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marshall institute study challenges "FLAWED" 
global warming assessment

W^HlNGfON, p c — The U.S. Nalional Assoismeni of climaie change won’l provide 
pohcym^en or the public w.th uceful inronnatioB because it relies on computer climate models 
lhal are incapable of making accurate regional predictions of global >*armmg. accordma lo a 
study released loday by the George C. MarshaU Insriluic. «coroing lo a

r Ji! * '* Associote Professor of Climatology in the
Pr ? Univemity of Delawaie, noted that "Uicse models, which are
lotcnded to desenbe climate only on a very large scale, am currently used by the National 
Assessment to describe possible scenuiios of regional climate change in the U,S,"

"Bcamse current models cannot accurately represent the existing climate without 
manipulation Legates noted, "they arc unlikely to i-cnder reliable global cllmata scenarios or 
provide useful forecasts of future climate changes in regions of the United States as sitiaU as die 
Midwest, West or South,"

TTie study explains how General CitcuUtion Models (GCMs) work and why the altempi to 
forecast complex climate factors such as atmospheric changes, the interaction of land sea and 
air, and the role of clouds in climaic is so difficult. The strengths and weaknesses of climate 
iiwdels are discussed and the report shows how GCMs are used to answer important question* 
about global warming.

The two climate models used in the U.S. National Assessment are then described with 
reference to their siniiJaritics and differences. T he limitations of these models — the Canadian 
Global CoupM Model and the H*lley Cliinat* Model from Great Britain — are outlined with 
emphasis on their inability to provide useful regional scenarios of climaic change.

The Marshal report concludes with aa oiuilysis of how well these two models reproduce 
tiic present-day elmiate as a benchmark for their abiUty to predict future climate.

Key findings in the r^ort include;
• Oiir incomplete undemanding of the climate system and our inability to represent 

^ imperfecr understanding mathematically limit the usefulness ofthe current 
GCMb.



Nov-OZ-OO 09: 44A Clima-te Change Task For-ce 
SENT BY: ENESGV ARGUS; 202 872 8045; NOV‘2-00 11:26AM;

P . 03

PAGE 3/3

• The (WO models have significant problems in representing the land surface: for 
example, the western United States is repiesontod simply as oiic large slope 
boginniug at the Pacific Ocean and descending into the Great Plains, so ttiat the 
role of the coastal plain, the most densely populated area of the western States, is 
ignored.

• U is common practice to "time" GCMs to make them represent current condilions 
more accurately, but (he very fad that Ihe GCMit need this manipulation casts 
serious doubt on their ability to predict future conditions. Because all factors are 
interconnected in climate modeling, an eiror in one field will advereely alTect the 
simulation of every other van’ahle.

• To reduce complexity and compucational time, GCMs treat surfaces as unifonn 
and average Ihc flows of moisture and oneigy between the Und surface luid the 
atmosphere over large ai eas. But the extensive variability of the land surface and 
the effectB that even small-scale rfianges can have make modeling land-surface 
inloraccioDS quite difficult.

The National Assessment itself recognized that both models aid ii eeleded provide s mote 
extreme climate change scenario than other models tlial were available and that had been 
dcveltmcd in Ihc U.S. Both models offer incomplete modeling of the effects of individual 
greenbouae gasses, including water vapor and atmospheric sulfates. The CGCMl in particular 
fails to model sea icc dynamics and offen a simplistic treatment of land-surface hydrology.

Predicted temperature increases ov« various regionr of tlie Unit^ SialisS diffw 
considerably between the i^o modeU; these predictions fail to correspond with

regions Is not likely to yield valid and consistent results. 

gcm, 0.. p«vi.c

can only lead to deeply flawed policies.

~' -r- 2rJSS.'"

rite (marshall.org) or by ealbng 202»296-96SS.  —^

irniTORS NOTE* To arran«e *n Interview with Dr. ^®*®*®*JJ 

Institute at 202/296-9655.
• . • I •
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Introduction

The water resources of the United States of America, 
like the water anywhere on the planet, are an 
integral part of the global hydrologic cycle. 
Precipitation originates as evaporation from land 
and the oceans. Soil moisture is used by plants, 
which return more moisture to the atmosphere. 
Water that does not evaporate or transpire or seep 
into aquifers runs off to form the nations streams 
and rivers. Snow stored in winter in the mountains 
provide.s water for rivers and deltas in the spring and 
summer. Storms bring extra moisture; droughts 
arise from protracted periods of low rainfall - all as 
parr of our natural climate.

Over the past century, the United States has built a 
vast and complex infrastructure to provide clean 
water for drinking and for industry, dispose of 
wastes, facilitate transportation, generate electricity, 
irrigate crops, and reduce the risks of floods and 
droughts. This infrastructure has brought 
tremendous benefits, albeit at a substantial 
economic and environmental cost. To the average 
citizen, the nation’s dams, aqueducts, reservoirs, 
treatment plants, and pipes are largely invisible and 
taken for granted. Yet they help insulate us from 
wet and dry years and moderate ocher aspects of our 
naturally variable climate. Indeed they have 
permitted us to almost forget about our complex 
dependences on climate. We can no longer ignore 
these close coniieciions.

The scientific evidence that huitutm are changing the 
climate is increasingiy compelling. Complex impacts 
affecting every sector of society, including, especially, the 
nations water resources, now seem unavoidable.

This report summarizes the conclusions of the 
substantial body of literature on the implications of 
both existing climate variability and future climate 
change for U.S. water resources. Wc have identified

nearly 1,000 relevant peer-reviewed studies, and 
that number grows larger every day. As a result, 
this report must be considered just a snapshot in 
time, a summary of what wc chink we know, do not 
know, and would like to know at the beginning of 
the list century. In the coming years, we hope and 
expect that our understanding of the impacts of 
climate changes for U.S. water resources will 
improve, as will our understanding of the ability of 
existing and new technologies, policies, economic 
tools, and institutions to help us mitigate and adapt 
to those impacts.

Many uncertainties remain; indeed, we expect that 
uncertainties will always remain. The nature and 
intensity of future greenhouse gas emissions depend 
upon future decisions of governments and 
individuals, the speed of deployment of alternative 
energy systems, population sizes and affluence, and 
many more factors. The models chat simulate the 
role of these gases in our atmosphere are imperfect. 
There are significant limitations in the ability of 
climate models to incorporate and reproduce 
important aspects of the hydrologic cycle. Many 
fundamental hydrologic processes, such as the 
formation and distribution of clouds and 
precipitation, occur on a spatial scale smaller than 
most climate models are able to resolve. Regional 
data on water availability and use arc often poor. 
Tools for quantifying many impacts are imperfect, at 
best. We thus know much les-s about how the water 
cycle will change than wc would like in order to 
make appropriate decisions about how to plan, 
manage, and operate water systems.

At the same time, not everything is uncertain. The 
research done to date tells us many things, both 
positive and negative, about how hydrology and 
U.S. water resources could be affected by climate 
variability and changes. We have learned important 
things about the vulnerability and sensitivity of 
water systems and management rules, and wc arc
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exploring the strengths and weaknesses of 
technologies and policies that might help us cope 
with adverse impacts and take advantage of possible 
beneficial cfFects,

In many cases and in many locations, there it 
compelling scientific evidence that climate changes will 
pose serious chaUenges to our water Systems. The good 
news is that where climate changes are minor or 
where other factors dominate, the impacts on U.S. 
water resources may be low. In some regions and 
for some issues, climate changes may even reduce 
the risks and stresses imposed by growing 
populations, industrialization, and land-use 
changes. The bad news is that a growing body of 
evidence suggests chat certain aspects of our water 
resources are very sensitive to both climate and to 
horw wc choose to manage our complex water 
systems. Making changes in management of these 
systems requires understanding what changes would 
be most effective and then applying the will and 
direction of those responsible. Coping or 
mitigating other kinds of impacts, even if possible, 
m^ prove vety costly in dollars, environmental 
health, and even human lives. We also note that 
most impacts studies have been done using 
information from global climate models that 
evaluate the effects of increases in greenhouse gas 
concentrations up to particular levels. At this point 
in time, there is no reason to believe that increasing 
concentrations will stop at these levels. Greater and 
greater impacts would be expected to result from 
ever increasing levels of climate change.

It is vital that uncertainties not be used to delay or 
avoid taking certain kinds of action nous. Prudent 
planning requires that a strong national climate and 
water research program be maintained, that 
decisions about future water planning and 
management be flexible, and that the risks and 
benefits of climate change be incorporated into all 
long-term water planning. Rigid, expensive, and 
irreversible actions in climate-sensitive areas can 
increase vulnerability and long-term costs. Water 
managers and policymakers must start considering 
climate change as a factor in ail decisions about 
water investments and the operation of existing 
facilities and systems.

A continued reliance solely on current engineering 
practice may lead us to make incorrect - and potentially 
dangerous or expensive - decisions, The United States 
has hundreds of billions of dollars invested in dams, 
reservoirs, aqueducts, water-treatment facilities, and 
other concrete structures. These systems were 
designed and for the most part are operated 
assuming that future climatic and hydrologic 
conditions will look like past conditions. We now 
know this is no longer true. Accordingly, two of the 
most important coping strategies must be to try to 
understand what the consequences of climate 
change will be for water resources and to begin 
planning for and adapting to those changes.

Conclusions

More than two decades of research into the 
implications of climate change for water resources 
have improved our understanding of possible 
impacts and points of vulnerability. Many critical 
issues and some clear and consistent results have 
been identified. Taken together, the current state- 
of-thc'sciencc su^ests a wide range of concerns that 
should be addressed by national and local water 
managers and planners, climatologists, hydrologists, 
policymakers, and the public. Many climate 
changes are expected. We summarize below some of 
chose with the greatest implications for the 
hydrologic cycle and U.S. water resources, using a 
consistent set of terms to denote levels of 
confidence. Sidebar ES-1 lists the common terms of 
uncertainty used here.

The Nature of Expected Climate 

Changes

■ Global-average and U.S.-average surface 
temperatures will continue to increase above 
recent historical leveb unless there arc 
substantial changes in both U.S. and 
international energy and land-use patterns (very 
high confidence). As grccnhousc-gas emissions 
continue into the future, the size of these 
temperature increases will become larger over 
time.
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The regional and seasonal pattern of 
temperature increases across the U.S. will vary 
(very high confidence). Researchers have low 
confidence in estimates of detailed regional 
departures from these larger-scale changes.

As atmospheric greenhouse-gas concentrations 
continue to rise, global average precipitation 
will increase (very high confidence).

There will be changes in the timing and 
regional parterns of precipitation (very high 
confidence). Researchers have low confidence in 
projectioii.s for specific regions because different 
models produce different detailed regional 
results.

Temperature increases in mountainous areas 
with seasonal snowpack will lead to increases in 
the ratio of rain to snow and decreases in the 
length of the snow storage season (very high 
confidence). Ir is likely that reductions in 
snowfall and earlier snowmelt and runoff would 
increase the probability of flooding early in the 
year and reduce the runoff of water during late 
spring and summer. Basins in the western 
United Stares are particularly vulnerable to such 
shifts.

Average precipitation will increase in higher 
latitudes, particularly in winter (high 
confidence). Models arc inconsistent in other 
e.stimaces of how the seasonality of precipitation 
will change.

Increa-se.s in annual average runoff in the high 
latitudes caused by higher precipitation arc 
likely to occur (high confidence).

Research results suggest chat flood frequencies 
in some areas are likely to change. In northern 
latitudes and snowmelt-driven basins, rcscarcb 
results suggest with medium confidence chat 
flood frequencies will increase, although the 
amount of increase for any given climate 
scenario is uncertain and impacts will vary 
among basins.

Research results suggest that drought 
frequencies in some areas are likely to change. 
The net risks to society from such changes have 
not been evaluated and specific projections of 
where such changes will occur are speculative. 
Models project that the frequency and severity 
of droughts in some areas could increase as a 
result of regional decreases in total rainfall, more 
frequent dry spells, and higher evaporation. 
Models suggest with equal confidence that the 
frequency and severity of droughts in some 
regions would decrease as a result of regional 
increases in total rainfall and less frequent dry 
spells.

Higher sea levels associated with thermal 
expansion of the oceans and increased melting 
of glaciers will push salt water frirthcr inland in 
rivers, deltas, and coastal aquifers (very high 
confidence), it is well understood that such 
advances would adversely affect the quality and 
quantity of freshwater supplies in many coastal 

areas.

Water-quality problems will worsen where 
rising temperatures are the predominant climate 
change (high confidence). Where there are 
changes in flow, complex positive and negative 
changes in water quality will occur. Specific 
regional projections are not well'CStablished at 
this time because of uncertainties in how 
regional flows will change.

Increased atmospheric carbon dioxide will affect 
the use of water by vegetation (high 
confidence), but hydrologists have low 
confidence in the net effects of this and other 
competing influences. Increasing CO^ 
concentrations in some circumstances can 
reduce the rate of transpiration from certain 
plants. This in turn would tend to increase 
runoff since less water is returned directly to the 
atmosphere by sucb vegetation, allowing a 
greater share of precipitation to reach streams or 
aquifers. Rising CO^ concentrations can also 
increase plant growth, leading to a larger area of 
iraitspiring tissue and a corresponding increase 
in transpiration.
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The southern boundary of continuous 
permafrost is projected to shift north by 500 
kilometers over the next 50 years due to 
warming projected by GCMs. A 5° C warming 
in Alaska would eventually melt virtually all of 
the subarctic permafrost in Alaska (medium 
confidence), which would aftect more wetland 
area than currently found in the rest of the 
United States.

While we note that some climate scenarios can 
produce conditions that might reduce stresses 
on certain ecosystems, experience with 
ecosystem dynamics Strongly suggests that 
perturbing ecosystems in any direction away 
from the conditions under which they 
developed and thrive will have adverse impacts 
on the health of that system. Aquatic 
ecosystems can be highly sensitive to 
hydroclimatic factors, particularly water 
temperature, water quality, the probability of 
extreme events, and flow volumes, rates, and 
timing. Determining the impacts on particular 
species or ecosystems will require additional 
region-specific, and ecosystem-specific, research.

Ecologists have high confidence that climate 
warming will produce a shift in species 
distributions northward, with extinctions and 
extirpations of temperate or cold-water species 
at lower latitudes, and range expansion of 
warm-water and cool-water species into higher 
latitudc.s.

A growing number of studies suggest that 
climate chairges will increase the frequency and 
intensity of the heaviest precipitation events, 
but there is little agreement on detailed regional 
changes in storminess that might occur in a 
warmed world.

Contradictory results from models support the 
need for more research, especially to address the 
mismatch between the resolution of models and 
the scales at which extreme events can occur.
This issue should be regularly revisited in later 

assessments.

W^at are the Major Impacts of 

Climate Variability and Change on 

US. Water Resources?

The current state-of-the-science suggests that 
plausible climate changes, projected by general 
circulation models, raise a wide range of concerns 
that should be addressed by national and local 
water managers and planners, climatologists, 
hydrologists, policymakers, and the public.

• Detailed estimates of changes in runoff due to 
climate change have been produced for the 
United States using regional hydrologic models 
of many specific river basins. In spire of many 
remaining uncertainties, model results suggest 
that some significant changes in the timing and 
amount of runoff will result ftom plausible 
changes in climatic variables (high confidence).

• With few exceptions, we have low confidence 
that we can determine specific changes for 
specific regions. In the arid and semi-arid 
western United States, it is well established that 
relacivcly modest changes in precipitation can 
have proportionally large impacts on runoff.

• Research indicates that U.S. watersheds with a 
substantial snowpaek in winter will experience 
major changes in the timing and intensity of 
runoff as average temperatures rise (veiy high 
confidence). Reductions in spring and summer 
runoff, increases in winter runoff, and earlier 
peak runoff are all common responses ro rising 
temperatures. The ability of existing systems 
and operating rules to manage these changes has 
not been adequately assessed.

• Research to date suggests that there is a risk of 
increased flooding in parts of the U.S. that 
experience large increases in precipitation 
(medium confidence). The Intergovernmental 
Panel on Climate Change concluded in 1996, 
and we concur, that: "the flood related 
consequences of climate change may be as 
serious and widely distributed as the adverse

L
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impacts of droughts” and “there is more 
evidence now that flooding is likely to become a 
larger problem in many temperate regions, 
requiring adaptations not only to droughts and 
chronic water shortages, but also to floods and 
associated damages, raising concerns about dam 
and levee failure.”

• Non-linear or threshold events are likely to 
occur, but are difficult to project. Examples 
include a fall in lake level that cuts off outflows 
or separates a lake into two separate parts, an 
increase in flood intensity that passes specific 
damage thresholds, and exceedance of water- 
quality limits.

• Relative sea-level rise adversely affects 
groundwater aquifers and freshwater coastal 
ecosystems (high confidence). Rising sea level 
causes an increase in the intrusion of salt water 
into coastal aquifers. Shallow island aquifers 
(such as those found in Hawaii, Nantucket, 
Marthas Vineyard, and along the southeastern 
seaboard) together with coastal aquifers 
supporting large amounts of human use (such 
as chose in Long Island, New York, and central 
coastal California) are at greatest risk. Other 
impacts of sea-level rise are likely to include 
changes in salinity distribution in estuaries, 
altered coastal circulation pacierns, destruction 
of transportation infrastructure in low-lying 
areas, and increased pressure on coastal levee 
systems.

• Climate changes have the potential to alter 
water quality significandy by changing 
temperatures, flows, runoff rates and timing, 
and the ability of watersheds to assimilate 
wastes and pollutants. Global and regional 
increases in air temperature, and the associated 
increases in water temperature, are likely to lead 
CO adverse changes in water quality, even in the 
absence of changes in precipiiadon. Changes in 
precipitation can lead to both positive and 
negative impacts on water quality. The net 
effect on water quality for rivers, lakes, and 
groundwater in the future depends not just on 
how climate might change but also on a wide 
range of other human actions.

Lakes arc known to be sensitive to a wide array 
of changes in climace. Even small changes in 
climate can produce large changes in lake levels 
and salinity. As ait temperatures increase, fewer 
lakes and screams in high-laritudc areas will 
freeze to the bottom and the number of ice-free 
days will increase, leading to increases in 
nutrient cycling and productivity. Other effects 
of increased temperature on lakes could include 
higher thermal stress for cold-water fish, 
improved habitat for warm-water fish, increased 
productivity and lower dissolved oxygen, and 
degraded water quality.

The direct effects of climate change on 
freshwater ecosystems will be complex, 
depending on the nature of the change, the 
system affected, and the nature and scope of 
intentional interventions by humans. Work 
across the United States suggests a wide range of 
serious concerns for ecosystems, with changes in 
vegetation patterns, possible extinction of 
endemic fish species already close to their 
thermal limits, declining area of wetlands with 
reductions in waterfowl populations, concerns 
about stream health, and major habitat loss.

Researchers express concern for the limited 
ability of natural ecosystems to adapt or cope 
with climate changes that occur over a short 
time frame. This limited ability to adapt to 
rapid changes may lead to irreversible impacts, 
such as extinctions. While some research has 
been done on these issues, far more is needed.

Little work has been done on the impacts of 
climate change for specific groundwater basins, 
or for general groundwater recharge 
characteristics or water quality. Some studies 
suggest that some regional groundwater storage 
volumes are very sensitive to even modest 
changes in available recharge.
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What are the Major Impacts of 

Climate friability and Change on 

Managed U.S. Water Systems f

Climate change will affect the availability of water 
in the United States, as well as its quality, 
distribution, and Form. Climate change will also 
affect the complex infrastructure and systems in 
place to manage the nations water and existing 
climate variability. There is a growing literature 
about how different climate changes may affect the 
infrastructure and complex systems built to manage 
U.S. water resources (http://www.pacinst.org/ 
CCBib.html). Research has been conducted on 
potential impacts over a wide range of water-system 
characteristics, including reservoir operations, 
hydroelectric generation, navigation, and other 
concerns. At the same time, significant knowledge 
gaps remain and far more research is needed.
Priorities and directions for future work should come 
from water managers and plannets as well as from the 
more traditional academic and scientific research 
community.

• Large changes in the reliability of water yields 
from re.seivoirs could result from small changes in 
inflows (high confidence).

• In some watersheds, long-term demand growth 
will luve a greater impact on system petfbimance 
than climate changes. Uncertainties in projecting 
future water demands complicate evaluating the 
relative effects of these two forces. Overall regional 
impacts will further depend upon the economic, 
institutional, and structural conditions in any 
region.

• Variability in climate already causes fluctuations in 
hydroelectric generation. Climate changes that 
reduce overall water availability wjU reduce the 
productivity of U.S. hydroelectric facilities.
Reliable increases in average flows would increase 
hydropower production. Changes in the timing 
of hydroelectric generation can affect the value of 
the energy produced. Specific regional impacts are 
not well-esrablLshcd.

• Dynamic management strategies can be effective 
in mitigating the adverse impacts of climate 
change, but such policies need to be implemented 
before such changes occur to maximize'their 
efioniveness.

• Climate change will play a role in power 
production from conventional fossil fuel and 
nuclear power plants by raising cooling water 
temperatures and reducing plant efficiencies 
(medium confidence). In some circumstances, 
higher water temperatures will constr^n plant 
operations.

• Water-borne shipping and navigation arc sensitive 
to changes in flows, water depth, ice fbnnadon, 
and other dimadc factors. A warming would 
increase the potential length of the shipping 
season on some northern lakes and rivers that 
typically freeze in winter. Decreases in river flovvs 
could reduce the periods when navigation is 
possible, increase transportation costs, or increase 
the conflicts over water allocaccd for other 
purposes. Changes in storm frequency or intensity 
would affcCT Great Lakes navigation. Research 
done to date suggests char the net effects of climate 
change may be to increase shipping and navigation 
costs in the Great Lakes region (medium 
confidence).

■ Research in specific waictshcds has shown that 
some major U.S. river basins arc so heavily 
developed, with such complicated overlapping 
management layere, that their ability to adapt to 
changes in climate may be compromised.

All of the physical and ecological impacts of climate 
change will entail social and economic costs and 
benefits. On top of the uncertainties in evaluating 
both climate change and potendal impacts, evaluating 
the economic implicadons of the diverse impacts is 
fiaught with addidonal difficuldes, and few efforts to 
quantify them have been made. Ultimately, 
however, comprehensive efforts to evaluate costs will 
be necessary in order to assist policymakers and the 
public in understanding the implicadons of both 
caking and not taking actions to reduce or adapt to 
the impacts of climate change.
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The socioeconomic inipacu of a greenhouse 
warming look very different depending on which 
climate projections arc used, and on the methods and 
assumptions adopted by the researchers. The results 
published to date arc a valuable guide for future 
assessments but policymakers should have low 
confidence in specific quantiutive estimates. Some 
results arc described below:

• Even given the uncertainties, research indicates 
that the possible economic impacts of reductions 
in flow could be very large and that some U.S. 
water systems are highly sensitive to climate.
Under some climate scenarios, the additional costs 
imposed by climate changes arc considerably 
larger than the additional costs imposed by future 
population growth, industrial changes, and 
changing agricultural water demands.

• The contrasting hydrologic implicadons of the 
two climate models used for the National. 
Assessment indicate that the direction and size of 
many socioeconomic impacts are uncertain and 
likely to vary among regions.

• The upper end of the costs on U.S. water resources 
imposed by climate changes described in some 
studies is on the order of 0.5 percent of the 
nations total gross domestic product.

• There arc many opportunities to adapt to 
changing hydrologic conditions, and the net costs 
arc sensitive to the institutions that determine how 
water is managed and allocated among users.

Is Climate Change Already Afficting 

the Nations Water Resources?

There is a very high degree of confidence in the 
scientific conununity that unchecked increases in 
atmospheric greenhouse-gas concentrations will 
eventually lead to changes in the Earth's climate, 
including the vaiiabiliiy of that climate. Despite gaps 
in data, inadequate and uneven climate and hydrologic 
monimting, short collection periods, and biases in 
instrumental records, there is an increasing amount of 
evidence that indicates some changes arc already 
occurring.

The evidence that humans are changing the water cycle 
of the United States is increasingly compelling. Some 
of the observed changes with the most relevance for 
U.S. hydrology and water resources are summarized 
here:

• The United States has, on average, warmed by 
two-thirds of a degree C since 1900 (very high 
confidence).

« Permafrost in the Alaskan arctic is beginning to 
thaw (very high confidence).

■ Mean sea level has risen between 10 and 20 
centimeters since the 1890s (vety high 
confidence).

• Mountain glaciers are melting at rates 
unprecedented in recorded history (high 
confidence).

■ Arctic ice thickness has declined significantly 
from levels recorded in the mid-20'*' century 
(high confidence). A comparison of these 
trends with model estimates reveals that the 
observed decreases are similar to model 
projections and that both trends are much 
larger than would be expected from natural 
climate variability.

• Vegetation is blooming earlier in spring and 
summer and continuing to photosynthesize 
longer in the lUi (medium confidence).

• Snow and ice cover ate decreasing and melting 
earlier, on average, while total annual snowfall 
in the far northern latitudes is increasing 
(medium confidence). Field surveys show that 
snow cover over the Northern Hemisphere land 
surface since 1988 has been consistently below 
averages over the last quarter century, with an 
annual mean decrease in snow cover of about 
10% over North America. These changes have 
been linked to the observed increases in 

temperature.

• There is evidence of historical trends of both 
increasing and decreasing precipitation in 
different parts of North America since 1900.

8
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Average precipiution over the contiguous U.S. 
has increased by about 10% since 1910. The 
intensity of precipitation has increased for very 
heavy and extreme precipitation days. There is 
medium confidence in average U.S. results but 
low confidence in any particular regional 
changes.

The timing of runoff in snowmelt-dominated 
rivers in the western U.S. appears to be 
changing (medium confidence), with a decrease 
in spring runoff and an increase in winter 
runoff. The causes of these changes are not 
completely understood.

Effects on Other Sectors
Five separate sectoral reports have been prepared for 
the National Assessment. In addition to this one on 
water, work is available on agriculture, human 
health, coastal ecosystems, and forests (see http:// 
www.nacc.usgcrp.gov). None of the indicated 
impacts on these sectors is independent of what 
happens to U.S. water resources and water systems. 
Yet truly integrated analysis of possible impacts has 
not yet been done. We urge further work on the 
combined synergistic effects of climate change on 
the United States and we offer below a few 
comments on some critical issues.

Human Health

T'herc arc direct and indirect links between water 
availability and quality and human health. Changes 
in climate will affca the viability of disease vectors 
like mosquitoes that carry malaria or dengue fever. 
The transport of water-borne pathogens such as 
Cryptosporidium is known to be affected by changes 
in precipitation and runoff intensities and by land- 
use practices. The distribution of Vibrio cholente, 
the bacteria responsible for cholera, is affected by 
climate, including £1 Niho frequency and intensity, 
temperature, and ocean salinity.

No clear evidence is available yet to conclude how 
climate change will ultimately .affect these factors or 
to suggest any climate-related change in the

incidences of these kinds of diseases in the United 
States, but we urge more research and careful 
monitoring of water-related disease vectors and data.

Agriculture

Recent studies of U.S. agriculture suggest that 
overall production of food may not be seriously 
threatened by climate changes as currently 
projected by GCMs. Indeed, in the climate 
scenarios evaluated for the National Assessment the 
net economic effects of changes in agriculture were 
generally positive, although there were substantial 
regional differences and some regions suffered 
production declines. The overall results showed a 
decline in water demand for irrigation, largely 
because of the differential cficcts of climate change 
on productivity of irrigated versus non-irrigated 
crops, and the assumed positive effects on plants of 
higher levels of CO^. At the same rime, there are 
serious caveats that accompany the research done to 
date, including some related to water availability 
and quality. Reliable information on changes in 
storm frequency and intensity is not yet available. 
Integration of indirect effects of climate change on 
hydrology and water into agroclimade models has 
not yet been widely done, particularly effects of 
pests, soil conditions, disease vectors, and 
socioeconomic factors. Even less work has evaluated 
the impacts of changes in climate variability for 
agriculture. Integrating these and other links 
between water and food should remain a high 
priority for researchers.

Forests

Research suggests that climate change can lead to 
dramatic long-term changes in forest health and 
distribution. These factors depend pardy on how 
precipitation and runoff patterns will change. But 
changes in forest conditions will, in turn, have 
locally and regionally important efifects on runoff, 
soil erosion, soil salinization, groundwater quality, 
and more. These effects have not been adequately 
assessed.

li
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Coastal Ecosystems

Impacts of climate change on water resources will 
have a wide range of consequences for coastal 
ecosystems. Ecosystem health will be afFecced by 
changes in the quality and quantity of freshwater 
runoff into coastal wetlands, higher water 
temperatures, extreme runoff rates or altered timing, 
and the ability of watersheds to assimilate wastes 
and pollutants. The net effect on coastal systems 
depends not just on how climate might change but 
also on a wide range of other human actions, 
including construction and operation of dams that 
trap sediments and nutrients, water withdrawal 
rates and volumes, disposal of wastes, and more.

Higher average or a greater range of flows of water 
could reduce pollutant concentrations or increase 
erosion of land surfaces and stream channels, 
leading to more sediment and greater chemical and 
nutrient loads in rivers and coastal deltas. Lower 
average flows could reduce dissolved oxygen 
concentrations, reduce the dilution of pollutants, 
reduce erosion, and increase zones with high 
temperatures. For almost every source or water 
body, land use and agricultural practices have a 
significant impact on water quality. Changes in 
these practices, together with technical and 
regulatory actions to protect water quality, can be 
critical to future water conditions.

Other Impacts

The impacts of climate change on U.S. water 
resources have the potential to affect international 
relations at the nation’s northern and southern 
borders, where shared watersheds can lead to local 
and international political disputes. International 
agreements covering these shared waters do not 
include provisions for explicitly addressing the risks 
of climatc'induced changes in water availability or 
quality.

A change in flood risks is one of the potcmial effis:ts 
of climate change with the greatest implications for 
human well-being. Few studies have looked 
explicitly at the implications of climate change for 
flood frequency, in large parr because of che lack of

detailed regional precipitation information from 
climate models and because of the substantial 
influence of both human settlement patterns and 
water-management choices on overall flood risk.

Climate change is just one of a number of factors 
influencing the hydrological system and water 
resources of the United States. Population growth, 
changes in land use, restructuring of the industrial 
sector, and demands for ecosystem protection and 
restoration are all occurring simultaneously. 
Current laws and policies affecting water use, 
management, and development arc often 
contradictory, inefficient, or unresponsive to 
changing conditions. In che absence of explicit 
efforts to address these issues, the societal costs of 
water problems are likely to rise as competition for 
water grows and supply and demand conditions 
change.

Recommendations 

CopingandAdaptation

There are imny apporzunities to reduce the risks of 
climate variability and change far U.S. water resources. 
The narioris water systems arc highly developed and 
water managers have a long hisioty of adapting to 
changes in supply and demand. Past efforts have 
been focused on minimizing the risks of natural 
variability and maximizing system reliability Many 
of the approaches for effectively dealing with climate 
change are little different than the approaches 
already available to manage risks associated with 
existing variability. Tools for reducing these risks 
have traditionally included supply-side options such, 
as new dams, reservoirs, and pipelines, and more 
recently, demand-management options, such as 
improving efficiency modifying demand, altering 
water-use processes, and changing land-use patterns 
in floodplains. This work is going on largely 
independendy of the issue of climate change, but it 
will have important implications for the ultimate 
severity of climate impacts.

Sole reliance on trodstiojial management responses is a 
mistake, first, climate changes are likely to produce
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— in some places and at some times — hydrologic 
conditions and attremes of a differtnt nacure than 
current systems were designed to manage; second, 
climate changes may produce similar kinds of 
variability but outside of the range for which current 
infrastructure was designed and built; third, relying 
solely on traditional methods assumes that sufEcient 
time and information will be available before the 
onset of large or irreversible climate impacts to 
permit managers to respond appropriately; and 
fourth, this approach assumes that no special efforts 
or plans are required to protect against surprises or

uncertainties.

The first situation could require that completely 
new approaches or technologies be developed. The 
second could require that efforts above and beyond 
those currendy planned or anticipated be taken 
early. Complacency on the part of water managers, 
represented by the third and fourth assumptions, 
may lead to severe impacts that could have be 
mitigated or prevented by cost-effective actions 
taken now.

As a result, we make the following observations and 
recommendations:

• l^rudent planning requires that a strong national 
climate and water monitoring and research 
program should be maintained that decisions 
about future water planning and management be 
flexible, and that expensive and irreversible actions 
he avoided in climate~sensitive areas.

• Better methods of planning under climate 
uncertainty should be developed and applied.

• Covemments at all levels should re-evaluaxe legal, 
technical, and economic approaches for managing 
water resources in the light of potential climate 
chants. The federal government should require 
all federally owned and operated water systems 
to begin assessing both climate impacts and the 
effectiveness of different operation and 
management options.

• Impro vements in the efficiency of end uses and the 
intentional management of water demands must 
now be considered major tools for meeting future
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water needs, particularly in water-scarce regions 
where extensive infrastructure already exists. We 
note the IPCC conclusion that “water demand 
management and institutional adaptation are 
the primary components for increasing system 
flexibility to meet uncertainties of climate 
ehange."

Water managers should begin a systematic 
reexamination of engineering designs, operating 
rules, contingency plans, and water allocation 
policies under a wider range of climate conditions 
and extremes than has been used traditionally For 
example, the standard engineering practice of 
designing for the worst case in the historical 
observational record may no longer be adequate.

Cooperation between water agencies and leading 
scientific organizations can facilitate the exchange 
of information on the state-of-the-art thinking 
about climate ehange and impacts an water 

resources.

The timely flows of infbrmatian among dse 
scientific global change community the public, and 
the water-management community are valuable. 
Such lines of communication need to be 
developed and expanded.

Traditional and alternative forms of new supply, 
already being considered by many water districts, 
can play a role in addressing changes in both 
demands and supplies caused by climate changes 
and variability. Options to be considered 
include wastewater reclamation and reuse, water 
marketing and transfers, and even limited 
desalination where less costly alternatives are 
nor available and where water prices are high. 
None of these alternatives, however, is likely to 
alter the trend toward higher water costs.

Prices and markets are increasingly important for 
balancing supply and drmand. Because new 
construction and new concrete projects can be 
expensive, environmentally damaging, and 
politically controversial, the proper application 
of economics and water management can 
provide incentives to use less and produce more. 
Among the new tools being successfully
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explored are tiered rates, water banking, and 
conjunctive use of grpund\vater.

• Even vjiihoux climate change, efforts ate needed to 
update and improve legal tools for managing and 
allocating water resources. Water is managed in 
different ways in different places around the 
country, leading to complex and often 
conflicting water laws.

Research Needs

Records of past climate and hydrological conditions 
are no longer considered to be reliable guides to the 
future. The design and management of both 
structural and non-structural water-resource systems 
should allow for the possible effects of climate 
change, but little professional guidance is available 
in this area. Further research by hydrologists, civil 
engineers, water planners, and water managers is 
needed to fill this gap, as is broader training of 
scientists in the universities,

• More work Is needed to improve the ability of 
global climate models to provide information on 
water-resources availability, to evaluate overall 
hydrologic impacts, and to identify regional 
impacts.

• Substantial improvements in methods to 
downscale climate information are needed to 
improve out understanding of regional and 
small-scale processes that affect water resources 
and water systems.

• Information about how storm frequency and 
intensity have changed and will change is vitally 
important for determining impacts on water 
and water systems, yet such information is not 
reliably available. Mote research on how the 
severity of storms and other extreme hydrologic 
events might change is necessary.

• Increased and widespread hydrologic 
monitoring systems are needed. The current 
trend in the reduction of monitoring networks 
is disturbing.

There should be a systematic reexamination of 
engineering design criteria and operating rules 
of existing dams and reservoirs under conditions 
of climate change.

Information on economic sectors most 
susceptible to climate change is extremely weak, 
as is information on the socioeconomic costs of 
both impacts and responses in the water sector.

More work is needed to evaluate the relative 
costs and benefits of non*struciurai 
management options, such as demand 
management and water-use efficiency, or 
prohibition on new floodplain development, in 
the context of a changing climate.

Research is needed on the implications of 
climate change for international water law, U.S. 
treaties and agreements with Mexico and 
Canada, and international trade in water. Can 
“privatization” affect vulnerability of water 
systems to climate change?

Litdc information is available on how climate 
changes might affect groundwater aquifers, 
including quality, recharge rates, and flow 
dynamics. New studies on these issues arc 
needed.

The legal allocation of water rights should be 
reviewed, even in the absence of climate change, 
to address inequities, environmental justice 
concerns, and inefficient use of water. The risks 
of climate change make such a review even more 

urgent.
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Background: Last night and this morning, there were major media {TV and newspaper) stories on the 
draft findings of the IPCC (Intergovernmental Report on Climate Change). The IPCC, which is the most 
authoritative source of independent, scientific information on climate change, was established in 1988 in 
by the World Meteorological Organization (WMO) and the United Nations Environment Programme 
(UNEP) in response to the concerns of many nations, including the U.S., about the possible effects of 
human activities on the global climate system.
This report is the third major assessment report produced by the IPCC (previous reports were issued in 
1990 and 1995). Thousands of the world’s leading climate experts participated in the report. IPCC 
assessment reports are produced through an open and rigorous process that includes extensive scientific 
and government review (lasting more than two years in the case of the Panel's comprehensive 
assessments).

The draft report concludes there is stronger evidence for a human influence on climate than there was at 
the time of their last report in 1995. They also estimate that global temperatures will increase more over 
the next century-3-11 degrees F (instead of 2-6 degrees F, which was their previous estimate). Such a 
conclusion from several thousand scientists in 50 countries is indeed a strong statement, although much 
of the justification for these findings has already appeared in the scientific literature in recent years.

What does the government think about this report? Do you support the findings?

This report is currently in final Government review, and it is not appropriate for us to comment on the draft 
findings at this time. The report has already undergone two major reviews, so the results are unlikely to 
change, but the report will not be "officially" final until it is accepted next year in a formal 
intergovernmental meeting.

The U.S. is very supportive of the IPCC process. We see the IPCC reports, which are drafted and 
reviewed by thousands of the world’s leading climate scientists, as the most authoritative source of 
independent scientific information on climate change. There has clearly been a good deal of progress in 
climate change science over the last few years, and we expect that the IPCC Third Assessment report will 
reflect this progress.

What is the international scientific consensus on climate change and what is the Administration doing 
in response?

There is a strong scientific consensus that climate change is occurring, that the rate of climate change is 
accelerating, that that human activities play a role in causing climate change, and that climate change will 
have serious impacts. That is why the President and Vice President have vastly increased funding for 
overall efforts to fight climate change. That is why Administration programs emphasize the development of 
clean energy technologies that can reduce greenhouse gas emissions while keeping our economy strong.
That is why the Administration supports an international treaty to find cost-effective ways to fight global 
warming.

Did the Administration leak this report to build support for its climate change policy proposals?

No. We don’t know how the press obtained copies. However, the report has been widely distributed. It 
was sent to all the lead authors, accredited NGOs (non-governmental organizations), and 110 governments, 
so it is not surprising that the media has managed to gain access to the results. The U.S. government 
received its copy only yesterday.
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Pollution Adds To Global Warming

By H. JOSEF HEBERT, Associated Press Writer

WASHINGTON (AP) - New evidence shows man-made pollution has 
"contributed substantially" to global warming and the earth is likely to get a lot 
hotter than previously predicted, a United Nations (news - web 
sites)-sponsored panel of hundreds of scientists finds.

The conclusions by the Intergovernmental Panel on Climate Change, the most authoritative scientific voice on 
the issue, is expected to widely influence climate debate over the next decade.

The report's summary, a copy of which was obtained by The Associated Press, was being distributed to 
government officials worldwide this week.

It is the first full-scale review and update of the state of climate science since 1995 when the same panel 
concluded there is "a discernible human influence" on the earth's climate because of the so-called 
"greenhouse" effect caused by the buildup of heat-trapping chemicals in the atmosphere.

Today, the panel says in its new assessment that "there is stronger evidence" yet on the human influence on 
climate and that it is likely that manmade greenhouse gases already "have contributed substantially to the 
observed warming over the last 50 years."

And the scientists, in revised estimates, conclude that if greenhouse emissions are not curtailed the earth's 
average surface temperatures could be expected to increase from 2.7 to nearly 11 degrees Fahrenheit by the 
end of this century, substantially more than estimated in its report five years ago.

It attributes the increase - from a range 1.8 to 6.3 degrees Fahrenheit warmer in the 1995 assessment - mainly 
to a reduced influence now expected to be played by sulfate releases from industry and power plants. Such 
releases, which tend to have a cooling influence, will likely dramatically decline in industrial countries because of 
other environmental concerns, the scientists maintain.

"What this report is clearly saying is that global warming is a real problem and it is with us and we are gong to 
have to take this into account in our future planning," said Kevin Trenberth, head of climate analysis section at 
the National Center for Atmospheric Research.

"It definitely reinforces what we were able to say in 1995," added Tom Wigley, a climate scientist at the center 
in Boulder, Colo. "It shows the previous projects (in 1990 and 1995) were conservative."



Wigley, who did not participate in crafting the latest findings, was a key author of the 1995 report's section 
about the human impact on climate.

The IPCC's third assessment report is expected to get final approval at a United Nations conference early next 
year. While some wording will certainly be changed by government policy-makers, the central scientific 
conclusions may not be altered, several scientists who have been involved in the process, said Wednesday.

Michael Oppenheimer, an atmospheric physicist at Environmental Defense, said the latest assessment 
"reinforces the mainstream scientific consensus" about global warming. Its new estimates of warming poses "a 
risk of devastating consequences within this century."

Three years ago industrial nations tentatively agreed to curtail the release of greenhouse gases - mainly carbon 
dioxide from burning fossil fuels - to below 1990 levels as a first step to address global warming.

But none of the major industrial countries has yet ratified the agreement, crafted in Kyoto, Japan in 1997. 
Skeptics argue that the science has yet to be conclusive and that computer models used to predict future 
climate is not reliable enough to warrant a dramatic, and possibly very expensive, shift in energy use to curtail 
carbon emissions into the atmosphere.

The issue also has crept into the presidential campaign. Vice President Al Gore (news - web sites) has argued 
the science is clear and steps need to be taken soon to begin reducing greenhouse emissions. His Republican 
rival, Gov. George W. Bush (news - web sites), has not dismissed global warming, but urges a cautious 
approach and believes the science still needs to be proven.

The IPCC panel's summary of a voluminous technical report covering 14 chapters attempts to provide the most 
current state of scientific understanding of the climate system and potential for future warming.

While there are still uncertainties, the IPCC scientists say that there is an "increasing body of observations" that 
provide a "collective picture of a warming world" that cannot be solely explained by natural forces.

"Emissions of greenhouse gases and aerosols due to human activities continue to alter the atmosphere in ways 
that affect the climate system," the report says.

Various findings of the last five years have reinforced the IPPC's 1995 determination that climate change 
warrants top-level attention by government policy makers.

Among the findings that suggest climate change already is underway, according to the summary:

- Warming over the last 100 years "is likely to be the largest of any century during the past 1,000 years" when 
fully analyzed the 1990s are likely to be the warmest decade with 1998 the warmest year of the 20th century.

-There has seen "a widespread retreat of mountain glaciers in nonpolar regions" and a decline in sea-ice and 
snow-covered areas since over the past 50 years.

-Sea level rise has been 10 times greater in the last 100 years than the average rate over the last 3,000 years. 
The oceans have become warmer over the last 50 years.

On the Net;

National Center for Atmospheric Research; http://www.ncar.ucar.edu



National Assessment of Climate Change 
Press Guidance (October 5)

Background:

The first National Assessment of the potential consequences of climate change fordhe Wnited States- 
mandated by Congress and tasked to the National Science and Technology Council (NSTC)—is in the 
final stages of revision after 3 years of workshops, research, and analyses. On October 3, Senator James 
Inhofe, Representatives Joseph Knollenburg and Jo Ann Emerson, and a group of conservative interest 
groups filed a lawsuit against President Clinton and Neal Lane (Assistant to the President for Science and 
Technology). The suit seeks to prevent publication of the report by charging that the assessment activity 
has violated various aspects of the FACA and the US Global Change Research Act of 1990 (the 
authorizing legislation of the U.S. Global Change Research Program). The suit will be announced today 
at a 1:30 p.m. press conference in the Capitol. The assessment report was developed by the National 
Assessment Synthesis Team, an independent team of government, academic, and private sector experts 
chartered under the Federal Advisory Committee Act by NSF.
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Talking Points

• The National Assessment report has been prepared by a team of authors that includes industry, 
government, environmental, and academic scientists charted under the auspices of the Federal 
Advisory Committee Act. The entire process has been open to the public.

• Climate change poses challenges and opportunities for our nation. The national assessfhent process 
was undertaken to identify and analyze the potential consequences of climate change for our country.

• The assessment is taking place under the U.S. Global Change Research Program (USGCRP), which is 
mandated by the Global Change Research Act of 1990 to undertake scientific assessment of the 
potential consequences of global change.

• The major product of the assessment will be a report titled Climate Change Impacts on the United 
States: The Potential Consequences of Climate Variability and Change, which will draw 
together regional and sectoral analyses of the potential consequences of change to provide a national 
picture.

• All materials have been publicly available during the preparation of the report, meetings have been 
open to the public, and there have been numerous opportunities for participation and comment by 
interested parties, including the 60-day public comment period requested by the Congress.

• The nation’s leading climate scientists and many concerned citizens and stakeholders have taken part 
in the assessment process. An Independent “Blue Ribbon Panel” that includes several Nobel 
Laureates has overseen the entire process. They approved the assessment plans and have monitored 
the scientific integrity of the process, including assuring the responsiveness of the authors to 
comments received.

• The report has been through multiple levels of review over the last 12 months, including scientific 
peer-r6view and technical review by USGCRP agencies. Over 300 sets of comments totaling about 
850 pages were received in the two rounds of technical review. The National Assessment Synthesis 
Team made major revisions to the draft in response.

• From June 12 - August 11, the document was posted for a 60-day public comment period, as 
requested by Congress. The posting was announced in the Federal Register, with the document 
available over the Web. Over 33,000 different users accessed the document during the formal 60-day 
review period. About 300 sets of comments (about 200 pages) were received.

• Copies of all comments and the author’s responses are publicly available from the National Science 
Foundation.

• The report is undergoing final revisions, after which it will be reviewed one last time by agencies 
before being submitted to the President and the Congress.



Questions ami Answers:

What is your response to the eomplaint in the lawsuit?

We have reviewed the complaint and fully expect it to be dismissed.

Isn’t the Administration trying to gain support for its climate change policy agend^ by scaring 
people with this assessment?

No. Conducting assessments of the potential impacts of global change, including climate change, is 
mandated in the authorizing legislation of the U.S. Global Change research program. The purpose of this 
assessment is to begin to identify the potential vulnerabilities of the U.S to climate change, to identify 
possible options for coping with change, and to determine where further research can help answer 
important questions.

What is the relationship between this National Assessment and activities related to implementing 
the Kyoto Protocol?

These are separate activities. The National Assessment is looking at potential //n/?ac/sof climate change 
on various regions of the US, the possible vulnerability of US agriculture, coastal zones, forests, human 
health, and water resources, and at strategies to cope with change. The Kyoto Protocol is primarily 
concerned with mitigation of climate change through emissions reductions.
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Debate Rises Over a Quick(er) Climate 
Fix

By ANDREW C. REVKIN

sharp new debate has
sprung up among 

atmospheric scientists over where 
to aim efforts to stave off the 
prospect of global warming from 
the buildup of heat-trapping 
greenhouse gases in the 
atmosphere. Some say the main 
target should be carbon dioxide, 
the most common greenhouse gas, 
while others say the most practical 
solution is to focus first on less 
common, but more powerful, 
substances possibly influencing 
climate, like methane, ozone and 
soot.

The debate comes just as 
negotiators from more than 150 
countries are preparing to head to 
The Hague next month to put flesh 
on the bones of the 1997 Kyoto 
Protocol, a treaty outlining 
commitments by industrialized 
countries to reduce their 
greenhouse emissions and help 
poor countries avoid new 
emissions as their economies grow.

The argument for attacking the less common greenhouse ingredients is 
mainly based on the idea that these substances contribute to harmful air 
pollution as well as climate change — and so an easier case can be made 
to policy makers and the public to clean them up.



They are also relatively easy to attack with existing or developing 
technologies, whereas carbon dioxide can still generally be reduced only 
by burning less fuel.

Proponents of this strategy, most notably Dr. James E. Hansen, an 
influential NASA climate expert, say that cutting carbon dioxide, at least 
in the short term, is a far more daunting task because it is a basic 
byproduct of burning coal and oil. In other words it is a basic byproduct 
of almost every aspect of modern life.

But there are problems with focusing on other heat-trapping substances, 
as well, other scientists say. Soot and the other greenhouse gases, they 
argue, constitute an extraordinarily complex brew whose influence on 
climate and interactions with each other and with clouds and other 
atmospheric ingredients are still poorly understood.

"When you add in their chemical interactions, most scientists' eyes glaze 
over, it's so complicated," said Dr. Michael Oppenheimer, an 
atmospheric chemist who is chief scientist of Environmental Defense, a 
private conservation group.

The debate was spurred last August, when Dr. Hansen and a team of his 
colleagues at NASA's Goddard Institute for Space Studies, which is 
based in Manhattan, published "Global Warming in the 21st Century; An 
Alternative Scenario," in The Proceedings of the National Academy of 
Sciences.

In the paper, they said that deep cuts in carbon dioxide emissions were 
probably impossible in the short run, while the other gases and soot were 
already targets because of their contribution to old-fashioned pollution. In 
its conclusion, the team used a word rarely found in studies of global 
warming: "optimistic."

The analysis has since been criticized by some longtime colleagues of Dr. 
Hansen and embraced by industry groups and elected officials who have 
long voiced doubt about the science behind climate change and the need 
for big cuts in fossil fuel use.

Just last Thursday, for example. Dr. Hansen's findings were repeatedly 
cited by Republican senators holding a hearing questioning the need for 
the Kyoto Protocol, which has been signed by more than 100 countries 
but has yet to be ratified by any industrial powers. Many of the treaty's 
provisions focus on cutting carbon dioxide.

Dr. Hansen's critics, including many influential experts on the atmosphere 
and climate, say that emissions of all of the gases should be curtailed 
wherever this is possible and not too expensive but that cutting carbon 
dioxide must still be a top priority.

For his part. Dr. Hansen said that both sides in the debate had largely 
either misrepresented or misinterpreted his study. He said the 
fundamental goal was simply to find the most efficient — and politically 
and economically palatable — way to cleanse the atmosphere of human



effluents that have the biggest impact on climate.

He said he still hoped that once the dust settled, policy makers from ail 
parts of the spectrum might find merit in the proposal.

"I think it may be possibie to get conservatives and iiberals to agree on 
common-sense steps that slow down the climate experiment," Dr. 
Hansen said.

The "climate experiment" to which he referred is a substantial rise in the 
amount of greenhouse gases released into the air by human activities 
since the start of the Industrial Revolution. So far, the insuiating effect of 
these gases is the equivalent of turning on two one-watt Christmas tree 
iight bulbs over each square yard of the earth's surface.

That does not seem like much additional energy, Dr. Hansen said, but as 
a comparison he and others have calcuiated that the extra wattage 
accounting for the difference between the iast ice age and current equabie 
conditions is 6 to 9 watts per square yard.

If greenhouse gas concentrations continue to rise, the human-caused 
increase in energy bathing the surface could exceed four watts per square 
yard, a rise that begins to approach the change from the last ice age until 
now. That is bound to jog ciimate. Dr. Hansen said.

Dr. Hansen, besides being a respected ciimate scientist, is an inveterate 
pot stirrer who in the sweltering summer of 1988 toid a Senate 
committee "it is time to stop waffling" about climate change, adding that 
signs had emerged that humans were causing some of the giobal warming 
measured in the 20th century.

His new analysis is clearly intended to provoke his peers to re-examine 
assumptions made over the last 10 years, particularly by the 
Intergovernmental Panel on Climate Change, a body of hundreds of 
scientists working together under the auspices of the United Nations to 
assess global warming and possible responses. Their first update in five 
years is due in January.

Most atmospheric scientists have long recognized that more than a dozen 
greenhouse gases and various kinds of particles emitted by combustion 
and industry affect the flow of energy to and from the earth. (Most 
particles reflect sunlight like a parasol, cooling the planet; carbon soot 
tends to absorb energy and heat up.)

But for the last decade, carbon dioxide has been the main target of 
climate experts and diplomats trying to stabilize climate. Its concentration 
in the atmosphere has risen by a third from levels seen before the 
Industrial Revolution; once added to the air, it takes many decades to 
disappear; and levels could double from pre-industrial amounts by the 
end of the new century, scientists project. Also important, it is relatively 
easy to measure the emissions and their sources and "sinks," and 
processes that remove them from the air are fairly well understood.

But Dr. Hansen noted that carbon dioxide emissions are not continuing



their relentless climb at anywhere near the pace set in the last century, as 
fuels are used more efficiently and dirty ones, like coal, are supplanted by 
cleaner ones, like natural gas.

Rather than seeking relatively costly additional cuts in carbon dioxide 
now, he said, the best return on an environmental investment in the short 
term would be to look at the other greenhouse culprits on his list. Then, 
later in the new century, when technologies have matured that offer 
sources of energy without new streams of carbon dioxide, the emphasis 
can shift back to that gas.

Here is his thinking on the best targets for action now.

First there is black carbon — microscopic soot particles released from 
inefficient diesel engines, unfiltered power plants or burning forests. These 
tiny particles, besides harming lungs, absorb heat and also — like other 
particles in the air — form seeds for cloud droplets. They tend to make 
clouds darker. Dr. Hansen says, reducing clouds' tendency to reflect 
sunlight and make the earth's surface cooler.

He said that if continuing efforts to reduce conventional pollution from 
fossil-fuel burning spread from wealthy countries to developing countries, 
the amount of this heat- trapping substance in the air would quickly drop.

Methane is on most lists of priorities for reducing the greenhouse effect, 
and Dr. Hansen said it had, if anything, been underplayed as an important 
target. Methane comes both from natural sources like bogs and from a 
host of human sources, including coal mines, leaking pipelines, landfills, 
belching cattle and rice paddies.

Dr. Hansen's study concluded that efforts to shift to rice-farming methods 
where fields are drained more frequently could cut releases. Also, his 
team pointed to Australian research showing that changing feeding 
patterns or mixing certain anti- gas additives in feed for tropical cattle cut 
by 40 percent their release of this gas without interfering with growth.
With two billion cows, sheep, and goats belching away — half of them in 
the tropics — there is plenty of potential to cut into the greenhouse effect, 
he and supporters say.

Finally, the Goddard analysis emphasizes the importance of reducing 
ozone, an evanescent gas that is not on the list of greenhouse gases 
considered under the Kyoto Protocol because it is not directly produced 
by human activities.

Ozone, a poisonous molecule consisting of three oxygen atoms, is 
continually formed and destroyed when sunlight hits air, particularly when 
that air is laden with nitrogen oxides, hydrocarbons, or other emissions 
from burning fuels or forests. This is the lung-searing brew called smog.

Separately, ozone is formed high in the stratosphere, where it shields the 
planet from harmful radiation. Wherever it exists, it traps heat.

Dr. Hansen said that as with carbon soot, as China, Mexico and other 
industrializing countries start to enact pollution controls to cut smog, they



will also indirectly be lessening their greenhouse impact.

But other scientists say the situation is not that clear-cut. One reason 
ozone has largely been left out of greenhouse equations so far is that its 
relationships with other greenhouse gases and other compounds in the air 
are almost impossibly complex.

For example, extremely reactive hydroxyl radicals, OH, which are 
created as ozone encounters other compounds, destroy methane 
molecules. In essence, one greenhouse gas eats the other.

"OH is the detergent of the atmosphere, scrubbing everything," said Dr. 
Monika Mayer, a research scientist in the climate program at the 
Massachusetts Institute of Technology. She published a study last month 
in The Journal of Geophysical Research — Atmospheres in which she 
and several colleagues concluded that future trends for ozone and 
methane would largely cancel each other out.

Generally, she said, models show that although ozone should increase in 
cities, on average around the globe levels should drop, and this will allow 
methane to persist longer in the air because there will be fewer hydroxyl 
radicals there to destroy it.

The effects of all of this on climate, she concluded in the paper, are likely 
to be a wash.

Dr. Ralph J. Cicerone, an atmospheric scientist and chancellor of the 
University of California at Irvine, said he agreed with Dr. Hansen that the 
complexity of chemistry in the atmosphere should not deter efforts to cut 
ozone, methane and other substances that contribute both to pollution 
and climate problems.

He pointed to recent work showing that although levels of ozone and 
nitrogen oxides, which help create ozone, have been dropping over the 
United States and western Europe, they are relentlessly rising elsewhere.

One study. Dr. Cicerone said, showed that nitrogen oxide concentrations 
in China, South Korea, Taiwan and Japan rose 60 percent from 1987 to 
1998. There is plenty of concrete benefit to be gained, with little of the 
potential pain that might come from putting the same effort into reducing 
carbon dioxide emissions.

But other scientists fear that any shift away from reducing burning of coal 
and oil would only impede long- term progress toward limiting the human 
influence on climate.

"The most important thing is to stabilize all these emissions," said Dr. 
Thomas P. Ackerman, chief scientist in the Energy Department's 
atmospheric radiation measurement program in Richland, Wash. "And 
there's no way you're going to do that without attacking the fossil-fuel 
problem. We're a society that likes to have simple solutions, but there are 
no easy answers here."

For his part. Dr. Hansen seems satisfied simply to have nudged the



climate debate toward considering partial, common-sense solutions that 
he feels have been neglected.

He added that one way to spur interest would be to illustrate the other 
harmful qualities of the greenhouse ingredients on his list up close and 
personal.

Maybe, he said, it would make sense to "lock people in a room with a 
good bit of ozone and black carbon in the air until they come up with 
some positive ideas."
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SCIENCE

Sound science shows that man made climate change is a real and inevitable threat to 
our long-term health and economic vitality
Science tells us the concentration of greenhouse gases (ghgs) is 30 percent higher 
than is was as the start of the industrial revolution. The concentration is expected to 
reach twice the current levels by 2010-a level not seen in 50 million years 
Theory and models suggest increase in ghgs could warm the earth about 2-6.5 degrees 
Farenheight. The last Ice Age was about 9 degrees F cooler!
Ice cores and other data show 1990 was the hottest decade on record, and 1997 the 
hottest year on record until it was beaten by 1998



Talking Points on Hansen’s Paper on Climate Change Scenarios

NASA’s Jim Hansen (who announced "climate change is here" at a hearing held by Senator Gore during the hot 
summer of 1988) published a paper in the Proceedings of the National Academy of Sciences that suggests that 
controlling greenhouse gases other than Carbon Dioxide (CO2), such as methane and black soot aerosols, may 
be the best short-term approach to climate change mitigation.

KEY POINTS WE NEED TO MAKE: We agree that greenhouse gases other than CO2 are very 
important in combating climate change. Indeed, the Hansen study gives us additional hope that we can 
combat global warming effectively by fighting the other greenhouse gases along with CO2. In addition, 
the Clinton-Gore Administration is responsible for the inclusion of all GHGs in the Kyoto Protocol. 
However, the study should not be misinterpreted to mean that reducing CO2 emissions is unimportant. In 
fact, the Hansen study emphasizes the need to fight CO2 as well.

• The Hansen study itself emphasizes that CO2 is dominant in the long-term. Hansen’s paper says (Page 
1, para 4) “This ... does not alter the desirability of limiting CO2 emissions, because the future balance of 
forcings (the heat-trapping effect of gases) is likely to shift toward dominance of CO2 over aerosols.’’

• The Administration is responsible for the inclusion of all GHGs in the Kyoto Protocol. By focusing 
greater attention on the non-C02 GHGs, Hansen's article underlines the importance of the Administration's 
position of controlling all greenhouse gases. The Vice President fought for this "basket of gases" approach 
in Kyoto. The Administration's Climate Change Action Plan, Climate Change Technology Initiative, and 
International Clean Energy Initiative all include actions to control the non-C02 greenhouse gases.

CO2 has a much longer lifetime in the atmosphere than aerosols, and contributes much more to total 
radiative forcing than other GHGs, so it will remain the key GHG to reduce. Sharply reducing aerosol 
emissions will quickly eliminate their cooling effect (in months), but CO2 released to the atmosphere, with 
an atmospheric lifetime of a century or more, will continue to cause large radiative warming. Hansen 
acknowledges this problem (p.4, para 2), calling the radiative cooling by aerosols a “Faustian bargain’’ that 
“cannot continue indefinitely’’ ... due to the... “detrimental effects of aerosols, including acid rain and 
health impacts”. Further, C02 itself contributes about twice as much radiative forcing as the next most 
important GHG, methane.

We need to help develop clean energy infrastructures at home and abroad. Hansen’s argument that one 
can focus on non-COo GHGs ignores the huge investments in and long lifetimes of fossil-fuel-based energy 
infrastructure (power plants last 50 years, buildings 50-80 years). If CO2 is not addressed until 2050, then all 
of the infrastructure built till that time will continue to produce CO2 for decades, e.g. out until 2100 and the 
levels of CO2 in the atmosphere will cause serious climate change.

Hansen Paper Assumes Sharp Cuts in C02 that may not materialize. Hansen’s assumptions of baseline 
growth in CO2 concentrations is at the low end of projections and is likely to require substantial cuts in CO2 
emissions to achieve; near-term action would include increasing energy efficiency and decarbonizing fuels 
(Hansen, p.4), including use of non-C02 emitting supplies such as renewable energy. The Administration's 
Climate Change Technology Initiative, Bioenergy Initiative, and International Clean Energy Initiative 
include actions to reduce CO2 in the near-term and develop technologies with long-term payoffs as well.

Reducing non-C02 GHGs is important, but will take real work. In contrast to Hansen’s suggestion, non- 
CO2GHGS are often hard to control. Some of these sources can be reduced at low cost, such as methane 
leaks from pipelines. Many other sources, such as rice paddies, animals, natural gas leaks from distribution 
pipelines, etc., are more difficult to control. Reducing black aerosols certainly holds promise for mitigating 
climate change and the negative effects of air pollution on human health, agriculture, and natural 
ecosystems. Important sources of this pollution include incomplete combustion of fuel wood for cooking in 
developing nations and tropical deforestation. Hansen’s article could be interpreted to mean that the poorest 
countries need to take action in the poor rural sectors which pose the greatest financial, infrastructural, and 
managerial problems. Working to find clean energy alternatives that support sustainable development, such
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Talking Points on Hansen’s Paper on Climate Change Scenarios

as those included in the Administration’s International Clean Energy Initiative, will be a critical for 
mitigating such emissions.

Further Background:

Key points in the Hansen article:
Hansen’s model indicates that largest radiative forcing (heat-trapping effect) over the last 150 years has come 
from increases in CO2 increases. But this warming effect has been largely offset by the cooling effect of white 
aerosols (a form of pollution) released by fossil fuel combustion during this time.

The warming of the last 150 years can thus be seen as the result of CO2 effects minus white aerosol effects plus 
the effects of other non-C02 greenhouse gases (GHGs) and black aerosols. The total climate forcing over the 
last 150 years appears to be approximately equal to the forcing over that time by non-C02 greenhouse gases 
alone. In the next 50 years, it appears that a strategy of holding CO2 emissions growth rates roughly constant 
combined with very large reductions in the emissions of other greenhouse gases and black aerosols could reduce 
the human-induced warming expected from business as usual by about 66% (i.e., 1 W/m2 instead of the 3 
W/m2 expected under BAU). The authors argue that a strategy of focusing on pollution, especially aerosols 
and tropospheric ozone (produced from oxidation of, among other gases, methane), which have human health 
and ecological impacts, should appeal to both developed and developing world nations.

Questions and Answers:

Q: Doesn’t this paper show that near-term efforts to reduce CO2 are unnecessary and misguided?

A: No. The fact that other GHG’s are important does not mean that we don’t need to do anything about CO2. 
Achieving the scenario outlined in the Hansen paper requires major reductions in emissions of non-C02 GHGs, 
black aerosols, AND major reductions from BAU growth in CO2 emissions. Holding CO2 concentrations to an 
addition 75 ppm by 2050 as Hansen suggests, would require a major effort in the near-term (this is at the lowest 
end of the IPCC scenarios for BAU). The Administration is making necessary near-term efforts by promoting 
investments in energy efficiency and renewable energy R&D. Finally, as we limit aerosol pollution to protect 
health and ecosystems, the cooling effects of aerosols will also be reduced, making CO2 control a necessity. 
Reducing long-term CO2 emissions requires taking action in the near-term, because of the long atmospheric 
lifetime of CO2 and the long-lifetime of CO2 producing technologies, such as power plants (50 years), buildings 
(50-80 years). If CO2 is not addressed until 2050, then all of the infrastructure built till that time will continue 
to produce CO2 for periods of 40 years or more, e.g. out until 2100 and the levels of CO2 in the atmosphere will 
cause serious climate change.

Q: Why don’t we just let aerosol emissions continue if they cancel out greenhouse warming?

A: The cooling effects of the white aerosols is short-lived (months) and the warming effect of CO2 is long-lived 
(a century or more). Aerosol pollution has direct negative effects on human health, agriculture, and natural 
ecosystems (acid rain). As CO2 continues to accumulate, it takes more and more aerosols to offset CO2 induced 
warming, which increases these effects. Increasing or even maintaining air pollution to limit greenhouse 
warming is not a real solution. Hansen said in his article (page 4),, “The approximate global balancing of 
aerosol and CO2 forcings in the past cannot continue indefinitely. As long-lived CO2 accumulates, continued 
balancing requires a greater and greater aerosol load. Such a solution, we have argued, would be a Faustian 
bargain. Detrimental effects of aerosols, including acid rain and health impacts, will eventually limit the 
permissible atmospheric aerosol amount and thus expose latent greenhouse warming.’’
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developing nations and tropical deforestation. Hansen’s article could be interpreted to mean that the poorest 
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aerosol and CO2 forcings in the past cannot continue indefinitely. As long-lived CO2 accumulates, continued 
balancing requires a greater and greater aerosol load. Such a solution, we have argued, would be a Faustian 
bargain. Detrimental effects of aerosols, including acid rain and health impacts, will eventually limit the 
permissible atmospheric aerosol amount and thus expose latent greenhouse warming.”



The paper by NASA's Jim Hansen in Proceedings of the National Academy of Sciences, 
asserting that the fossil-fuel burning sources of C02 have "offset" their global warming impact 
by emitting atmospheric aerosols, has ignited debate over whether control of non-C02 gases 
provides a better approach to combating climate change than C02-based strategies. The US has, 
in fact, advocated for control of ^ greenhouse gases, both domestically and internationally. The 
Climate Change Action Plan (CCAP), begun in 1993 and updated in 1995, takes the "basket of 
gases" approach common to the Kyoto Protocol and includes voluntary measures aimed at 
reducing both C02and non-C02 greenhouse gases, the latter comprising more than 15 percent of 
the United States 1990 baseline inventory of greenhouse gases (on a global warming potential 
basis). All told, the CCAP consists of over forty programs that are combining a variety of 
public- and private-sector approaches aimed at reducing emissions profitably while stimulating 
greater energy efficiency, commercializing renewable-energy technologies, and improving U.S. 
industrial, agricultural, and forest productivity. CCAP programs which cover non-C02 gases 
fall into three groups; 1) methane programs, which includes programs for control and recovery of 
methane from landfills, agricultural practices, and natural gas and coal resource utilization; 2) 
nitrous oxide programs to improve efficiency of nitrogen fertilizer use (aimed at reducing N2O 
emissions from microbial activity in soil); and 3) hydrofluorocarbons (HFCs), perfluorocarbons 
(PFCs) and sulfur-hexafluoride (SF6) programs, which include: partnerships with industries to 
utilize pollution prevention measures and develop alternatives to these most potent of greenhouse 

gases.

‘Source: Climate Action Report: 1997 Submission of the United States of America Under the UNFCCC, unless 
otherwise noted.
'’EPAFY2001 Annual Plan
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Record Type: Record

To:

cc:

See the distribution list at the bottom of this message

Subject: Seattle Times: Study finds C02 may reduce nutritional value of some food

Posted at 12:00 a.m. Pacific; Tuesday, July 18, 2000
Carbon dioxide makes leaves less healthful for bugs

by David Poulson 
Newhouse News Service

PELLSTON, Mich. - In a northern Michigan forest clearing, carbon dioxide flows through a 
tangle of tubes into 42 chambers made of PVC pipe and plastic wrap.

Sensors sniff the chambers every five minutes, sending air samples to separate tanks that are 
analyzed every half-hour. A computer ensures that the carbon dioxide inside the chambers is 
twice that found outside.

But the bugs in this sophisticated experiment that mimics global industrial pollution are, well, 
the bugs.

"We go on grasshopper patrol and if they're around, we remove them from the gene pool," 
said David Karowe, a researcher at the University of Michigan's Biological Station. "We've 
hated them the last three years because they get in the chamber and eat our plants."

But they don't get much of a meal.

What Karowe and other researchers are finding is that while plants grow faster in the 
carbon-dioxide-rich air that cars, power plants and factories may produce in coming decades, 
the nutritional value of their leaves drops dramatically.

It is an important observation as politicians, scientists, environmentalists and industries wrestle 
with global climate change from so-called greenhouse gases.

To what degree such industrial emissions cause the Earth to warm and disrupt its weather is 
under intense debate. But there is little question that concentrations of one of those emissions - 
carbon dioxide - have increased since the dawn of the industrial revolution in 1750. A monitor 
in Hawaii has measured a more than 19 percent increase since 1959, and some scientists 
project a doubling from pre-industrial levels in 75 years.

There is no question that carbon dioxide spurs plant growth.

"In a sense, it's a fertilizer," said Chip Knappenberger, a climatologist with New Hope 
Environmental Services, which advises industry groups on climate change issues. "These guys 
who grow stuff for a living in greenhouses like to boost their carbon dioxide."



But Karowe has found that caterpillars eating plants grown in his chambers munch about 50 
percent more food and grow 15 percent more slowly than those fed a regular diet.

"It's like we'd have to eat two lunches and another half a dinner, but we wouldn't grow as 
much," said Karowe, a biology professor at Western Michigan University.

What sounds like a dieter's dream could be a nutritionist's nightmare.

This year Karowe is looking at how grasses that provide basic foods - like wheat, corn, 
sorghum and oats - could be affected by increased carbon dioxide.

"Agriculture is largely the science of making grasses work for us," he said. "We eat their 
seeds."

But the direct effect on the food we eat is unclear.

Sylvan Wittwer, retired director of Michigan State University's Agricultural Research Station, 
credits increasing carbon dioxide with boosting crop and forest production between 10 
percent and 12 percent. It also increases nutritional value, he said.

Wittwer, who has written a book on the subject, bristles when the gas is called a pollutant.

"The benefits are unmistakable," he said.

And Karowe said that while leaves may be less nutritious, plants may devote their energy to 
keeping their seeds - the stuff people eat - healthy for reproduction.

There are also uncertain implications for chain reactions throughout complex ecosystems. 
Caterpillars chewing food grown in air high in carbon dioxide damage more leaves and 
excrete more waste. Both prompt chemical signals that parasitic wasps home in on.

That means more dead caterpillars. It also means that new wasps that hatch from eggs laid in 
the caterpillars do poorly on their nutrient-starved hosts.

And the caterpillars that do survive develop more slowly, perhaps producing butterflies long 
after plants that need them for pollination have blossomed.

What else might happen is difficult to say as the impact pulses through upper levels of food 
webs and even into aquatic ecosystems.

Nancy Tuchman, another researcher at the Pellston station and a biology professor at Loyola 
University in Chicago, grinds up aspen leaves grown in chambers similar to Karowe's.

She feeds them to micro-organisms that typically eat dead leaves in streams. Those in turn are 
fed to the larvae of mosquitoes and black flies gathered from nearby streams.

Both the micro-organisms and the larvae grow much more slowly than those eating more 
typical fare, she said.

Some may view mosquitoes that grow 60 percent more slowly as a huge benefit. But how that 
affects other organisms - say the trout that eat mosquitoes - is difficult to predict.

Tuchman notes that her experiments are but a tiny piece of the vast, unknown consequences



of a worldwide increase in carbon dioxide.

"If all the plants are altered on a global level, then it's certainly going to affect all the organisms 
on Earth." she said. "No one is going to escape."
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Mr. Chairman:

UNCERTAINTIES IN CLIMATE CHANGE MODELING
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• ^ My name Jerry M0hlman.y44am the Director of the Geophysical

Fluid Dynamics Laboratory, of N.QAA. For over thirty years our
Laboratory has been a world leaderin modeling the Earth's climate. I

will evaluate scientific projections o^ climate change as well as their

current uncertainties., •f
/■

We have long known that buildups of^afmo?pheric carbon dioxide

and other gases have the potential to warm earth's climate, through

the so-called "greenhouse" effect. * Today, I will discuss modeling the

climate changes due to these increasing greenhouse gases Tor aitime
/ t *around the middle of the century.



♦ Because I speak with credentials as a physical scientist, I do not

offer personal opinions on what society should do about these

projected climate changes. Societal actions in response to greenhouse

warming involve value and policy judgements that are beyond the realm

of climate science. Indeed, I would encourage your skepticism

whenever you hear a climate scientist's prediction being accompanied

by a policy opinion.

. »
At the onset, please recognize that a major international effort to

assess climate warming was completed in 1996. This is "The IPCC

Assessment". This was*the most widely accepted assessment ever on

climate change. The 2001 IPCC Assessment will be completed soon. I

expect only small changes in its major conclusions, mainly concerning

some important increases in scientific confidence.

I strongly recommend your use of the IPCC assessments as a

foundation for your own evaluations. I also recommend their use as a

point of departure for evaluating the credibility of opinions that disagree

with them.

My information is derived from the strengths and weaknesses of

climate models, climate theory, and widespread observations of the

climate system. Climate models have improved in their ability to

simulate the climate and its natural variability. Unfortunately,

important uncertainties remain due to deficiencies in our scientific

understanding and in computer power. However, significant progress

is expected over the next 10 years.



However, let me say at the outset: None of the uncertainties I will

discuss can make current concerns about greenhouse warming go

away. This problem is very real and will be with us for a very long

time.

I will give my evaluation of current model predictions of climate

change in the middle of the next century by setting simple "betting

odds". By "Virtually Certain", I mean that there is no plausible

alternative; in effect, the bet is off the books. "Very Probable" means I

estimate about a 9 out of 10 chance that this will happen within the

range projected; "Probable" implies about a 2 out of 3 chance.

"Uncertain" means a plausible effect, but which lacks appropriate

evidence. Essentially, I set the odds; you choose your bet. My

analysis is presented in decreasing levels of confidence.

* Human-Caused Increasing Greenhouse Gases (virtually certain)

There is no remaining doubt that increasing greenhouse gases are

due to human activities.

* Radiative Effect of Increased Greenhouse Gases (virtually

certain)

Greenhouse gases absorb and reradiate infrared radiation.

Independent of other factors, this property acts to produce an

increased heating effect on the planet.

* A Doubling of Carbon Dioxide Expected (virtually certain)

Almost independent of policy actions, atmospheric carbon dioxide



amounts are expected to double over pre-industrial levels in this 

century.

* Long Time to Draw Down Excess Carbon Dioxide (virtually 

certain)

We know that it takes decades to centuries to produce a large 

buildup of greenhouse gases. Much less appreciated is that a 

"return to normal" from high carbon dioxide levels would require 

many additional centuries.

Global Surface Warming over the Past Century (virtually certain)

The measured 20^*^ century warming in the surface temperature 

records of over one degree fahreifiheit is undoubtedly real. Its 

cause is very probably due mostly to added greenhouse gases. 

No other hypothesis is nearly as credible.

Future Global-Mean Surface Warming (very probable)

For the middle of the next century, global-mean surface warming 

is estimated to be in the range of 2 to 6° fahrenheit, with 

continued increases for the rest of the century. The largest 

uncertainty is due to the effects of clouds.

Increased Summertime Heat Index (very probable)

In warm, moist subtropical climates the heat index effect is 

expected to magnify the warming effect by about 50%.

Rise in Global Mean Sea Level (very probable)



A further rise of 4-12 inches in mean sea level by the year 2050

is estimated due to thermal expansion of warmer sea water.

Continued sea level rise is expected for many centuries, probably

to much higher values.

Summer Mid-Continental Dryness and Warming (probable)

Model studies predict a marked decrease of soil moisture and

elevated temperatures over summer mid-latitude continents. This

result is sensitive to model assumptions.

Increased Tropical Storm Intensities (probable)

A warmer, wetter atmosphere will likely lead to increased

intensities of tropical storms, such as hurricanes. We still know

little about changes in the number of hurricanes.

Increased Numbers of Weather Disturbances (uncertain)

Although many speak of more large-scale storms, there is still no

solid evidence for this.

Global and Regional Details of the Next 25 Years (uncertain)

The predicted warming up to now is not yet large compared to

natural climate fluctuations. On these shorter time scales, the

natural fluctuations can artificially reduce or enhance apparent

measured greenhouse warming signals, especially so on regional

scales.

Even though these uncertainties are daunting, important advances



have already been achieved in observing, understanding, and modeling 

the climate. Today's models can simulate many aspects of climate and 

its changes. Although major progress has been made, much more 

needs to be learned. More efforts are needed world-wide to provide a 

long-term climate measuring system. Focussed research into climate 

processes must be continued. Theories must be formulated and 

re-evaluated in the light of newer data. Climate modeling efforts must 

receive resources that are in balance with the broader scientific 

programs.

The U.S. Global Change Research Program has already made 

important progress on these fronts. However, patient sustained efforts 

will be required in the years ahead.
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Through long-term research and measurements, uncertainties will

decrease and confidence for predicting climate changes will increase.

In summary, the greenhouse warming effect is quite real. The

state of the science is strong, but important uncertainties remain.

Finally, it is a "virtually certain" bet that this problem will refuse to go

away, no matter what is said or done about it over the next five years.

Thank you, Mr. Chairman. That concludes my testimony.



Response to “Virtual Climate Alert” eommentary on Ballentine letter

Ballentine: global warming is ... occurring more rapidly than previously thought. ”
“Virtual Climate” Response: "There is not one paper in the refereed scientific literature within 
the past six months that says warming is occurring at a faster rate than predicted. ”

The recent NRC report (“Reconciling observations of global temperature change”, released Jan. 
13, 2000), which was extensively peer-reviewed, clearly states that the rate of global warming in 
the last 20 years is substantially greater than the average rate during the 20th century. This was 
recently bolstered by a paper “The record breaking global temperatures of 1997 and 1998: 
Evidence for an increase in the rate of global warming?” in the March 1,2000 issue of 
Geophysical Research Letters. Karl and his colleagues describe the increased rate of warming in 
the last twenty years. They also showed that the very hot years of 1997 and 1998 may mark a 
change point at which the Earth's surface began to heat up faster than it had in during the 
previous two decades, although they note that the evidence for this further upturn is not yet 
definitive.

Response: ''Rather, the balance of scientific evidence ... is to the contrary... ”

The TIN report quoted was done in lateE 1994. While discrepancies still exist between the 
observed rate of change and that projected by climate models, much progress has been made in 
the last few years in modeling the climate. Furthermore, the Ballentine statement was describing 
the last twenty years of the long-term surface record. He was not comparing observations to 
model projections.

Ballentine: "Reports ... found that since 1976 the planet has been warming at a rate of 0.35 deg. 
Fper decade. "

Response: "Integrated over the troposphere 
mere 0.07 deg F ... ”

the planetary warming since 1976 has been a

Both numbers are right because they’re referring to different quantities. It is the temperature 
increase at the surface of the Earth (where people and plants live), however, that is of far more 
concern to us than the warming integrated over the bottom 6-7 km of the atmosphere. That is the 
rate of increase Ballentine cited.

Response: "According to NASA scientist John Christy, writing in Nature magazine, the 
originally forecast tropospheric warming rate [in models] was around 0. 7 deg F per decade. 
That’s ten times what has been observed. ... And a new report by the ... [NRC] recently (finally) 
admitted that the error casts serious doubt on the validity of current computer forecasts of global 
warming. Ballentine cites the NRC report, but omits reporting that fact. ”



The Christy work is out of date. The most recent model work (Santer et al. in the Feb. 18, 2000 
issue of Science) shows that current state-of-the-art models are producing simulations that are 
quite close to the observed trends at the surface and in the atmosphere. However, some 
differences still remain. With such a short time series (2 decades), however, it is impossible to 
uniquely attribute the remaining differences to significant errors in the models. Finally, while 
the NRC report does discuss uncertainties in the models, it never says that their results cast 
overall doubt on the validity of current computer forecasts. This is a misrepresentation of the 
NRC report.

Response: “7/ is seriously misleading to report the temperature of "the planet" w’hile 
disregarding the spatial distribution of observed warming. ... by far, the largest proportion of 
surface temperature warming is taking place in the coldest winter air masses of Siberia and 
northwestern North America. Northern Hemisphere cold-season warming outside these regions 
average one-tenth of what is being observed within them. ”

During the 20th century, the world as a whole has warmed, as has virtually the entire U.S. While 
it is true that the heating has not been uniform, it is incorrect and a twisting of the facts to imply 
that the increase in temperatures is concentrated in a few areas and that it is unimportant 
elsewhere. —

Response: ''Vital Statistics of the United States shows that winter weather mortality exceeds that 
of summer M’eather mortality by a factor offour. Therefore, M’arming the coldest air of winter, 
when accompanied by little summer warming (as has been observed) reduces overall w’eather- 
related deaths. Warming the coldest air of winter should also lengthen the high-latitude growing 
season.'"

First, it is important to realize that even though the warming has been and will continue to be less 
severe in summertime, it is the summertime heat index, which combines the effects of heat and 
humidity into an effective temperature, that is important. That quantity has risen significantly 
and is projected to rise anywhere from 5 to 15oF over the next century.

More generally, there clearly are some positive effects of global warming. Less winter weather 
mortality is plausibly one such effect. However, there are also negative effects (which the IPCC 
reports clearly delineate-diseases shifts, exacerbation of air pollution, etc). Considering just the 
positive effects does not give an accurate or complete picture of the impact of climate change.

Response: "In almost every year that surface temperatures have w^armed, global food production 
has risen. These increased crop yields result from improved technology, benign weather, and 
the same carbon dioxide that makes the coldest air of winter less deadly. ... as surface 
temperatures have warmed, the world has witnessed the greatest democratization of wealth and 
expansion of longevity in human history ...”

Note that the authors of Virtual Climate Alert are now arguing that warming is causing 
substantial benefits, which contradicts their earlier assertion that no significant warming has 
occurred. Yes, the state of the world has improved greatly over the last century, and the



temperature of the Earth has increased. But to argue that these are related and will continue to 
both be true as the planet warms at rates faster than in the last 10,000 years seems without basis.



Draft Memorandum for the President
From: Neal Lane
Re: New climate science reports
In the past week, four new scientific articles that deal with important aspects of global 
warming have been released. Unfortunately, the press coverage {Washington Post, 
Philadelphia Inquirer, AP, etc.) of these articles did not clearly articulated how these 
articles bolster the evidence for climate change, but instead presented a confusing and 
mixed message to the public.

The first article (“Temperature trends over the past five centuries reconstructed from 
borehole temperatures” by Huang et al. in last week’s Nature) described measurements of 
temperature at various depths below the Earth’s surface and inferred from this that the 
surface temperatures of the late 20th century are without precedent in the last 
500 years. Further, the warming in the period before 1800 was minor compared 
to the warming afterwards. This analysis is an important verification that the 
Earth is indeed warming, and that this warming has accelerated in the past 
several decades. Unfortunately, the press coverage in the Washington Post 
focused on minor differences between this temperature record and those 
obtained using other methods. Some quantitative differences between these 
records do indeed exist, but these differences in no way invalidate or cast doubt 
on the reality of the warming of the Earth’s surface.

The next two articles (“Interpreting differential temperature trends at the surface and in 
the lower troposphere” by Santer et al. and “Multidecadal changes in the vertical 
temperature structure of the tropical troposphere” by Gaffen et al., both in last week's 
Science) addressed differences between the trend of the temperature of the lower 
atmosphere measured remotely by satellites and the trend of the surface temperature 
measured directly by thermometers at the surface over the last 20 years. Climate skeptics 
have used these differences to cast doubt on the surface trends that show warming and on 
the veracity of computer models that are used to predict the climate. The Santer et al. 
article showed that state-of-the-art models come close to reproducing the difference in the 
trends, although some difference still remains. This analysis strongly supports and 
extends the conclusion of the National Research Council’s (NRC) recent report on these 
temperature trends. The NRC report made a strong statement that the Earth’s surface is 
indeed warming, that the difference in the trends was not evidence to the contrary, and 
that at least part of the difference in the trends was real. The Gaffen et al. performs 
additional analyses on temperatures from weather balloons to further bolster the NRC’s 
conclusions that the surface and atmospheric temperature trends are different but not 
incompatible.

A fourth article (“The record breaking global temperatures of 1997 and 1998: 
Evidence for an increase in the rate of global warming?” by Kar/et al., appearing 
March 1 in Geophysical Research Letters) is a statistical analysis that indicates 
that the spectacularly hot years of 1997 and 1998 may mark a change point at 
which the Earth’s surface began to heat up faster than it had in previous



decades. While there is still uncertainty as to whether there was an acceleration of the 
warming rate in the last several years over that seen in the last several decades, this 
article presents strong evidence that the Earth’s surface is warming at a 
significant rate. The press coverage did not emphasize this latter point, but 
instead talked about the uncertainty of whether the rate of increase had actually 
accelerated.

Finally, an article in the Philadelphia Inquirer based on a press conference at the recent 
American Association for the Advancement of Science meeting discussed the upcoming 
National Assessment of Climate Change. Many points in the article were correct, but 
there was also an alarmist message that there is nothing we can do to stop climate change. 
While it is true that climate change cannot be stopped, the article should have stressed 
that there are many things that can be done to ameliorate the effects, slow the rate of 
change, and lessen the absolute magnitude of the effects. Additionally, the article 
misquoted Michael MacCracken as saying that the US “must reduce its use of fossil 
fuels.”



Record Type: Record

To: Roger S. Ballentine/WHO/EOP@EOP

cc: Andrew E. Dessler/OSTP/EOP@EOP
Subject: ballentine reply

Here's a first draft at a response to your "quotes" and the allegations of incorrectness! See what you 
think. Andy is our new addition-a first rate atmospheric scientist.
------------------------ Forwarded by Rosina M. Bierbaum/OSTP/EOP on 02/24/2000 09:02 PM-------------------------------

Record Type: Record

To:

cc:

Rosina M. Bierbaum/OSTP/EOP@EOP

Subject: ballentine reply

Response to “Virtual Climate Alert” commentary on Ballentine letter

Ballentine: global warming is ... occurring more rapidly than previously thought. ’’
“Virtual Climate” Response: “There is not one paper in the refereed scientific literature within 
the past six months that says warming is occurring at a faster rate than predicted. ”

The recent NRC report, which was extensively peer-reviewed, clearly states that the rate of 
global warming in the last 20 years is substantially greater than the average rate during the 
20th century.

Ballentine: “Reports ... found that since 1976 the planet has been warming at a rate of 0.35 
deg. Fper decade. ’’
Response: “Integrated over the troposphere ... the planetary warming since 1976 has been a 
mere 0.07 deg F... ”

Both numbers are right because they’re referring to different quantities. It is the temperature 
increase at the surface of the Earth (where people and plants live), however, that is of far more 
concern to us than the warming integrated over the bottom 6-7 km of the atmosphere. 
Therefore, Ballentine’s figure is more relevant for this debate.

Response: “According to NASA scientist John Christy, writing in Nature magazine, the 
originally forecast tropospheric warming rate[in models] was around 0.7 deg F per decade. 
That’s ten times what has been observed. ... And a new report by the ... [NRC] recently 
(finally) admitted that the error casts serious doubt on the validity of current computer 

forecasts of global warming. Ballentine cites the NRC report, but omits reporting that fact. ”



The Christy work is out of date. The most recent model work (Santer et al. in the Feb. 18, 
2000 issue of Science) shows that current state-of-the-art models are producing simulations that 
are quite close to the observed trends at the surface and in the atmosphere. However, some 
differences still remain. With such a short time series (2 decades), however, it is impossible 
to uniquely attribute the remaining differences to significant errors in the models. Finally, 
while the NRC report does discuss uncertainties in the models, it never says that their results 
cast overall doubt on the validity of current computer forecasts. This is a gross 
misrepresentation of their work.

Response: “It is seriously misleading to report the temperature of “theplanet" while 
disregarding the spatial distribution of observed warming. ...by far, the largest proportion of 
surface temperature warming is taking place in the coldest winter air masses of Siberia and 
northwestern North America. Northern Hemisphere cold-season warming outside these 
regions average one-tenth of what is being observed within them. ’’

During the 20th century, virtually the entire US has warmed. While it is true that the heating 
has not been uniform, it is incorrect and a twisting of the facts to imply that the increase in 
temperatures is concentrated in a few areas and that it is unimportant elsewhere.

Response: “Vital Statistics of the United States shows that winter weather mortality exceeds 
that of summer weather mortality by a factor of four. Therefore, warming the coldest air of 
winter, when accompanied by little summer warming (as has been observed) reduces overall 
weather-related deaths. Warming the coldest air of winter should also lengthen the 
high-latitude growing season."

First, it is important to realize that even though the warming has been and will continue to be 
less severe in summertime, it is the summertime heat index, which combines the effects of heat 
and humidity into an effective temperature, that is important. That quantity has risen 
significantly and is projected to rise anywhere from 5 to 15oF over the next century.

More generally, there clearly are positive effects of global warming. Less winter weather 
mortality is undeniably a positive effect. However, there are also negative effects (which the 
IPCC clearly delineate—diseases shifts, exacerbation of air pollution, etc). Considering just 
the positive effects does not give an accurate or complete picture of the impact of climate 
change.

Response: “In almost every year that surface temperatures have warmed, global food 
production has risen. These increased crop yields result from improved technology, benign 
weather, and the same carbon dioxide that makes the coldest air of winter less deadly. ...as 
surface temperatures have warmed, the world has witnessed the greatest democratization of 
wealth and expansion of longevity in human history ..."

The logical flaws in this argument are too numerous to mention. The two most significant are: 
1) that the warming of the Earth over the past century (which at the beginning of their memo
the authors argue didn’t happen) has been responsible for the vast improvement in life on



Earth over the last century, and 2) that further warming will lead to further improvements!

It is important to remember that just because two things are correlated does not mean there is a 
causal relation. The state of the world has improved greatly over the last century, and the 
temperature of the Earth has increased. But to argue (without evidence) that these are related 
is ridiculous. Most of the improvements in world are the result of technological innovation, 
not the warming of the planet. This argument is a red herring.
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VIRTUAL CLIMATE ALERT

February 22, 2000 Vol. 1, No. 11

Since its inception on January 4th, Virtual Climate Alert 
has been tracking and responding in real time to public 
distortions of the global climate change issue. A letter 
from President Clinton’s Deputy Assistant for 
Environmental Initiatives, Roger S. Ballentine, clearly 
falls into this category. Ballentine sent his letter to the 
Congressional Leadership, selected utility executives, 
and who knows whom else with the salutation "Dear 
Interested Party."

Ballentine’s letter and its attached "Climate Update" are 
misleading or inaccurate at several junctures. We detail 
them, below.

Ballentine"You may have noticed the steady stream of new 
scientific studies suggesting that global warming 
is ... occurring more rapidly than previously 
thought."

Fact There is not one paper in the refereed scientific 
literature within the past six months that says warming is 
occurring at a faster rate than predicted - and we 
challenge Ballentine to produce such a refereed paper.

Rather, the balance of scientific evidence (according to 
the United Nations Intergovernmental Panel on Climate 
Change) is to the contrary. In its last comprehensive 
report, the United Nations stated, "When increases in 
greenhouse gases only are taken into account, most 
[climate prediction models] produce a greater mean 
warming than has been observed." In other words, the 
computer models that served as the basis for the initial 
concern predicted too much warming.

Ballentine "Reports by...the National Climatic Data Center 
... found that since 1976 the planet has been 
warming at a rate of 0.35 degrees Fahrenheit per 
decade." (Note; He re-emphasizes this claim in 
the appended "Climate Update.")

Fact Integrated over the troposphere - the earth’s 
active weather zone - the planetary warming since 1976 
has been a mere 0.07°F (seven hundredths of a degree)
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per decade, or far beneath the natural variation or 
"noise" in this overall region. According to NASA 
scientist John Christy, writing in Nature magazine, the 
originally forecast tropospheric warming rate was around 
0.7°F (seven tenths or more than half a degree) per 
decade. That’s ten times what has been observed.

Because, in the IPCC’s words, those models "produce[d] 
a greater mean warming than has been observed," the 
integrated tropospheric warming forecast by 1997 was 
lowered to 0.4°F (four tenths or less than half a degree) 
per decade - still an egregious error. And a new report 
by the National Research Council recently (finally) 
admitted that the error casts serious doubt on the 
validity of current computer forecasts of global warming. 
Ballentine cites the NRC report but omits reporting that 
fact.

More Facts It is seriously misleading to report the 
temperature of "the planet" while disregarding the spatial 
distribution of observed warming. Had Ballentine 
consulted the latest issue of the refereed journal Climate 
Research, he would have noted that, by far, the largest 
proportion of surface temperature warming is taking 
place in the coldest winter air masses of Siberia and 
northwestern North America. Northern Hemisphere 
cold-season warming outside these regions averages 
one-tenth of what is being observed within them.

Vital Statistics of the United States shows that winter 
weather mortality exceeds that of summer weather 
mortality by a factor of four. Therefore, warming the 
coldest air of winter, when accompanied by little summer 
warming (as has been observed) reduces overall 
weather-related deaths. Warming the coldest air of 
winter should also lengthen the high-latitude growing 
season. Satellite data document this change, as was 
published in Nature magazine, three years ago.

Still More Facts In almost every year that surface 
temperatures have warmed, global food production has 
risen. These increased crop yields result from improved 
technology, benign weather, and the same carbon 
dioxide that makes the coldest air of winter less deadly. 
Ballentine fails to mention this.

And, finally, as surface temperatures have warmed, the 
world has witnessed the greatest democratization of 
wealth and expansion of longevity in human history - 
something the White House and Ballentine should have 
noticed.

Ballentine'As the new year and the new millennium arrived, 
so did increasing recognition that global climate 
change will be among the most important 
environmental issues of the new century."
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Fact Just four days before Ballentine’s letter, President 
Clinton in his State of the Union Address called global 
warming "the greatest environmental challenge of the 
new century." Might it be that in the intervening days 
folks in the White House realized most Americans are 
doing quite well despite the Administration’s constant 
drumbeat of global warming gloom and doom and 
decided to move the issue down a few notches in the 
hierarchy of grave threats to life as we know it?

Greening Earth Society Virtual Climate Alerts are published 
periodically in response to news coverage of climate-change 
advocacy that seeks to portray weather events and hypothetical 
climate scenarios generated by computer-based climate models as 
"climate reality." Virtual Climate Alert draws upon the expertise of 
Greening Earth Society science advisors and is coordinated by New 
Hope Environmental Services of Charlottesville, Virginia.

VIRTUAL 
CLIMATE ALERT

REFERENCE
CENTER

WORLD CLIMATE 
REPORT ONLINE
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CORAL REEF BLEACHING

46. Pacific Ocean, Mexico - see below.
47. Pacific Ocean, Panama - see below.
48. American Somoa - see below.
49. Papua New Guinea - see below.
50. Philippines - see below.
51. Indian Ocean - see below.
52. Persian Gulf - see below.
53. Caribbean - see below.



54. Florida Keys, USA and Bahamas - see below.
55. Bermuda - see below.
56. Australia, Great Barrier Reef - see below.
57. Seychelles Islands - see below.
58. Galapagos - see below.

The information for all the coral reef bleaching hotspots comes from maps and text from each of 
the following four sources combined:
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warning of future change? Ambio 28, 188-196.

World Conservation Monitoring Centre, 1998. The 1998 Global Coral Bleaching Incident. 4 
December 1998.
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73. Antarctica - NSIDC, 1998. January 1995 Events in the Northern Larsen Ice Shelf and Their 
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A Variety of Activities for Using the Global Impacts Map
“Global Warming: Early Warning Signs”

The global impacts map was designed to have a long shelf life and to be useful in a variety 
of outreach situations. The most important point, of course, is that the map be used as a 
tool for educating the public and informing policymakers and opinion leaders that global 
warming is very real and action is needed immediately. This map brings it all home—no 
matter where in the world you might call “home.”

Below are suggested activities for use with the map, and a few tips to get you started.

• Use the map in a classroom, lecture, or other academic setting. This map is perfect for
use in a variety of disciplines—physical and life sciences, as well as social sciences such as 
geography and political science. It is most appropriate for college level courses but can be 
adapted to high school use. The backgrounder materials in the SSI packet are designed for 
a scientific audience, which you may find useful for college level courses. In addition,
UCS has prepared a set of “classroom activities” suitable for high school classes; some of 
these activities may be adaptable to higher grades. (To order the classroom activities, 
contact us at <sss@ucsusa.org>.)

• Display the map at your workplace. Heightened visibility for the climate change issue
is critical for increasing public awareness and concern about this global problem. By 
displaying this attractive, eye-catching map in a prominent place—outside your office or 
department door, on a departmental bulletin board, in the student or faculty lounge, in the 
lunchroom, or just on your office wall—you are sure to attract attention. Make sure your 
colleagues know you are willing to answer questions and engage in conversation with them 
about the issue.
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• Use the map as a visual to enhance a public presentation on the climate change
impacts issue. With the map as a visual prop and the backgrounder materials to supplement 
your knowledge of the issue, you are equipped to make public presentations. Look for 
opportunities to speak within your membership institutions—such as the environmental or 
social issues committees in your church or synagogue, or your neighborhood association. 
You might seek out the science teachers in your childrens’ schools and ask to make a brief 
presentation in their classrooms. You might also think about those groups or industries that 
are likely to be most affected by climate changes in your area—so-called “stakeholders”— 
who have a particular interest in understanding the climate issue. There may well be 
opportunities to speak to Rotary Clubs, business associations, or 
environmental/conservation groups. Finally, but not least, remember that Earth Day 2000 
is rapidly approaching, and many communities are planning large-scale events. This year’s 
theme is Clean Energy Solutions and Global Warming—the perfect place to make a global



impacts presentation. Check out the ED2K website at <http://www.earthday.net> to find 
activities for your area, or check out campus activities.

• Share the map with the media. In order to reach the general public, working with the 
media is key. Here are some different ways to get the impacts map to the right people.
• You could personally deliver a copy to a local environment or news reporter, giving you 
a chance to talk about the issue and its relevance locally. This would be especially effective 
if you have a working relationship with a reporter or you would like to establish one. *
You could write a letter-to-the-editor or prepare an opinion editorial (op ed). Monitor your 
local paper for climate-related news and send in your LTE (preferably) the day the story 
runs. You could mention the map as a good visual source of information. An op ed is a 
more time intensive project and usually requires some sort of “news hook” to be relevant. 
Especially if you have some climate impacts expertise, however, you could fashion on op 
ed and ask that the map be a visual to accompany your story. * You could personally 
deliver and/or send a copy to a local meteorologist, asking her or him to mention the issue 
on the air when appropriate. * You could participate in an editorial board meeting. This 
tactic is best done with a community delegation—^perhaps including a business person and 
religious leader. The delegation would impress upon the editors how serious an issue this is 
for your community, talk about local impacts, and discuss how adapting to and mitigating 
climate change can be good for your community.

• Share the map with your elected local, state and/or federal officials. Public officials 
at all levels of government need to be acting on and coordinating efforts to respond to the 
global threat of climate change. There is an appropriate role for all legislators, yet most 
public officials do not even have climate change on their radar screens—in part because 
they believe their constituents are unconcerned about the issue. By personally delivering a 
copy of the map to your mayor, state representatives, or federal congressional delegation, 
you begin the process of educating them on the issue while simultaneously communicating 
your serious concerns as a voting constituent. Establishing ongoing communication with 
these officials, and acting as a resource for them on the issue, would be a useful way to 
help ensure that policymaking is supported by sound science.

• Share the map with relevant local, regional, and/or state administrative agency 
officials. In addition to elected officials, administrative agencies are very important to the 
climate issue. Many of these agencies will need to deal with the day-to-day impacts of 
climate change in your area, and they should be factoring possible climate impacts into 
their planning now. Other agencies will be key to mitigating greenhouse gas emissions by 
promoting energy efficiency, renewable energy, and clean transportation technologies.
Visit your city or state’s regulatory bodies—such as planning commissions, resource 
agencies, environmental protection agencies, emergency or hazard management offices, 
etc, using the map as a “foot in the door” to meet about climate issues.

[For more detailed information on working with the media or elected officials, consult the 
SSI Members page on the UCS web site: www.ucsusa.org; bottom of the home page; user 
name-ssi; password-aristotle; click on media or legislators to get to the tool packet.]
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Hotspot Selection Criteria
The map is designed to stimulate interest in, and concern for, the impacts of global climate 
change on the environment and society. To ensure the integrity and usefulness of this 
product, the researchers/writers made every effort to conform to sound scientific principles 
in its research and categorization. The basic criterion for inclusion of an event or trend on 
the map was its consistency with global climate model projections of a world with 
increased levels of atmospheric greenhouse gases, as outlined in the Intergovernmental 
Panel on Climate Change Second Assessment Report (IPCC, 1996).

Clearly, all the processes and types of events on the map can and have occurred naturally 
in the past, some even during times not considered to be global warm periods. They 
represent complex phenomena that have multiple causal agents. Thus, while all of these are 
consistent with a warming climate, it is impossible to state for any single event that it is 
due to global warming. Part of the difficulty is that our scientific understanding of the 
connection between global climatic patterns and individual weather extremes is still 
incomplete. Another challenge lies in the fact that extremes—^by definition—are relatively 
rare events. This dearth of data on extremes hinders a definitive statistical detection of 
regularities and trends in their occurrences. Because it is so difficult to see changing 
fi^equency patterns in the time series of any one type of event, this map was produced to 
show the increasingly widespread geographic occurrence of climate-related hazards and 
trends.

We distinguish two basic kinds of hotspots on the map. The “fingerprints” of global 
warming—such as heat waves, rising seas, and the melting of mountain glaciers—are 
indicators of the global, long-term warming trend observed in the historical record. 
Fingerprints are what researchers seek to detect and then to confirm that climate change is 
indeed underway. By contrast, “harbingers”—such as exceptional droughts, fires, and 
downpours, the spread of disease-bearing insects or other carriers, and widespread 
bleaching of coral reefs—may be directly or partly due to the warmer climate, but it is 
impossible to say for sure. Harbingers are events that are consistent, given our current 
scientific theories and models, with the kinds of impacts projected to occur as global 
climate change proceeds.

The overall geographic distribution of the hotspots is skewed towards North America and 
Europe. This is primarily because these regions have more readily accessible climatic data 
and more comprehensive programs to monitor and study environmental change. There are, 
then, more published studies and reports, particularly in the United States and Europe, 
fi'om which to draw reliable data. The distribution of the events may also partly reflect the 
disproportionate warming observed over the mid- to high-latitude continents compared to 
other regions during the last century. Signals of climate change would be expected to show 
up first in areas with the greatest warming and in the most sensitive systems. This 
explanation, however, does not account for the lack of hotspots in places such as Russia, 
which has experienced significant warming over the last century (IPCC, 1998). Thus, the



distribution of points on “Global Warming: Early Warning Signs” should not be 
considered to be an all inclusive representation of the distribution of actual climate-related 
events. Some events and trends in more sparsely populated areas may not have been 
detected, or they may have been observed but not reported, or they may not have been 
reported in the literature sources (such as non-English journals) used to create the map.

More specific guidelines for selection were developed for each of the ten categories as 
described below.

FINGERPRINTS

Heat Waves and Periods of Unusually Warm Weather

Hotspots in this category illustrate notably warm periods or heat waves within the last few 
years. Candidate events were initially gathered from news reports and climate bulletins.
We then looked at National Climatic Data Center
(http://www.ncdc.noaa.gov/onlineprodygsod/climvis/gsod.html) and NASA/GISS 
(http://www.giss.nasa.gov/data/update/csci/) websites to obtain the actual temperature 
records for the city or region to: a) verify the occurrence of the heat wave or warm period; 
and b) place it in the context of the longer-term temperature record. We avoided using one- 
day records because of the inherent probability that a maximum temperature record could 
be broken on any given day due to internal climate variability. Only those events that were 
notable either in duration or geographic extent were included. Whenever possible, periods 
at least as long as a month (e.g., hottest March ever on record) were chosen. We also 
included only those locations that fall within a region that showed a warming trend over 
the last century, as reported in Annex A of the IPCC’s Regional Impacts of Climate 
Change (1998).

Sea-Level Rise and Coastal Inundation

The sea level rise (SLR) data were confirmed by published journal articles. We did not 
include places where there were tide gauge records of a rising sea level but no information 
about land inundation consequences (e.g., Buenos Aires, where the shoreline is 
raised/hardened and thus protected from inundation); places where there was evidence of 
land erosion but no SLR records (e.g., the island of Geneva and other Caribbean islands); 
and places where subsidence or other factors (e.g., changes in river sediment deposition) 
were clearly the dominating influence on land erosion (e.g.. New Orleans and Victoria, 
Egypt)- Although the inundation records for the South Pacific islands are based on 
anecdotal evidence from local residents, we included them because these accounts are 
often the best and only evidence available in these very vulnerable small island nations.

Glaciers Melting

The data come from published scientific articles or personal communication with 
researchers. In cases where individual glaciers are cited, we confirmed, based on available 
data, that the majority of glaciers in that region are in retreat. Many of the events were
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outlined in an unpublished transcript of the 1998 Walter B. Langbein Memorial Lecture at 
the 1998 spring meeting of the American Geophysical Union, generously provided by Dr. 
Mark Meier, University of Colorado.

Arctic and Antarctic Warming

This category includes events linked to the warming temperatures observed in parts of 
Alaska, Canada, Siberia, and Antarctica, as published in journal articles and technical 
reports. Information on the break-up of the Antarctica Peninsula ice shelves also comes 
from the National Snow and Ice Data Center (NSIDC) website. Dr. Ted Scambos at 
NSIDC confirmed that the disintegration events listed on the map were unusual given our 
current understanding of the mechanics of ice shelves. Very large icebergs calving off 
other Antarctic ice shelves (e.g., Ross) were not included because they are considered to be 
part of the “normal” calving process.

HARBINGERS

Spreading Disease

All of the spreading disease events came from articles by Dr. Paul Epstein, Center for 
Health and the Global Environment, Harvard Medical School. We also spoke with Dr. 
Epstein directly to confirm some of the wording and use of certain locations. The goal was 
to find high elevation areas where the vector-borne diseases had not previously been found. 
{Note: mosquitoes are limited to certain temperatures and therefore elevations.) The focus 
was on the spread of these diseases (or the mosquitoes that carry them) to highland areas 
and previously unexposed populations. We also confirmed that the areas chosen have 
shown a warming trend according to the data presented by IPCC. Although some of these 
estimates are based on limited numbers of weather stations probably not at high elevations, 
they do give some indication of the temperature trend in that region.

Earlier Spring Arrival; Plant and Animal Range Shifts

These events were confirmed by published journal articles or personal communications 
with the researchers. Sites for which we could not find confirmation from a source other 
than a newspaper were not included. A clear documentation of a direct or indirect link to 
climate change—such as an increase in temperature or change in precipitation—was 
necessary for final inclusion.

Coral Reef Bleaching

We used NOAA press releases and information from their coral bleaching website to 
compile a list of areas that suffered bleaching episodes during the past year and a half, 
making sure that in every case they were associated with warm ocean temperatures. 
Although human activities such as pollution strongly influence bleaching, we did not 
attempt to separate out the relative effects of humans for different regions. Instead, we 
clearly state the impacts of humans on reefs in our category description.



Downpours, Heavy Snowfalls, and Floods

Events in this category are consistent with the projections for a more intense hydrologic 
cycle as outlined by the IPCC (1996), including more winter precipitation at mid to high 
latitudes and a greater portion of precipitation from heavy downpours. They are considered 
examples of events that would become more frequent and/or more widespread with 
continued global warming. For the rainfall events we confirmed that the region has been 
experiencing either an increase in heavy precipitation or an increase in annual 
precipitation, using journal articles or Annex A of the IPCC Regional Impacts report 
(IPCC, 1998). For flooding, we did not include events for which other factors (e.g., land 
clearing or wetland filling) were clearly major contributors, such as the summer 1998 
flooding in the Yangtze Valley in China.

Droughts and Fires

Droughts and fires highlighted on the map are examples of events that are likely to become 
more frequent and widespread with global warming. Although the projections for rainfall 
vary considerably by region, droughts are expected to be longer-lasting and more severe 
because of higher temperatures and increased evaporation, even without a decrease in 
precipitation. Wildfires are also likely to become more frequent due to the combination of 
higher temperatures and decreased soil moisture in some areas, although other factors such 
as the availability of fuel and frequency of igniting events will also play a role. We only 
included on the map those wildfires that were associated with severe drought conditions, 
and it is clearly stated in the category description that human activities can trigger the start 
of fires.
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Heat Waves and Periods of Unusually Warm Weather

Worldwide temperature measurements, corrected for instrumental and measurement errors 
that result from such factors as changing instmments or urbanization, indicate that global 
mean annual surface temperatures have increased about 0.3 to 0.6°C during the last 150 
years (Nicholls et al., 1996). Since 1975, the increase of the 5-year mean temperature is 
about 0.5°C—a rate that is faster than for any previous period of equal length in the 
instrumental record (NASA, 1999). Global surface temperatures in 1998 were the warmest 
since reliable instrumental measurements began, and seven of the ten warmest years 
occurred in the 1990s. Temperature reconstructions using proxy climate records—such as 
tree rings, fossil pollen, corals and ice cores—and borehole measurements indicate that the 
20“’ century warming is unusual relative to the last 400 to 600 years (e.g., Mann et al., 
1998, Overpeck et al., 1997; Pollack et al., 1998).

The observed magnitude and patterns of temperature change during the last century 
correspond well with model predictions when greenhouse gas, solar, and aerosol forcings 
are considered together (Wigley, 1999). Most of the recent warming has been in winter 
over the high mid-latitudes of the Northern Hemisphere continents, between 40 and 70°N 
(Nicholls et al., 1996). There has also been a general trend toward reduced diurnal 
temperature range, mostly because nights have warmed more than days. Since 1950, 
minimum temperatures on land have increased about twice as fast as maximum 
temperatures (Easterling et al., 1997). This may be attributable in part to increasing 
cloudiness, which reduces daytime warming by reflection of sunlight and retards the 
nighttime loss of heat (Karl et al., 1997). Increased soil moisture also reduces daytime 
warming because part of the solar energy is used to evaporate the excess moisture.

Climate model simulations predict an increase in average surface air temperature of about 
2.5°C by the year 2100 (Kattenberg et al., 1996). A warming of global mean temperature 
will result in an increase in the frequency of warm temperature extremes at all time scales 
(e.g., days, seasons, and years). Regionally and locally, a small upward shift in mean 
temperature can cause relatively large increases in the number of extremely hot days, 
increasing the likelihood of “killer” heat waves during the warm season (Karl et al., 1997). 
In temperate climates, for example, the number of very hot days would approximately 
double for an increase of 2 to 3°C in average summer temperatures (Kattenberg et al., 
1996). A recent analysis suggests that the number of days per year that temperature 
thresholds for mortality are surpassed has increased significantly over the last half-century 
for some US cities (Gaffen and Ross, 1998).

Increased heat waves due to climate change would cause more heat-related illness and 
death. It is still unclear whether the excess mortality will be offset by a decrease in deaths 
due to extreme cold (McMichael, 1996). Deaths due to hot weather are predominantly 
associated with preexisting cardiovascular and respiratory disorders, with the elderly, very



young, and ill being disproportionately affected (McMichael, 1996). The degree of 
acclimatization (biological adaptation) of the population is important, as is the quality of 
housing and exposure to urban heat island effects. In 1995, nearly 500 people died during a 
severe heat wave in Chicago. Most were poor, elderly residents in homes or apartments 
without air conditioning. The unusally warm nights—during which the nighttime heat 
index (a measure that includes humidity) failed to drop below 89°F (32°C) for two days 
(Karl and Knight, 1997)—contributed to the high mortality. Continued urbanization and 
other socioeconomic trends can further increase the number of vulnerable persons.
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Additional Resources

NASA GISS Common Sense Climate Index - The “Common Sense Climate Index” is a 
measure of whether an area has experienced a temperature change that should be 
noticeable to most people who have lived at that location for a few decades. GISS 
maintains a web site with clickable maps that can be used to display the Common Sense 
Index for United States and world cities. 
http;//www.giss.nasa.gov/data/update/csci/

NCDC Extreme Weather and Climate Events - This website is a gateway to climatic data 
and reports on extreme weather events throughout the United States and the world. 
http://www.ncdc.noaa.gov/ol/climate/severeweather/severeweather.html

National Weather Serviee Heat Stress Information - Describes the “heat index” and heat 
stress, and provides links to forecasts and further information about heat waves. 
http://weather.noaa.gov/weather/hwave.html

“What Does Global Warming Mean for Your City?” A clickable map showing the 
potential increases in the number of hot days in selected US cities, based on an analysis 
using IPCC warming scenarios by NASA and Columbia University scientists. 
http://www.edf org/programs/GRAP/90Plus/
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Spreading Disease
Climate change affects the occurrence and spread of disease by impacting the population 
size and range of hosts and pathogens, the length of the transmission season, and the 
timing and intensity of outbreaks (McMichael, 1996; McMichael et al., 1996; Epstein et 
al., 1998; Epstein, 1999). In general, warmer temperatures and greater moisture will favor 
extensions of the geographical range and season for vector organisms—such as insects, 
rodents, and snails. This in turn leads to an expansion of the zone of potential transmission 
for many vector-borne diseases, among them malaria, dengue fever, yellow fever, and 
some forms of viral encephalitis. Extreme weather events such as heavy rainfall or 
droughts often trigger disease outbreaks, especially in poorer regions where treatment and 
prevention measures may be inadequate.

Mosquitoes in particular are highly sensitive to temperature. The mosquitoes that can carry 
malaria {Anopheline spp.) generally do not develop or breed below about 16°C, and the 
variety that transmits dengue fever (Aedes aegypti) is limited by winter temperatures below 
10°C. Mosquito survival also drops at their upper temperature threshold, about 40°C. With 
sufficient moisture, warmer temperatures will generally cause an increase in mosquito 
abundance, biting rates, and activity level, and will accelerate the incubation of the 
parasites and viruses within them.

Warmer global temperatures will allow an expansion of the geographic range within which 
both the mosquito and parasite could survive with sufficient abundance for sustained 
transmission. Model predictions indicate that a 3°C global temperature rise by 2100 could 
increase the number of annual malaria cases by 50-80 million (not considering factors such 
as local control measures or health services) (Martens et al., 1995). The largest changes 
will occur in areas adjacent to current risk areas, at both higher altitudes and latitudes. In 
these regions, a temperature increase can convert areas that are malaria-fi-ee into areas that 
experience seasonal epidemics. In many cases, the affected populations will have little or 
no immunity, so that epidemics could be characterized by high levels of sickness and 
death.

Recent disease outbreaks are consistent with model projections that warmer, wetter 
conditions will lead to greater transmission potential at higher altitudes and elevations. 
Mosquito-bome diseases are now reported at higher elevations than in the past at sites in 
Asia, Central Africa, and Latin America (Epstein et al., 1998). This is coincident with 
growing evidence for significant warming at high altitude sites in tropical latitudes, as 
indicated for example by retreating glaciers (e.g., Fitzharris, 1996) and a 150 meter upward 
shift in the elevation of the freezing level (0°C isotherm) (Diaz and Graham, 1996). In 
New York City, an encephalitis outbreak in summer 1999 claimed three lives and 
prompted widespread pesticide spraying. The Centers for Disease Control have identified 
the West Nile virus as being responsible for this outbreak, a virus transmitted by



mosquitoes that feed on infected birds (CDC, 1999a). The disease, which had not been 
previously documented in the Western Hemisphere, occurs primarily in the late summer or 
early fall in temperate regions, but can occur year round in milder climates (CDC, 1999b).

Diseases carried by rodents and other mammals may also be impacted by climate change. 
A recent study found a 60% rise in human plague cases in New Mexico following wetter 
than average winter-spring time periods (October-May) (Parmenter et al., 1999). Plague 
has only been in New Mexico since the 1940s, but a large increase in per capita cases 
occurred in the 1970s and 1980s associated with the wetter than normal conditions. The 
increased precipitation apparently enhances food resources for small mammals that serve 
as hosts for the infected fleas. The moister climate may also promote flea survival and 
reproduction. The study notes that if future climate conditions become more favorable for 
reproduction and survival of either wild mammal populations or their flea populations, 
then the probability of human infection via animal-flea-human contacts will likely 
increase.

Climate change also has the potential to impact diseases of plants and animals, and could 
lead to significant population declines or even extinction for some threatened or 
endangered species. Climate change has been implicated, for example, in the spread and 
emergence of marine diseases. This happens for a number of reasons—because the ranges 
of hosts and pathogens may change, because warming-induced stress may lower disease 
resistance, and because microbial and contaminant input from terrestrial sources may 
increase due to runoff from heavy rainfall events (Harvell et al., 1999). Higher sea surface 
temperatures, for example, increase the stress on corals (see Coral Bleaching), increasing 
susceptibility to infection. Similarly, a 25-year trend of warming winter temperatures along 
the eastern US coast has been implicated in the northward expansion of oyster diseases 
(Harvell et al., 1999). Forests and agricultural crops are also susceptible to the spread of 
pathogens, especially following extended droughts and floods. The disproportionate 
warming at night and during the winter (Easterling et al., 1997) may allow destructive 
insects and pathogens to invade forests at higher latitudes and elevations from which they 
are now excluded (Kirschbaum and Fischlin, 1996).
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Division of Vector-Bome Infectious Diseases, National Center for Infectious Diseases - 
This site provides fact sheets, images, and world maps showing the distribution of several 
types of vector-home diseases. 
http;//www.cdc.gov/ncidod/dvbid/dvbid.htm
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Earlier Spring Arrival
The rise in mean global surface temperature during the last century has been characterized 
by a faster increase in minimum temperatures compared to maximum temperatures 
(Easterling et al, 1997). Both the overall warming and the disproportionate increase in 
minimum temperatures have contributed to a lengthening of the warm (growing) season, 
especially in mid- to-high latitudes. Many plants and animals respond to a longer growing 
season by changing the timing of activities associated with the arrival of spring and onset 
of autumn—such as flowering, leaf fall, breeding, and migration. There is growing 
evidence from sites in Europe and North America that such changes are occurring now.

Regional analyses show a trend toward earlier ice break-up and snow melting in spring that 
is consistent with the enhanced warming observed at higher latitudes (Nicholls et al.,
1996). In tundra and boreal lands, river ice break-up dates are at least a week earlier 
compared to the last century (Fitzharris, 1996). Spring snow cover in the Northern 
Hemisphere declined significantly from 1988 to 1994 relative to the other seasons, 
coincident with a strong spring warming (Groisman et al., 1994). In the northeastern 
United States, the frost-free season now begins an average of 11 days earlier than in the 
1950s (Karl et al., 1997). With continued global warming, many rivers in temperate 
regions may become ice-free or develop only intermittent or partial ice cover; in colder 
regions, the present ice season could be shortened by up to a month by 2050 (Fitzharris, 
1996).

The life cycles of most plants and animals are critically tied to seasonal changes in 
temperature, precipitation, and light. The timing of bird migration and breeding is sensitive 
to changes in temperature, and global warming would be expected to lead to an earlier 
onset of those activities in the spring. Statistically significant trends toward earlier bird 
egg-laying and nesting have been reported for sites in Europe (Crick and Sparks, 1999; 
Crick et al., 1997) and the southern United States (Brown et al, 1999). The earlier nesting 
in Europe is attributed in part to earlier plant growth, which in turn causes earlier 
availability of the insects the birds feed upon (Crick et al., 1997). A trend toward earlier 
spring migration has also been observed for birds arriving in Michigan (Root, 1993).

Changes in European plants are consistent with the observations for birds. A recent study 
of European spring and autumn plant phases indicates that on average, spring events 
advanced by about six days and autunm events were delayed by about five days over the 
period from 1959 to 1993 (Menzel and Fabian, 1999). The long-term consequences of 
these changes are uncertain. The changing climate may impair the extent to which an 
animal’s life cycle is synchronized with its food supply. Birds, for example, can adjust to 
warmer temperatures by flying to more northern areas in any given year, but the vegetation 
upon which they (or their prey) rely may take decades or longer to adjust (see Root, 1997).



A shorter duration of ice cover due to an earlier spring has the potential to affect the 
productivity, life history, and reproduction of aquatic organisms. Earlier break-up (and 
later ffeeze-up) of sea ice in the Arctic shortens the time available for feeding and rearing 
of certain marine mammals and may change the health or size of a population. A new 
study of polar bears in Hudson Bay indicates that because of earlier melting, the bears now 
have less time to hunt on the sea ice and must return to shore before they have adequately 
replenished their fat by feeding on seal pups (Stirling et al., 1999). Ice break-up in western 
Hudson Bay now occurs an average of three weeks earlier compared to the mid-1970s.

In temperate regions, reduced ice cover on rivers and lakes leads to increased turbulence 
and mixing of sediments, which can disturb incubating eggs of certain fish species (Amell 
et al., 1996). On the other hand, an earlier spring ice-out lengthens the growing season of 
aquatic systems, and thus can increase the survival rate of young fish during the following 
winter. Because light attenuation by overlying ice is a major limiting factor for certain 
species, the shorter duration of ice cover also may alter the competitive balance of species 
in some systems (Amell et al., 1996).

References

Amell, N, B. Bates, H. Lang, J.J. Magnuson, P. Mulholland, 1996. Hydrology and 
freshwater ecology. In Climate Change 1995 - Impacts, Adaptations, and Mitigation of 
Climate Change: Scientific-Technical Analyses, 325-363 (Eds RT Watson, MC Zinyowera, 
RH Moss), Cambridge University Press, Cambridge, UK.

Brown, J.L., S. Li, and N. Bhagabati, 1999. Long-term trend toward earlier breeding in an 
American bird: a response to global warming? Proceedings of the National Academy of 
Sciences 96, 5565-5569.

Crick, H.Q.P. and T.H. Sparks, 1999. Climate change related to egg-laying trends. Nature 
399, 423-424.

Crick, H.Q.P., C. Dudley, D.E. Glue, and D.L. Thomson, 1997. UK birds are laying eggs 
earlier. Nature 388, 526.

Easterling, D.R., B. Horton, P.D. Jones, T.C. Peterson, T.R. Karl, D.E. Parker, M.J. 
Salinger, V. Razuvayev, N. Plummer, P. Jamason, C.K. Folland, 1997. Maximum and 
minimum temperature trends for the globe. Science 111, 364-367.

Fitzharris, B.B., 1996. The cryosphere: changes and their impacts. In Climate Change 1995 
- Impacts, Adaptations, and Mitigation of Climate Change: Scientific-Technical Analyses, 
241-265 (Eds RT Watson, MC Zinyowera, RH Moss), Cambridge University Press, 
Cambridge, UK.

Groisman, P. Ya, T.R. Karl, R.W. Knight, and G.L. Stenchikov, 1994. Changes of snow 
cover, temperature, and the radiative heat balance over the Northern Hemisphere, Journal 
of Climate 1, 1633-1656.



Earlier Spring
Arrivai

Karl, T.R., N. Nicholls, and J. Gregory, 1997. The coming climate. Scientific American, 
78-83.

Menzel, A. and P. Fabian, 1999. Growing season extended in Europe, Nature 397, 659.

Nicholls, N., G. V. Gruza, J. Jouzel, T. R. Karl, L. A. Ogallo, and D. E. Parker, 1996. 
Observed climate variability and change. In Climate Change 1995: The Science of Climate 
Change, 133-192, (Eds J. T. Houghton, L. G. M. Filho, B. A. Callander, N. Harris, A. 
Kattenberg, and K. Maskell), Cambridge University Press, Cambridge, UK.

Root, T.L., 1993. Effects of global climate change on North American birds and their 
communities. In Biotic Interactions and Global Change., (Eds P.M. Kareiva, J.G. 
Kingsolver, and R.B. Huey), Sinauer Associates, Sunderland, MA.

Root, T.L., 1997. How to approach assessing climate impacts on animals. In Elements of 
Change 1996 (Eds S.J. Hassol and J. Katzenberger). Aspen Global Change Institute, 
Aspen, Colorado.
http;//vww.gcrio.org/ASPEN/science/eoc96/AGCIEOC96General/AGCIEOC96Cover.ht 
ml

Stirling, I. et al., 1999. Long term trends in the population ecology of polar bears in 
Western Hudson Bay in relation to climatic change, Arctic 53 (3), 292-306.



Global Warming: tarly Warning Signs
www.ucsusa.org / www.climatehotmap.org

Plant and
Animal

Range Shifts
and

Population
Declines

Union of 
Concerned 
Scientists/ 

Sound Science 
Initiative

2 Brattle Square 
Cambridge, AAA 

02238-9105

Phone
617/547-5552

Fax
617/864-9405

Plant and Animal Range Shifts and Population Declines
The geographic ranges of most plant and animal species are limited by climatic factors, 
including temperature, precipitation, soil moisture, humidity, and wind. Any shift in the 
magnitude or variability of these factors in a given location will impact the organisms 
living there. Species sensitive to temperature may respond to a warmer climate by moving 
to cooler locations at higher latitudes or elevations. Although the response to warming is 
generally understood, it is difficult to predict how concurrent changes in other climatic 
factors also affect species’ distributions. Despite the uncertainties, ecological models 
predict that the distribution of world biomes will shift as a result of the climate changes 
associated with increased greenhouse gases (IPCC, 1998). The distribution and size of the 
populations of plants and animals within those biomes will also change, with potential 
consequences for the functioning of ecosystems and for humans who are dependent on 
many ecosystem goods and services.

Global biome models have been used to evaluate the changes in vegetation distribution 
likely to occur with a changing climate. The models generally predict a poleward shift of 
the northern hemisphere taiga, boreal conifer, and temperate mixed forests belts (IPCC, 
1998, Appendix C). One limitation of the global models is that the output represents a 
vegetation distribution that is in equilibrium with climate, a condition that is unlikely to 
occur in the next century. The spread of tree species involves several factors, including 
dispersal, regeneration on a suitable site, maturation, and seed production. If climate 
changes faster than trees can disperse to new, more suitable areas, the composition of the 
forest may change and the survival of some species could be at risk. Global-scale models 
are also inadequate to evaluate the indirect effects of climate, such as disturbances from 
pests, disease, fire, flooding, and wind damage.

Many animals are able to respond to climate at a faster rate than plants. For those animals 
that do not migrate, a distribution change in response to a warming trend would occur at 
the population level as a result of changes in the ratios of extinctions to colonizations at the 
northern and southern boundaries of the range. A northward range shift would thus be 
reflected in either a net extinction at the southern boundary or a net colonization at the 
northern boundary. Range shifts in areas with regional warming trends have been reported 
in alpine plants (Grabherr et al., 1994), butterflies (Parmesan, 1996; Parmesan et al., 1999), 
birds (Thomas and Lennon, 1999), marine invertebrates (Barry et al., 1995), and 
mosquitoes (Epstein et al, 1998). Two of those studies (Thomas and Lennon, 1999; 
Parmesan et al., 1999) evaluated changes at both southern and northern margins. In a 
sample of 35 European non-migratory butterfly species, 63% had ranges that shifted to the 
north by 35-240 km during the past century, and only 3% shifted to the south (Parmesan et 
al., 1999). The range shift parallels a 0.8°C warming over Europe during the last century, 
which has shifted the climatic isotherms northwards by an average of 120 km (Beniston et 
al., 1998).



Factors other than climate may limit the extent to which organisms can shift their ranges. 
Physical barriers such as mountain ranges or extensive human settlement may prevent 
some species from shifting to more suitable habitat. In the case of isolated mountain top 
species, there may be no new habitat at higher elevation to colonize. Even in cases where 
no barriers are present, other limiting factors such as nutrient or food availability, soil type, 
and the presence of adequate breeding sites may prevent a range shift. Although tree line 
will probably increase in elevation as climate warms, for example, soils at higher 
elevations are often thin and of poor quality and could be inadequate to sustain species 
fi'om lower elevation sites. In coastal areas, the loss of wetlands and beaches due to sea 
level rise could destroy sites used by turtles, birds, and marine mammals for breeding and 
raising young. It should be noted that given all these potential difficulties, it is encouraging 
that a few species have apparently been able to shift their ranges in response to climate, as 
described in the studies listed above. However, the long-term impacts of these shifts on the 
populations and species as a whole, and the extent to which other species can adapt to 
changing climate, are difficult to assess at this time.
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Additional Resources

EPA Plant and Animal Impacts Bibliography - This site offers an extensive listing of 
scientific articles about the impacts of climate change on wildlife. 
http;//www.epa.gov/globalwarming/impacts/imp_blio.html

World Wildlife Fund Climate Change Campaign - This site is a gateway to several WWF 
online reports on the impacts of climate change on wildlife and protected areas. 
http://www.panda.org/climate/impact.shtml
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Sea-Level Rise and Coastal Flooding
Worldwide measurements from tidal gauges indicate that global mean sea level has risen 
between 10 and 25 cm (18 cm average) during the last 100 years (Warrick et al., 1996). 
This rate is greater than the average of the last few thousand years estimated from 
geological and archaeological records; the timing of the onset of this acceleration, 
however, is uncertain (Gomitz, 1995; Warrick et al., 1996). There is no evidence for an 
acceleration of sea-level rise during this century, nor would any necessarily be expected 
from the observed climate change to date (Warrick et al., 1996). The IPCC Second 
Assessment Report estimated a sea-level rise for the next 100 years of about 49 cm, with a 
range of uncertainty of 20-86 cm. New emissions scenarios being prepared for an IPCC 
Special Report have much lower sulfur dioxide levels, which have a cooling effect via the 
production of sulfate aerosols. Thus, preliminary projections of sea-level rise using the 
new emissions data are slightly higher (Wigley, 1999). In either scenario, the projected rate 
of sea-level rise is at least two to four times the rate of the last century.

A major source of uncertainty about sea-level rise is the future behavior of the Greenland 
and Antarctic ice sheets. For example, disintegration of the West Antarctic Ice Sheet 
(WAIS)—which lies grounded on land below sea level—could eventually raise sea level 
by 4 to 6 meters (Bindschadler, 1998; Kerr, 1998; Rignot, 1998; Bindschadler et al., 1999). 
WAIS is presently fringed by floating ice shelves that slow the release of icebergs into the 
sea. Although increasing temperatures in this region would be insufficient to cause 
melting, the warmer air would likely bring increased snowfall. The resulting positive mass 
balance of the ice sheet could lead to a rapid advance, or “surge,” accelerating the 
discharge of ice and raising sea level (Warrick et al., 1996).

Most scientists believe that collapse of WAIS within the next century is unlikely, but there 
is some concern for an irreversible destabilizing of the ice sheet even with relatively 
modest warming (e.g., Oppenheimer, 1998). A new study suggests that the modem 
grounding-line retreat is part of an ongoing recession that has been under way for a few 
thousand years (Conway et al., 1999). The authors conclude that the retreat is independent 
of anthropogenic warming or sea level rise but nevertheless could lead to complete 
disintegration of the WAIS within the present interglacial period.

In Greenland, the southern regions of the ice sheet are likely to be most susceptible to 
climate change and could contribute to sea-level rise through melting and runoff at the 
margins. Observations are insufficient to determine if the ice volume changed significantly 
during the past century. Recent aircraft surveys using laser-altimetry, however, indicate 
that between 1993 and 1998 the southeastern part of the ice sheet thinned overall (Krabill 
et al., 1999).



Sea-level rise in a given location will vary depending on factors such as vertical land 
movement, wind and pressure patterns, ocean circulation, and rate of warming. Coastal 
wetlands and lowlands, beaches and barrier islands, and ocean islands and atolls are 
especially vulnerable to rising seas. Depending on the rate of sea-level rise, the rate of 
vertical wetland build-up, and the capacity for wetlands to migrate inland, a 50-cm sea- 
level rise could inundate up to 50% of North American coastal wetlands (Shriner and 
Street, 1998). These areas are critical habitat for large numbers of coastal bird and fish 
species, and provide ecosystem services such as pollution filtration, sediment trapping, 
erosion mitigation, and flood control. Wetlands in most areas have been able to keep pace 
with historic sea-level rise by accreting sediment and growing vertically and by moving 
inland with the encroaching sea. But the accelerated rates projected for the next 100 years 
may be too fast for natural accretion and migration to keep up. Sediment deficits and 
development barriers are among the most important factors that limit the survival of this 
important coastal habitat.

Sea-level rise leads to increased coastal flooding through direct inundation and an increase 
in the base for storm surges, allowing flooding of larger areas and higher elevations. One 
study, for example, estimated that a rise in sea level of 30 to 90 cm would increase the size 
of the 100-year floodplain in the United States by 10,000 to 20,000 km^ (FEMA, 1991). Put 
differently, storms of a given magnitude will have a shorter return interval. High tide 
peaks, for example, that occur once every one hundred years on average may occur every 
ten years, making now rare events more common. In some areas, flooding could be further 
exacerbated by an increase in extreme precipitation events resulting from an intensification 
of the hydrological cycle (see Downpours, Heavy Snowfalls, and Flooding). Heavy 
precipitation associated with coastal storms causes increased runoff and river surges that 
intensify the effects of storm surges from the sea. Levees and seawalls currently protect 
many coastal areas, but these structures have been designed for current sea level and may 
be overtopped in the future or undermined by increased erosion.

The costs of responding to a sea-level rise of 50 cm by 2100 are estimated at between $20 
and $200 billion in the United States alone (Shriner and Street, 1998). The wide range in 
this estimate reflects the different options, extent, and timing of response. Adaptation 
measures such as the constmction of bulkheads, dikes, and pumping systems can protect 
property, but these measures are likely to result in further loss of wetlands and beaches— 
with detrimental effects on fish and wildlife, recreation, and tourism. Elevation of 
structures and land surfaces, and land-use policies that allow shorelines to retreat naturally, 
are less dismptive response strategies but are challenging to implement in areas already 
highly developed. Maine and Rhode Island, for example, have regulations prohibiting 
structures that will prevent the inland migration of wetlands (Shriner and Street, 1998). 
Land elevation and beach nourishment are attractive options in many ways; yet they are 
not feasible in all locations, and they require extraordinary financial and political 
commitments into the indefinite future.
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Coral Reef Bleaching
Coral reefs are one of the most productive ecosystems on Earth, providing many critical 
services to fisheries, shoreline protection, tourism, and to medicine. They are also believed 
to be among the most sensitive ecosystems to long-term climate change (Nurse et al.,
1998). Elevated sea surface temperatures can cause coral to lose their symbiotic algae, 
which are essential for the nutrition and color of corals. When the algae die, corals appear 
white and are referred to as “bleached.” Water temperatures of as little as one degree 
Celsius above normal summer maxima, lasting for at least two to three days, can be used 
as a predictor of coral bleaching events (Goreau and Hayes, 1994). Studies indicate that 
most coral are likely to recover from bleaching if the temperature anomalies persist for less 
than a month, but the stress from sustained high temperatures can cause physiological 
damage that may be irreversible (Wilkinson et al, 1999).

In 1998 coral reefs around the world experienced the most extensive and severe bleaching 
in recorded history (ISRS, 1998; Wilkinson et al., 1999). Coral bleaching was reported in 
60 countries and island nations at sites in the Pacific Ocean, Indian Ocean, Red Sea,
Persian Gulf, Mediterranean and Caribbean. Indian Ocean corals were particularly severely 
impacted, with greater than 70 percent mortality reported in the Maldives, Andamans, 
Lakshadweep Islands, and in Seychelles Marine Park System. Unlike most previous 
bleaching events—in which severe impacts were limited to less than 15 m water depth— 
the 1998 bleaching affected corals at up to 50 m water depth. This mass bleaching 
followed similar but less severe events in 1987 and 1990. Prior to the early to mid 1980s, 
bleaching tended to be rare and localized, and corals generally recovered.

The 1998 mass bleaching was coincident with anomalously high sea surface temperatures. 
That year was the warmest of this century (NOAA, 1999), and tropical sea surface 
temperatures were the highest in the modem record (Strong et al., 1998). For many parts of 
the Pacific, the 1997-98 mass bleaching has been linked to the strong El Nino-induced 
seawater warming. The relationship between El Nino and coral bleaching is less clear, 
however, for the Indian Ocean, Arabian Gulf, and some parts of the Pacific (Wilkinson, 
1999; ISRS, 1998). The geographic extent, regional severity, and increasing frequency of 
recent mass bleaching events point to an underlying global cause—namely a trend of 
increasing sea surface temperatures in some of the tropical oceans, driven by global 
warming (US Department of State, 1999).

Global mean sea-surface temperatures are projected to increase by about 1-2°C in the next 
century (Kattenberg et al., 1996). If the overall warming is accompanied by more frequent 
periods of sustained high temperatures, mass bleaching events will become more frequent 
and widespread. Increasing human stresses such as pollution, overfishing, soil erosion, and 
physical damage from boats and other recreational activities will also weaken corals, 
limiting their ability to adapt to climate change (Hodgson, 1999; Nurse et al., 1998).



Furthermore, as ocean warming coincides with sea-level rise and perhaps more frequent 
tropical storms and El Ninos (e.g., Timmerman et al., 1999), reefs are likely to experience 
greater coastal erosion, sedimentation, and turbidity, which would add to their demise.
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An Introduction to Coral Reefs - An introduction to coral reef ecology by the University of 
the Virgin Islands.
http ://www .u vi. edu/coral .reefer/index. htm 1

Brown, B.E., Odgen, J.C. 1993. Coral bleaching. Scientific American 269, 64-70.

Coral Bleaching Hotspots - NOAA uses satellite observations of sea surface temperature 
to predict potential coral bleaching hotspots. Individuals can also report current or past 
incidents of coral bleaching using an electronic form. 
http://psbsgil.nesdis.noaa.gov:8080/PSB/EPS/SST/climohot.html

Status of Coral Reefs of the world: 1998 - Electronic version of a report on the status of 
coral reefs in 1998, including a detailed chapter on the 1997-98 bleaching event. 
http://www.aims.gov.au/pages/research/coral-bleaching/scrl998/scr-00.html

NOAA’s Coral Health and Monitoring Program - A comprehensive website with coral- 
related web links, access to literature lists, electronic listservs, and other resources. 
http://coral.aoml.noaa.gov/
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Glaciers Melting
Glaciers exist on all continents except Australia and at virtually all latitudes from the 
tropics to the poles. Mountain glaciers, such as those that exist at higher elevations in the 
mid-latitudes and tropics, are particularly sensitive indicators of climate change. The 
volume of ice in a glacier—and correspondingly its surface area, thickness, and length—is 
determined by the balance between inputs (accumulation of snow and ice) and outputs 
(melting and calving). As climate changes, the balance between inputs and outputs may 
change, resulting in a change in thickness and the advance or retreat of the glacier. 
Temperature, precipitation, humidity, wind speed, and other factors such as slope and the 
reflectivity of the glacier surface all affect the balance between inputs and outputs. Most 
glaciers in the world, however, are more sensitive to temperature than to other climatic 
factors (Fitzharris, 1996).

There is widespread evidence that glaciers are retreating in many mountain areas of the 
world. Since 1850 the glaciers of the European Alps have lost about 30 to 40% of their 
surface area and about half of their volume (Haeberli and Beniston, 1998). Similarly, 
glaciers in the New Zealand Southern Alps have lost 25% of their area over the last 100 
years (Chinn, 1996), and glaciers in several regions of central Asia have been retreating 
since the 1950s (Fitzharris, 1996; Meier, 1998). For three glaciers in the US Pacific 
Northwest, the seven-year average rate of ice loss was higher for the period since 1989 
than for any other period studied (Hodge et al., 1998). Glacial retreat is also prevalent in 
the higher elevations of the tropics. Glaciers on Mt. Kenya and Kilimanjaro have lost over 
60% of their area in the last century (Hastenrath, 1991; Hastenrath and Greischar, 1997), 
and accelerated retreat has been reported for the Peruvian Andes (Mosley-Thompson, 
1997).

By contrast, losses in the Arctic have been less pronounced (0-6% in area and 1-14% in 
volume), partly because those glaciers are much colder and the extra meltwater refreezes in 
the ice mass (M. Meier, pers. comm.). Although there is considerable variability at the 
regional and local scales and over shorter time periods, the overall global signal shows 
mass loss and retreat of glaciers during the last century. For the period 1884-1978, the 
mean global glacial retreat corresponds to a calculated warming of about 0.7°C per century 
(Oerlemans, 1994).

Global compilations indicate that the wastage of mountain glaciers during the last century 
has raised sea level by between 0.2 to 0.4 mm/yr, or roughly 20% of the observed change 
(e.g,. Warrick et al., 1996; Dyurgerov and Meier, 1997). By 2100, sea level is estimated to 
rise by an additional 46 to 58 cm, with an estimated total range of 20 to 86 cm (Warrick et 
al., 1996). Over half of the change will likely be from thermal expansion of ocean water, 
another 30% from melting of mountain glaciers, and 10% from melting of parts of the 
Greenland ice sheet (Gregory and Oerlemans, 1998). If future climate change is consistent



f
with model projections, up to one quarter of the presently existing mountain glacier ice 
will disappear by 2050 (Fitzharris, 1996).

The shrinking of glaciers will likely have a significant socioeconomic impact in some 
mountain regions, though the exact local impacts remain uncertain and will vary. Regions 
that lose major parts of their glacier cover will experience alterations in hydrology. The 
glaciers will initially provide extra runoff from melting; but as the ice diminishes, the 
runoff will wane. Also, because revegetation of terrain is slower at high altitudes, 
deglaciated areas will be subject to erosion and decreased stability, heightening the need to 
protect buildings, roads, communication links, and other structures. For areas dependent on 
tourism, uncertain snow cover during peak winter sports seasons, natural hazards such as 
rock and ice falls, or loss of scenic beauty are of particular concern. An example of the 
type of scenario that could become more frequent occurred during the warm summer of 
1998, when a ski area in the Tyrolian Alps was forced to close a lift after melting ice 
dislodged rocks and soil, destabilizing the peak (GECR, 1998).
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Arctic and Antarctic Warming
Climate change is expected to be more rapid and severe in polar regions compared to other 
places on Earth. Several positive feedback mechanisms exist, particularly for the Arctic, 
that can amplify the impacts of anthropogenic global warming. Decreases in the extent of 
snow and ice cover, for example, will lower surface reflectivity (albedo). As a result, 
incoming solar radiation will be absorbed by the darker surfaces, thereby enhancing 
warming of ocean and land. Similarly, a northward shift of biomes will lead to growth of 
more and taller vegetation in previously sparsely vegetated areas, which also lowers 
albedo.
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Although there is some variability among models, most projections indicate that increased 
CO2 concentrations will lead to a polar warming that is greater than the global average, 
with more warming over land than sea and the maximum warming occurring in winter 
(Kattenberg et al., 1996). Already, observed temperature trends in the polar regions 
indicate that significantly greater warming has occurred there over the past few decades 
compared to the global average. Other expected changes are increased precipitation and 
soil moisture in winter, a reduction in the strength of North Atlantic currents, and a 
reduction in the diurnal temperature range.

There is substantial evidence that the Arctic climate is warming (e.g., Dickson, 1999; 
Weller and Anderson, 1998). Average annual temperature in the Arctic has increased by 
about 1°C over the last century—a rate that is approximately double that of global average 
temperatures (IPCC, 1998). Winter temperature trends show about a 2°C warming trend 
over nearly 100 years (Everett and Fitzharris, 1998). In both cases, the century-long 
warming is characterized by long-term fluctuations, with rapid warming in the last three 
decades. This recent warming has been accompanied by decreases in the extent and 
thickness of sea ice, increases in borehole temperatures in permafrost and permafi-ost 
thawing, and later freeze-up and earlier break-up dates for river and lake ice. Permafrost 
warming has been reported in Russia, China, Alaska, and western Canada (Osterkamp et 
al., 1998). Where the permafrost has a high ice content, extensive thaw has resulted in 
ground settlement of as much as 5 to 10 meters—damaging houses, roads, airports, and 
pipelines.

There is growing evidence that the Arctic Ocean sea-ice cover is in a period of rapid 
transition (see Kerr, 1999). Satellite monitoring since the 1970s has revealed a decline in 
the total areal extent of Arctic sea ice at a rate of about 3% per decade (Johannessen et al., 
1995). A new analysis shows that the area of multiyear ice is declining more rapidly, by 
7% per decade since 1978 (Johannessen et al., 1999). Furthermore, during the 1990s there 
were four summers in which the extent of sea ice was the smallest ever observed 
(USGCRP, 1999). Sea-ice thickness also appears to be declining. A study of data collected 
on submarine cruises shows that mean ice draft (thickness from the ocean surface to the



bottom of the ice pack) for 29 stations decreased by 1.3 meters compared to 20 to 40 years 
ago, representing a 40% reduction in ice volume (Rothrock et al., 1999). This tliinning is 
considered remarkable in that it occurs across the entire deep Arctic Ocean basin. Although 
many scientists attribute sea-ice changes to a natural fluctuation in atmospheric 
circulation—known as the Arctic Oscillation—recent modeling indicates that the observed 
ice loss trends are much larger than would be expected from natural climate variations 
alone (Vinnikov et al., 1999).

Evidence also exists that the Antarctic Peninsula, the northernmost section of Antarctica, is 
warming. Researchers from the British Antarctic Survey report a warming trend of 2.5°C 
since the 1940s. The 1998-99 retreat of two smaller ice shelves has been attributed to the 
regional warming, which has caused the annual melt season to increase by 12 days over the 
last 20 years (NSIDC, 1999). The shelves are apparently weakened by ponded meltwater 
on the surface and thus become more susceptible to fracturing. Rather than calving 
relatively large bergs at their front in a few major calving events, the shelves are shattering 
into thousands of smaller bergs that are then dispersed by storms, wind, and waves. The 
1998-99 disintegration events were unusual in their magnitude—3,000 sq. kilometers were 
lost from the Larsen B and Wilkins ice shelves in a single year, compared to 7,000 sq. 
kilometers for all ice shelves in the region over the last 50 years.

Any climate change that shifts the freeze-thaw line either in time or space will cause 
important impacts on physical, biological, and human systems (Everett and Fitzharris, 
1998). The indigenous peoples of the Arctic depend heavily on the natural resources and 
healthy functioning of ecosystems. The Yupik and other groups have already experienced 
the impacts of a changing, warming Arctic climate (USGCRP, 1999). They report delays, 
for example, in the formation of sea ice as well as early melt and deterioration that have 
delayed or decreased the length of the hunting season. They also have observed the 
prevalence of more rain, fog, and cloudy skies during the “drying season” (spring and 
summer), when traditional foods are air-dried for storage for the coming months.

Biological systems are impacted in similar ways. Lack of ice or poor ice conditions often 
mean that newborn seal and walrus pups do not have sufficient time to wean properly and 
will not survive. Sea ice also serves as a seasonal migration route for polar bear and Arctic 
island caribou. Heavier snowfall and freezing rain events will increase the energy 
expenditure of caribou and reindeer when migrating and searching for food, and could lead 
to significant population declines over time (Gunn and Skoglund, 1997).
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Additional Resources
NSIDC Antarctic Ice Shelves and Icebergs - This website contains satellite images and 
information about the breakup of ice shelves in 1995 and 1998-99. 
http://www-nsidc.colorado.edu/iceshelves/
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Downpours, Heavy Snowfalls, and Flooding
An increase in global temperatures will lead to an intensification of the hydrological cycle. 
This is because an increase in surface air temperature causes an increase in evaporation and 
generally higher levels of water vapor in the atmosphere. In addition, a warmer atmosphere 
is capable of holding more water vapor. The excess water vapor will in turn lead to more 
frequent heavy precipitation when atmospheric instability is sufficient to trigger 
precipitation events. Intense precipitation can result in flooding, soil erosion, landslides, 
and damage to structures and crops.

Parallel to the likely increase in heavy precipitation events in winter, increased 
temperatures will also amplify the drying out of soils and vegetation due to increased 
evaporation in the summer. This is likely to result in more severe and widespread droughts 
where and when atmospheric conditions do not favor precipitation (see Droughts and 
Wildfires).

The largest changes in precipitation are expected at mid- to- high latitudes (Kattenberg et 
al., 1996). Climate models predict an increase in average precipitation in winter at high 
latitudes due to poleward transport of evaporated moisture from lower latitudes. There is 
also an increase in the expected frequency and areal extent of intense precipitation over the 
continents. Predictions for soil moisture changes are less certain; however, models show an 
increase in soil moisture in high northern latitudes in winter.

Consistent with model predictions, weather observations over the last century indeed 
indicate an increase in precipitation over land in the high latitudes of the Northern 
Hemisphere (Nicholls et al., 1996). For the United States, precipitation since 1970 has 
averaged about 5% more than in the previous 70 years (Karl et al., 1996), and cold season 
precipitation has increased by almost 10% during the last century. Over the period 1950 to 
1990, annual snowfall increased by about 20% over northern Canada and by about 11 % 
over Alaska (Groisman and Easterling, 1994). An increase in snowfall was also observed 
in the 1960s and 1970s in China. A recent analysis indicates a trend toward increasing 
streamflow in most regions of the United States (Lins and Slack, 1999), consistent with the 
observations of a wetter climate.

Some regions have also experienced an increase in extreme precipitation events, as 
predicted in model simulations (Nicholls et al., 1996). Observations for the last 100 years 
indicate that extreme precipitation events (more than 2 inches in 24 hours) in the United 
States have increased by about 20% (Karl and Knight, 1998). Increases in heavy 
precipitation have also been reported for Japan and northeastern Australia. An increase in 
the intensity of precipitation increases flood potential. Although streamflow has increased 
significantly in the United States since the 1940s, however, there has been no increase in 
peak flows (Lins and Slack, 1999). Further analysis is needed to reconcile the discrepancy



between the findings that the increase in US precipitation has been due primarily to an 
increase in heavy precipitation (Karl and Knight, 1998) and the analysis that streamflows 
have become less extreme (Lins and Slack, 1999).

Although it is impossible to link a particular weather event directly to increased 
greenhouse gases, the heavy precipitation events highlighted on the map are examples of 
the kind of situations that are expected to become more frequent as climate warms. The 
magnitude of the human influence relative to natural variability is much larger for 
temperature compared to precipitation and atmospheric circulation, meaning that a 
“fingerprint” of anthropogenic warming in precipitation records will emerge much more 
slowly (Wigley et al., 1999). It may be decades before an unmistakable human signal 
emerges from the natural background noise.
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Frederick, K.D. and P.H. Gleick, 1999. Water and Global Climate Change: Potential 
Impacts on U.S. Water Resources. Pew Center on Global Climate Change, Arlington, 
Virginia, 48 p.
http://www.pewclimate.org/projects/clim_change.html

NOAA National Climatic Data Center - U.S. Heavy Rainfall - This website gives 24-hour 
and annual rainfall records for US states along with descriptions of heavy rainfall and 
flooding events throughout the world since 1993. 
http;//www.ncdc.noaa.gov/ol/climate/severeweather/rainfall.html

NOAA Meteorological Hazards - This is a gateway for data on meteorological hazards, 
including floods, droughts, hurricanes, and tornadoes. 
http://www.ngdc.noaa.gov/seg/hazard/resource/methaz/metchap_toc61.html
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Droughts and Fires
Warmer global temperatures are expected to cause an intensification of the hydrologic 
cycle, with increased evaporation over both land and water. The higher evaporation rates 
will lead to greater drying of soils and vegetation, especially during the warm season. 
Climate models also project changes in the distribution and timing of rainfall. The 
combination of a decrease in summer rainfall and increased evaporation will lead to more 
severe and longer-lasting droughts in some areas. Increasing drought frequency has the 
potential to affect land-based natural and managed ecosystems, coastal systems, and both 
freshwater quality and quantity. Increasing drought frequency also has the potential to 
increase the likelihood of wildfires.

Predicted changes in the regional distribution of precipitation are uncertain, primarily 
because the scale of most climate models is too coarse to resolve important hydrologic 
processes such as the formation and distribution of clouds and storms. Nevertheless, model 
projections suggest increased vulnerability to drought for certain areas (Kattenberg et al., 
1996). Simulations using higher atmospheric CO2 levels generally predict drier summers at 
northern high latitudes (e.g., Gregory et al., 1997). In these regions, less winter 
precipitation falling as snow and warmer temperatures leads to an earlier drying of soils in 
the spring, increasing the likelihood of drought. Other areas strongly affected by snow, 
such as mountainous watersheds, will be similarly affected. An increase in the ratio of rain 
to snow, accelerated spring snowmelt, and a shorter snow season will lead to more rapid, 
earlier, and greater spring runoff but reduced summer flow.

The observed climate trends over the last century have been dominated by increasing 
precipitation, rather than by drier conditions (see Downpours, Heavy Snowfalls, and 
Flooding). Some regional decreases in precipitation have been observed, notably in parts 
of Africa, the Caribbean, and tropical Asia (IPCC, 1998, Appendix A). There is presently 
no evidence for an increase in the frequency of droughts in North America over the past 
century, in part because the severe droughts of the 1930’s dominate the historical record 
(Karl et al., 1996). Studies of past drought variability in the US Great Plains, however, 
indicate the potential for more severe and frequent droughts in the future (Laird et al.,
1996; Woodhouse and Overpeck, 1998), and human-induced warming may exacerbate this 
natural variability.

The environmental and ecological consequences of the summer 1999 drought in the eastern 
United States provide examples of situations that may become more frequent as climate 
changes. Without freshwater to rinse out rivers and streams, salt water encroached further 
up rivers in many areas of the mid-Atlantic coast (USGS, 1999). The high salt content 
threatened water supplies in cities that depend on freshwater from rivers and prevented 
farmers in some areas from irrigating their crops. Decreased freshwater runoff also led to 
increased salinity and low oxygen conditions in Chesapeake Bay, causing fish kills and



other ecological changes. As future sea level rise shifts the saltwater-freshwater boundary 
farther inland, droughts will exacerbate the geographic extent and impacts of saltwater 
encroachment into coastal aquifers.

Susceptibility to wildfires increases during periods of drought. During 1997-98, the strong 
El Nino was associated with extremely dry conditions and large forest fires in many areas 
of the world, including Indonesia, eastern Russia, Brazil, Central America, and Florida. 
Although “slash-and-bum” land clearing methods and accidents triggered many of the 
fires, the severe drought conditions allowed them to spread out of control. Droughts have 
been relatively frequent since the late 1970s in some areas where drought usually 
accompanies El Nino events (e.g., north-east Australia) (Nicholls et al., 1996). This 
presumably reflects the relatively frequent El Nino events during this period. A new study 
suggests that climate change may produce a quasi-permanent/stable El Nino-like condition 
in the Pacific basin, interrupted by more extreme cold (La Nina) events (Timmerman et al., 
1999). If the frequency of strong El Ninos increases, the frequency and severity of 
droughts and forest fires may also increase, with potentially devastating effects on 
ecosystems if the increased fire frequency prevents the regeneration of certain species and 
ecosystems.

References

Gregory, J.M., J.F.B. Mitchell, and A.J. Brady, 1997. Summer drought in northern 
midlatitudes in a time-dependent CO2 climate experiment. Journal of Climate 10, 662-686.

IPCC, 1998. The Regional Impacts of Climate Change: An Assessment of Vulnerability, 
(Eds RT Watson, MC Zinyowera, RH Moss), Cambridge University Press, Cambridge,

Karl, T. R, R.W. Knight, D.R. Easterling, and R.G. Quayle, 1996. Indices of climate 
change for the United States. Bulletin of the American Meteorological Society 77 (2), 279-

Kattenberg, A., F. Giorgi, H. Grassl, G. A. Meehl, J. F. B. Mitchell, R. J. Stouffer, T. 
Tokioka, A. J. Weaver, and T. M.L. Wigley, 1996. Climate models - projections of future 
climate, in Climate Change 1995: The Science of Climate Change, 285-357, (Eds J. T. 
Houghton, L. G. M. Filho, B. A. Callander, N. Harris, A. Kattenberg, and K. Masked) 
Cambridge University Press, Cambridge, UK.

Laird, K. R., S. C. Fritz, K. A. Maasch, and B. F. Cumming, 1996. Greater drought 
intensity and frequency before AD 1200 in the Northern Great Plains, USA. Nature 384, 
552-554.

Nicholls, N., G.V. Gruza, J. Jouzel, T.R. Karl, L.A. Ogallo, and D.E. Parker, 1996. 
Observed climate variability and change, in Climate Change 1995: The Science of Climate 
Change, (Eds J.T. Houghton, L.G.M. Filho, B.A. Callander, N. Harris, A. Kattenberg, and 
K. Masked), 133-192, Cambridge University Press, Cambridge, UK.



i

Droughts
and Fires

Timmerman, A.J. Oberhuber, A. Bacher, M. Esch, M. Latif and E. Roeckner, 1999. 
Increased El Nino frequency in a climate model forced by future greenhouse warming. 
Nature 398, 694-696.

USGS, 1999. 1999 Summer drought may become century’s worst - Mid Atlantic region 
experiencing most dramatic effects. News Release, U.S. Geological Survey. 2 August 
1999.

Woodhouse, C.A. and J.T. Overpeck, 1998. 2000 years of drought variability in the central 
United States. Bulletin of the American Meteorological Society 79 (12), 2693-2714.

Additional Resources

“Climate Enhanced Wildfires of 1998” 12 January 1999, National Climatic Data Center. 
http://www.ncdc.noaa.gov/ol/climate/research/1998/ann/extremes_fires.html

“Florida Wild Fires and Climate Extremes” 29 June 1998, National Climatic Data Center, 
NOAA
http://Avww.ncdc.noaa.gov/ol/climate/research/1998/fla/florida.html

Frederick, K.D. and P.H. Gleick, 1999. Water and Global Climate Change: Potential 
Impacts on U.S. Water Resources. Pew Center on Global Climate Change, Arlington, 
Virginia, 48 p.
http://www.pewclimate.org/projects/clim_change.html

National Drought Mitigation Center - This site provides information on drought science 
and climatology, as well as links to additional drought-related resources, 
http ://enso.unl.edu/ndmc/

Trenberth, Kevin E. 1999. The extreme weather events of 1997 and 1998. Consequences 
5(1), 3-15.
http://www.gcrio.org/CONSEQUENCES/introCON.html

Bibliography: Climate Change and Impact on US Water Resources - Over 860 citations 
from the peer-reviewed literature on climate change and water in the U.S., compiled by the 
Pacific Institute.
http://www.pacinst.org/CCBib.html



UNION OF
CONCERNED
SCIENTISTS

February 9, 2000

Roger Ballentine
Deputy Assistant to the President for Environmental Initiatives
The White House
1600 Pennsylvania Avenue, NW
Washington DC 20500
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In the event you haven’t seen them yet. I’ve enclosed a few copies of the global climate 
map we put together with colleagues from several other organizations. It illustrates 
incidences where climate change is already being felt and events that are indicative of 
changes to come. As you may know, the map generated a two page spread in Time 
magazine.

Also enclosed are some copies of a report on the impact of climate change on California. 
This report is part of series we’ve begun to make the issue more understandable to folks 
out in the states. The study was widely covered in the press out there, as you can see from 
the enclosed clips.

Thanks for your efforts to keep things moving over the last month!

Sincerely,

Howard Ris 
Executive Director

Cambridge Headquarters: Two Brattle Square • Cambridge, MA 02238-9105 • 617-547-5552 • FAX: 617-864-9405
Washington Office; 1616 P Street NW Suite 310 • Washington, DC 20036-1495 • 202-332-0900 • FAX: 202-332-0905 
Caiifornia Office: 2397 Shattuck Avenue Suite 203 • Berkeiey, CA 94704-1567 • 510-843-1872 • FAX: 510-843-3785

PRiNTED ON RECYCLED PAPER
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Major Climate Changes
Predicted for California
■ Ecology: Report says wanning may intensiiy floods.droughts and ocher H Nino effects. Critics^So^^is.

B.v .VLARLA CO.VE
OMES ENVIRONMENT.U. writer

'•Videspread c.har.ges in CaJifor- 
rua i .-laturaJ resources—from ma­
jor onuts in ocean Life to a higher 
sea Level that could intensif-y
coastal'flooding—are "highlv cei^ 
tarn over the ne.r. 100 years be­
cause global warming is e.xpected 
to cause tempe.-afores to nse bv 
sev-e.-a] degrees sm:ewide. a tea.m 
or seven scie.-tLfic ercperts ore- 
-:c--ed m a .repor. -.o be released 
■-ouay.

A.-, mcrease :n some of the most 
dramatic events feared by disas- 
ter-we^y Califorraans—wildfires, 
^dshdes, droughts and severe El 
-Nino storms—is considered likelv 
too. although the scientists r^ 
ported them as less certain.
,3® are based on a
199o prediction from a United N'a- 
tions panel of climate e.xperts that 
global temperatures will rise by 
two to she degrees Fahrenheit in 
the ne.xt centur/. In California.

climate modelers have predicted 
that winters will be five to sLx de­
grees warmer and summers one to 
riwo degrees hotter.

Many scientists believe the 
'^arming of theglobal climate is greenhouse

gases released by the burning of 
oil coal and gasoline as well as 
other human activities. The gases 
trap solar energy and increase 
surface temperatures. Others 
note, however, that natural Hue- 
tuations in climate cannot be 
rjled out as a cause.

tn the new report, which ac­
knowledges many uncertainties, 
the seven scientists, mostly from 
Stanford University and UC SanU 
Barbara, described the probable 
scenario in California as wetter 
warmer winters and drier, hotter 
summers. They also reported the 
possibility of "an amplified vem 
Sion of El N’iho. the wintertime 
phenomenon of warm ocean cum 
rents that hits California with se-

Please see WARMING, AJ2



WARMING
Continued from A1 
’•■ere storms.

borne c.-.iinges 'could shape the 
overall e.tper.ence of living in 
California—enough to have a sig­
nificant impact." said Christopher 
Field, a Stanford professor and 
Carnegie Instifation of Washing- 
:on plant biologist who specializes 
in global warming and ser/ed as 
lead author of the report. “It 
lAOuld not be fair to say that we 
saw evidence of imoending total 
disaster. But the climate changes 
are im.portant and worth thinking 
about and planning for."

Convened to assess the ecologi­
cal impacts that projected rates of 
global warming could have on 
California, the scientists were 
cornrnissioned by two science* 
based interest groups: the Union 
of Concerned Scientists and the 
Ecological Society of .Jimerica. 
Their work was revie'wed bv a 
steering com.mr.tee of se'.'en other 
scientists.

.Most Climate experts agree that 
global -warniing is occurring— 
they estimate surface tempera­
tures .lave riser, .tre degree over 
the past century—but the poten­
tial im.pact and pace remains ex­
tremely concrove.-sial. There is 
conside.-able uncertainty about 
tompLiter m.O'lels that predict 
cn.a.rges :r. specific regions, as the 
■-.ilitorr.ia teum ha-: attempted to
iC.

"The -e'giona; impacts are just 
Oeyor.i.i t.re ability [.ji comoucer 
■modelsj. Sverythtng is specula-
-ion. said Russell Jones, director 
of climate issues at the .A.mencan 
.Petroleum Institute, which re­
presents oil companies. "Even if 
tnere is climate change, it's hard 
to ferret out what are the benefits 
and what are the damages. It's a 
terribly complicated subject."

One climate expert on the 
team 3 steering committee. Ste- 
■•;en Bchrealcr of Stanford, called
tne report "an anti.lote to the 
shrill prorouncem.ents of those 
who claim either certain catastro­
phe or no big deal" from global 
Climate change.

Also. .Vobel laureate Mario .VIo-

Changing Seasons
summers could warm by 1 or 2 degrees.

Northwest Coast
■ Coastal fog 'CorCitions
could change. *ric.n
could Se unfavciacie for
^owthofoidrwrMxxa.
■ 'Vegetation could shift
to higher ele.aticns.
■ Some plant scecies
could be threatered.

The Bay Area
■ Decreased summer runoff and ocean
warming could alter salinity and nutrients
in the bay
■ High tides dtat are now rare could
become common.
■ Beach erosion and landslides could
increase.
■ Warmer-water enmal scecies are
already moving -cd ,nto Monterey Bay.

I Mountains
I a Warmer winters could cnni more rain and

less snow.
■ 100.-63560 runoff could -aise potential of
flooding and landslides.
■ Some plant and we species could migrate
to higher elevaticns.

-isr.

ContraJ Valley
■ .vater demands wouio :nc.-ease for
agnc'jlture. making waier-intenshie oops
such as grapes and aifaifa 'ess profitable.
■ Perennial crops such as citrus are
vulnerable to shifts in dimate.
■ Endangered species would face
inaeased stress.

Southern Cairfornia
■ -Tes could become mere ihely in dr;/ summer months.
■ Winter siorms :ouid cause -nore rlooding. landslides,
ociluted .'uroff and peach erosion.
■ A warmer ocean cpuid cause Isn and birds '.b move nod
■ lOiic algae picems pouic no.-ease.
■ •Podent pooulaocrs pouid pccm after storms.

I ■ Siorms couio pistu.m <eip I'cr-esis and alter manne ife.

inaeased s

%
..... ,

3ovi«: .n,or 3no T-t Sccjry ,-r *m«nc3

lina of the .Massachusetts Insti­
tute of Techr.olog:.-. a.-t atmos­
pheric chemist, said jr, ^ 
statement that the study "adds to 
the grow-ing evidence that climate 
change will bnng se.mous impacts 
to some pa.-ts of the United 
States."

Because California's ecosvs- 
tems are highly depe.-’.dent on wa­
ter. the report says "c.hanges in 
the tim.ing or amount .of orecipita- 
tion over the next .:entu.-y' are 
likely to hu'.e a greater impact 
than changes in te.mperature."'

When It comes to global 
warming. Field said. "California's

environment has a couple points 
of special vulnerability and those 
are points related to water re­
sources and wildfire."

One of the most disturbing im­
pacts. he said, could be increased 
scarcity of water—already a re­
source that in'/okes intense bat­
tles in California between agricul­
tural. urban and environmental 
interests.

Warmer temperatures are 
likely to mean that more .vincer 
precipitation 'will fall as ram 
rather than snow, decreasing the 
Sierra snowpack that stores 'wa­
ter. on which Californians rely

-3S s,-j.3.es - ,T-i

year-.-ound. .Aiso. warmer tcm.- 
peratures in sum.m.er could aggra­
vate the -water losses by increas­
ing evaporation. Field said.

The team reported that the 
largest ecological changes could 
come in the ocean, because Cali- 
iornia's marine ecosystems are 
m.ore sensitive to climate change
than terrestrial ones. Ocean cem- 
p-.'rature and circulation can dra­
matically alter the food web. from 
plankton and invertebrates to 
fish, sea birds and mamm.als.

Field said scientists have al­
ready documented "dram.atic 
changes in marine comm.unities
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Climate:
Snowpack acts
as big reservoir
Continued from page A1 

‘The dissenters are those with 
some special interest at this point 
in time,” said Miller.

The argument now is about the 
pace of warming and its effects.

■^e timing of stream-flow is
going to be earlier in the season 
than what we know now,” said 
Miller. This means that in the Si­
erra Nevada the earlier onset of 
melting snow could eventually in­
tersect with the time of heavy 
rainfall.

Such a trend already is evident 
on the .American River, he said, 
where measurements show that 
in the past 30 years the Sierra 
snowmelt is beginning earlier in 
the season.

“Now if that is significantly ear­
lier, and there’s a number of 
storms coming through, then the 
likelihood of flooding through the 
city will increase,” Miller said.

E.xtreme storms provoked by 
more frequent and intense El Ni­
no winters are likely, the report 
says, and a projected one-foot sea 
level rise will open the Sacramen- 
to-San Joaquin Delta - linchpin of 
the sUte’s water system - to the 
threat of levee failures and flood- '
ing.

Among the environmental ef­
fects of warming, the scientists 
cited some that already are under 
way. Offshore, recent warming of 
the California Current has led to 
population declines of tiny zoo­
plankton and seabirds known as 
sooty shearwaters. Since the 
1970s, Southern California’s kelp 
forests have seen a 50 percent 
drop in cold-water fish such as 
greenspotted rockfish and a simi­
lar boost in warm-water species.

Both California winters and 
summers will become warmer, the 
report said, although the winter 
warming is more pronounced and 
its implications are more pro­
found. It cites one key climate 
model that projects warming of 4 
degrees in the western United 
States by 2030-2050, which corre­
sponds to 5 degrees in winter, 2 
degrees in summer.

“^ost of Cedifomia’s precipita­
tion falls in winter, and in the fu­
ture more of it is likely to fall as 
rain, less as snow, a change that is 
likely to lead to increased winter 
runoff and decreased summer 
stream flow,” the report said.

Such shifts in seasoned precipi­
tation patterns would be especial­
ly difficult in a state so reliant on 
large-scale water storage and 
transportation.

The warming-climate scenario 
of mflre rainfall in winter but less 
snowfall suggests the worst of 
both worlds - a greater threat of 
winter flooding, yet less stored 
water to supply the state through 
the long dry months of summer.

At present, the season of Sierra 
Nevada snowmelt begins in May, 
replenishing the major reservoirs 
after they have done double duty 
protecting downstream popula­
tions from winter flooding.

Losing the big snowpack sooner 
is like losing the storage benefits 
of a major reservoir in the system.

“Were a very water-dependant 
state.” said Miller. “.And we’re 
highly vulnerable to any change 
in what we know is our current 
amount.”

In addition to Miller, the re­
searchers included Stanford Uni­
versity environmental scientists 
Christopher B. Field, Gretchen C. 
Daily and Pamela A. Matson, and 
from the University of California, 
Santa Barbara, biologists Steven 
Gaines and John Melack and en­
vironmental specialist Frank W. 
Davis.

The scientists noted that “al­
though the driving forces behind 
greenhouse warming are global in 
scale,” the state was not powerless 
to deal with its effects.

“Limiting the footprint of devel­
opment on the landscape, particu­
larly in vulnerable habitats such 
as wetlands and areas subject to 
fires, floods, and landslides, is 
probably the most important ac­
tion Californians can take,” they 
said.
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Global warming may scorch state
Study says California can exi*i:ci

HARD TIMES ENVIRONMENTALLY

LOS ANGI-LliS (AP) — Glob­
al warming could tlireaton Cali­
fornia's ciiviroiiniPiil, possibly 
iTcaling walcr sliorlaycs and a 
liiKlirr sea level that could in- 
crease coastal floodiiiK, accord- 
iiiK to a study on the impacts of 
climate change.

An increase in wildfires, land­
slides and droughts is also con­
sidered likely in the next centu­
ry, although scientists said these 
are less certain predictions.

'llie two-year study, to be re­
leased today in Los Angeles by 
the Cambridge, Mass.-based 
lilUOji^of Concerned Scientists 
and The Ecological Society of

America, found that aiilicipaled 
warmer and welter winin s in ihe 
slate and holl<T suinmci s caused 
by climate change pose "a nnige 
of serious challennes for Ihe 
slate's environmeni and ec imo 
my."

“We reached Ihe conclusion 
that the possible eiologir al con- 
sequences are wide reaching and 
of serious concern that di serves 
much broader discussion by pol 
ic7 makers and the pnlilie ,ilike." 
said Frank W. Davis, a geography 
professoral Ihe University of Cal­
ifornia at Santa Barliara.

Davis and six other ecological 
scientists from the Carnegie In­

stitution, Stanford University, 
UeSH and Lawrence Berkeley 
National l.aboratory conducted 
Ihe study. A steering committee 
of seven other scientists re­
viewed their findings.

“It would not be fair to say that 
we saw evidence of impending 
total disaster," said lead author 
Christopher Field, a Stanford 
professor and Carnegie plant bi­
ologist who s|)ccializes in global 
warming. “But the climate 
changes are important and 
worth thinking about and plan­
ning for."

riie findings are based on a 
19% prediction from a United 
Nations panel of climate experts 
that estimated global tempera­
tures will rise by 2 to 6 degrees 
Falirenheit in the next century. 
Researchers have predicted that 
by 20.'i0 to 2050, winters here will

heat u]) between 5 anil 6 degrees 
and summers will warm by 1 to 2 
degrees.

“These are temperature 
changes that are larger than we 
experienced in recent history," 
Davis said.

'Die report found that hotter 
winters will mean more rain in-, 
stead of snow during winter • 
months. lx*ss water will be stored 
in snow pack and more wat(‘r will 
immediately run off, adding to 
winter flooding and landslide 
problems in the stale, Davis said.

Nobel laureate Mario Molina,- 
an atmospheric chemist at the 
Massachusetts Institute of Tech­
nology who was not involved in-, 
the study, said in a statement that 
it “adds to the growing evidence 
that climate change will bring se­
rious impacts to some parts of 
the United States."

/
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Editorials

Prudence dictates
a plan for disaster
CUMATECHANG&/?g;;ort
gives Californians a 
good idea of what to 
expect in wanner world.
/T^herc’s not much new in

I the report issued last
■ week about the likely

■ff- etfects of global warming
on Caldomia. Since the 2,500-
mem^r Intergovernmental Panel

'-■oncluded in
1995 that t.he Earth is warming as
» rpc.if of human activira there
h.ive beer, many conj'erences and
scientdte reports analyzing
possible ei^ects on this coastal
state.

Scientists at a Caliiomia
Acade.mv af Sciences meeting in
Oaober .59^, tor example.
.orecast severe consequences .'or
the stete’s vater supply, as a
rising se.i eve! put pressure on
■ragile Delta ievees and changing
proc;pitat;r.r patterns .'educed the
iiinuai i.-; xm.ack. rrev also
pro.octed -armtul effects on
■'criccitcrr trd natural
ec'^ystom.;.

1 he repcrt .sailed last week
under dne auspices .)i the Union oi
^oncer-:eG >c:entiscs and fKe”
Ecological ioc:ecy of .-Va-nenca
repeats these warnings, and adds
plenty Of details about others. It is
a summar/ of hundreds of recent
studies, and although it doesn’t
really break new ground, it is
useful in that it pulls together all
Che data now available. It correctly
notes the uncertainties iahcrcat in
Che study of dim.iie. and docs a
good job of suggesting what
California might look like if
currcnilv observed trends
continue.

It IS imporam to keep that
phrase in mind: "If currently
ohserxed mends continue."

Those wnt.h a stake in the
continued use of fossil fuels —
petroleum .'ermers. automobile
manufacturer-, coal and natural- 
g.as producers — have created a
huge public-relations machme wiLh
the sole purpose of persuading
consumers and politicians that
globaltwarming is an unproven
theory.

Because absolute certainty is
unattain.ible m any held of saence.
and because climatology is a more
complex study than most, much Is
still unknown about the degree to
which human activity might be
^ntnbuting to global wanning.
The lossil-fucl Industry has seized

on every uncertainty as proof that
the entire notion is a fraud and
that nothing need be done to
decrease the productioa of
greenhouse gases.

It is a fret, howeven that
atmo^heric carbon dioxide levels
luve increased dramatically since
the beginning of the industrial age.
It is a fra that average global
temperatures have risen in this
century. It is a fra that the
frequency of extreme weather
events has inaeased in the past
25 years. It is a fra that spring
snow cover has decreased in the
•Northe.-m hemisphere. It is a fret
thJt the geographic ranges of
plants and animals have already
begun to shift in response to
caging average temperatures.
These are not theorized events;
■-hey are happening now.

Tne argument about how much
ot this is due to .natural
tluctuations and how much is due
to our appetite for fossil fuels is
tteirly irre’evam. It seems
.orsdent to do what can be done
"OW to decrease any human
-•o.-.L'ibution. It also seems
.prudent to began planning for the
repe.'cussions, which -wall be the
same regardless of whether nature
or humankind is to blame.
_ .As the new repon points out.
i-alifornia s water supply is
P^icularly vulnerable to the son
of changes expected as
temperatures rise by a degree or
two. The entire system of
resepipirs. dams and aqueduas is
predicated on the pattera of
modest winter rainfall and copious
spnng runoff from a huge winter
snowpack. Reservoirs are draavn
down in winter to make room for
Pie spnng flood, which refills them
^d provides a continuous supply
tor farms and cities during the
rainless summer and fall.

Change that to heavy winter
rain and anemic snowfrU, and you
throw the entire system out of
whack. Water will have to be
released all winter to keep runoff
trom overtopping the dams, but
there will be no spnng flood to
refill tne reservoirs.

It IS not alarmist to prepare to
rope with a disaster that might
never occur. Nobody knows this
better than Californians, who live
with the omnipresent threat of
^hquake. fire, flood and
landslide. Hope for the best; plan
.or the worst. It would make a
good sute motto. And it's the best
w7y ;o approach this topic. |
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California, long in the vanguard of environmental protection, now finds itself a 
leader in the fight to curb global warming. Over the past two decades, our state has 
developed important strategies to reduce carbon dioxide emissions arid other greenhouse 
gases. As a result, California's per capita carbon dioxide emissions are nearly 40 percent 
lower than the national average. Unfortunately, the U.S. government lags far behind.

If we don't act soon to combat global warming, our state, our nation, and our planet will 
suffer. Last year was the hottest on record and 10 of the hottest years have occurred since 
1986. The earth's average temperature has risen 1.3 degrees in the last 100 years and 
computer models predict an increase of 2 to 6 degrees by 2100. These changes may seem 
small, but just a few up-ticks in temperature can produce catastrophic: conditions. 
Amazingly, many in Congress question whether we even have a problem. In California, 
global warming could make water even more scarce, create further flooding, destroy 
certain agricultural crops and lead to more frequent and intense Sierra forest fires.

In a normal winter, California's water gets stored in snow packs until spring. But with 
climbing temperatures, the melting snow can often flood low-lying aireas. In other areas 
of the state, drought conditions may worsen, thereby destroying water-dependent crops 
such as rice, cotton and alfalfa.

Meanwhile, sea levels could rise by a foot or more over the next century further flooding 
low-lying areas and greatly increasing the penetration of saltwater into the Delta which is 
the source of drinking water for two-thirds of the state. To combat global warming, this 
nation must accomplish three important tasks:

1. Improve the fuel efficiency of our vehicles: Without a doubt, improving fuel economy
is the most important first step the U.S. can take to curb global warming. Today, fuel 
standards average 27.5 miles per gallon for automobiles and 20.7 miles per gallon for 
sports utility vehicles (SUVs) and light trucks. The standards have remained constant for 
a decade, but since many consumers have traded in their cars for SLP/s, overall carbon 
dioxide emissions are increasing significantly. If SUVs were required to meet the same 
fuel economy standards as automobiles, we would prevent the emissions of 187 million 
tons of carbon dioxide each year and reduce the overall carbon dioxide vehicular 
emissions by 12 percent.

Unfortunately, some members of the House of Representatives were successful in 
attaching a provision to the FY 2000 Transponation Appropriations bill to prevent the 
Department of Transportation from even studying the issue of fuel ec onomy standards 
and whether they should be raised. This was the sixth straight year that the Congress 
prevented any change or even the studying of the issues.
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Earlier this year, 42 Senators voted to support a study of fuel economy standards, but the 
auto manufacturers prevailed in keeping the status quo.

2. Increase the use of renewable energy: Energy use by buildings and appliances account
for a quarter of California's carbon dioxide emissions. We can solve this problem by 
providing necessary tax
credits and other incentives for energy efficient building and appliarices.

By operating more efficiently, we not only reduce waste and pollution that contribute to 
global warming and other environmental problems, we also save consumers and 
businesses money in the process.

I have co-sponsored legislation by Vermont Sen, Jim Jeffords to promote the use of 
renewable fuels. To cut costs, many electric companies have increased the use of cheap 
and dirty coal plants at the expense of clean and efficient energy teclanologies. This bill 
would increase the use of renewable energy and attempt to phase out unclean 
technologies such as the burning of coal. Ultimately, consumers wotdd see lower 
electricity prices. Promoting efficiency and fiiel economy will go a long way toward 
curbing industrial sources of carbon dioxide.

t

3. The U.S. Senate must take up and ratify the Kyoto Protocol on climate change. This
historic U.N. Framework established in 1997, aims to reduce greenhouse gases by setting 
emissions targets and timetables for industrialized nations. The treaty will enter into force 
when 55 countries representing at least 55% of global C02 emissions sign and ratify the 
treaty. Even though we are only 4 percent of the world's population, we account for 20 
percent of the world's energy use. We should set the pace, not reverse it.

It is time that a real debate on global warming takes place in Congress. As the world's 
number one contributor of greenhouse gases, it is our responsibility to show leadership. 
Every day we wait, we lose an opportunity to reduce the threat of global warming. It is 
not loo much to ask the world's economic and political superpower to provide the 
leadership to address global warming.

Dianne Feinstein is a Democratic senator from California
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In hot seat for global warming
HyJOIINU. COX
Sacranvalu Bn-

SACRAMENTO — A future of more 
frequent major storms and a less 
reliable water supply emerges from the 
first comprehensive study of the im­
pacts of global warming on California.

A report of the two-year Investigation 
by a team of seven scientists Is being 
released today in San Francisco and 
Los Angeles by the Unjon.of Concerned 
Scientists and the Ecological Society of 
America.

"The likelihood of extreme weather 
events is clearly going to increase,” said 
Norman Miller, research meteorologist 
at the Regional Climate Center at 
Lawrence Berkeley National Laborato­
ry, and an author of the study.

While the picture is not "gloom and 
doom," he said, changes that might 
appear gradual and benign In many 
areas can be especially troublesome to 
areas that already face a flood threat 
many winters.

The report points to a variety of other 
environmental Impacts, Including more 
landslides in the mountains and along

Weather extremes could hit state hard
the coast, and a greater threat of 
wildfires. Patterns of crop and natural 
plant growth could change and 
warming ocean temperatures could 
accelerate the shift away from north­
ern fish species such as rockfish to 
noncommercial southern species.

But It’s the weather that will be 
noticed by most Californians

Daytime and nighttime average tern-, 
peratures may be noticeably wanner 
over time, the report noted, but the 
more dramatic changes will be the 
increased frequency of major storms 
that punctuate the long-ternj trend.

Although the idea of global warming 
remains the subject of debate in politi­
cal circles, the mainstream of climate 
scientists regard it as established fact. 
The average temperature of the lower 
atmosphere has increased nearly 1 
degree In the last century and the pace 
of the rise Is Increasing along with the 
buildup of Industrial greenhouse gases.

“The dissenters are those with some

special interest at this point In time,” 
said Miller.

The argument now is about the pace 
of warming and its Impact.

“The timing of stream-flow Is going to 
be earlier in the season than what we 
know now," said Miller. This means that 
in the Sierra Nevada the earlier onset 
of melting snow could eventually Inter­
sect with the time of heavy rainfall.

Among the environmental impacts of 
warming, the scientists cited some that 
already are under way. Off-shore, re­
cent warming of the California Current 
has led to population declines of tiny 
zooplankton and seabirds known as 
sooty shearwaters. Since the 1970s, 
Southern California’s kelp forests have 
seen a 50 percent drop in cold-water, 
fish such as greenspotted rockfish and a 
similar boost in warm-water species.

Other environmental shifts they ex­
pect include the expansion of grass­
lands into foothill shrub lands of the 
Coast Range and the Sierra Nevada,

and the expansion of shrubs Into highor 
elevations now dominated by forest

Both California winters and summers 
will become warmer, the report said, 
although the winter warming is more 
pronounced and Its Implications are 
more profound. It cites one key climate 
model that projects warming of 4 
degrees in the western United Slates by 
2030-2050, which corresponds to 5 
degrees in winter, 2 degrees in summer.

“Most of California’s precipitation 
falls in winter, and In the future more of 
it is likely to fall as rain, less as snow, a 
change that Is likely to lead to In­
creased winter runoff and decreased 
summer stream flow," the report said.

Such shifts In seasonal precipitation 
patterns would be especially difficult In 
a state so reliant on large-scale water 
storage and transportation.

The warming<limate scenario of 
more rainfall in winter but less snowfall 
suggests the worst of both worlds — a 
greater threat of winter flooding, yet 
less stored water to supply the state 
through the long dry months of sum­
mer.
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Global warming may help explain decline of salmon
By David Anderson
The TimeS'SianOdid

Global wanning (.-uiild be u big factor tn 
the decline of salmon mns In California, 
a new report says, but llie relaUonslilp is 
nelUier sUnple nor direct.

Timber Industry representatives con­
tend that ocean wanning, not spawiung 
stream degradation. Is responsilde lor 
declines in salmon and stecUiead runs. 
Some add that tliere's no hard evidence 
of such decline.

Hilt nicinbers of the Union ol 
Concerned Scientists suggest Ixrlli cm c.m 
and freshwater habitat changc.s may Ik- 
to blame.

Ihe scientists' group today released a 
ie|)on on the ecological effects ol glolxil 
wanning on California's weather, agilciil 
lure, foresby. Ilsheites and other aspens 
of the slate's economy and environment. 
It says natural warming dial stalled ai 
the end of the 18th ceiitmy has 
Increased Its rate markedly durliig the 
(last 20 years, probably as a result of

human aelivilv.
Ibis I limate change puls stress on 

null ellmale tices such as redwrxxls and 
I luuglas Hr. the reixin says. It also alfects 
lalufall and stream Mows, wllli more wln- 
lii IIikkIs .iiid diler summeis. And It 
eiHilil accelerate the decline of salmon 
.md oilier eold water S|X;clcs.

Noiman Miller, a climatologist at the 
lleikeley National Lalxiratory. said tlie 
lelallonsbip lK.-twcen atmospheric wann­
ing and water temperature Is not direct. 
.IS the (K.can inlluences the air and land

more than tlie otlier way iiround. But off 
California, he said, mean aiuiual ocean 
temperatures have Increased by 1 degree 
since the 1940s, and mean high summer 
temperatures by 4 degrees.

Biologist Steven Games, director of tlie 
Marine Science Laboratory at U.C. Santa 
Barbara, said warmer water reduces 
nutnenls available to fish, seabirds and 
marine mammals. Since 1977. plankton 
In die south-flowing California Current 
have declined by 70 percent.

Off the slate's central and southern

coasts, he said, cold-water species have 
dropped by aljoul half, while the per­
centage of warm-water species is 
Increasing. During die 1997-98 El NlAo. 
sardines and mai lin appeared north to 
San Francisco.

The salmon question Is more complex, 
Gaines said, because they spend only 
part of their lives in salt water.

"You see wide swings from year-to-year 
within a tong-term downward trend," he
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Global warming full
of perils, report says
ENVIRONMFNt- . .ENVIRONMENT:
Floods, fires, land­
slides may become
more frequent.
By PAT BRENNAN
The Orange County Register

Continued global '.varming 
in coming decades could bring 
a host of undesirable effects in 
Southern California, including 
more-frequent wildfires 
flooding, landslides and dis­
ease outbreaks 

So says a report to be re­
leased today by the Cnion of

‘Everybody
has been

hustling to do
regional
climate

assessments,”
MICHAEL PRATHER
atmospheric scientist

rest of Southern California, 
that may well mean warmer 
winters and increased rainfall 
Atmospheric warming can in­
crease precipitation by caus­
ing more water to evaporate,ConVprnoH C ■ yuan or mg more water to evaporu Concerned Scientists, a nation- .producing clouds and rain

al activist group that based its In coastal Southern Califor 
p^redicnons on two years of re- nia, that could translate to^in- 

- creases in storm frequency or
intensitv.But other climate scientists 

-- and the report itself — say 
that such predictions come 
with a dose of uncertainty. The 
report is based in part on com­
puter models of climate, which 
have been improving steadilv 
over the past decade,

"Everybody has been hus­
tling to do regional climate as- 
sessments." said Michael 
rrather, an atmospheric sci­
entist at the University of Cali­
fornia, Irvine, who did not 
work on the report. "The ques­
tion is. how much does the 
community believe them?"

Although the report ac- _______________
knowledges the uncertainties. Environmental reporter Pat-------
■r.n£?re'Ifclr'

For Orange County and the Patbrennan(« link.freedom.com

intensity.
That could make seasonal 

Hooding and landslides worse, 
the report says.

VVarmer. wetter winters 
could mean more mosquitoes 
and mosquito-born diseases. 
They also could bring a profu­
sion of plant growth, which 
would increase rodent num­
bers and. potentially, out- 
breaks of hantavirus.

Summers'may be somewhat 
warmer, as well. .And a corre­
sponding increase in the fre­
quency of Santa Ana winds 
could fuel more wildfires
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Report Tells of Global Warming's Threat to State
Valter slioriages, .. .................Wilier shorliigcs, 

floods, diseases
predieled by 2050

/•)■<•/<■<» A

ClIKOMI I I SlAI I WhIII H

Sofll'ly of Aim-liiM, llu- h^ny,;,, 
■slmly is a tollalioi.ilivf Hinii |,y m ,
tiKisIsIromSinofiml, l awi, na- | ,u. 
triiiorc Liiboraloiy. ihr HmvciMiv 
of California at S.inia H.iilui.i .m,|
lilt Caiiicgic liistiiiiiiiiM ul W.isli-
inKlon. It was based on ihav i Inii.ii,- 
toinpiilff models

IWlI some elim,iiolo);isis have 
(|ueslioiicd (lie smdy, w.ilmn,; ih.it 

A , llii-* l>csl tiim.iie iiinmiiii rA nesv lepoii bom a Rroiip of ,„„dds arc imreliahle wh. n n
!.inb ir"v ' comes to predicting the i.rional in,

i..,,u,-,,.ViriZ,2i,,lZ„IiZ ...
centmy. * "c- report slates tli.n (:.ililninia

winter temperatnres air exp, ri, <11.,

ilneed snpplies bnni lesers-oirs. And could dev.islale p.iine fish 
wale, ileliveiies lo a«„enllnre conid and inaiine ni.iin'mals ‘ 
he seveiely ciiiladeil beianse of 
slioil snpplies. sciioiisly allectiiiR 
die C-enlial Valley's economy.

■ Heavy i:i Nino lains could in-
1 le.ise the (leipieni y ol lodent pop- 
nl.'lion booms. eonliihiilinK to ont- 
l)ie.iks of h.intavims, a microbe 
associaled will) nine that has been 
lesponsible loi human l.italities in 
die .Sonihwesi

Mill while seienli.sts arc leasoii- 
nhly confident .ihoiit sophisticateil 
compniei modelin)> projections .it
HR* ;|||(|
-veale. they aie nineh less conlident 
ill die re>;ion.d level. I'eter .Stone. .1 
professor of clini.ite dynamics at the 
Miissaehnsetts Institute ofrcehnol 
o«y. .says whih- the leporfs tempei.i
tme lannes aie eoin et, the aceiiiaey

limp hnlh prees by 2010 to 20SO | |,, vi .inni 1 '''"'l"■'•'lllles use sipnilieantly. I'or-wet wmleis llial eoiild bliiip hnlh' 
.111(1 walfi in (lie

Siime yeai. moie .md bipper land 
.slides and an increase in the out­
break ol exotic diseases.

Miiiiy ol the places W'e know and 
love ill (.'.diloiiiia aie vnineiabic loa 
chaiipinp I lunate." s.iid the re|)iiii's 
lead aiithoi. Chris I'lekl. a plant hi 
olopisl at die I :.iinepie Institution at 
Stanloid University. ‘A variety of 
chanpes arc cominp, and many will 
have pioloiind ccolopiciil and eco 
noniic conseipicnces ■■

•Sponsored by the Union of Cain

piers by 2010 to 20SO | |„ 
•enipeiatuies bodi' ill In, i .ilil.inii.i
die scientists .say. Ainnnp ihe p,,sM 
bllilies:

■ (California could cxpeiienee si
miillaneous Hoods and w.iiei shnii 
apes. There will he mon w. 1 i :| 
Nn'ii,, years, but iiiosi <>l the |>n eipi 
t.ilion will fall as lain. nn( mk»u'

The heavy sloims would ie(|iiiie 
that Hoodpales remain open h. pn 
vent dam failure. Ilni will, si.mi 
$ni)W|)ack, re.servoiis would noi he 
able lo fill back up.

■ Urban Wiiler shoil.ipes tonid

pail of the stale. * m not saymp their predictions
I lie ic|)oil also predicts that Cali- l';'l'l'cn. bnl they're .speciil.i-
Ilia's naliiial herilaee will suffer if ''ve," .said .Slone.

' ....... . • iiiuiv. rni*I sis will lend lo mi);iali' noilhwaiil. 
lepl.ieed m then sonthi'rn lanpes by 
hiiish 01 pi.iss riiis could lesull in 
die depiad.ilion of many of the 
Male s leinaminp old pmwlh forcsis. 
Woodland vvildhie populations 
eonid expeiieiuc im leasinp stress 
hei .iiise ol hahil.il deslini lion. 

lUdneed siininiei innoll would

Ihe besi anlhoiily on /;l..|..il 
vv.nnnnp piedi, lions, s.iid .Slone, is
die liileipoveinnieiilal I’am I on 
Clim.ile Ch.nipe. established in 
1W8 by the United Nations and Ihe 
World Melcoiolopical ()ipani/..i 
lion. They issue assessments every 
five years; the Iasi one was in iWr. It
coiicinded Ih.il Iheie is pie.ilei eon 
lidence in ,lm,.ile projedions on

..innsoienoyine UmonolCa.n ■Urban water .shoil.ipes .onl 
ccrmd.Sueiili.sl.sandlheKcolopical become commonpl.iee due lo n

-u.ii, c<:;i:,i mid s:,;.r;i;; lie hen;;:p£'c"„!r”"r" •’*;Miliii.m inns and me,ease salinity in .^^ie'dr;!:;;.:;;! ZS'
•Nan l•l.nl( isco Hay. adversely affect- where Ihe n inel eoiwln.l. 1 ‘
M.|: <•^ll..„me hsh Kxpeclerl warm- dence is lovw" ' ,
iiifi of ofishoie w.iiers would reduce h id .................
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How global
warming
will change
California
Study predicts water
crisis in next century

By J»ne Kay
UAMlMUlWaO^NlAl Mlllla

Warmer, welter winters. Hot
ter. drier summers. Species disap- 
penrinii and fish stocks in flu*
More noods. landslides, wildhres,
pests and iiestilence.

Siyiis of (he apocalypse?
Actually, (hose changes are like­

ly in California's future, according
io a two-year study released
Thursday.

The prestigious panel of the
notiprofit Union of Concerned Sci­
entists and. the Ecological Society
of America concludes that shifu in
temperature and rainfall over the
nest century will probably reduce
the already scarce supply of fresh
water.

"There’s good evidence that the
climate will change globally, and it
will change in California." said
t hristopher fl. Field, lead author
and faculty member of Carnegie

I See WARMING. A IS |
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Study: Big changes
loom for climate
Institution of Washingi,,,! -, De

°f.'*'“nt H.oI„kv the
^ University campus

"The best available evulem e m- 
licates warming over the iiexi,.-,,.
...................................... . i„
'he winter and I to ' degr.-e.s i„ i|,e
summer." Field said ' '| |ie evi
derice also indicates well.-,
and probably ,lne, siiinmers All
Ihe changes eciiiig logeiher will
nave s profound effect on wafer
resources in Cslifornia "

predicfion.s „f
Confronting Clirnale (;Iu,iik.. i„

Celifortiia; fccolugiral Impmt.s on
the Colden State," the lij p„„e
study: ‘

► Summer water shuriages
could intensify coinpetiiimi fur wa
ler among cities, farms. Ims.m-sses
and ecosystems that depend ui,
T.'r ‘"""n.
alfalfa and other crops ihal use Inis
nfwsler may resp .small,.,
OroughU could itilensilv ecmomic
and envtronmental loss f,.,„, wild,
fires and damage In foresl., l„„„
pine bark beetles.

► Uas fresh water enleriog the
Bay would change wsier saluuiv
qua ity and circulation, ilisrupljrig
the food chain. This could threaieo
the commercial supplies „f aoclm
vies and herring end endangered
salmon and iteelhead Imol.

► Mora winter rain couhl rause
including along l.lpo

milei of Della waterways - land
‘lidei. erofion and risks of water
•*urne and pest-borne diseases A
une-foot nee ineea level from melt -
mg irecip, by 2100 n.e.ns tioit
fearhmghigh-tide|K>akot.ll,el„w
er .Sen Joar(uin Hiver would cliaoKe
from an event that occurs every
too ycari on average to every III
V&Arm 'ycar$.

► El Nirtne, which have hud a
liatl icularly dramal ic effe. l on ( n|.

iforma’s weather and economy,
may iiicrea.se in iiileii.sity anil fre-
'I'leticy as the climate changes.
Inese liirhiileiil weather (latlerns

"■mild amplify the impact of the
rise in sea level on cnaslal wel- 
lands, agri, iillure and housing.

liven though winters may he
ivetter. warmer weather means
more of the precipitation would lie
ram that would fill rivers, the atndy
h'uud, insteail uf snow that would
•unhJ a Sierra snuwpaok.

I hat means we'll have mticli
mure winter runoff," j.id KjelJ.
Ilv the lime you gel into the sum­

mer. (he stream Ilow may be less.
Warmer summers increase evapo­
ration, which will further increase
water shurlage.”

The Inlergovernmenlal Panel
un (.'liinale Change, a group of
more than ,^00 s< iemists, coiiclud- 
eil in IU!)5 that warming would
inr tease l«tween '2 and 6 tiegrees
l ahrenheit in the next 100 years,
llie fastest pace in human hislnry.'

Must uf the climate change is
rlriven liy human arlivilies. it .said,
us rarhun diuxide is released by
burning fossil fuels, and. tii a les.scr
riegree. ii.s removal fiumlhealm...
spill-,,. ,s ................. |,y ,i„.
»f luresla. The gas Irajis solar heal
within Earth's alnin.spliere in a
greenhmise effect.

Hscept fnr a few dissenting
voices, scieiitisis agree the sea level
in ( alifornia will rise by H to 12
inches in the next 100 years, two to
Ihree limes the increase seen in the
Tactile Ocean at San Francisco
over the past l.hO years.

'Tlie effects of climate change
alreaity have begun in Celifornia.
siiiiie studies show.

Tor example, a wanning of (he
rurmils off C.liforiiia in recent
del ad,-s has lieen linked In iinpnla.
turn declines of iiin|ilankii,n. liny
erealiues .1 the base of the fiHirl
chain, and iif seahirds called sooty
slie«rw«tefs.

I" t-elp forests off the Soulhern
* '■'''"tina coast, the pfopo,|i„n of

warm-water fish aperies has in­
creased nearly 60 percent.

shifting from the southern to the
northern limits of its range, a likely

ITer'’''*"''* ‘""P"*
Only in the last decade with

more precise models, could scien- 
lists predict the regional effecU of
global climate change. The predic- 
tioni are still sketchy, but the sci- 
entrsta agree thit the changes are
likely to vary widely ecro.e (he
stele.

One scenario predicts much
more rain over California with dry
areas to the east of the Cascades
and Sierra Nevada. Winter precip- 
lUtion over the coast and Sierra
showed’* '**''*"' “

Another shows the strongest
warming m the northern Sierra
and Central Valley, with increased
urouitht in the soiitheaiitern corner

of the state.
e Ti" *‘r‘*’* climate
could result rn major shifts in eco­
systems. the study predicts. Grassy

on the and foothill chaparral of the
coastal ranges and the Sierra Ne- 
vada. At higher elevations, shrubs
could replace forests Off the north
cueal, changing current tempera­
tures could influence (he fug. which
IS favorable for redwinrd foreiU.

California's acosyslema ar« ol-
Taa 'ometime. whit-

The panel of scientiate recom- 
mended limiting fossil fuel emU- 
sions. In addition, it advised bmit- 
mg development to provide mor«

““‘yjtcms to deal with climate changes.
It’s not all bad news, and there

help to consider the environmental
consequence of future chenge. end
lake steps to protect these environ- 
nicrilel values."
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Southern California
could suffer effects
of global warming
By Brett Johnson
5to;'/' ifnffr

warning wHl bring profound changes in 
Cahrornia'3 diverse environ- 

.^'5“-";,with more damag- 
f™ with water shonages
r.- .rops and humans, less sand a: the beach and
sm^ms" Pnstine mountain lakes and

Those are among the conclusions a panel of 
seven scientists — including three from the Uni-

Barbara, and three from |Stanford Lniyersity - reach in a report to be re-
Sra'l ^^e first-ever comprehensive

_Iook a^rfects from global warming, the study looks

threatened?
Peiicans at Surfers Point

^f^te's 10 pnmarv ecosys-
ui yaiuorma, banta Barbara, and three from rhp nortnwestern redwood forests to(Stanford Lmversity - reach in a report" be rS a^d ™,„ Co-nty

Sk'at "* 1 “raPtehenafre -ie«rta.
.look a^rfects from global warming, the study looks

P'eas^ see WARMING on AlO
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WARMING: Opinions differ in a scientific debate gone political
Contm^uvil from A1

'. The rcporl also siiji^jcsts more 
'Wildtiies in areas such as the Santa 
•'Monica Mountains. Not much of it 
sounds Kood. hut the authors took 
pains to say it isn’t alarmist, dire or 
reason to panic. They added, howev- 

, er, that the state needs to consider 
' hnd plan for wide-ranninj; climate 
'changes and their influence on human 

' activity.
^ “Taken all together, these impacts 

arc enough to have a serious effect on 
, California's ijuality of life.” said lead 
' tiuthoi Chris I’leld, st.iff scientist at 

the Carnegie Institution on the Stan­
ford campus.

The two primary things needed, 
hicld said, are limits on emissions of 
so-called "greenhouse” gases 
thought to he warming the planet, and 
limits on tlie footjirint of overall 
human development in California.

News (onfeiences detailing the 
two-yeai studv, titled “Confronting 
Climate Change in California," arc to 
he held today in San h'lancisco and 
l.os Angeh's. The study was directed
hy the I liiion of Coiicei ned Scientists 
and the I'aological .Society of Ameri­
ca.

I he .'inthors looked at hundreds of 
scientific papers — more than 150 tire 
cited in the leport.

"It’s a statement of reality, not a 
gloom-and-doom report," said co-au­
thor Steven tiaines, a biology profes­
sor and director of UCSB’s Marine 
Science Institute. "It’s an enormous 
synthesis of a huge amount of scien­
tific material."

The report also is another layer on 
the murky dehate over global warm­
ing. Although many scientists ascribe 
to global warming and its far-reaching

effects, many others say it doesn't 
exist and that the clim.ite variations 
arc temporary, natural cycles.

Humankind’s effects on the planet 
seem logical, noted meteorologist 
Rea Strange, but to make hard-and- 
fast statements or point blame for 
specific events is tough to do.

“It’s a curious subject because it’s 
always so damn political," said 
Strange, who runs Pacific Weather in 
Montecito. “Conservatives hate any­
one who says man is causing any 
changes. But others feel very pas­
sionately on the other side.

"We see changes, certainly — 
glaciers have been melting for years. 
But no one really knows why."

But Field and other scientists in­
volved say they had neither a political 
agenda nor wrote from ;my point of 
view.

Co-author Norman Miller, a cli­
mate scientist at the Lawrence 
Berkeley National Laboratory on the 
University of California campus, ac­
knowledged natural variability and 
that .50-to-100-year cycles might be 
playing into the effects.

Ihit, he said, the planei's ii iniiera- 
ture rose half a degree this (ciiiury 
alone after it took from L500 to IffOt) 
to increase by tbe same amount, the 
last five years have been the w.irmest 
on record, and the HWOs will go down 
as the hottest decade ever. Those, 
Miller added, point to outside forces 
and have been well-observed and 
documented.

A half-degree rise doesn’t seem 
like much. Miller noted. But if a per­
son’s body temperature increases by 
1 degree, they have a hwer. and if it 
drops 5 degrees, they’re dead, he 
said.

The report suggests a multitude of

possible effects. Sea levels could rise 
by a foot by 2100, or three times the 
historical rate as measured in San 
hrancisco. More intense winter 
storms and El Nino events could 
bring beach losses and property dam­
age along the coast. Winters will be 
wetter, but more of it will fall as raio 
rather than snow, meaning less snow- 
pack in the Sierra that is crucial to 
summer stream flow.

Crops, such as alfalfa and cotton, 
that require large amounts of irriga­
tion could be less profitable. Others, 
such as fruits, grapes and nuts, that 
live for many years will be more vul­
nerable to climate changes. More fre­
quent thunderstorms over polluted 
areas could bring acid rain — now pri­
marily limited to northern tier states 
and the East Coast — to the Sierra 
and other mountains.

Off our coast, Gaines said, warmer 
ocean temperatures have led to de­
clines m plankton, fish, seabirds and 
other wildlife populations. Already, 
fish historically more prevalent in 
southern regions have moved up 
here, and (hose cold-water fish once 
comiiioii here have moved north.
I hat, he added, has great ramifica­
tions in management of commercial 
and recreational fishing, and the re­
source itself.

The scientists said they deal with 
probabilities and not absolutes.

"'Lhese are likelihoods, but we 
don’t know exactly how it’s all going 
to shake out,” Miller said.

The United States is the leading 
emitter of greenhouse gases, and 
other countries look to emulate its 
society, the scientists said. Reduc­
tions there, combined with reserves 
for endangered species and preserva­
tion of open space, will help keep Cal-

Warming effects
A look at just some of the 
possible effects in California 
from global warming. It might 
mean less water when it’s 
needed, and more when it’s 
not.
■ An 8- to 12-inch rise in sea
levels by 2100.
■ Wetter, warmer winters — as
much as 6 degrees above 
normal — with more frequent 
and intense storms that could 
cause more property damage 
and beach loss in coastal areas.
■ Most of that will fall as rain
rather than as snowpack in the 
Sierra and Cascades.
■ Warmer, drier summers —
perhaps 2 degrees above 
normal — with less water for 
crops and human consumption.
■ Higher risk of wildfire and
landslides in the Santa Monica 
Mountains and other areas.
■ At higher elevations, such as
the Sierra or the Cascades, 
shrubs could replace forests and 
forests could replace tundras.
■ Acid rain and more soil in
runoff might turn prislino lakes 
and streams murky.
■ Endangered, threatened or
isolated species will have few 
options for coping or adjusting.
■ Giant coastal redwoods migfit
remain standing for centuries 
but be unable to reproduce.

ifornia looking good.
"We need a little breatliing room 

for both residents and the natural 
ecosystems," Field said. "I hope (his 
stimulates some serious dialogue 
about the things we have in Califor­
nia."

--S.I
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Global warming may tarnish the Golden State
vPirere^rt 
^.^pr^icts 

that water 
shortages, 

wildfires and 
i-Hooding

.'caused by 
r climate
changes will 

plague 
California in 
next century.

By HEUNDA BURNS
MEwwMsssonoiiwwrni

A bleak report predictmg dra­
matic water sbortaRes. flooding;
landslides, wildfires and outbreaks
oTinsectsinCalifomiafordecadesto
come as a result ofglobal wanning
will be released today by a team of
Western researchers.

The report for tbe Union of Con­
cernedScientistsand tbeEcological
Society of America depicts a state
under siege in tbe nest century as
winters bmme warmer and wetter
and the sea level rises byas much as
a foot More rain and less snow will
EaU. tbe study says, and less water
will be available duiing the dry
season, whenCalifornia needs it the
most With hotter, drier summers
Ukely, itwarns therewi11beagreater
threat of wildfires like the 1990
Painted Cave Fire in Santa Barbara.

‘Tfs not dire, but it's sobering,”
said Frank Davis, a UCSB geogra­
pher who worked on the two-year
study, the most comprehensive to

date on the possible impacts of glo­
bal warming on California.

'Tthinkwe'reall intuitively in tune
with the idea that everything binges
on the weather and this predicted
warming is unprecedented within
recent history. It could happen
within tbe lifetimes ofour children

, and grandchildreiL'*
El Nino-spawned storms, like the

ones thatbroughta record 47 inches
nfrain tn.^nfa Rafbaninthff
of1987-98, could become even more
intense ormore commonbecause of
global warming, tbe reportstates. In
agricultural areas, it says, warmer
temperatures wiU increase the
demand forwater, evenas lesswater
is available from the Sierra snow- 
pack. Water-intensive crops like
alfalfa and grapes, two of Califor­
nia's key commodities, could
become less profitable or go out of
production altogether.

The average temperature in the
state is predicted to rise 3 or 6
SEECUMATtONA2
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researchers
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Warmer winters, drier summers predicted
CUMAn
Zjrmrtued. from Page ,\S
aegreea Fahrenheit in the winter
and 1 or 2 degrees in the summer.
That is a seemingly small change, but
ane that the study says could bring
more thunderstorms to the southern
deserts, pollute pristine mountain
.akes with acid rain, trigger a prolif- 
sration ofdestructive beetles in the
Tbrests and push entire species of
animals northward where it would
oe cooler.

"Relatively small changes in
averages can have very complicated
and far-reaching ramifications." said
iteven Gaines, a LTCSB marine biol- 
agist and a paiticipant in the study.
?atterns in rainfall and distribu- 
aons in timing play a huge role in the
rjccess of ecological systems and
arming practices. There are cas- 
lading effects. We need to take these
ssues senously."

The report, entitled "Conironting
flimate Change ,n California: Fco-
Dgical Impacts on the 'Colden State. ’
-as prepared by seven scienusts.
“.eluding John Meiack. a CCS3
-lOiogist. It will be .made public at
.ews com'erer.ces uxiay in Los
-jtgeles and San Francisco

The team did .not gather orginai
:ata for this study, but rathe.r used
r.tisung climate scenanos and eco- 
agical censuses to determine the

Dossible consequences of global
vanning

LnCalifomia.apopulatlonofmore
-Tan 30 million people has obliter­
ated much of the natural landscape
•vith urban sprawl and farmland.
Jalifomians make up 0.5 percent of
me world population, yet they con- 
lume 2 percent of its fossil tuel.
-eleasit^ in the process, more than
■iCOmilliontonsofcarbondioxide per
ear into the atmosphere, largely

■-•trough their dependence on the
automobile.

:il

'.fwV’tli-d

Researchers predict drier conditions caused by global warming will contribute to on increase
in destructive California wildfires, like the 19W Painted Cave Fire.

Carbon -liocide ;s a greerjiouse
gas — that :s. :t •--aps solar er.er:;
wi-diin T.e atmos_phe.re. heati.-ig ;;
Earh i surace. E'.en :f all proc-ac- 
tionofcarton dio.\;destoppeo ’.oda'.
are global .va.“m;rg Irene -vouic
0'jnt;r.-e for .Tiar.v . ears. .T.a::>
ent;;-.s reoe'. e

There a.'-e 1'.’ “.jlu.-Ol

ecosystems, ircommunitiesofplants
and animals, in California, -angina
irom the cool, .vet.-edwood forests .,f
■Jte .N'orh Coast to the not. dr. .\lojas e
and Colorado dese.rs of the soutlt- 
easL .Many .,f tnose ecosystems are
niihiy sensiti-.e to 'he jvailabilir. if
■■>.ater Thus, according to the repor,
'-he -’.har.ges .n "he t..Tiina -ir amount

of ram over the .ne.xt century are
likely to nave a greater impact than
cnanges in temperature.

Climate .-.range also will snirt the
suitable mnge for each type of eco­
system a.rc the plants and animals
tnat live vi-hm m Because tne life
span -if -r.arme tirHar.isms is s.ror.
Oames iaia. icientis'j already have

been able to obser/e some changes.
In 1975. for e.cample, he said, fully
half of the species of fish offthe coast
of Southern California were cold- 
water species. Today, apparently
reflecting the wanningtrend, only 30
percent are cold-water species.

"Things can happen much more
quickly in theocean,"Gaines said. "It
gives us a window on the types of
change that are going to happen on
land."

The report predica the grasslands
in California likely will expand into
the foothill shrublands ofthe Siena
Nevada and the coasal ranges: and
thatat higherelevations, shrubs may
proliferate at the e.xpense of forests.
"Museum" ecosyste.-ns — isolated
remnants of animal and plant com­
munities — could disappear
altogether.

'They may well be hemmed in by
development that .makes it impossi­
ble for them to adjust U) changes in­
climate." Davis said.

The scientists suggest a few steps
that Califorhia's '.eaders can take
now hp protect and .-pstore the natu- 
ral env-ironmenc Development can
be banned, they say m •.ulne.-able
habiuts such as wetlands, flood
plains and -.vcodla.rcs. -whe.re tire fire
hazard is high. .Natu.p preser.es can
be set aside on land and under-vater
to provide plants and animais some
room to adapt to c.hanging climactic
conditions.

.-\t the same time. Gaines said, the
reserves must take Into account the

. fact thatthe animals may travel north
to survive. Perhaps entire ner.vorks
ofwell-connected reseresshouidbe
set aside for species up .move around
m. he said.

■'Lmderstanding the poteniial
complications here Is .-eally impor- 
tanL ■ Gaines said. "We need to be
thinking of V.ese thir.gs not :n terms
ofa static environmentbut:n'.erTnsof
climate changes."
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