convest the
diesel generators used in over forty city hospitals to cleaner burning natural gas.

The third element of the plan is to promote renewable energy. Last year Mayor Daley commited to make the
largest puschase of renewable power in the United States. So we signed a contract with Com Ed to develop 20
percent of the city's electrical needs from renewable sources coming from the Chicago area. Some of i will
come from burning methane that comes off landfills. The majority will come from new wingd, sotar, biomass,
and small scale hydro-electric generation. The biggest challenge is getting the wind online, but already Com Hdé
has agreed to have fifty megawatts under construction this year with a commitment to sell us this wind power
by the beginning of 2003,



Teli us more about your energy efficiency programs.

Mayor Daley has committed over a hundred million dollars to rehab buildings across the city to be more energy
efficient. It's golng into everything from private developments to individual residences to city facilities. We will
be retro-fitting over 15 million square feet of city facilities and building new facilities like public libraries and
fire stations — all using state of the art energy efficiency technology. The rooftop garden on top of city hall is
another example of our work in energy efficiency, with an estimated impact of about 52,000 a year in reduced
energy costs. We are also putting in more efficient light bulbs in 145,000 taffic lights across the city, which
will save taxpayers about $4.5 million in electric bills.

On a micro scale, last year when citizens were having problems with their gas bills we gave oul vouchers in
cooperation with Home Depot to weatherize homes. We are also constructing five new state of the art energy
efficient homes and restoring four historic bungalows as a model for environmentally tesponsible residences.

How are you encouraging sclar power?

This is a really exciting part of our green policy. We created incentives to lure Spire, a new solar manulaciuring
company to the city. They are the anchor tenant of our Chicago Center for Green Technology. The company
will create about 100 zood jobs. Using Spire technology we already put solar panels on top of the Field
Musewmn, the Mexican Fine Arts Mussuim and the Art Institute. These are some of the biggest solar installations
in the Midwesi.

How did the Chicago Center for Green Technology come about?

The site has quite a history. It used to be an old demolition debris facility that we shut down when it got out of
compliance. The company went into bankruptey to protect themselves from having to pay the clean-up costs. So
the city had o go to hankruptcy court and ultimately become the receiver of a seventeen-acre parcel on the west
side of the city of Chicago. When we received title to it, the site had 600,000 cubic yards of construction debiis
piled up on top of it. So we applied some environmentally sound principles and recycled much of the debris,
which cul our disposal costs in half. The concrete was crushed and used In everything from the construction of
parking lots to roads and sewer projects.

Once the site was cleanad up it consisied of an abandoned building and twelve acres of vacant property. Our
goal was to then find a green company to redevelop it in an environmentally fniendly sort of way. At that point,
we had reached a settlement agreement with Commonwealth Bdison to create 2 $100 million green
development fund which gave us the money (o redevelop the site. In addition, the U.S. Department of Energy
came to us and said that people are going to want to buy green power but there is no green power in Hinois.
They recommended that we make a significant purchase commitment to lure a solar manufacturing company 1o
Chicago. We did and that is how we landed Spire.

V52

Whai other types of businesses de you wani to atiract io the Center?

We want Chicago to be the nation's premier manufacturing center for green technology. In addition to Spire, we
hope to land companies with other solar products such as thermal solar and integrated solar. I also think we can
attract manufacturers who are involved in wind energy production. The Center also houses Greencorps
Chicago, a community gardening program that also teaches job skills.

Is the ciry doing any other innovative economic development plans thai lie in with the environmeni?

The Mayor has worked with Governor Ryan to create a §34 million program to revive the Lake Calumet area



with a combination of environmental restoration and green business development. The centerpiece of the

project is an initiative to restore and enhance the environmenially sensitive land in the region which has the

largest collection of wetlands in the midwest. Ultimately we expect the Calumet Open Space Reserve o consist
B p

of over 3,000 acres of wetlands, sireams, marshes, and lakes. This is great opportunity o enhance the wildlife in

the region, because the area is home 10 50 many unique species, including the yellow headed blackbird and

black crowned night heron, both of which are on the Hlinois endangered species list.

The plan for the area includes the development of a renewable energy center. We hope to build the country's
largest solar generating station as well as a facility to convert landiill gas (methane) to energy. In addition, we
will create an environmenial center 10 showcase the rich habitat and history of the ares as well a5 10 sach
people about sustainable industrial and economic development.

Keep up the good work, Bill.

hipwww.consclouschoico.com/Z200%/ ce 1 504/aboldaterview 1 304 heand
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CLIMATE COLLAPSE
The Pentagon's Weather Nightmare
The climate could change radically, and fast. That would be the mother of all national security issues.

By David Stipp

Global warming may be bad news for future generations, but let's face it, most of us spend as little time
worrying about it as we did about al Qaeda before 9/11. Like the terrorists, though, the seemingly remote
climate risk may hit home sooner and harder than we ever imagined. In fact, the prospect has become so real
that the Pentagon's strategic planners are grappling with it.

The threat that has riveted their attention is this: Global warming, rather than causing gradual, centuries-
spanning change, may be pushing the climate to a tipping point. Growing evidence suggests the ocean-
atmosphere system that controls the world's climate can Jurch from one state to another in less than a decade—
like a canoe that's gradually tilted until suddenly it flips over. Scientists don't know how close the system is to a
critical threshold. But abrupt climate change may well occur in the not-too-distant future. If it does, the need to
rapidly adapt may overwhelm many societies—thereby upsetting the geopolitical balance of power.

Though triggered by warming, such change would probably cause cocling in the Northern Hemisphere, leading
to longer, harsher winters in much of the U.S. and Europe. Worse, it would cause massive droughts, turning
farmland to dust bowls and forests to ashes. Picture last fall's California wildfires as a regular thing. Or imagine
similar disasters destabilizing nuclear powers such as Pakistan or Russia—it's easy to see why the Pentagon has
become interested in abrupt climate change.

Climate researchers began getting seriously concerned about it a decade ago, after studying temperature
indicators embedded in ancient layers of Arctic ice. The data show that a number of dramatic shifts in average
temperature took place in the past with shocking speed-in some cases, just a few years.

The case for angst was buttressed by a theory regarded as the most likely explanation for the abrupt changes.
The eastern U.S. and northern Europe, it seems, are warmed by a huge Atlantic Ocean current that {lows north
from the tropics-that’s why Britain, at Labrador’s latitude, is relatively temperate. Pumping out warm, moist air,
this "great conveyor” current gets cooler and denser as it moves north. That causes the current to sink in the
North Atlantic, where it heads south again in the ocean depths. The sinking process draws more water from the
south, keeping the roughly circular current on the go.

But when the climate warms, according to the theory, fresh water from melting Arctic glaciers flows into the

North Atlantic, lowering the current’s salinity-and its density and tendency to sink. A warmer climate also
increases rainfall and runoff into the current, further lowering its saltiness. As a result, the convevor loses its
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main motive force and can rapidiy—ch:ollapse, wrning off the huge heat pump and altering the climate over much
of the Northern Hemisphere.

Scientists aren’t sure what caused the warming that triggered such collapses in the remote past. (Clearly it
wasn’'t humans and their factories.) But the data from Arctic ice and other sources suggest the atmospheric
changes that preceded earlier collapses were dismayingly similar to today’s global warming. As the Ice Age
began drawing to a close about 13,000 years ago, for example, temperatures in Greenland rose to levels near
those of recent decades. Then they abruptly plunged as the conveyor apparently shut down, ushering in the
"Younger Dryas” period, a 1,300-year reversion to ice-age conditions. (A dryas is an Arctic {lower that
flourished in Europe at the time.)

Though Mother Nature caused past abrupt climate changes, the one that may be shaping up today probably has
more to do with us. In 2001 an international panel of climate experts concluded that there is increasingly strong
evidence that most of the global warming observed over the past 50 years is aitributable to human activities-
mainly the burning of fossil fuels such as oil and coal, which release heat-trapping carbon dioxide. Indicators of
the warming include shrinking Arctic ice, melting alpine glaciers, and markedly earlier springs at northerly
latitudes. A few years ago such changes seemed signs of possible trouble for our kids or grandkids. Today they
seem portents of a cataclysm that may not conveniently wait until we’re history.

Accordingly, the spotlight in climate research is shifting from gradual to rapid change. In 2002 the National
Academy of Sciences issued a report concluding that human activities could trigger abrupt change. Last year
the World Economic Forum in Davos, Switzerland, included a session at which Robert Gagosian, director of the
Woods Hole Oceanographic Institution in Massachusetts, urged policymakers to consider the implications of
possible abrupt climate change within two decades.

Such jeremiads are beginning to reverberate more widely. Billionaire Gary Comer, founder of Lands’ End, has
adopted abrupt climate change as a philanthropic cause. Hollywood has also discovered the issue-next summer
20th Century Fox is expected to release The Day After Tomorrow, a big-budget disaster movie starring Dennis
Quaid as a scientist trying to save the world from an ice age precipitated by global warming.

Fox’s flick will doubtless be apocalyptically edifying. But what would abrupt climate change really be like ?
Scientists generally refuse to say much about that, citing a data deficit. But recenily, renowned Department of
Defense planner Andrew Marshall sponsored a groundbreaking effort to come (o grips with the question. A
Pentagon legend, Marshall, 82, is known as the Defense Department’s "Yoda"-a balding, bespectacled sage
whose pronouncements on looming risks have Jong had an outsized influence on defense policy. Since 1973 he
has headed a secretive think tank whose role is to envision future threats to national security. The Department
of Defense’s push on ballistic-missile defense is known as his brainchild. Three years ago Defense Secretary
Donald Rumsfeld picked him to lead a sweeping review on military "transformation,” the shift toward nimble
forces and smart weapons.

When scientists’ work on abrupt climate change popped onto his radar screen, Marshall tapped another eminent
visionary, Peter Schwartz, to write a report on the national-security implications of the threat. Schwartz
formerly headed planning at Royal Dutch/Shell Group and has since consulied with organizations ranging from
the CIA to DreamWorks-he helped create futuristic scenarios for Steven Spielberg’s film Minority Report.
Schwartz and co-author Doug Randall at the Monitor Group’s Global Business Network, a scenario-planning
think tank in Emeryville, Calif., contacted top climate experts and pushed them to talk about what-ifs that they
usually shy away from-at least in public.

The result is an unclassified report, completed late last year, that the Pentagon has agreed to share with
FORTUNE. It doesn’t pretend to be a forecast. Rather, it sketches a dramatic but plausible scenario to belp
planners think about coping strategies. Here is an abridged version :
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A total shutdown of the ocean conveyor might lead to a big chill like the Younger Dryas, when icebergs
appeared as far south as the coast of Portugal. Or the conveyor might only temporarily slow down, potentially
causing an era like the “Little Ice Age,” a time of hard winters, violent storms, and droughts between 1300 and
1850. That period’s weather extremes caused horrific famines, but it was mild compared with the Younger
Dryas.

For planning purposes, it makes sense to focus on a midrange case of abrupt change. A century of cold, dry,
windy weather across the Northern Hemisphere that suddenly came on 8,200 years ago fits the bill-its severity
fell between that of the Younger Dryas and the Little fce Age. The event is thought to have been triggered by a
conveyor collapse after a time of rising temperatures not unlike today’s global warming. Suppose it recurred,
beginning in 2010. Here are some of the things that might happen by 2020 :

At first the changes are easily mistaken for normal weather variation-allowing skeptics to dismiss them as a
"blip" of little importance and leaving policymakers and the public paralyzed with uncertainty. But by 2020
there is little doubt that something drastic is happening. The average temperature has fallen by up to five
degrees Fahrenheit in some regions of North America and Asia and up to six degrees in parts of Europe. (By
comparison, the average temperature over the North Atlantic during the last ice age was ten to 15 degrees lower
than it is today.) Massive droughis have begun in key agricultural regions. The average annual rainfall has
dropped by nearly 30% in northern Europe, and its climate has become more like Siberia’s.

Violent storms are increasingly common as the conveyor becomes wobbly on its way to collapse. A particularly
severe storm causes the ocean to break through levees in the Netherlands, making coastal cities such as the
Hague unlivable. In California the delta island levees in the Sacramento River area are breached, disrupting the
aqueduct system transporting water from north to south.

Megadroughts afflict the U.S., especially in the southern states, along with winds that are 15% stronger on
average than ihey are now, causing widespread dust storms and soil loss. The U.S. is betier positioned to cope
than most nations, however, thanks to its diverse growing climates, wealth, technology, and abundant resources.
That has a downside, though : It magnifies the haves-vs.-have-nots gap and fosters bellicose finger-pointing at
America.

Turning inward, the U.S. effectively seeks to build a fortress around itself to preserve resources. Borders are
strengthened to hold back starving immigrants from Mexico, South America, and the Caribbean islands-waves
of boat people pose especially grim problems. Tension between the U.S. and Mexico rises as the U.S. reneges
on a 1944 treaty that guarantees water flow from the Colorado River into Mexico. America is forced to meet its
rising energy demand with options that are costly both economically and politically, including nuclear power
and onerous Middle Eastern contracts. Yet it survives without catastrophic losses.

Europe, hardest hit by its temperature drop, struggles to deal with immigrants from Scandinavia seeking warmer
climes to the south. Southern Burope is beleaguered by refugees from hard-hit countries in Africa and
elsewhere. But Western Europe’s wealth helps buffer it from catastrophe.

Australia’s size and resources help it cope, as does its location-the conveyor shutdown mainly affects the
Northern Hemisphere. Japan has fewer resources but is able to draw on its social cohesion to cope-its
government is able to induce population-wide behavior changes o conserve resources.

China’s huge population and food demand make it particularly vulnerable. It is hit by increasingly
unpredictable monsoon rains, which cause devastating floods in drought-denuded areas. Cther parts of Asia and
East Africa are similarly stressed. Much of Bangladesh becomes nearly uninhabitable because of a rising sea
ievel, which contaminates inland water supplies. Countries whose diversity already produces conflict, such as
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India and Indonesia, are hard-pressed to maintain internal order while coping with the unfolding changes.

As the decade progresses, pressures to act become irresistible-history shows that whenever humans have faced a
choice between starving or raiding, they raid. Imagine Eastern European countries, struggling to feed their
populations, invading Russia-which is weakened by a population that is already in decline-for access to its
minerals and energy supplies. Or picture Japan eyeing nearby Russian oil and gas reserves (o power
desalination plants and energy-intensive farming. Envision nuclear-armed Pakistan, India, and China
skirmishing at their borders over refugees, access to shared rivers, and arable land. Or Spain and Portugal
fighting over fishing rights-fisheries are disrupted around the world as water temperatures change, causing fish
to migraie to new habitats.

Growing tensions engender novel alliances. Canada joins fortress America in a North American bloc.
(Alternatively, Canada may seek to keep its abundant hydropower for itself, straining its ties with the energy-
hungry U.S.) North and South Korea align to create a technically savvy, nuciear-armed entity. Europe forms a
truly unified bloc to curb its immigration problems and protect against aggressors. Russia, threatened by
impoverished neighbors in dire straits, may join the European bloc.

Nuclear arms proliferation is inevitable. Oil supplies are stretched thin as climate cooling drives up demand.
Many countries seek to shore up their energy supplies with nuclear energy, accelerating nuclear proliferation.
Japan, South Korea, and Germany develop nuclear-weapons capabilities, as do Iran, Egypt, and North Korea.
israel, China, India, and Pakistan also are poised to use the bomb.

The changes relentlessly hammer the world’s "carrying capacity”-the natural resources, social organizations,
and economic networks that suppert the population. Technological progress and market forces, which have long
helped boost Earth’s carrying capacity, can do little to offset the crisis-it is too widespread and unfolds too fast.
As the planet’s carrying capacity shrinks, an ancient pattern reemerges : the eruption of desperate, all-out wars
over food, water, and energy supplies. As Harvard archeologist Steven LeBlanc has noted, wars over resources
were the norm until about three centuries ago. When such conflicts broke out, 25% of 2 population’s adult
males usually died. As abrupt climate change hits home, warfare may again come to define human life.

Over the past decade, data have accumulated suggesting that the plausibility of abrupt climate change is higher
than most of the scientific community, and perhaps all of the political community, are prepared to accept. In
light of such findings, we should be asking when abrupt change will happen, what the impacts will be, and how
we can prepare-not whether it will reaily happen. In fact, the climate record suggests that abrupt change is
inevitable at some point, regardiess of human activity. Among other things, we should :

» Speed research on the forces that can trigger abrupt climate change, how it unfolds, and how we’ll know it’s
occurring.

» Sponsor studies on the scenarios that might play out, including ecological, social, econcmic, and political
fallout on key food-producing regions.

s Identify "no regrets" strategies 1o ensure reliable access to food and water and to ensure our national security.
s Form teams to prepare responses to possible massive migration, and food and water shortages.

» Explore ways to offset abrupt cooling-today it appears easier o warm than to cool the climate via human
activities, so there may be "geo-engineering” options available lo prevent a catastrophic temperature drop.

In sum, the risk of abrupt climate change remains uncertain, and it is quite possibly small. But given its dire
consequences, it should be elevated beyond a scientific debate. Action now matters, because we may be able to
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reduce its likelihood of happening, and we can certainly be better prepared if it does. It is time to recognize it as
a national security concern.

The Pentagon’s reaction to this sobering report isn’t known-in keeping with his reputation for reticence, Andy
Marshall declined to be interviewed. But the fact that he’s concerned may signal a sea change in the debate
about global warming. At least some federal thought leaders may be starting Lo perceive climate change less as
a political annoyance and more as an issue demanding action.

if so, the case for acting now to address climate change, long a hard sell in Washington, may be gaining
influential support, if only behind the scenes. Policymakers may even be emboldened to take steps such as
tightening fuel-economy standards for new passenger vehicles, a measure that would simultaneously lower
emissions of greenhouse gases, reduce America’s perilous reliance on OPEC oil, cut its trade deficit, and put
money in consumers’ pockets. Oh, yes-and give the Pentagon’s fretful Yoda a little less to worry about.

www . fortune.com/fortune/technology/articles/0,15114,582584,00.himi
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CLIMATE IMPACTS

A WORST-CASE VIEW OF GLOBAL CHANGE

Defense Department report warns of "abrupt” global warming impact

JEFE JOHNSON

A pentagon report made public last week lays out the worst-case impact from an abrupt change in climate,
driven by global warming. It was prepared by two futurists under a Defense Department contract to gauge the
national security impact of climate change.

PHOTODISC

HIGH AND DRY Prolonged
drought and high
temperatures wili transform
the world's croplands.

The report warns of average temperature drops of 5 °F in Asia, North America, and Northern Europe and
average temperature increases of 4 °F in Australia, South America, and Southern Africa, as well as droughts,
severe winter storms, and intense winds.

The report considers a scenario of a fast change in climate, rather than a more gradual one in which
technological innovation could help stave off disaster. That fast scenario could develop in as short as a decade,
the authors say. The scenario springs from recent research indicating that global warming could lead to a quick
slowing of the ocean’s thermohaline conveyor, which would upset global weather patterns.

The authors caution that the scenario would most likely oceur in only a few regions and the magnitude may be
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smaller than they describe. However, they add that it is plausible and would challenge U.S. national security
and therefore should be considered immediately.

Wealthy countries may be better positioned than most to avoid the worst of the scenario, the report says. The
11.S. is likely to survive a harsh climate and shorter growing season because of its diverse agriculture and
climate, weaith, technology, and abundant resources, but it would put much effort into building "defensive
fortresses” to hold back the "unwanted starving immigrants.”

The report warns that, under its scenario, large movements of refugees are inevitable and U.S. diplomatic action
will be particularly needed in affected areas, such as Asia and the Caribbean. It predicts border tensions and the
need for new forms of international security agreements for energy, food, and water.

Aithough the U.S. might be relatively better off, the Pentagon report says, it would find itself in a world where

Europe will be struggling and Asia will face a crisis over food and water. "Disruptions and conflict will be
endemic features of life.”

htip://pubs.acs.org/cen/topstory/8209/820%notw? himi
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HENRY CURTIS
LIFE OF THE LAND

Henry Curtis is Executive Director of Life of the Land (LOL),
Hawai'1's own environmental and community action group
advocating for the people and the “aina since 1970. Henry

has been LOL’s Executive Director since 1995 concentrating
on energy, environmental and social justice issues.

Henry has distinguished himself through his extensive research

into and understanding of energy issues. He has become the _
community’s voice on energy issues and has successfully brought that
perspective to the Legislature and countless other venues where the
community has not traditionally been heard. He is commmitted to Hawai'1’s
energy self-sufficiency and well being.

Henry is powered by the values of aloha “aina and malama “aina and is constantly
motivated by his aloha for the community.

Henry has a B.A. in Economics from Queens College, City University of New York
(CUNY). The program specialized in economic and mathematical theory. He completed
the course work towards a masters degree in economics, specializing in macroeconomics
and resource economics.

He has served on a military Technical Review Committee {TRC) and on several
Restoration Advisory Boards (RAB) monitoring and advising the military on cleanup
issues for the army, navy and air force. He served as Community Co-Chair of the Hickam
Air Force Base RAB from 1996-2005. As Executive Director of LOL he has been
involved with several non-military toxic campaigns including securing money for soil
testing, monitoring a superfund site, and reviewing environmenta! documents focusing on
brownfields and toxics.

Henry represented LOL in the Board of Land and Natural Resources (BLNR) contesied
case hearing regarding the proposal to put a high-voltage transmission line Wa"ahila
Ridge.

Henry has represented LOL's interests at HEL's annual shareholder meetings.

Henry has represented LOL before the Public Utilities Commission in dockets on

Distributed Generation, Investigation of Restructuring, Energy Efficiency, and Integrated
Resource Planning.
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