











While we know that much is at slake
if the climate changes, there is
uncertainty concerning the rate and
magnitude of climate change. This poses
a major dilemma since the longer we
wait before taking action, the larger the
amount of warming we will have to live
with. Already, we have seen an increase
in greenhouse gas concentralions which
means that some climate change may be
inevitable. Since there is a great deal of
year-lq:year variation in climate from
purely natural causes, it will also be
difficult to detect the early signs of a
global warming. If we wait until we can
actually measure warming before we
take action, then we may have lo live
with warming for many generations,
since it takes many years before
emission reductions could have an
impact on atmospheric concentrations
and the climate system.

In short, global climate change is an
issue with potentially profound
consequences for mankind and nature.
Limiting climate change would require
sustained concerted action by many
nations for a long period of time.

Given these facts, a number of actions
must urgently be undertaken. We must
continue to build our scientific research
capabilities and to develop an
international scientific consensus on the
nature of the climate change
problem—the kind of consensus that
can endure changes in governments and
incorporate a wide number of nations.
This international understanding of the
problem is necessary before effective
policy responses can be developed.

Yet, we do not have the luxury of
sitting on our hands while a scientific
consensus emerges. Rather, the United
States and other countries should begin
to think of ways to reduce greenhouse
gas emissions, in the event that it
ultimately proves necessary to do so.
The source of these reduclions would be
different for every country. For one, it
may be changing land-use patterns to
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reduce tropical deforestation. For
another, it may be improving energy
efficiency. In many cases, actions that
may be found to be effective in reducing
greenhouse gas concentrations may
make sense on their own, for totally
independent reasons. For example,
reducing production of
chlorofluorocarbons (CFCs) will slow
the depletion of the stratospheric ozone
layer and have the ancillary benefit of
potentially limiting global warming.

Finally, we must improve our
understanding of the effects of warming
in case we find that we need to adapt to
climate change. Since greenhouse gas
emissions have already increased, some
amount of adaptation may be necessary
even if we limited emissions today.
Moreover, if concerted action on an
international level is to be undertaken,
then a consensus must emerge on the
seriousness of the climale change
problem. Only through internationally
coordinated research on the impacts of
climate change can this be
accomplished.

Fortunately, several steps are already
underway. The major nations of the
world have already taken the
precedent-setting action of agreeing to
reduce CFCs under the Montreal Protocol
signed in September of 1987. This trealy
will have the positive benefit of slowing
the rate of global warming in addition to
protecting the ozone layer. The treaty is
by far the most significant international
environmental agreement ever reached,
and it came about as a resull of a
concerted scientific and diplomatic
initiative by the U.S. government. As
this issue of the magazine went to press,
enough ratifications had been received
for the treaty to go into effect on January
1, 1989. Even further reductions are
being contemplated by many
governments.

In addition, the consensus-building
process on the greenhouse issue and
what to do about it has begun. In
November 1988, the United Nations
Environment Programme and the World
Meteorological Organization organized
the first meeting of the
Intergovernmental Panel on Climate
Change (IPCC). This was the first
meeting of countries from all over the
world to discuss global climate change.
It was agreed by all in attendance that
countries should work together to assess
the scientific information concerning
greenhouse warming, its potential
effects, and options for responding to it.
While much work needs to be done, the
IPCC provides a process for developing
the international consensus that must
precede taking action on an issue with
the potentially enormous consequences
of global climate change.

It is ironic that the very technologies
that have raised the standard of living of
millions of people over the last hundred
years. and which are so sought after by
all countries of the world. may also be
responsible for global warming in the
future. We must begin now to build the
international understanding of the
greenhouse gas issue, its likelihood, its
effects, and its sources, in order to
develop an appropriate policy response
to it. Only through international
cooperation can we ensure that the
world of the future will be as conducive
to prosperity as the world of the
present. O

{Thomas is Administrator of EPA.}



A Character Sketch

of Greenhouse

by Dr. David Rind

he Greenhouse Effect has caught the

imagination of the general populace
in the last decade. What’s more, the
respected, generally conservative
scientific establishment has become
associated with relatively dire
predictions of future climate changes
the Greenhouse Effect may cause.

But how much do we actually know
about the Greenhouse Effect? Can we
really establish how much the climate
will change, and when? Perhaps by
separating the “hard” science—that
which can be verified and is considered
well-understood—f{rom scientific theory
or estimates, we can investigate the
likelihood of near-term climate changes
that have been projected. The series of
questions which follow will help us
explore what we currently know, or
think we know, about the Greenhouse
Effect.

Question: Do we really understand the
“Greenhouse Effect”?

The “Greenhouse Effect” is the name for
the physical process whereby energy
from the sun passes through the
atmosphere relatively freely, while heat
radiating from the earth is partially
blocked or absorbed by particular gases
in the atmosphere. Because the sun is
warmer than the earth, its energy is
radiated at a higher frequency which is
not absorbed well by gases such as
carbon dioxide (CO;) or water vapor. In
contrast, these triatomic gases (gases
with three atoms per molecule) are
effective absorbers of the
lower-frequency energy radiated by the
earth. Since the gases responsible for
this selective absorption make up only
about one percent of the atmosphere,
they are known as “trace” gases. In
general, we can calculate very
accurately the energy absorbed by
different gases, although there are some
uncertainties, and when the

concentration of a gas changes, we
know how much more energy is being
absorbed. This additional absorption by
itself warms the planet: for example,
doubling the concentration of CO; in
the atmosphere would eventually lead
to a global air temperature increase of
1.2° Centigrade {C}—about 2.2°
Fahrenheit {F}—if there were no other
changes in the climate system.

However, what we do not know is
exactly how the rest of the system will
react. The current numerical computer
models of the earth’s climate predict
that the warming due to the increase in
CO, will lead to more evaporation of
water vapor from the ocean. Water
vapor itself is a “greenhouse” gas, so as
its concentration increases in the
atmosphere, the planet will warm even
further. With rising temperatures there
will be less snow and ice to reflect energy
from the sun back to space (snow and
ice are very good reflectors). This
promotes further warming because more
of the sun’s heat is retained in the earth.

These are examples of “positive
feedbacks™ in which the system
responds to a warming climate with
changes which amplify the warming
even further. Both of these system
responses are very likely to occur,
although we cannot be sure of the
magnitude of the changes. The models
also predict cloud cover changes that
will provide even more warming, but
clouds are not modeled in a very
sophisticated way because they are not
well understood. Thus, the likely
impact of cloud cover changes is quite
uncertain.

The net result of these different
processes in the various models is the
tripling of the warming caused by the
doubled CO, levels alone, producing a
total warming of about 4° C (or 7° F) for
the global, annual average. Yet it is only
the initial Greenhouse Effect due to
increased CO; or increases in other trace
gases, which we know with great
confidence.

Question: Can we use the temperatures
on other planets to determine what the
climate system feedback will be on
earth?

The atmospheres of nearby planets
validate the general concept of the
greenhouse theory, especially in a
qualitative sense, but they cannot tell us
what the magnitude of the changes on
earth will be. Venus, with its massive
atmosphere composed essentially of
CO., has a surface air temperature close
to 500° warmer than would be expected
without a Greenhouse Effect. Mars, with
a very thin atmosphere and thus little
atmospheric capacity to absorb
radiation, has an observed temperature
close to the expected. The earth, with
intermediate amounts of greenhouse
gases in its atmosphere, is about 30° C
{54° F) warmer than it would be
otherwise. The differences among the
planets are very large, and cannot really
be used to estimate sensitivity to
relatively small changes in greenhouse
gas levels. Furthermore, as noted above,
the big uncertainty lies in the
magnitude of the climate system
response (or feedbacks). The most
important feedbacks involve the
reaction or processes related to water,
and the other planets have no
free-standing water.

Are greenhouse gases increasing?

Since the establishment of an
atmospheric monitoring system in 1958,
we have observed the concentration of
CO, growing systematically. During the
past 28 years, CO, values in our
atmosphere have increased from 315
parts per million (ppm) to 350 ppm.
These values are especially significant
since air bubbles trapped within the ice
in Greenland and Antarctica have been
used to measure what CO,

EPA JOURNAL






warming. There was apparently a
cooling period in the Northern
Hemisphere from the 1940s into the
early 1970s. This is inconsistent with
the concept of greenhouse warming,
but it may be due to other climate
disturbances such as variations in the
solar energy constant, or a change in the
amount of volcanic discharge into the
atmosphere, or it may simply represent
internal variability within the system.

The overall warming for the past
century is the right order of magnitude
for the expected Greenhouse Effect.
However, given the uncertainties about
the actual temperature change, the
climate feedback factor, the actual
amount of CO, in the atmosphere in
1880, and the rate at which oceans
absorb heat (which slows down the
atmospheric warming), we cannot be
more precise in determining what the
expected warming would have been.
Similarly, we cannot use the record to
establish what the climate-feedback
factor really is.

Despite these qualifications, one
aspect of the temperature record clearly
stands out: during the past century, the
four warmest years, globally, were all
during the 1980s; this does not include
1988, which appears as if it will be the
warmest year of all. This has occurred
despite the eruption of the El Chicon
volcano, putting additional dust into the
air, and a decrease in the sun’s energy
output, both of which should have had
a cooling effect. While modern
temperature records may be
contaminated to some exlent by heat
island effects which create warm areas
in cities, the rapid rise of temperature
during the 1980s is consistent with
computer mode!l projections. This
suggests that the anticipated Greenhouse
Effect changes may actually be
appearing at this time.

Question: Are current computer models
adequate to allow us to forecast climate
change?

Numerical models (called general
circulation models) which simulate the
known workings of the earth’s climate
system are used to calculate its response
to increases in trace gases. The four
models in current use all estimate that
the doubled CO, climate will have a
global average temperature some 4° C
{7° F) warmer than today. They are thus
all calculating similar climate feedback
factors. However, even though many
climate processes are handled similarly
in the different models, their unanimity
does not guarantee accuracy. For
example, the treatment of cloud cover in
all the models represents a major
uncertainty. The models also differ to
some extent as to the seasonal and
latitudinal distributions of the
calculated warming. It is thought
unlikely that the models could be wrong
by more than a factor of two, but this
cannot be proven.

In addition, a climate change forecast
should indicate when the warming
would be expected to be evident, but
only one model, the Goddard Institute
of Space Studies (GISS) model, has been
used to calculate the temperature
increase over the next 50 years in
response to a gradual change in
greenhouse gas concentrations. Its
results indicate substantial warming in
the next decade. This calculation is
affected to some extent by uncertainties
in how much heat the oceans will
absorb and the true climate feedback
factor. Nonetheless, by providing an
estimate of how much warming should
be observed in the relatively near future,
the model does give us a chance to test
the accuracy of its projections.

Question: How “dire” is the forecast of
coming climate change?

It is estimated that the ice age climate
was some 4% C colder than today's. At
that time (some 18,000 years ago), ice
covered the area now occupied by New
York City. Considering that the doubled
CO; climate is estimated to be warmer
to the same degree that the ice ages
were cooler, large changes in the
climate system may well be expected if
this comes to pass. The GISS model’s
forecast for the next 50 years gives
changes of 2° C(3.6" F) by the year 2020,
which would make the earth warmer
than it is thought to have been at any
point in historical time. Estimates for
summer temperatures in the doubled
CO, climate indicate that Washington,
DC, which currently experiences 36
days of temperature above 90" F would
routinely have 87 such days; Dallas
would go from 19 days with
temperatures above 100° F to 78 days.

Sea-level rise due to thermal
expansion of the oceans would cause
severe problems in many coastal cities,
and this effect would be exacerbated if
additional glacial melting occurred.
Rainfall patterns would likely be
substantially altered, posing the threat
of large-scale disruptions of agricultural
and economic productivity, and water
shortages in some areas.

We may start experiencing the effects
of a changing climate fairly soon. If we
define a “hot” summer as the warmest
one-third of the summers during the
period 1950-1980, then, if the models
are correct, during the 1990s we will
experience “hot” summers twice as
often, or two-thirds of the time. The
summer of 1988 may be an
all-too-tangible indication of how dire
such changes in summertime climate
can be.
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Projecting the Impacts of
Greenhouse Warming

by Richard D. Morgenstern
and Dennis Tirpak

The past several years have seen the
emergence of a new interest in the
issue of global climate change within
the scientific community. Until quite
recently, a century-year old theory about
man’s emission of carbon dioxide into
the atmosphere, the role of water vapor,
and global warming has remained
largely unexplored. With increasing
evidence on growth in greenhouse gas
emissions, and with the advent of
computer mode's to simulate global
climate, the scieutific community has
been examining in greater detail the
complex issues involved. As more and
more scientists studied the Greenhouse
Effect and became convinced that there
was indeed a potential for a significant
global warming, Congress requested a
report from the Environmental
Protection Agency that would:

...examine the health and
environmental effects of climate
change. This study should include,
but not be limited to, the potential
impacts on agriculture, forest,
wetlands, human health, rivers,
lakes and estuaries as well as other
ecosystems and societal impacts.

EPA's efforts to respond to this
request began with workshops
composed of atmospheric scientists and
specialists in such fields as ecology,
hydrology, {orestry, and agriculture.
With the help of these scientists, EPA
began the process of responding to
Congress, selecting climate scenarios,
and identifying topics for impact
analyses.

The first step involved selecting
future climate “scenarios.” We could
have used historical climate patterns, a
panel of experts, or other methods.
Consistent with the approach adopted
by the National Academy of Science
and other scientific experts, we chose to
use Global Circulation Models (GCMs]).
These atmospheric models are complex
mathematical representations of the
ocean-atmospheric relationships that
determine our global and regional
climate. With hundreds or even
thousands of equations, variables like

evaporation, precipitation, cloud
coverage, wind direction, and
temperature are simulated. To get a
range of possible scenarios, we used
three different models, differing in their
detailed assumptions, to see how
atmospheric variables such as
precipitation and temperature could
change in the future.

But for all the sophistication of these
models, the scenarios they generate are
not consistent in regional detail and
therefore cannot be considered
predictions of future climate. We simply

Our analyses suggest that
climate change could ...
result in a world that is
significantly different from the
one that exists today.

R

do not know enough about gll the
atmospheric and oceanic processes to
get a truly accurate scenario of how
climate will react on & local and
regional scale. GCMs also cannot predict
how climate variability will change, so
we don't know how the frequency of
extreme events will differ. If heat waves,
storms, droughts, or hurricanes occur
more or less often, the effects of climate
change could be waorse or better than
expected.

The next step was to see how those
scenarios affected various systems (for
example, water management systems,
ecasystems, etc.), both natural and
manmade. To capture the possible
wide-ranging implications of climate
change for the United States, we
divided the impact analyses into
regional and national studies. Regional
studies were deemed important because
they provide insights into the sensitivity
of systems in different regions of the
country, With this in mind, we selected
the regions of California, the Great
Plains, the Great Lakes, and the
Southeast. Systems chosen for national
study were picked because they broadly
affect our quality of life. In particular,
the potential impacts of climate change
on water resources, agriculture, forests,
biodiversity, health, air pollution, and

electricity demand were analyzed, as
were the implications of accelerated
sea-level rise.

Like the GCMs, the methods for
studying impacts have limitations. We
have no experience with the rapid
warming of 1.5° to 4.5° C projected to
occur during the next century and
cannot simulate in a laboratory what
will happen over the entire North
American continent. We don't know if a
forest will be able to migrate, whether
fish will be able to find new habitats,
how agricultural pests will spread, or
how impacts will combine to create or
reduce stress. Nor can we know how
changing technology, new scientific
advances, urban growth, and changing
demographics will affect the world of
the next century. These changes and
many others may singularly or in
combination exacerbate or ameliorate
the impacts of global climate change on
society. With the large number of
unknowns, our analyses of the varieties
of impacts can at best provide an
indication of the direction of changes,
but not the magnitudes.

With these caveats in mind, what
follows in the next several articles are
summaries based on the current
scientific literature and our draft
Congressional report. Our analyses
suggest that climate change could
change the landscape of the globe and
result in a world that is significantly
different from the one that exists today.
The ultimate effects could be felt for
centuries, and most will be difficult to
reverse. We hope that our analysis
challenges other to examine this issue
and to amplify and improve our
understanding of the potential
implications. We view EPA’s effort as
but a first step to improve the
information on climate that will be
needed by many decision-makers in the
future. O

{Morgenstern is Director of the Office of
Policy Analysis in EPA’s Office of
Policy, Planning and Evaluation
{OPPE). Tirpak is Director of the
Strategic Studies Branch in OPPE and
co-editor of the draft EPA Report to
Congress on the Potential Effects of
Global Warming on the United States.)
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the North. In northern states such as
Minnesota, where crops are currently
limited by cold temperatures, climate
change is predicted to create more
favorable conditions for agriculture:
namely, warmer and longer growing
seasons. This will tend to enhance
productivity in northern regions
relatively more than in the southern
parts of the country. At more southerly
latitudes, crops are grown closer to their
high temperature tolerances and may
experience excessively high
temperatures with Greenhouse
Effect-induced warming.

Farmers will not be the only ones in
rural areas to bear the brunt of climate
change. Equipment dealers, seed
suppliers, and rural credit managers,
among others, all participate in the ebb
and flow of rural economies. If climate
change is severe, people in these
businesses will also be vulnerable.

As agricultural regions shift
northward, extensions of crop pest
ranges are predicted as well. Thus grain
and specialty crop farmers may have to
deal with increased insect pest survival
in the winter, increases in pest species
with more than one generation per year,
and pesl establishment earlier in the
growing season.

Livestock producers may also
experience changes in pest regimes.
Increased temperatures may cause a
northern shift in the distribution of
some existing livestock diseases and
may enable tropical diseases to extend
their ranges into the southern regions of
the United States. Cold stress on
livestock may be mitigated in the
winter, but heat stress is likely to
increase in summer, possibly decreasing
reproductive capabilities.

In the Great Lakes stales, agricultural
production in the northern part of the
region could expand as production
declines elsewhere in the country. This
might mean an opportunity for growth
in related agricultural businesses, such
as transportation and marketing
networks. However, agricultural
expansion might also put pressure on
forests and other natural areas to be
converted to cropland. Wider
cultivation could increase erosion and
run-off and degrade surface- and
ground-water quality. However, the
presence of thin, glaciated soils in the
North could limit this expansion.

According to computer model studies,
farmers may see yield increases of 50 to
100 percent in Minnesota, while yields
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may decline in the rest of the region by
up to 60 percent. If photosynthesis and
crop water use are improved, crop
yields may increase even more in the
North and in the rest of the region,
except in cases where climate change is
severe.

One study examined potential actions
by Illinois corn producers in the face of
climate change. Not surprisingly, the
degree of adjustment depends on how
much the climate changes. For example,
farmers could relatively easily plant
their crops earlier in the spring to avoid

Climate change could
exacerbate many of the
current trends in
environmental pollution and
resource use from
agriculture—and could initiate
new ones.

low soil moisture in the summer, switch
to long-season corn varieties for longer
growing seasons, and use lower planting
densities to better conserve soil
moisture.

However, if climate change occurs
according to the warmest and driest
scenario, corn production might no
longer be feasible in Illinois.
Consequently, farmers there would be
likely to switch to a better-adapted crop
such as grain sorghum.

In the southeastern states, soybeans
and corn are the crops most widely
cultivated. In recent years, summer
droughts and heat waves have caused
failures of these crops in many parts of
the region. On the other hand, several
recent freezes in the winter have
destroyed a significant portion of the
citrus harvest. Thus, predicted warmer
temperatures caused by the Greenhouse
Effect are likely to be detrimental to
grain crop production in the area, while
favoring citrus production and
expansion of other tropical crops,
particularly in Florida.

The Great Plains is one of the most
marginal agricultural regions in the
United States. Some observers feel that
the southern Plains are so sensitive to
climatic swings that intensive dryland
farming should be abandoned. Yet in a
wet year, the Plains produce bumper
crops of small grains that add
significantly to the nation’s export trade
balance.

Studies done for the EPA Report to
Congress imply that wheat and corn
production may indeed shift away from

the Great Plains, especially if severe
climate change occurs. Yields of these
crops may decrease significantly, and
the agricultural economy may no longer
be able to sustain the rural population.
For many communities in the region,
this may further weaken an economic
base already under pressure from
long-term structural changes in U.S.
agriculture.

As cropland area decreases in the
southern latitudes of the country,
demand for irrigation is likely to grow
on the remaining acreage, because of
improved reliability of irrigated yields
and higher crop prices. This could
increase the ground-water overdrafts
already occurring in the dry regions,
such as the area fed by the Ogallala
Aquifer in Nebraska, Kansas, Oklahoma,
and the High Plains of Texas.

It is important to note that the
regional shifts in agriculture described
above are potentially harmful to the
environment. Expanded irrigation and
shifts in regional production patterns
could result in competition for water
resources, increased potential for
ground- and surface-water poliution,
loss of wildlife habitat, and increased
soil erosion. A northward migration of
agriculture would increase the use of
irrigation and fertilizers on sandy soils,
thus endangering ground-water quality.
Farmers may rely on chemical
pesticides to deal with changes in both
crop and livestock pests. The above
examples show that climate change
could exacerbate many of the current
trends in environmental pollution and
resource use from agriculture—and
could initiate new ones.

In conclusion, EPA’s studies found
that climate change could cause
significant shifts in regional agriculture,
even with the beneficial effects of
increasing CO,. Agricultural researchers
and policymakers should begin now to

* build awareness of these potential

changes into their programs, in order to
minimize any adverse impacts and
facilitate adjustments to those shifts.

Finally, it should not be forgotten that
the impact of climate change will
reverberate throughout the global food
economy, polentially altering the
international food trade and the location
of food-deficit regions. Changes in U.S.
agriculture will thus take place in a
global context. O

(Rosenzweig is an agronomist in the
Department of Geography at Columbia
University. She is currently based at
NASA’s Goddard Institute for Space
Studies.)
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existed in the Great Lakes states, while
“northerly” species of spruce shifted
south into Georgia and east Texas.
Subsequently, during a warming period
(6,000 to 9,000 years ago), which
averaged 1.5° C (2.7° F) above present
temperatures, many plants in North
America were found one to two
hundred miles north of today’s
distributions.

Forests occupy 33 percent of U.S.
land area and exist in some areas of all
50 states. In total, they occupy
approximately 737 million acres, which
constitute 10 percent of the world’s
forest lands. Eight major forest regions
of the conterminous 48 states contain 84
percent of the forested ecosystems of the
United States; the forested areas of
Alaska and Hawaii represent the
remaining 16 percent. U.S. forests are
rich in essential resources such as
wood, water, and wildlife, and offer
many opportunities for outdoor
recreation.

Most people in the United States live
and work close to or within a forested
region. A widespread rural population
is dispersed throughout the nation’s
forest regions, but even many urban
centers have a forest backdrop. For
instance, the Boston-Washington
corridor is located within the eastern
hardwood region of maple/beech/birch
forests. Atlanta and other Southeast
population centers are interspersed
among the southern forests of loblolly,
shortleaf, and slash pine. Chicago and
nearby Great Lakes communities are
surrounded by the mixed
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conifer-hardwood forests of that region,
and the Los Angeles to San Francisco
populations parallel the forests of the
Sierra Nevadas to the east. Forests, in
short, are part of the living environment
of U.S. citizens, and clearly the
continued health and productivity of
the nation’s forests are of critical
importance.

In 1987, EPA commissioned five new
studies to enhance the present
understanding of the effects of global
warming on U.S. forests. These studies
used several methods to estimate how
forests would respond to the warmer

Time is short considering the
magnitude of forest change
possible under predicted
global warming.

conditions predicted by global climate
models for the next century as a result
of the Greenhouse Effect. In two studies,
fossil records of the pollen of plant
species (including trees) deposited
during past geologic periods found to
have climatic conditions similar to
greenhouse conditions were used to
estimate forest composition in the
future. In two other studies, existing
models that simulate forest tree growth
and productivity over time were used to
predict forest conditions under future
climate scenarios. A fifth study
correlated present temperature and
precipitation patterns with existing tree
distributions. Then, looking at predicted
temperatures and precipitation {and
assuming the correlations would
continue to hold), estimates were made
on how the tree distributions would
look in the future.

Results from the five studies vary
because different assumptions were
used in different studies. In addition,
there were a number of uncertainties in
all of these studies. For instance, the
global climate models may not give
precise climate predictions. The rates of
predicted climatic change are more
rapid than in recent geological history.
The influence of all factors influencing
forest health cannot be incorporated in
estimates (e.g., natural disturbances
resulting from weather extremes
accompanying rapid climatic change).
And possible rates of species migrations
to adjust to new climates were coarsely
estimated. Collectively, however, the
studies have strength in that they
suggest roughly the same kinds of forest
effects under the climatic scenarios
developed, based on a doubling of
atmospheric CO, over pre-industrial
levels.

Several important conclusions from
the studies serve to advance knowledge
and justify concern regarding the future
of U.S. forests. All the studies suggest a
northward expansion of most eastern
tree species. Potentially, the range of
spruce, northern pine, and northern
hardwood species could shift northward
by about 350 to 450 miles into the
Hudson Bay region of the Canadian
boreal forest. Actual northern migration
may be limited to about 60 miles over
the next 100 years. Eventually, however,
New England coniferous forests could
be replaced by more hardwood forests
and especially by the oak species from
the eastern mid-United States.
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Additionally, southern pine species
could shift into the present hardwood
forest lands of eastern Pennsylvania and
New Jersey.

Ultimately, forest decline and
mortality could reduce southern
distributions of many northern
hardwood tree species by as much as
600 miles latitudinally, or by less than
100 miles for southern pines and
hardwoods. Under the driest scenario,
projections for the Great Lakes region
and New England are that species like
eastern hemlock and sugar maple could
disappear. Mature natural forests in the
region could be reduced from one
quarter to one half their present
volumes per land unit, with many poor
sites for tree growth also giving way to
grassland or scrub conditions.

Projections for the West are mixed.
Because of the mountainous conditions,
upslope shifts are possible for Douglas
fir, ponderosa, and western hemlock in
the northern Rocky Mountains. In the
coastal mountains of California and
Oregon, Douglas fir could be replaced
by western pine species in the
lowlands. Overall, the western forest
lands are predicted to favor more
drought-tolerant pines, at the expense of
fir, hemlock, larch, and spruce species.

Overall, these estimated forest effects
have many implications for the nation.
Consider the potential ecological and
socioeconomic impacts.

Ecologically, in addition to trees,
there are other important components of
forests to consider, such as other plants,
animals, soils, water, and atmosphere.
All of these components are affected by
interacting processes. For example, for
animals such as rodents, birds, or large
mammals, a change in the size and
relative homogeneity of forests could
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mean changes in their regions of habitat.

In cases where receding forests leave
wide stretches of unfavorable habitat,
migrations could be hindered and some
species may be lost.

Soil development is many times
slower than plant migrations, and
favorable nutrient conditions for trees in
more northerly locations could be
delayed by centuries. Warmer climates
leading to drier conditions may bring
droughts that reduce timber and water
yields from present forest areas.

These prospects raise socioeconomic
issues. As forests shift to new areas and

In the coastal mountains of
California and Oregon,
Douglas fir could be replaced
by western pine species in the
lowlands.

existing forests lose vigor, there will
probably be disruptions and/or
reductions in the availability of major
forest resources—wood, water, wildlife,
recreation opportunities—and in many
cases forest aesthetics as well. It is not
hard to imagine very significant
economic impacts of such developments
in terms of unemployment, community
instability, industrial dislocation, and
international trade impacts. These
far-reaching impacts would call for a
comprehensive review of U.S. forest
policy. Fundamental questions that will
surely need review involve the amount

of U.S. lands that should be maintained
in forests, how they are managed, by
whom, and for what priority uses.

A growing consensus among scientists
is that global warming from the
Greenhouse Effect is almost inevitable.
The timing and magnitude are
somewhat uncertain, but stopping or
turning back in less than a century or
two is likely not possible now. Forestry
research could lessen the impact by
developing methods, first, to detect the
extent and magnitude of forest response,
and second, to offset some of the
adverse effects through forest
technology.

Time is short considering the
magnitude of forest change possible
under predicted global warming. It is
urgent, therefore, to begin the research
as well as the national planning and
policy review very soon. O

(Dr. Winjum is Senior Forest Ecologist
on the acid rain research team at EPA’s
Environmental Research Laboratory at
Corvallis, Oregon. Dr. Neilson is
Technical Director of the project at the
same laboratory, studying the ecological
effects of global climate change. and is
an assistant professor of environmental
science at Oregon State University in
Corvallis.)
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lands and erecting storm-protection
barriers.

EPA estimates that even with a
two-meter rise, low-lying coastal cities
could be protected with bulkheads,
levees, and pumping systems, at a cost
of $30 to 100 billion. Although these
estimates are probably conservative,
they are such a small fraction of the
value of the nation’s coastal cities that
one can reasonably conclude that these
cities are clearly worth protecting and
hence will not be inundated.

Studies of the possible responses of
barrier island and moderately developed
mainland communities show less
agreement on the likely response, but
generally suggest that environmental
factors would be as important as
economics. Although levees and
seawalls would hold back the sea, they
would generally result in the loss of the
beach as well as walerfront views.
Recent EPA studies suggest that the
most reasonable approach for many
islands would be to hold back the sea
by extending the current practice of
pumping sand onto beaches to raising
entire islands in place. Nevertheless,
urbanized islands such as Galveston and
Absecon (Atlantic City) may find levees
more appropriate. Undeveloped and
lightly developed islands may be
allowed to erode and retreat naturally.

EPA estimates that the cost of raising
the nation’s developed barrier islands in
place would be $50 to 100 billion for a
one-meter rise, and $135 to 215 billion
for a two-meter rise. On an annualized
basis, barrier island communities would
have to approximately double their
properly taxes. Although property
owners are unlikely to welcome this
prospect, it would generally be
preferable to losing one's property.
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Hence, it seems reasonable to conclude
that sea-level rise will not necessitate
the abandonment of the nation’s coastal
barrier islands.

Although the impacts of sea-level rise
on the open coast could be important,
environmental policy-makers should
probably focus on sheltered waters.
Because the beach generally is a barrier
island’s most important asset,
economics would tend to encourage

Among the lands most
vulnerable to inundation are
the 100 to 150 square miles of
recreational barrier islands of
the Atlantic and Gulf Coasts.

these communities to preserve their
natural shorelines. By contrast, along
sheltered shorelines, economic
self-interest would encourage property
owners to erect bulkheads that would
prevent new wetland formation from
offsetting the loss of inundated
wetlands.

State and local governments are
beginning to seriously contemplate how
to plan an orderly retreat from the
shore. Maine's Dune Regulations
stipulate that houses along the shore are
presumed to be movable in the event
that sea level rises. For high-rises, the
regulations require that the builder
submit an abandonment plan for any
building that would block the migration
of wetlands or dunes resulting from a
rise in sea level up to three feet. Other
states, such as South Carolina, have
recently moved toward explicitly
discouraging the construction of
additional bulkheads. In the case of
Louisiana, it will be necessary to change
the ways by which we manage the flow
of water for navigation and flood
control.

A number of measures for
counteracting saltwater intrusion due to
sea-level rise have been employed to
address current salinity problems. The
Delaware River Basin Commission, for
example, protects Philadelphia’s
freshwater intake on the river—as well
as New Jersey aquifers recharged by the
river—from excessive salinity by storing
water in reservoirs during the wet
season and releasing it during droughts,
forcing the saltwater back toward the
sea. Other communities have protected
coastal aquifers by erecting underground
barriers and by maintaining freshwater
pressure through the use of
impoundments and injection wells,

Looking Ahead

A rise in sea level caused by the
Greenhouse Effect would have
significant economic impacts on the
coastal zone of the United States, but
the cost of protecting cities and
recreational beach resorts from a rising
sea would generally be affordable. The
environmental problems, however,
could be more serious. Tc maintain our
coastal wetlands, we will probably have
to gradually remove coastal structures
from much of our coastal lowlands.
Although this will probably not be
necessary for several decades, we need
to lay the groundwork today, while the
impacts are far enough in the future for
people to agree on objectively fair
solutions without being compromised
by the desire to avoid their share of the
eventual costs. O

(Titus, EPA’s Project Manager for
Sea-Level Rise, works in the Office of
Policy Analysis, part of the Office of
Policy, Planning, and Evaluation.)






One consequence of higher
temperatures ... would be
lowered demand for energy
used for heating In the winter
and increased demand for
energy used for cooling in the
summer.

industry must focus on long-term
planning. In other words, utilities must
begin planning their investments now to
meet their power generation needs into
the next century.

To address these issues, EPA and ICF
Incorporated, an environmental and
energy consulting firm, have assessed
the potential impacts of the Greenhouse
Effect on the demand for electricity and
the consequences of these impacts for
utility planning. Based on this study,
preliminary regional and natural
estimates were developed for a period
from the present to the middle of the
next century {2055).

Certain key assumptions were
factored into the analysis, including
estimated temperature changes due to
the Greenhouse Effect that would occur
over this period. Temperature change
estimates for regions across the United
States were derived from computer
modeling experiments conducted by the
Goddard Institute for Space Studies
(GISS). In these modeling experiments,
alternative emissions rates for
“greenhouse” gases and other
atmospheric conditions were assumed,
so that ranges of estimates were
produced.

The GISS estimates of average annual
temperature change increase over time,
and by the 2050s, the estimates of
cumulative temperature increases range
from 3.1° to 5.3° C (5.6° to 9.5° F).
Based on these temperature change
estimates, considered together with
relationships between temperatures and
electricity demand, and a utility
planning model, we were able to
estimate how the Greenhouse Effect
could impact future electricity demands,
utility requirements for fuel and power
plants to meet the demands, and the
costs of producing electricity.

Study Results

By the year 2055, the Greenhouse Effect
could measurably change regional
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demands for electricity in the United
States.

A principal factor in utility-generating
capacity requirements is the peak
(highest hourly) demand the utility
must meet. For most utilities in the
United States, this occurs on a day
during summer hot spells. Peak
electricity demands are driven largely
by peak use of air conditioning. Because
the Greenhouse Effect is expected to
have a significant influence on air
conditioning and other summertime
uses of electricity, higher temperatures
in the future could lead to significant
increases in the capacity needed to
satisfy those uses.

In fact, in several states in the
Southwest, Southeast, and Southern
Plains regions, requirements for new
generating capacity could increase by 20
to 30 percent, as compared with a
scenario in which global warming does
not occur.

Capacity requirements would not
increase in all states, however. Because
of greater demands for heating than
cooling in colder regions, some utilities
experience peak demands in the winter.
In these cases, warmer winter
temperatures caused by the Greenhouse
Effect could reduce the amount of
generating capacity required. Such
reductions in new capacity
requirements induced by the
Greenhouse Effect are restricted to a few
states in the Northeast (Maine, New
Hampshire, and Vermont) and in the
Northwest (Washington, Oregon,
Montana, and Wyoming).

On a national basis, changes in
electricity demand by 2055 due to the
Greenhouse Effect could increase needs
for new power plants by 14 to 23
percent. Another way o look at this

result is that eight to 16 large
(500-megawatt) power plants would
have to be built on average in each state
by 2055 to meet the additional
requirements induced by increasing
temperatures.

Implications for Utility Planning

The EPA-ICF study estimated that the
investment in new power plants
necessitated by the Greenhouse Effect
could total several hundred billion
dollars (not including any increase in
costs due to inflation) over the next 70
years. In addition, increased fuel and
operating and maintenance costs to
generate electricity with these plants
could reach several billion dollars per
year by 2055. Much of these costs
would undoubtedly be reflected in
higher electric bills for consumers.

It is, of course, difficult if not
impossible to predict the future. The
extent and rate of climate change that
will occur are very uncertain.
Nonetheless, the picture painted by the
study results is a very real possibility.
The findings suggest that a substantial
amount of our resources could be
devoted to planning for and adapting to
the Greenhouse Effect in this one sector
alone. There are a number of other ways
the Greenhouse Effect could impact
electric utilities (for example, reductions
in the availability of water in rivers
used to generate hydropower), and there
are many other sectors of the world
economy and environment that will feel
the effects of climate change.

Designing and implementing
strategies that will help to mitigate the
Greenhouse Effect and to adapt to
climate changes in the future that do
occur are the challenges facing
policy-makers and planners today. O

(Linder is a Vice President of ICF
Incorporated.)
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winter, while the greatest need for water

is in the summer.

To store the water and deliver it to
user in the south, the largest reservoir
and water distribution system in the
world was constructed. The system was
designed to capture run-off at a certain
time of the year, and it is that very
precision that makes the system
vulnerable to climate change. Warmer
temperatures will melt the snow in the
Sierras earlier. Flood control is
currently the major wintertime water
management problem in northern
California, and earlier Greenhouse
Effect-induced snowmelt could make
the problem worse. To protect areas
such as Sacramento from flooding,
reservoir levels will have to be kept
lower and more winter run-off released.
Letting more water go in the winter will
result in inadequate supplies for
consumption in the summer.

While supplies in California could
become less reliable, there may be a
need for even more water. The stale's
farmers, who already use about 85
percent of the state’s waler supplies for
irrigation, may need more water. Higher
temperatures will increase electricity
demand, which may mean more power
plants and greater need for cooling
water. Sea-level rise could increase
salinity near the freshwater pumping
stations in the Sacramento-San Joaquin
Delta, requiring the use of more fresh
water to repel saline walers.
Furthermore, with higher temperatures,
residential use of water for drinking and
watering lawns could increase. Faced
with a system that may not be able to
deliver adequate supplies, Californians
may have to choose between building
more storage capacity or using water
more efficiently.

In contrast to California, rainfall in
the Southeast is well distributed
geographically. In recent years the
problem in the Southeast has been
drought. In 1986 and 1988, low rainfall
reduced crop production. This year low
river flow restricted commerce on the
Mississippi and led Atlanta to restrict
residential water use.

We are not sure whether climate
change will raise or lower river flow
and lake levels, but a change in either
direction could have significant
implications for the Southeast. If river
flow and lake levels become higher, the
likelihood of flooding may rise. If levels
drop, the problem becomes one of
allocating scarce supplies.
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As in California, the need for water
will rise in the Southeast. Many farmers
in the region may install irrigation in
order to increase crop vields. Also, the
increase in electricity demand may be
greatest in the Southeast, and that could
mean greater need for water both for
cooling and for hydroelectric power
production. The problem that may face
water managers in the Southeast,
especially if river flows and lake levels

Some areas could get more
rainfall, others less; some
could see changes in when
rainfall occurs.

decline, is deciding which uses of water
to protect. Should water be set aside for
irrigation or for municipal and
industrial use? Should hydropower be
favored? What about recreation and
protecting fish and wildlife?

In the Great Lakes, the concern in
recent years has been with changes in
lake levels. Three years ago, record high
levels caused millions of dollars of
damage to shoreline properties, while
lower ievels this year reduced shipping
tonnage and hydroelectric power
production. The EPA studies indicate
that average lake levels may fall
one-half to as much as two and one-half
meters, dropping average levels below
the lowest levels on record.

Lower levels may create more
beaches, but could cause problems for
shipping and hydropower. Shipping
channels either would have to be
dredged or the cargo tonnage on ships
reduced. (Warmer temperatures,
however, will reduce ice cover, which
will allow shipping to continue almost
year round.) Lower lake levels will also
reduce hydropower production, which
currently supplies one-fourth of New
York State’s electricity.

How people outside of the Great
Lakes region respond to climate change
could also affect the Lakes. During the
drought this summer, there were calls to
increase the diversion of water out of
the Great Lakes to raise flow in the
Mississippi. This could be an indication
of things to come. The report concludes
that the demand for irrigation will
increase in most regions of the country.
The demand for water for other uses,
such as power plant cooling, may also
rise across the country. With the
availability of water in areas such as the
West possibly becoming less reliable,
water users may look outside of their

regions for supplies. One possible
source may well be the Great Lakes,
which, despite lower levels, will still
constitute the largest source of surface
fresh water in the United States.

Climate change will not only affect
the supply of fresh water in many
regions, but also the quality. Where
river flow and lake levels are lower,
there would be less dilution of pollution
and water quality could decline.
Conversely, where they are higher, there
could be more dilution and an
improvement in water quality. We
found that in lakes such as Lake Erie,
higher temperatures would increase the
growth of aquatic species such as algae
and would change lake circulation
patterns. These changes would reduce
dissolved oxygen levels in other lakes as
well, thereby harming fish and other
creatures.

In general, water resources in many
parts of the country are likely to be
affected by climate change. The
availability of water—how much there
is and when it is available—will change
and the need for water will probably
increase. Many reservoir and dam
systems may not be able to handle the
change. These systems were built based
on historic flows and, as is the case in
California, a shift in availability could
impair the system'’s ability to provide
adequale supplies or flood protection.
Thus, some change in the structure of
many of these systems or in the use of
water may well be necessary.

There are two basic ways to make
these changes. One is to wait until
climate change occurs before acting.
This could lead to expensive
engineering solutions and, perhaps,
bitter battles over the allocation of
water. Another approach is to take steps
now that might minimize future impacts
and also make sense for other reasons.
For example, reducing water use may
lessen the impacts of any future
reductions in supply. Such steps may
also reduce pollution and costs in the
near term. Furthermore, deciding on
water allocation schemes for droughts
before they occur may be much easier
than deciding when supplies are short.
Incorporating climate change in the
management and planning of our water
management systems may make it easier
for our children to meet future
challenges. O

(Smith is a Policy Analyst in EPA’s
Office of Policy Analysis and co-editor
of the draft EPA Report to Congress on
the Potential Effects of Global Warming
on the United States.)
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As for acid rain, there are a
number of possible links
between this serious air
pollution problem and global
warming.

reaching the earth might actually slow
down ozone formation. However, most
of the indirect effects of rising
temperature would tend to increase the
amount of ozone. Increased amounts of
water vapor from global warming would
bring an ozone increase, as would more
frequent or longer episodes of air
stagnation. Higher temperatures would
also produce higher rates of VOC and
NOy emissions (for instance, gasoline, a
major source of VOC emissions,
becomes more volatile as the
temperature rises, and NOy emissions
from power plants could rise with
increasing demand for energy to run
air-conditioning units in a hotter
climate.) Computer simulations in
California suggested that a 4-percent
increase in temperature could produce
anywhere from a 2- to 20-percent
increase in ozone concentration.

From an economic and policy point of
view, these studies are potentially
significant because:

® Ozone levels in many areas are just
below the present national standard.
Any increase in ozone formation could
push them into violation. In the period
1983 to 1985, 68 metropolitan areas
exceeded the ozone air standards. A
10-percent rise in ozone levels could
double the number of nonattainment
areas and bring a number of mid-sized
and smaller cities in the South, East,
and Midwest into non-compliance.

® Many relatively inexpensive controls
for ozone are already in place in
nonattainment areas. If the ozone levels
rose, much more expensive controls
would be required. If, for example,
higher temperatures resulted in a
10-percent increase in emissions in
nonattainment areas, this could increase
control costs as much as $3 hillion
annually.

24

® Any rise in temperature could present
additional problems for areas trying to
meet the national standard. Ozone
levels and ozone precursors are closely
related to economic expansion and
population growth. Consumer
solvents—paints, sprays, and even
deodorants—are a major source of ozone
precursors. These are difficult to control
and will undoubtedly increase over time
in all areas, including many already
attaining the standard. If auto emissions
also rise, any temperature rise will
exacerbate efforts to stay in compliance.

One possible saving grace is that,
because the full effect of global warming
will not be felt until well into the next
century, various national measures to
reduce ozone precursors, such as a
reduction in the volatility in gasoline or
changes in manufacturing processes or
transportation patterns, might provide
offsetting cushions in marginal areas.
But, unfortunately, economic
considerations and population growth
may make this unlikely.

As for acid rain, there are a number of
possible links between this serious air
pollution problem and global warming.

® Emissions from fossil fuel power
plants contribute to both acid rain and
global warming. If more electricity is
needed for air conditioners in northern
areas, emissions would go up, although
there could be offsetting regional shifls
in emissions growth.

® As climate change influences
atmospheric reaction rates and the
quantities and form of acid deposition,
areas of high deposit may shift or more
acid rain may fall away from the North
American continent. In any event,
strategies that seek to control power
plants in regions near sensitive areas
may or may not be as effective if there is
global climate change.

® Global climate changes may alter the
impact of acid rain on the ecology and
other systems. Changes in rainfall

amounts could dilute the effect of acid
rain on sensitive lakes. Cloud changes
could alter fertilization of high-elevation
forests. Changes in humidity and
rainfall patterns may change
degradation rates for organic materials.
Increased aridity in the mid-continent
could alter the calcium and magnesium
levels in dust, thereby neutralizing the
acid rain impact on soils. More frostless
days would reduce frost-related forest
damage, and snowpack changes and
rainfall patterns could change acid
levels in streams and the timing of
major spring run-offs.

With all of the foregoing in mind, air
pollution control agencies such as EPA
need to review the impact of global
climate change on their policies to
determine the interrelationships
between those policies and global
warming. Such impacts as the cost of
added controls resulting from climate
changes should be considered when
regulations are proposed or reevaluated.
Future regulatory decisions should take
into account their impact on energy use
and greenhouse gases, especially since
EPA regulations often serve as models
for other countries. Also, future reports
to Congress and major assessments of
ecological effects like the 1990 Acid
Deposition Assessment should include
sensitivity analyses of alternative
climates because these relationships
could have an important bearing on the
future of air pollution controls. O

(Durman is Chief, Air Economics

Branch, in EPA’s Office of Policy,
Planning, and Evaluation.)
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Canada

by Tom Agnew

Acursory look at global warming
scenarios might seem to suggest that
Canada, being a cold northern country,
would emerge as a net winner from the
Greenhouse Effect. Indeed, in many
respects Canada will benefit. However,
expected changes in global climate
involve more than a simple rise in
temperature. Global circulation models
indicate that temperature increases will
be accompanied by shifts in global wind
and rain patterns. These changes could
have major detrimental effects on
Canadian agriculture and water
Tesources.

In southern Canada, for instance,
where most of the nation’s fertile soils
and population are located, severe
droughts may well become more
frequent, while increased flooding may
occur in the north. And throughout the
country, natural vegetation and forest
stands are likely to become mismatched
with ambient climate, making them ripe
for stagnation and/or dieback.

Physical and Biological Impacts

Computer modeling studies of warming
due to the Greenhouse Effect suggest
that the future distribution of Canada’s
water resources will be significantly
altered. If storm tracks and hence
rainfall patterns move northward, as
projected, water supplies in southern
Canada are expected to decline
significantly, due both to increased
evaporation caused by warmer
temperatures and to a possible decrease
in precipitation during the summer
months. Water levels in rivers, lakes,
and reservoirs would be reduced.

Studies concerning the future Great
Lakes water supply suggest that water
levels may be considerably lower, with
outflow through the St. Lawrence
Seaway possibly decreased as much as
21 percent. Shipping on the Great Lakes
would be adversely affected. Where
water supplies are already
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contaminated, as in the Great Lakes,
lower water levels would concentrate
existing pollutants. Moreover, increased
dredging of toxic-laden sediments in
harbors and navigation channels would
pose environmental problems.
Decreased water supplies generally
mean increased competition for
available water resources. In the
populated regions of southern Canada,
heavy demands are already placed on
our water supply for industrial,
agricultural, and domestic needs. These
demands are likely to increase
substantially. In addition, lower water
levels would seriously affect the
generation of hydroelectric power. The

In southern Canada, where
most of the nation’s fertile
soils and population are
located, severe droughts may
well become more frequent
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shortfall would have to be made up
through increased use of nuclear or
thermal power generation, with its
attendant increases in acidifying sulfur
emissions.

Higher temperatures and longer
growing seasons could significantly
improve growing conditions for crops.
The limits of northern agriculture,
especially wheat production, are
expected to expand considerably into
areas such as the fertile river valleys of
the Peace and MacKenzie Rivers in the
Northwest Territories. However, in most
of the north, soils are unsuitable for
cultivation, and expansion of intensive
agriculture will be limited for that
reason.

Alterations in regional and seasonal
rainfall and evaporation are expected to
have major effects on agriculture,
particularly in the mid-latitudes, where
soils may become drier and severe

droughts more frequent. The
grain-producing areas in the southern
prairie provinces are especially
vulnerable. The increased severity and
frequency of drought, such as the ones
experienced during 1986-87 and
1987-88, will pose the largest threat to
Canadian agriculture.

Gradual changes in forest cover are
also expected as the climate warms. In
the Arctic, the tree line is expected to
move slowly northward at the rate of
approximately 100 kilometers per
degree Centigrade of warming. The
mixed temperate forests of the east are
expected to expand, replacing boreal
forests as far north as James Bay.

However, because of the slow process
of forest succession, many existing
stands of trees, including those now
being planted under the reforestation
program, will gradually be left outside
their optimum temperature range,
stunting their growth and inducing
major diebacks. This problem may
exacerbate the current dieback problems
associated with acid rain, ozone, and
other manmade pollutants.

Drier climates in southern Canada
could also reduce tree growth and
significantly increase the risk of forest
fires. Warmer winters may seriously
affect the stability of winter logging
roads.

Greenhouse warming is expected to
have a substantial and largely beneficial
effect on northern Canada. Higher
temperatures would greatly improve
shipping conditions in the far north by
reducing the amount of floating ice and
lengthening the short summer season.
Warmer temperatures would also be a
boon to'tourism and settlement.

Rainfall patterns are expected to shift
northward, bringing significantly
increased precipitation in some areas.
Despite warmer winters, snow depths
may be greater—bringing an increased
threat of extensive flooding with the
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spring run-off. Storms could be more
frequent and more severe.

There is also concern that slow but
widespread melting of the permafrost
will create an unstable foundation for
roads, buildings, pipelines, and other
structures. In addition, melting of the
permafrost is likely to release significant
amounts of the greenhouse gases
carbon dioxide (CQ,) and methane to
the atmosphere. And while snow depths
may be greater, snow will cover less
area for shorter durations, resulting in
increased absorption of incoming solar
radiation. Considered together, these
two factors constitute a probable
“positive feedback” mechanism which
would reinforce the warming effect.

The anticipated warming would mean
less ice cover on navigable waters, and
this would substantially benefit
shipping and the offshore resource
industry in Arctic and coastal waters.
However, there is concern that icebergs
could increase as much as 300 percent,
posing a major threat to offshore
activities in the eastern Arctic and
Labrador.

In the Greal Lakes, reduced winter ice
would extend the shipping season.
However, this advantage is expected to
be cutweighed by the previously noted
problems associated with lower water
levels.

The Canadian Climate Program

Recognizing the potential impacts of
climatic fluctuations and climate change
on Canadian Society, Canada
established, over a decade ago, the
Canadian Climate Program (CCP) to
integrate the efforts of various federal
and provincial agencies as well as
universities and the private sector in the
field of climatology. The program is
steered by a Climate Program Board,
which provides guidance and
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coordination on a wide spectrum of
international and national
climate-related activities. The lead
agency for this national program is the
Atmospheric Environment Service
(AES) of Environment Canada.

CCP climate impacts studies are being
carried out to assess the potential social
and economic repercussions of climate
warming expected under a scenario in
which atmospheric CO, levels are

In the Arctic, the tree line is
expected to move slowly
northward at the rate of
approximately 100 kilometers
per degree Centigrade of
warming.

doubled over pre-industrial levels.
Thirteen major studies have now been
completed, and others are in progress.
This work has identified specific areas
of sensitivity in agriculture, forestry,
navigation, power generation, fisheries,
recreation, and tourism.

One noteworthy study examined the
impact of climate change on agriculture
in Saskatchewan. This work was done
as part of a joint project with
IIASA/UNEP (International Institute for
Applied Systems Analysis/United
Nations Environment Programme). The
study found that Saskatchewan could
expect occasional drought years like
that of 1961, with losses to the
agricultural economy exceeding $1.8
billion and 8,000 person years. A shift
to a warmer long-term climate would
cause reduced spring wheat yields with
losses of $160 million and 700 person
years.

As a possible premonition to the most
recent 1988 severe drought, the same
study also indicated that there would be
a major increase in the frequency and
severity of droughts. Warmer climates
would conceivably allow northward

expansion of prairie agriculture.
However, soils in this northern area are
suitable only for marginal crops such as
forage, and the potential economic
benefits of such expansion are
questionable.

Results of these studies are now being
disseminated to the Canadian public
through the Climate Change Digest, a
new publication series initiated in 1987.
Press releases announcing each issue
have attracted considerable media
attention.

The CCP also provides support for
impacts workshops such as the joint
U.S.-Canada Symposium on the Impacts
of Climate Change in the Great Lakes
Basin, held in Chicago in September
1988.

Canadian Research Activities

Numerous research projects are being
pursued at Canadian universities and
government agencies with resources
provided by funds from various federal
departments, from the Natural Sciences
and Engineering Research Council of
Canada {NSERC), which gives grants to
universities, and from the CCP for
research directed at improved climate
monitoring and prediction. Recently, a
climate research chair at McGill
University has been funded jointly by
the NSERC and the AES, and a chair
will also be funded at Dalhousie.

Some of the more notable research
activities are:

e Canada operates continuous air
sampling stations at Sable Island (Nova
Scotia), Cape St. James (British
Columbia), and Alert (Northwest
Territories) as part of the global
monitoring of background atmospheric
CO, concentrations being coordinated
by the World Meteorological
Organization (WMQ). Samples are also
collected at Mould Bay, Northwest
Territories, for analysis by the
National Oceanic and Atmospheric
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With a Global Focus

by William H. Mansfield lil

u lobal warming may be the

greatest challenge facing
humankind,” according to Dr. Mostafa
K. Tolba, Executive Director of the
United Nations Environmental
Programme (UNEP) and Under Secretary
General of the United Nations. Indeed,
the mounting concern about climate
change impacts has sent storm warning
flags aloft in the United Nations, where
the President of the Maldives, Maumoon
Abdul Gayoom, gave a dramatic,
impassioned address to the 1987 U.N.
General Assembly on the severe
consequences of sea-level rise on his
low-lying island country. Malta put a
resolution on the same issue poignantly
before the 1988 General Assembly. The
resolution was adopted, and a meeting
of heads of U.N. organizations on
environmental matters in Paris in July
1988 featured climate change as a major
discussion item. It was also a major
topic at the Economic Summit in
Toronto last june.

Sea-level rise as a consequence of
global warming would immediately
threaten that large fraction of the globe
living at sea level. Nearly one-third of
all human beings live within 36 miles of
a coastline. Most of the world’s great
seaport cities would be endangered:
New Orleans, Amsterdam, Shanghai,
Cairo. Some countries—the Maldives
Islands in the Indian Ocean, islands in
the Pacific—~would be inundated.
Heavily populated coastal areas such as
in Bangladesh and Egypt, where large
populations occupy low-lying areas,
would suffer extreme dislocation.

Warmer oceans would spawn stronger
hurricanes and typhoons, resulting in
coastal flooding, possibly swamping
valuable agricultural lands around the
world. Reduced water quality may
result as coastal flooding forces salt
water into coastal irrigation and
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drinking water supplies, and
irreplaceable, natural wetlands could be
flooded with ocean water, destroying
forever many of the unique plant and
animal species living there.

Food supplies and forests would be
adversely affected. Changes in rainfall
patterns would disrupt agriculture,
Warmer temperatures would shift
grain-growing regions polewards. The
warming would also increase and
change the pest plants, such as weeds,
and the insects attacking the crops.

The precedent established in
tackling the stratospheric
ozone issue may well be a
useful model for dealing with
climate change. But climate

change is an mfim'telly more
complex issue to deal with.

The effects on oceanic fisheries are
not known now, but warming could
result in changing ocean currents and
upwelling and thus fewer nutrients. It
could alter salinity, acidity, and
turbulence, bringing certain harm to the
existing food chain.

These potential disruptions in human
food supplies must be placed against
another stark backdrop: namely the
increase of the human population from
just over 5 billion today to an expected
8 billion in another 40 years, an
increase that will inevitably require
more food.

Human health would be affected.
Warming could enlarge tropical climate
bringing with it yellow fever, malaria,
and other diseases. Heat stress and heat
mortality could rise. The harmful effects
of localized urban air pollution would
very likely be more serious in warmer
conditions. There will be some benefits
from the warming. New sea lanes will
open in the Arctic, longer growing

seasons further north or south will
create new agricultural lands, and
warmer temperatures will make some of
today’s colder regions more habitable.
But these benefits will be in individual
areas. The natural systems—both plant
and animal—will be less able than man
to cope and adapt. Any change of
temperature, rainfall, and sea level of
the magnitude now anticipated will be
destructive to natural systems and living
things and hence to man as well.

The list of possible consequences of
global warming suggests very clearly
that we must do everything we can now
to understand its causes and effecls and
to take all measures possible to prevent
and adapt to potential and inevitable
disruptions triggered by global warming.

This will not be an easy matter for
two reasons. First we must take such
measures before we have convincing
evidence that warming will have
harmful impacts. Second, the human
activities that are causing the
temperature rise—such as burning of
coal, oil, and wood and the release of
other trace gases—are fundamental to
the world economy. So as with the 1987
Montreal Protocol to protect the ozone
layer, we will have to make a “leap of
faith” to save ourselves and future
generations.

As with the ozone layer, dealing with
climatic change will require the
cooperation of all nations. Almaost all
are contributing to the problem; almost
all will suffer its impacts.

The United Nations is Acting: The first
steps of the great international
collaboration are being taken now
within the U.N. system. To assess the
scientific aspects of the problem,
consider the potential effects of climate
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It is already fashionable to
predict winners and losers
Jrom global climate change
with statements such as “the
grain belt will move north” or
“the tropics will get more
rain.”

G lobal climate change may present
mankind with its greatest
environmental challenge to date. Il
appears more and more likely that
increasing concentrations of carbon
dioxide and other greenhouse gases in
the atmosphere will cause average
global temperatures to rise by 1.5° to
4.5° Centigrade within the next half
century or so.

Existing global circulation models are
not capable of predicting the magnitude
and timing of this global warming with
any degree of precision. They are even
less capable of predicting the regional
distribution of temperature change and
its associated effects. The models appear
to agree, however, that temperature
changes will be greater in northern
latitudes than at the equator, that sea
levels will rise, and that some areas will
receive significantly less rainfall than
they do today—and some significantly
more. :

If global warming occurs within the
time frame and temperature range
roughly predicted and if these general
predictions about its distribution and
effects hold true, there will be strategic
impacts on all nations and on every
sector of human activity.

To assess these strategic impacts, one
must look at the capacity of individual
societies and the international system as
a whole for “anticipatory response.” By
capacity for anticipatory response |
mean a nation's ability to defer current
consumption in order to strengthen its
ability to minimize future adverse
impacts, even when the nature and
timing of those impacts is uncertain.
This capacity depends more on the
political, economic, and social
characteristics of a nation than on its
physical characteristics.
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It is already fashionable to predict
winners and losers from global climate
change with statements such as “the
grain belt will move north” or “the
tropics will get more rain.” Not only are
these statements difficult to prove, given
the current state of scientific knowledge,
but they disregard relative capacities for
anticipatory response. For example, the
Netherlands and Bangladesh each face a
similar problem with sea-level rise, yet
there is little doubt that the former has a
far greater capacity for anticipatory
response than the latter.

From a purely physical perspective, a
small island nation such as Japan has
far less room to maneuver in responding
to global warming than a huge
continental nation such as the Soviet
Union. But Japan would appear to have
the greater capacity for anticipatory
response if one takes other factors into
account. In general, one can say that
low population density, high per-capita
income, and technological
sophistication contribute to a nation’s
capacity for early, preventive response
and that their opposites detract from it.

Another factor I see contributing to a
nation’s capacity for anticipatory
response is the openness of its political
system. At first blush it might appear
that authoritarian states with
command-and-control economies would
have an easier time imposing changes in
energy use, agricultural practices, and
other resource uses to minimize and
adapt to climate change. Experience
indicates, however, that effective
responses to long-term changes of this
kind require a combination of market
signals, development of new
technologies, grass-root political
support, and participation by
non-governmental groups which is only
possible in democratic societies.

The United States is an interesting
case in point. As de Tocqueville pointed
out more than 150 years ago, American
democracy seems to have a short time
horizon and has not always been

successful in developing and carrying
out long-term policies. At times of
crisis, however, the American people
have been able to marshal their
creativity and other resources with great
success. One can only hope that a
growing public understanding of global
climate change, combined with strong
leadership at the national level, will
enable us to make political decisions in
the short term that will preserve our
options in the long term.

To assess the capacity for anticipatory
response of any one nation, however, is
to miss the crucial point. The
cumulative impacts of manmade
greenhouse gas emissions cannot be
restricted to any one nation or region,
but affect the atmosphere over the
whole globe. No matter how well any
one country does in minimizing
greenhouse gas emissions or adapting to
climate changes, it is at the mercy of its
neighbors. Therefore, we must look to
the international system as a whole and
in particular to organizations such as
the United Nations Environment
Programme to develop international
strategies to deal with climate change.

It is in the interest of all of us that our
joint capacity for participatery response
be developed and strengthened. In the
end, one of the greatest benefits that
may emerge from meeting the challenge
of global climate change is international
cooperation on an unprecedented
scale. O

(Nitze is Deputy Assistant Secretary of
State for Environment, Health, and
Natural Resources.)
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EPA and other federal agencies are
attempting to develop a process for
designing a national policy that will
respond to the global warming problem.
Such a national policy must include
options for adapting to climate change,
and options for stabilizing the
atmosphere and limiting emissions of
greenhouse gases. It must reflect
assessments of the feasibility of
alternative technologies for stabilization
and mitigation, and assessments of the
costs of these technologies. EPA has
already identified, for example, improve-
ments in “end-use” efficiencies—
cost-effecttve ways of reducing
emissions of greenhouse gases. Such
end-use efficiency options include
making appliances, buildings, and
transportation more energy-efficient,
enhancing industrial competitiveness
with energy-efficiency research,
promoting least-cost utility services, and
promoting international cooperation to
encourage energy efficiency on a global
basis. All of these considerations should
be included in a national policy
framework.

At the international level, several
organizations have recognized the need
for multilateral cooperation and have
become involved with the global climate
change issue. The United Nations
Environment Programme (UNEP) is
responsible for conducting climate
impact assessments. The World
Meteorological Organization (WMO) is
supporting research and monitoring of
atmospheﬁc and physical sciences. The
International Council of Scientific
Unions (ICSU) is developing an
international geosphere-biosphere
program.

EPA is actively involved in many of
these efforts. On the multilateral level,
the Agency is working with the
Department of State and other federal
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agencies to support UNEP and WMO in
establishing an Intergovernmental Panel
on Climate Change (IPCC). The panel is
developing a vigorous international
process to address global climate change
issues. It is channeling efforts into three
tracks: first, to assess the state of
scientific knowledge on climate change;
second, to assess the potential social
and economic effects from a warming,
and third, to assess potential response
strategies.

Such a national policy must
include options ﬁr adapting to
climate change, and options
for stabilizing the atmosphere
and limiting emissions of
greenhouse gases.

The first meeting of the IPCC was
held in Geneva in November 1988. At
this initial meeting, the IPCC
established three working groups. The
first work group, chaired by the United
Kingdom, is responsible for the timely
production of reports on the assessment
of available scientific knowledge on
climate change. Brazil and Senegal are
vice chairs of this group. The second
group, chaired by the U.S.S.R., will
assess the environmental and
socio-economic impacts of climate
change. Australia and Japan are vice
chairs of this second group. The third
working group will formulate response
strategies. This group is chaired by the
United States, with Canada, China,
Malta, the Netherlands, and Zimbabwe
serving as vice chairs. Each working
group is expected to deliver its final
report to the IPCC by late 1990.

EPA also has bilateral relationships
with the Soviet Union and China. Since
1972 the United States and the U.S.S.R.
have been actively cooperating in the
field of environmental protection and
have conducted joint research on a wide
variety of environmental issues. In 1987,
EPA also signed a bilateral agreement
with the Peoples’ Republic of China,

—

which included specific provisions on
climate change. In general, these
bilateral agreements provide an
excellent opportunity to facilitate
international cooperation and mutual
understanding of the climate change
issue.

The Agency has studied the effects of
global warming for several years, and by
Congressional request is currently
producing two reports. The first report
examines the policy options that, if
implemented, would stabilize current
levels of atmospheric greenhouse gas
concentrations. The second report
studies the health and environmental
effects of climate change in the United
States, including such issues as
agriculture, forests, water resources, as
well as other ecosystems and societal
impacts.

EPA, along with other federal
agencies, will continue to be an active
participant in the formulation of a
policy-oriented federal research agenda
and in future debates over strategies to
adapt to climate change or to limit
emissions. The evolution of national
policy in this area will be complex, and
the formulation of a coordinated
international response may take many
years. Much work remains to be done
by the research community to
understand emissions, the interactions
of emissions with the biosphere, and the
ultimate effect on man and the
environment of increasing greenhouse
gas emission into the atmosphere. D

(Fisher is Assistant Administrator for
EPA’s Office of Policy, Planning, and
Evaluation.)
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continues. This buildup is largely a
consequence of the use of fossil fuels
and CFCs, deforestation, and various
agricultural activities, and it now
threatens societies with far-reaching
climate change.

These interrelated atmospheric issues
probably constitute the most serious
pollution threat in history. I say
“interrelated” because these
atmospheric issues are linked in ways
that scientists are still discovering, and
the scientists are far ahead of our
policymakers. First, they are linked in
time. The view is still common today

When we take all these
challenges together, we see
that we are witnessing nothing
less than the emergence ? a
new environmental agenda.

that, initially, we should address local
air pollution, then we should turn
attention to regional issues like acid
rain, and then, at some point in the
future, we should address the global
issue of greenhouse gases. But the
failures of our clean air efforts make
urban air quality an issue for today,
forcing a 1970s issue from the past into
the present. Simultaneously, the
realizations that greenhouse gases other
than carbon dioxide (CO,) double the
urgency of the problem, and that
societies may have already committed
the planet to a 1° to 2.5° C global
average warming—these realizations are
forcing what was thought to be a
“21st-Century issue’ into the present.

These atmospheric issues are also
linked in the vast chemical reactor that
is the atmosphere, where pollutants
react with each other, other substances,
and solar energy in a fiendishly
complex set of circular interactions.
Touch one problem, you may touch
them all.

Third, they are linked in their effects
on people and on the biota. What are
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the consequences of multiple stresses—a
variety of pollutants, heat waves and
climate changes, increased ultraviolet
radiation—when realized together? Who
knows? We are still learning.

And these atmospheric issues are
linked through the sources of the
pollutants involved. CFCs, for example,
contribute both to greenhouse warming
and ozone layer destruction, but the
dominant source of these problems is
the use of fossil fuels.

In short, the time to address all these
atmosphere problems—Ilocal, regional,
global—is now. The way to address all
these problems is together. And, in the
long run, the key to these problems is
energy.

What can we say about the U.S. role
in causing these atmospheric problems?
We should take pride in what has been
accomplished to date under the Clean
Air Act and various U.S. energy laws.
But let’s not overdo it. The United
States still produces about 15 percent of
the world’s sulfur dioxide emissions,
about 25 percent of NOx, 25 percent of
the CO,, and we manufacture about 30
percent of the CFCs. While emissions of
criteria air pollutants other than NO«
have fallen over the last 15 years, a
period during which real GNP grew
about 50 percent, emissions today still
exceed two-thirds of 1970 amounts,
particulates excepted. In other words,
the bulk of the pollution that gave rise
to the Clean Air Act in 1970 continues.
Similarly, real strides have been made
in increasing U.S. energy efficiency:
between 1973 and 1985, per capita
energy use in the United States fell 12
percent while per capita gross domestic
product rose 17 percent. Still, the
United States today remains a gas
guzzler of a nation, consuming a fourth
of the world’s energy annually and
producing only half the GNP per unit of
energy input as countries such as West
Germany, Brazil, France, Japan, and
Sweden.

Beyond these atmospheric issues are
other pollution concerns, and beyond
them the challenge of the planet’s
biological degradation—deforestation,
desertification, the loss of
biodiversity—in short, the steady
process of biological impoverishment.
When we take all these challenges

together, we see that we are witnessing
nothing less than the emergence of a
new environmental agenda. This new
agenda encompasses the great
life-support systems of the planet’s
biosphere. It is global in scope and
international in implication. It is rapidly
forcing itself on the attention of
policymakers and the public at large.
In the early 1970s the CBS Evening
News with Walter Cronkite ran a series
of environmental stories entitled “Can
The World Be Saved?” I remember the
globe behind this title was firmly
grasped by a hand which seemed to

People everywhere are
offended by pollution. They
sense intuitively that we have
pressed beyond limits we
should not have exceeded.

come from nowhere. 1 was never sure
whether this hand was crushing our
small planet or saving it, but I was sure
at least that Cronkite was out to save it.
He dramatically presented the much
simpler environmental problems of that
period to a huge audience, and helped
build the powerful environmental
consciousness of the day. Today, the
question “Can The World Be Saved?” is
a much more serious and legitimate
question than it was then.

Societies near and far have set two
long-term goals for themselves:
improving environmental quality, in
part by reducing current pollution
levels, and achieving a virtual order of
magnitude increase in economic
activity. Let us not deceive ourselves, or
accept blithely the assurances of
political leaders who say casually that
we can have both. We know from sad
experience that we can have economic
growth without having environmental
protection. But the stakes on the
environmental side are much higher
now, and they will be one of the
dominant challenges facing leaders on
all continents in the 1990s and beyond.
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In such a low-energy, high-efficiency
future, the great energy supply debates,
such as coal vs. nuclear, which
preoccupy us so, lose much of their
significance, and pollution problems are
knocked down to more manageable
proportions.

Large energy efficiency gains, and the
consequent reductions in CO,
emissions, will be essential in
addressing what is probably the most
serious environmental challenge of all:
the global warming, which seems
already to have begun. I recognize the
uncertainties remaining in
characterizing the Greenhouse Effect,
but given the risks, I would advocate
consideration now of a series of
international conventions responsive to
the various aspects of the problem.

First, we need to secure swift
international approval for the ozone
layer protection protocol signed in
Montreal last year. We need this for its
own sake and to continue the momentum
that can get the nations of the world
back to the table so that a complete,
swift phase-out of CFCs can be
negotiated. The phase-out is fully
justified on ozone layer grounds alone,
hut the fact is that a CFC phase-out is
the fastest and cheapest way societies
can do something major to contain the
Greenhouse Effect.

Second, we need an overall global
climate protection convention, the
prime goal of which should be to
stabilize atmospheric concentrations of
greenhouse gases at safe levels. This
convention should focus particularly on
steps needed to secure reductions in
CO; emissions from fossil fuel use. Two
facts stand out in this regard: the United
States and the Soviet Union together
account for almost half of global CO,
emissions today, and the United States,
the Soviet Union, and China together
account for about 90 percent of the
estimated coal reserves.

Third, the time is ripe for an
international agreement to protect the
world's tropical forests and to reforest
the spreading wasteland areas in many
developing countries. The industrial
nations have a double stake in halting
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the now rapid clearing of the tropical
forests. Not only are these forests
repositories for about half of the wildlife
and genetic wealth of the planet, but
CO, emissions from biotic sources such
as deforestation are estimated to be
about a fifth of CO, emissions from
fossil fuels. Our stake in the salvation of
these forests is sufficiently large that we
should be more than willing to help
provide financial incentives—incentives
that will be necessary if countries of the

To guide and speed the
application of
solution-oriented technologies
will require policy action In
the form of both economic
incentives and direct
regulation.

tropics are to turn their attention to what
often appears to be a low priority or
even a threat to development and
sovereignty. I suggest that we go far
beyond the debt-for-nature swaps under
way today and consider a global bargain
as part of this international convention.
This bargain would involve the easing
and forgiving of international debts in
exchange for forest conservation. Of the
top 17 most heavily indebted countries,
12 are destroying their tropical forests at
extraordinarily rapid rates, contributing
to the world’s annual loss of 27 million
acres.

And fourth, we need international
agreement on the protocol now being
developed to limit NO, emissions.
Unless capped, increasing NOy
emissions will lead to increasing ozone
concentrations, and ozone is a
greenhouse gas as well as a source of
urban and rural air pollution.

My concern about nuclear power, as
things stand today, is that it probably
will not, in the end, provide a major
part of the answer to global warming,. Its
public acceptability is too low and its
price is too high. If we try to solve the
greenhouse problem by cramming
nuclear power down the throats of an
unwilling public and unwilling
investors, we will be setting the stage
for prolonged confrontation and

stalemate. Moreover, 1 believe there are
safer and cheaper alternatives for the
short run, including the vast potential
for efficiency gains in how we generate
and use electricity.

In all these areas, in seeking these
treaties and in setting an international
example by acting on our own, U.S.
leadership and EPA leadership could
not be more important. The world is not
exactly waiting on our leadership, but
neither will it get very far without us.

Let me conclude with a word about
why I am optimistic that the world can
indeed be saved. This address, you have
doubtless noted, reflects a deep
appreciation of the importance of
economic and technological forces in
the modern world. One reason for
optimism is that science and technology
are presenting us with answers. We are
in the midst of a revolution in earth
science and a revolution in industrial
and agricultural technology, both with
huge potentials in the areas we have
been reviewing.

But if solutions are found, they will
come from another realm as well, from
the hopes and fears of people, from
their aspirations for their children and
their wonder at the natural world, from
their own self-respect and their dogged
insistence that some things that seem
very wrong are just that. People
everywhere are offended by pollution.
They sense intuitively that we have
pressed beyond limits we should not
have exceeded. They want to clean up
the world, make it a better place, be
good trustees of the Earth for future
generations. With Thoreau, they know
that heaven is under our feet as well as
over our heads. Politicians around the
globe are increasingly hearing the
demand that things be set right. And
that is very good news indeed. O

(Speth is President of the World
Resources Institute. This article is an
excerpt from a speech Speth gave at
EPA in june 1988.)
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