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PREFACE

On February 9,1989, the Northwest Power Planning Council convened a symposium in Olympia, Wash-
ington, on the subject of global climate change (“the greenhouse effect") and its potentia for affecting the Paci-
fic Northwest. Cosponsoring the symposium were the Pacific Northwest Laboratory,”® the Washington State
Energy Office, and the Oregon Department of Energy. The symposium was organized in responseto a need by
the Power Council to understand global climate change and its potential impacts on resource planning and fish
and wildlife planning for the region, aswell as a need to understand national policy developingtoward climate
changeand the Pacific Northwest's role in it.

The symposium gathered several nationally and internationally recognized scientistsand policy analysts who
explored the causes, effects, likelihood, and timing of global warming; its potential impact on the Pacific North-
west; and related national and regional policy. The morning session, Global Warming: Causesand Effects,
focused on the causes and consequencesd globa warming, and conveyed the state o the science concerning
thetopic. The afternoon session, Global Waming: Toward a Regional Response, focused on policy aspects of
controlling greenhouse gas emissions at both the national and regional levels and discussed actionsto deal with
the uncertainty o the global warming phenomenon and its potential effects.

(a)Pacific Northwest Labortory is operated for the U.S. Department of Energy by Battelle Memorial Institute.
The workshop was partially funded under contract DE-AC06-76RL O 1830.
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1.0 GLOBAL WARMING AND THE PACIFIC NORTHWEST:
EDITOR'S INTRODUCTION

Michael J Scott, Pacific Northwest L aboratory
Richland, Washington

On February 9, 1989, the Northwest Power Plan-
ning Council convened a symposium in Olympia,
Washington, on the subject of global climate change
("the greenhouse effect") and its potential for af-
fecting the Pacific Northwest. The Power Council
wasjoined in sponsoring the symposium by the Pa-
cific Northwest Laboratory (PNL), operated by
Battelle Memorial Institute for the U.S. Department
of Energy (DOE); by the Washington State Energy
Office; and by the Oregon Department of Energy.
The introductory speaker for the symposium was
Mr. Tom Trulove, Chairman of the Power Council.
In hisintroductory remarks, Mr. Trulove noted that
the symposium was organized in response to a need
by the members of the Power Council to understand
global climate change and its potential impacts on
resource planning and fish and wildlife planning for
the region, aswdll as a need to understand national
policy developing toward climate change and the Pa-
cific Northwest's rolein it. The symposium explored
the causes, effects, likelihood, and timing of global
warming, and its potential impact on the Pecific
Northwest and related national and regiona policy.

The morning session, Global Wamzing: Causes
and Effects, focused on the causes and consequences
of global warming. Dr. John Harte, an environmen-
tal scientist with the Energy Resources Group at the
University of California, Berkeley, led off the day's
discussionswith an overview of the greenhouse ef-
fect, its causes, and the expected worldwide effects.
In hisoverviewrole, Dr. Harte stated at the outset
that he would distinguish among "the things we feel
quite certain about, the thingswe are pretty sure
about but for which there isstill good honest debate
and the need for more research, and the things we
are aimost entirely in the dark about." He wasfol-
lowed by Dr. Michael Schlesinger, climate modeler
from Oregon State University, and, in his own
words, "one of about ten people in the world build-
ing general circulation models (GCMs) to describe

(a) Dr. Schlesinger is now affiliated with the University of
Ilinois - Urbana.
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the world's atmosphere and climate and the respon-
se of theworld's climate to elevated concentra-
tionsof carbon dioxide and other trace gases.

Dr. Schlesinger discussed at length the methods that
are used for forecasting climate change and the
magnitude, timing, geographic distribution, and
uncertainties of climate change as predicted by
GCMs.

Two speakers concluded the morning session
with talks on the consequences of climate change for
the Pacific Northwest. Dr. Dennis Lettenmaier of
the University of Washington described the findings
of his U.S. Environmental Protection Agency (EPA)
sponsored study in California and the meaning of a
shift from snow-dominated to rain-dominated hy-
drology for the Pacific Northwest. Dr. Duane
Neitzel of PNL discussed the potential impact of
global warming on Pacific Northwest salmon and
steelhead stocks, based on findingsaof differencesin
salmonid abundance in the archeological record for
the warmer Hypsithermal period (6,000 years ago)
and the findings of a number of fisheries scientists
on the consequences of warmer climate.

The luncheon speaker was Governor Booth
Gardner of the State of Washington. He made sev-
eral well-received remarks on the greenhouse effect
asan example of another environmental problem
caused by our energy choicesand on the importance
of increased energy efficiency as a cost-effective tool
for controlling greenhouse gas emissions. Governor
Gardner's remarks set the stage for the afternoon
Session.

The afternoon session, titled Global Warrming:
Toward a Regiona Response, focused on severa as-
pects of controlling greenhouse gas emissions at
both the national and regional levels. Dr. Gordon J.
MacDonald of the Mitre Corporation led off the dis-
cussionwith a talk on sources of greenhouse gases
at the international level, emphasizing the role of
the United States, impact of the electric utility



industry, and the comparative emissions of coal-
fired and gas-fired technologies. A major theme of
Dr. MacDonald’s talk was a fallacy he detected in
federal policy: encouraging production and use of
synfuelsbased on coa without a direct assessment
of the associated environmental consequences. He
was followed by Mr. Dick Watson of the Washing-
ton State Energy Office, who emphasized the role of
transportation as a major factor in Pacific Northwest
emissions of carbon dioxide, and also emphasized
the importance of energy conservation as atool of
control that makes economic sense beyond its salu-
tary effects on greenhouse gasemissions. Dr. Peter
Beedlow of the EPA Corvallis Laboratory explained
the current course of EPA research on regional im-
pacts of global warming. Regional impacts are cur-
rently some of the least understood aspects of the
global warming phenomenon.

The last two speakersof the day were Mr. Ralph
Cavanagh of the Natural Resources Defense Coun-
cil and Mr. Michael Totten, member of the staff of
U.S. Representative Claudine Schneider (R-Rhode
Island). Mr. Cavanagh spoke on the role of energy
efficiency at the regional level. He emphasized the
implementation of the Power Council's Model Con-
servation Standards for residential housing as part of
the building code and the adoption of revised com-
mercial building standards as two major pieces of
unfinished business. In his presentation, Mr. Totten
also discussed energy efficiency asa major source of
emissions control, and brought to the Power Coun-
cil's attention several technical advancesin the
energy efficiency of transportation, commercial and
domestic lighting, and high-efficiency combustion
turbines for power generation. The day concluded
with questions and answers o the afternoon panel.

There was a major message that emerged from
the symposium that was reiterated by most of the
speakerson the program: the timing and effects of
global warming are highly uncertain, but the best
near-term solution to the problem isto do what
makes sense anyway. Global warming resulting
from human activitiesisat least partly a byproduct
o the same inefficient use of fossil energy that has
given rise to other, more familiar problemssuch as
local air pollution, high energy hills, etc. Even
though the Pacific Northwest isa small contributor
to the worldwide atmospheric buildup of carbon
dioxide and other greenhouse gases, more efficient
use of energy in the region makes sense for other
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reasons closer to home: reducing urban traffic con-
gestion, lowering heating hills, reducing the capital
costs of new electrical generating capacity. The
greenhouse problem is yet one more reason for
concern over energy inefficiency.

There was also a message from the symposium
for utilitiesand planning groups such as the Power
Council. That message was to stay flexible and take
the uncertainty concerning greenhouse effectsinto
account. One may reasonably argue with the prop-
osition that the Pacific Northwest hasa"mission” to
demonstrate that energy efficiency is the way to deal
with the greenhouse effect, as some of the speakers
implied. One may also reasonably argue with the
proposition that the Pacific Northwest should, for
example, arbitrarily forego the use of electricity
from coal-fired power plantsif others also do not do
so, since it could place the region at an economic
disadvantage. It isdifficult, however, to argue with
the proposition that the region should take appro-
priate steps to ensure that it uses the most cost-
effective sources of energy (including conservation).
The region should not be trapped into heavy depen-
dency on energy sources that in the future may be
affected adversely by global warming (such as hydro-
electric generation) or that may be subjected to
Draconian regulation due to national or internation-
al concerns over the greenhouse effect (such as
coa). Many of the speakers noted that flexible
planning is the appropriate approach.

Following are summaries of the presentations
made in the morning and afternoon sessions of the
sympaosium.

11 SUMMARY OF PRESENTATI ONS
Dr. John Harte - Global Warming: An Overview

Dr. Harte dealt with avariety of topics, including
the available evidence on worldwide emissions of
greenhouse gases to the atmosphere from fossil fuel
burning and deforestation; concentrations of carbon
dioxideand other trace gases in the atmosphere and
theroledf the oceansin modifying the rate of in-
crease; the greenhouse mechanism itself and rate of
climate change; attempts to verify the GCMs that
forecast climate change; the consequences of cli-
mate change for temperature and precipitation;
modifications and feedback effectsinherent in



earth-atmosphericinteractions; and the uncer-
taintiesof estimating the timing and geographic
distribution of climate change. Additional informa-
tion was presented (in answers to questions from the
audience) on the timing of manmade greenhouse ef-
fects asthey interact with global processes.

According to evidence presented in the talk, fos-
sil fuel consumption is one of two major sources of
the increasing amounts of carbon dioxidein the at-
mosphere. Therewas a pausein the apparent trend
in emissions from fossil-fuel burning in the 1970s,
believed to be due to price-induced fuel conserva-
tion. The upward trend in consumption of fossil
fuels (and greenhouse gas emissions) has now begun
to reemerge, an observation that generated consid-
erably more comment and passion in later talks dur-
ing the day. Deforestation isan important sec-
ondary cause, with best estimates placing the con-
tribution at about 20% of carbon dioxide emissions
from fossil sources, athough the net balance of car-
bon emissions from forest cutting and regrowth is
not really known. Fossil-fuel emissions do not come
primarily from any one source. Electric power pro-
duction, transportation, industry, and space heating
are al sufficiently significant that none can be
ignored.

Accordingto Dr. Harte, the evidencefrom ice
core data covering the last 200 years suggests that
carbon dioxide concentrationsin the atmosphere
have risen about 25% since 1800. The seasonal con-
centration varies regularly and inversely with the
rate of photosynthesisin terrestrial plant life. Other
greenhouse gases such as methane, nitrous oxide,
and the chlorofluorocarbons are increasing even
faster. Thoughfossil fuel production and combus-
tion isa major source of methane, these gases large-
ly are emitted by other human activitiessuch as agri-
culture.

The greenhouse effect isaresult of the fact that
certain molecules, such as carbon dioxide and meth-
ane, absorb radiant energy in the "heat" or infrared
part of the spectrum as solar energy absorbed by the
earth isreradiated into space, a phenomenon dis-
cussed in more detail by Dr. Michael Schlesinger,
who followed Dr. Harte on the program. Water va-
por is akey gasin the warming process. Since the
atmosphere can retain more water vapor asit
warms, increases in temperature lead to increasing
water vapor, which leadsto still higher
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temperatures, a so-called positive feedback mech-
anism. Thisfeedback mechanism isimportant
enough, and its rate is uncertain enough, to cause
considerable uncertainty in the estimated rate of
increase of global warming. Other major uncertain-
tiesin the rate of global warming are caused by un-
certainty in the future levels of human activity that
result in emissions and the future rates of emissions,
given thosefuture levels of human activity.

Dr. Harte chose to discuss future global warming in
terms of degrees per decade since many of theim-
portant effects of warming have to do with the rates
at which plant, animal, and human life can adapt to
climate change in comparison with the rate the
climate ischanging. In responseto a question,

Dr. Harte noted that the projected rate of change is
fast enough that natural variationsin solar output,
earth orbit, and tilt of the earth's axis, which occur
on time scales of thousands of years and would nat-
urally cause global cooling, will not operate fast
enough to counteract the impact of increasing
carbon dioxide.

Much of the alarm over climate change has been
the result of the predictions generated by GCMs.
Dr. Harte discussed to the evidence available to
verify that these big climate models are producing
sensible results, a topic further discussed by
Dr. Schlesinger. Thefirst line of evidenceisthat the
models, when applied to the more extreme condi-
tionsin the atmospheres of Venusand Mars, gener-
ate approximately the correct surface temperatures
for those planets. A second line of evidenceis that
the earth's atmospheric carbon dioxide levels tended
to be higher during those periods in the paleocli-
mate record when the earth waswarmer. However,
there isreason to believe in this case that past warm
periods caused the increase in carbon dioxide rather
than the other way around. Dr. Harte concluded
that the evidencefrom paleoclimate may actually
document a positive feedback effect of modest prop-
ortions rather than a verification of the GCMs. The
third line of evidence cited by Dr. Harte was the
steady warming of the world's atmosphere over the
last 100 years, adjusted for such phenomena as the
variationsin solar output, incidents of volcanic
eruptions (that tend to cause cooling), and similar
events. Thethird line of evidenceis controversial,
he stated, because of problems of obtaining consis-
tent temperature measurementsover periods as
long as a century.



The talk next turned to the effects of climate
change, including temperature and precipitation.
Although the individual human may not notice a 2°
to 4° rise in temperature, the effects on of an
increase in average temperature of this magnitude
on ecosystems are very noticeable. Tofindasim-
ilarly warm period in the pal eoclimate record, one
has to go back nearly 65 million years to the Cre-
taceous-Tertiary Boundary, which had much differ-
ent plant and animal life than currently exigts.
Similarly, the projected increase is greater than the
change coming out of thelast Ice Age. Precipitation
impacts are much harder to forecast than tempera-
ture change, in part because we do not enough
about clouds and storm formation. Thisleadsto
wide variation in precipitation forecasts from the
various GCMs for particular regions.

The earth itself interacts with the atmosphere to
modify the effects of climate change. For example,
the warming of soils releases carbon dioxide,
changes nutrient status, carbon dioxide uptake, and
water utilization. In addition, phenomenasuch as
acid rain can interact with climate change to magnify
theinitial effects. If warming of the atmosphere
meltsicefields, the earth becomes darker and more
absorbent of sunlight, which tendsto reinforce the
warming. Several examples of these feedback and
mitigative processeswere cited, to demonstrate the
complexity and interconnectedness of the processes
involved. Among these examples were summer fogs
off the Northern Californiacoast. These are caused
by upwelling of cold ocean currents and wind pat-
terns. Fog acts to cool the land and reduce forest
fire hazard, while the upwelling brings up nutrients
that support fish populations. If temperature
changes, so do windsand currents, with unknown
effects. These all contribute to the uncertainty of
the effects of warming at a local level.

Finally, Dr. Harte mentioned that details of
timing and geography can make an enormous differ-
enceinimpacts. For example, a15% increase in
precipitation at the beginning and end of a dry sum-
mer month might have no influence on the incidence
of forest fires, while an increase concentrated in the
middle of the month could prevent fires or greatly
reduce their intensity. Current computing power
does not permit such predictions to be made.

In summary, while investigationsto date have
pretty well established a case for increasesin global

average temperature over the next 100 years unless
global emissions of carbon dioxide and other green-
house gases are drastically reduced, there is much to
understand about the timing of the change, detaits of
global processes, and effects of the changes. Much
of the regional detail and understanding of feedback
mechanisms remain highly controversial, and cur-
rent computing power limits the ability to model
much of the detail in time and space necessary to
resolve policy issues.

Dr. Michael Schlesinger - The Greenhouse Effect:
Theory or Fact

Dr. Michadl Schlesinger's rolein the symposium
was to present information on the state of the art in
forecasting the earth's climate and to discuss the
state of knowledgeconcerning the timing of effects.
He began with afairly detailed review of the role
carbon dioxide playsin globa warming; delineated
what is known about its rate of increase and therole
of human activity in generating emissions; presented
some forecasts of emissions; and discussed alterna-
tive waysin which these have been done. The sec-
tion of Dr. Schlesinger's talk on the anthropomor-
phic sources of greenhouse gases in some ways
repeated the information in Dr. Harte's talk, includ-
ing data on the historical rates of increase of carbon
dioxide and the other greenhouse gases and future
rates of increase leading to an equivalent of doubled
carbon dioxide sometimein the next century. One
difference was that Dr. Schlesinger emphasized the
fact that the United States currently accounts for
only about 25% dof the world's emissions and that
the redlly large potential for increasesliesin less
developed countries (LDC) such as China or India.
Rising per capita energy consumption in the LDCs
represents a future source of emissions that is both
outside the direct control of the developed world
and difficult to negotiate from a position of higher
per capita energy consumption when economic
development is at stake.

The tak next turned to the effects of the
greenhouse gases in the atmosphere. Here, Dr.
Schlesinger vividly described the effectsin terms of a
planet with an atmosphere having only nitrogen and
oxygen, versus one with nitrogen, oxygen, carbon
dioxide (0.25%), water vapor, and ozone. The thin
reradiation "blanket” of carbon dioxide, water vapor,
and ozone increases the earth's average temperature
by about 60°F and makes the planet habitable.



In forecasting climate change, Dr. Schlesinger
contrasted his GCM approach with the historical
climate analog approach being used in the Soviet
Union. The temperature increases examined are
similar for U.S. and Soviet researchers, but the
conclusions reached are much different. By picking
times when the world average climate was warmer,
the Soviet researchers have the advantage of exam-
ining a situation with climate (weather) that actually
happened. On the other hand, their climate changes
result from unknown causes that would not neces-
sarily be consistent with future climate change
events. The GCM approach has the advantage that
the mechanism underlying the models has been ex-
plicitly modeled, so the "cause" of a given change in
climate can beidentified. On the other hand, the
forecasting model may not be givinga "true" result
because the models are by nature simplifications of
reality. One acknowledged problem with GCMsis
that currently available computer equipment only
permits computations to be done of temperature,
precipitation, etc., on a geographic grid scale of 300
to0 1,000 mileson aside. Thismeansthat, in gen-
eral, GCMsdo not appear to give reliable forecasts
of climate on less than a continental scale, whileal
the interesting climate impact issuesexist at a much
smaller geographic scale.

An apparent solution to the geographical resolu-
tion problem is to reduce the size of the grid rectan-
glesin the GCMsfrom 300 mileson a side to some-
thing much smaller. However, because weather sys
tems and other atmospheric phenomena take less
time to pass through a smaller grid box, time scales
must also be reduced. This means that to reduce
grid resolution by a factor of 10, the computer must
be 1,000 timesfaster than the fastest computer cur-
rently available.

Dr. Schlesinger then turned to GCM model re-
sults to illustrate what these models are able to tell
us about future world climate. While the models
differ for reasonstheir creators believe they under-
stand, the five extant GCMs agree on results of be-
tween 2.8° and 5.2°C warming for a doubling of the
carbon dioxide concentration in the atmosphere, in
equilibrium. (In fact, doubling would not occur in-
stantaneously, nor would concentrations necessarily
cease to grow once doubling is achieved, a point of
great significanceto policy makers concerned with
how much time is availablefor policiesto be
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decided upon, to be implemented, and to work.)
The warmer the predicted climate, the less sensitive
to carbon dioxide uptake the models seem to be.
This effect is due to the melting of seaice. While
the models agree qualitatively that there would be
cooling of the stratosphere and more warming of the
troposphere toward the poles, quantitatively they
disagree significantly on the degree of temperature
increase. The models disagree even more funda-
mentally on changesin precipitation related phen-
omenasuch as soil moisture at the regional level.

Finally, the talk covered nonequilibrium change
and adilemma for policy makers. This part of the
talk began with a discussion of temperature in-
creases during the last 100 years, which has been
perhaps 0.5° to 0.6°C. Based on the simulation of
carbon dioxideincreasesfor this period, the GCMs
project that the temperature should have increased
by 1.1°C in equilibrium. Thisleadsto one of two
conclusions. Either the models are twice as sensitive
to carbon dioxide increases asthey should be, or as
the modelers believe is actually the case, nature has
not yet come to equilibrium with higher carbon di-
oxide concentrations. The critical question if the
modelersare right is. how long does it take to achi-
eve an equilibrium climate? If the delay due to
ocean dynamicsis about 50 to 60 years, as Dr.
Schlesinger believesis mogt likely based on his
calculations, then the effect of a given increasein
atmospheric concentrationswill be seen well after it
istoo late to prevent it--what Dr. Schlesinger called
the detection-mitigation dilemma. If the models are
right, even if carbon dioxidelevels could be stabi-
lized at today's level, significant warming could still
be expected. However, Dr. Schlesinger noted that
the actual path of temperatureincrease isquite
complex.

Asafinal policy prescription, Dr. Schlesinger
noted that, in view of the uncertainty, two actions
make sense. Thefirst is to accelerate the pace of
physica climate research in an effort to decrease the
uncertainty of our understanding of the complex cli-
mate system. The second isto perform assessments
of long-lived projects under the assumption of both
changed future climate and constant future climate,
and to begin to examine the consequences of being
right or wrong about the future in each case. This
was a theme picked up by various speakers during
the day (especially Mr. Dick Watson of the Wash-
ington State Energy Office) as a means to deal with



the pervasiveand perhaps uncontrollable uncer-
tainty pervading the climate change problem.

Dr. Dennis Lettenmaier - Effect of Global Warming
on Pacific Northwest Hydrology

Dr. Lettenmaier's talk largely concerned a study
he performed in California for the EPA, and itsim-
plicationsfor Pacific Northwest hydrology. Manage-
ment of the Pacific Northwest electric power gen-
eration and irrigation systems, and sport, commer-
cid, and Indian fisheries management plansal are
based between on about 50 to 100 years of hydro-
logical records and a fundamental assumption of
stationary climate (that is, a climate with no mgjor
trends in temperature or precipitation) and, there-
fore, stationary average hydrology. Dr.
Lettenmaier's work for EPA examined the impact of
3.5°C warmer temperaturesforecasted by three
GCMs at doubled carbon dioxide for California and
analyzed the impact on four small "representative”
river subbasinsin the Sacramento-San Joaquin
drainage. Snow accumulation in the winter and
spring runoff currently dominates in both California
and in the Pacific Northwest, but Dr. Lettenmaier
found that, under elevated temperatures forecasted
to prevail in hisfour California subbasins, winter
snowfall waslargely replaced by winter rainfall,
which changed the seasonal pattern of discharge
toward more winter runoff and very low summer
flows. Theanalysiswasthen extended to the
Sacramento-San Joaquin system asawhole and a
reservoir operations model was used to estimate the
effects on flood frequency, irrigation and water
deliveries, reservoir levels, and San Francisco Bay
estuarine ecology.

Likethe Pacific Northwest, the Sacramento-
San Joaguin Rivers have storage reservoirs designed
to control within-year runoff based on snowpack
rather than multiple-year storage. The California
system-wide analysisshowed major increasesin
floods associated with rain-caused runoff, very low
September storage figures, and substantial decreases
in the amount of water that could be reliably deliv-
ered to the state water projects. The implications
for the Pacific Northwest are significant. Because
Pacific Northwest reservoirs are at lower elevations
than most of the California reservoirs, the effects on
snowpack versus rain may be even more severe. An-
alysisis proceeding on asubbasin of the Yakima
River to verify these speculations. If Dr.

Lettenmaier's new study confirms these findings,
changes may be required in the way in which the
Pacific Northwest hydroelectric and irrigation
systems are operated.

Dr. Duane Neitzel - Impact of Global Warming on
AnadromousFisheries of the Pacific Northwest

Dr. Duane Neitzel ended the morning discussion
with atalk on the possible impacts of climate change
on salmon and steelhead in the Pacific Northwest.
This isa particularly important topic because of the
large commitments of resources being made to the
Power Council's Fish and Wildlife Program. Under-
lying thisinvestment of resources isan implicit
assumption that the changes in the climate of the
Pacific Northwest will not alter the effect of thefish
and wildlife mitigation actions now being under-
taken. However, Dr. Neitzel pointed out threelines
of disturbing evidence that suggest that this assump-
tion may not be true. The first isthat groundwater
eventually takes on the average temperature of the
atmosphere and that its temperature at shallow
depths changes with the changing of the seasons. In
many of the smaller, warmer tributariesin the Paci-
fic Northwest, cold groundwater provides part o the
water flow and protects juvenile salmon from heat
stressin the summer. Lossaf this protection could
restrict the rearing environment in the Pacific
Northwest and undermine the Power Council's pro-
gram of upstream mitigation.

The second piece of disturbing evidence is that
the paleoclimate record for the last 10,000 years
showsthe Pacific Northwest to be significantly drier
when it iswarmer. About 6,000 years ago, during
the mid-Holocene period, the Pacific Northwest was
about 2°C warmer than it istoday. During that
period, there was considerably |less average annual
precipitation. If lower precipitation became the
norm in the Pacific Northwest, conflicts between
water for power and irrigation versus in-stream uses
would become more severe. Moreover, the mid-
Holocene archaeological record on human encamp-
ments shows that salmon and steelhead were in very
low abundance during thiswarmer period.

Finally, life history and environmental evidence
on salmonids and other species reinforces the phys-
ical evidence presented above and suggests that
warmer water competitors may thrive at the expense
of salmon and steel head, which are cold-water



species. In summary, Dr. Neitzel suggests that cli-
mate change may force the Power Council and the
region's fish and wildlife agencies to rethink their
current strategiesfor fish and wildlife mitigation,
divorcing them from dependence on an unchanged
climate regime.

Dr. Gordon MacDonald - GreenhouseGases and
Electric Power Resources

Dr. MacDonald devoted histalk to the electric
power industry, its relative role in emissions of
greenhouse gases, and policy issues that surround
control of these emissions. Thetak began with
another version of the rising emissions curve cover-
ing the last 130 years, showing 4.4% to be the usual
annual rate of growth in carbon dioxide emissions,
with exceptions during World War 1, the Great De-
pression, World War I1, and the Arab oil embargo
in the 1970s. Much of thisgrowth used to bein ail,
but coal useis currently growing at 5% per year.
Coal, besides being the fossil fuel increasing fastest
in popularity (especialy in the centrally planned
economies), produces almost twice the carbon diox-
ide per unit of energy as does natural gas. Convert-
ing coal to synthetic fuel only makes the situation
relatively worse. For example, while methanol when
burned emits only about 1.5 times as much carbon
dioxide as does natural gas, so much fuel isused in
making methanol from coal that the methanol proc-
essresultsin about 3 timesthe carbon dioxide
emitted per unit of energy delivered.

The United States, said Dr. MacDonald, ac-
counts for dightly more than one fifth (1.4 out of 5.5
gigatons carbon) of the world's anthropogenic emis-
sions of carbon dioxide. The largest single sourcein
the United States are electric utilities, and electric
utilitiesare a relatively larger source worldwide.
Promising technologies for reducing utility emissions
include more efficient use of electric energy to re-
duce the requirements for generation, and relatively
more generation via hydropower, solar, nuclear, and
gas combined-cycletechnologies. Dr. MacDonald
made the point that the most efficient new com-
bined-cyclegas-fired technologies have a thermal-
to-electric efficiency of about 43% and emit alittle
over half as much carbon per kilowatt hour as a new
coal-fired or oil-fired powerplant. In Dr.
MacDonald's opinion, natural gas must be used
more effectively throughout the energy economy,
while unconventional natural gas resources such as

hydrates make natural gas abundant enough in the
United States to make a gas-fired strategy viable.
For the long run, he said, nuclear power generation
must be included in the set of options. In response
to questions, Dr. MacDonald stated that he is an ad-
vocate of carbon emissions taxesas a meansto im-
proveefficiency of combustion and utilization of
energy. Coal would increasein cost by about 50% if
carbon were taxed at about one cent per kilogram.

Although Dr. MacDonald did not go into much
detail on the other greenhouse gases, he opined that
total chlorofluorocarbon phaseout must not only be
applied to the industrialized world, but also to the
developingworld. Hefelt that enforcement of
ozone and carbon monoxide emissions standardsis
an important part of control of the greenhouse
effectsof these gases. H e acknowledged the dif-
ficulty of controlling methane, but did not mention
any of the nitrogen compounds that produce green-
house effects.

Mr. Dick Watson - Regional Culprits: Sour ces of
Greenhouse Gases

Mr. Dick Watson of the Washington State En-
ergy Officewas to address the topic of regional
sources of greenhouse gas emissionsto provide the
Power Council a perspective on how the region dif-
fered from the country asawhole. He departed
dightly from this charge in that he concentrated on
the State of Washington (for which he believed he
had better data) and went beyond descriptionsto
policy recommendations.

Thetalk began with general background on na-
tional sources and trends of carbon dioxide emis-
sionsand reiterated Dr. MacDonald’s points about
gas technologies being low emittersof carbon diox-
ide. Turning to the Pacific Northwest, Washington
data on carbon emissions show a sharp increasein
the early 1970s, when the Centralia coal-fired power
plant came on line. There was then a conservation-
related pause during the 1970s and a subsequent in-
crease due to increased use of petroleum (probably
in transportation). Washington, similar to other
Pecific Northwest states, usesvery little coal. It
therefore contributes relatively little carbon dioxide
per person and emitsa very small part, though not a
part that can be ignored, of the national total (1% of
North America's total). Transportation is the major
contributor in Washington (48%), with industrial



emissions second (24%), and commercia and res-
idential sectors tied for third with electrical utilities
(14% each).

Mr. Watson went on to discuss policy options for
reducing emissions. One option was to scrub green-
house gases from exhaust gases, which is expensive
and createsits own waste problems. Interestingly
enough, thiswas one o the very few times during
the day when removal technologies were even men-
tioned. No speaker discussed these technologiesin
any depth. Mr. Watson joined the other speakersin
advocating increased energy efficiency as a more
cost-effectiveoption. A third option was the use of
alternative fuels, such as natural gasand renewables.
Finally, he left nuclear energy as an option, although
onethat he stated needs alot of work. However,
Mr. Watson concentrated his comments on energy
efficiency and alternative fuels, their potential for
reducing emissions, and the feasibility of their use.

Asapotential target for reducing emissions,
Mr. Watson examined a reduction of 20% from 1985
levels of emissions by 1990. Between 1972 and 1985,
the amount of energy used per dollar of gross state
product has decreased by 2.2% per year with what
he characterized asa "relatively minor effort." For a
20% reduction within 5 years, thiswould have to be
increased to 4% per year, which he believesto be
within the realm of possibility. (Absolute reductions
of 20% in a growing economy would have to be
greater, and a late start would also require a higher
rate of saving.) The strategy had two parts. In the
short term, Mr. Watson recommended conservation
and some fuel switching. For the longer term, he
recommended a foundation of energy efficiency,
renewables, and improved nuclear systemsif the
issues of cost, safety, and waste can be addressed
successfully. In the short term for transportation, he
recommended increasing the utilization rate of auto-
mobiles from 1.1to 2.0 passengers per vehicle
through better use of buses, van pools, and light
commuter rail in the urban areas. He also recom-
mended work on increasing automotive fuel efficien-
¢y. Natural gaswas mentioned as a fuel for fleet
vehiclesand busesin urban areas. Inindustry and in
commercial and residential buildings, extensive con-
servation was described as possible, and some cost-
effective examplesfrom Washington Energy Office
and Bonneville Power Administration (BPA) ex-
perience were given.
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Summarizing the effects of conservation, Mr.
Watson showed figures on the mix of Pacific North-
west generating technologies with and without full
implementation of the Power Council's Regional
Energy Plan. These conservation technologies can
be demonstrated to be cost effective; however, Mr.
Watson pointed out that there are many market bar-
riers and that implementing the Regional Energy
Plan Wl not necessarily be easy.

Asqguidance to policy, Mr. Watson noted that the
least-cost framework that the Power Council uses
for resource planning should be extended to include
a least-carbon framework aswel. Hedid not ad-
dress whether a mechanism should exist to balance
the environmental costs and benefits associated with
least-carbon planning against costs associated with
least-cost planning, and how such a mechanism
might work. The other components of his policy
guidance included Dr. MacDonald’s carbon tax,
greater efficiency standards on cars, appliances, and
buildings, renewed weatherization efforts, research
and development on renewables, and a nuclear
option improved with respect to cost, safety, and
waste.

The most important part of the policy guidance
portion of the talk dealt with the consequences of
having the right or wrong policy if climate changed
or if it did not. If climate does not change and
energy efficiency (for example) isvigorously pur-
sued, society still benefits from a cleaner envi-
ronment and reduced cost of energy. If the climate
does change, the mitigation costs will have been
reduced and, to some degree, the onset of the
change will have been delayed. If, on the other
hand, the climate changes and no action to prevent
the change has been taken, society runs the risk of
high adjustment costs and obtains none of the ancil-
lary benefits. Mr. Watson concluded by advocating
increased efficiency as a win-win situation, a point
reiterated more strongly by speakers that followed
him on the agenda.

Dr. Peter Beedlow - Regional Research Needs

Dr. Peter Beedlow of the EPA Corvallis Lab-
oratory discussed the EPA research program in glo-
bal climate change. Unlike EPA’s traditional fate-
and-effects, end-of-pipe studies, the longer term
studies in this program are directed at
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understanding the human and nonhuman mechan-
ismsaf global warming in producing climate effects,
aswedl as determining where the problems are and
what might be done to ameliorate them. Asdistin-
guished from the National Science Foundation
(NSF) approach, however, the research is policy
driven. The EPA’s primary responsibilities with the
National Climate Research Program include an-
swering questionsand formulating policy concerning
emissions and supporting several areas of research,
particularly hydrology and ecological effects. An
important assumption underlying the EPA research
isthat the global warming impacts will show up at
the regional level and are likely to change
dramatically from region to region.

Dr. Beedlow spent a portion of histalk outlining
several of the significant uncertainties underlying
global change effects. One that was not mentioned
by the other speakers was that global warming could
melt Arctic permafrost areas, possibly releasing
large amountsof methane to the atmosphere and
compounding the global greenhouse effect. Areas
of research within the EPA plan include determin-
ing fluxes of greenhouse gases to the atmosphere
and feedbacks from climate change that may affect
emission rates; regiona hydrologicand ecological
effects of climate change; and support for other
agencies efforts in atmospheric chemistry and phys-
ics. Theinitial research will concern emission
factors (ratesof trace gas emissions from various
sources) and regional ecological sensitivities. The
Pacific Northwest is an interesting place to study
effects because it contains most of the typesof eco-
logical resources that potentially could be affected--
agriculture (both dry land and irrigated); hydroelec-
tric and thermal power production; estuaries that
could be affected by sea level rise; forest production;
and fisheries.

Mr. Ralph Cavanagh - The Role of Energy
Efficiency

Mr. Cavanagh's role in the symposium was to
summarize the possible role that energy efficiency
could play in ameliorating the greenhouse effect.
The talk was actually broader than that and encom-
passed the general topic of efficiency as a beneficia
and cost-effective use of resources in its own right,
regardless of the effect on greenhouse gas
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emissions. Hethen went on to discuss severa policy
prescriptions specific to the Pacific Northwest
situation.

The starting point for Mr. Cavanagh's tak was
that conservation of energy does not mean doing
without high-quality,adequate energy services. The
Power Council's work, he said, clearly shows that
the level and quality of energy servicesare largely
independent of the level of energy consumption.
The greenhouse effect is yet another reason, he said,
to mourn the lack of national progress on energy
conservation. For example, although it happened
that between 1973 and 1986, gross national product
increased by 30% while energy use remained con-
stant, in thefirst eight months of 1988 the use of
coal increased by 10% over 1986 vaues. One symp-
tom of the lack of federal leadership on conservation
was reflected in the decisions during the 1980s to
roll back automobile efficiency standards and to not
seek efficiency standards for appliances. Similarly,
he noted, the Council on Environmental Quality
(CEQ) withdrew proposed guidance to federa
agencieson ng the impact of major new fed-
eral initiativeson the greenhouse effect. Mr.
Cavanagh did not go into the merits of these indivi-
dual policiesbut cited them asgeneral evidence of
the lack of federal concern.

Mr. Cavanagh next turned to Pacific Northwest
energy policy, saying that it had some unique things
to teach therest of the country, but still had some
room for improvement. One important thing that
the Pacific Northwest haslearned is that energy con-
sumption growth isnot destiny, and that it issome-
thing that could be influenced with appropriate plan-
ning and actions stemming from that planning.
There are, however, policies that could beimple-
mented in the Pacific Northwest that have not been
and that could contribute to reducing the green-
house effect. More important, they are cost effec-
tive and environmentally desirable for other reasons.
Thefirst action on hislist was enacting the Power
Council's Model Conservation Standards for resi-
dential buildingsas part of the Washington State
building code in an effort to increase the percentage
of houses built in the region that meet the Power
Council's standards. The second action wasto
improve commercia building standards. Mr.
Cavanagh stated that, although the commercial



sector is the most rapidly growing sector for energy
consumption, the Power Council's "consensus' com-
mercial standards adopted in 1980 could be con-
siderably strengthened and improved. Thethird
action was regulatory reform that would prevent
electric utilitiesfrom automatically losing profits
when sales volume is reduced due to conservation
investments they make. He did not propose any
specific reform, but advocated that representatives
from the four Pacific Northwest states meet to con-
sider waysin which to reward utilitiesfor quality of
service rather than amount of energy sold.

Two other policiesthat were advocated during
the course of the talk related to power planning and
resource acquisition in the Pacific Northwest. He
recommended that with thermal power plants, esti-
mated future likely cost of regulatory compliance for
thelimitation of carbon dioxide emissions ought to
beincluded. Finaly, he advocated that power
generators and conservers be treated on an abso-
lutely equal footing in an auction process for the
acquisition of energy resources, including paying
conservers as well as generators.

Mr. Michael Totten - The Global Warming
Prevention Act

Mr. Michael Totten’s role in the conference was
to discussfederal initiativesthat deal with global
climate change. Mr. Totten began with a discussion
of several of the symptoms of global environmental
degradation and the costs and losses (identified in
the EPA report to Congress) if no action is taken.
The challenge, he stated, isto take those actions that
spur economic prosperity without generating dan-
gerouslevelsof greenhousegases. Thisis best done
by taking those actions that tie-in by solving other
problems or providing multiple benefits. Available
options range in cost by a factor of 10 or more;
therefore, the options for reducing greenhouse emis-
sions need to be ranked in cost-effective order using
least-cost energy planning. Cost-effective energy
efficiency, he stated, has provided numerous econ-
omic benefitsto the United States over the past
15 years, including savingsto the economy of $160
billion per year. Continued milkingof the efficiency
"cash cow," said Mr. Totten, could result in a decline
in oil consumption, a decline in carbon emissions, no
net additions to requirementsfor nuclear power
plants, and a better guarantee of meeting both
domestic and world-wide human needs.

He then narrowed the scope of hisdiscussionto a
series of specificinitiativesand then discussed a
number of specifictechnologies and approachesto
reduce greenhouse emissions that could benefit
fromfederal development support or federal policy
toward implementation. The technologies discussed
included compact fluorescent lamps, daylighting,
imaging specular reflectors, improved windows,
high-efficiency refrigerators, promising high-
efficiency automobiles, industrial materials recyc-
ling, improved cooking stovesfor developing coun-
tries, tree planting, renewable energy, advanced
turbines, and biofuels. He concluded histalk with
somegeneral points about national energy policy.

The energy technologies Mr. Totten discussed
are generally considered to be already available
technology. The compact fluorescent lamp, which
uses 75% less el ectricity than the incandescent lamp
it replaces and also reduces nonenergy maintenance
costs, isin commercia production. Commercial
building daylighting provides a significant amount of
light and heat energy in buildingswhere it has been
adopted. Imaging specular reflectors cut in haf the
number of fluorescent tubes required in commercia
buildings. Window improvements developed in the
late 1970s are in commercia production, athough
federal funding for even more advanced designs has
been curtailed. Refrigerators using 90% less elec-
tricity than conventiona refrigerators have been
marketed on alimited basisfor geographicaly re-
mote situations. Although they currently cost three
times as much as conventional models, the designer
believesthe price would drop to that of a conven-
tional refrigerator with mass production. Vehicles
that are now subcompact prototypes or in produc-
tion in Europe and Japan can get as much as 135
miles per gallon, but technologies are available that
permit larger carsto get 80 miles per gallon. Simple
stove technologies exist that quadruple the efficien-
ciesof conventional stone fires used for cookingin
much of the developingworld. In the Los Angeles
area, planting trees around buildings has been found
to reduce energy consumption in the building by
40% to 50%.

Mr. Totten also believed that renewables and
biofuelscan make a much greater contribution to
energy production in the United States. (Renew-
ables currently provide10% of the energy used in
thiscountry; most of this is hydroelectric power.)
One factor that would contribute to the future of



biofuelsis the use of very-high-efficiency jet engines
employing intercooled steam-injected gas turbine
technology in place of today's more conventional
combustion turbines and combined-cycleunits. The
theoretical potential of such technologiesin devel-
oping countries is also great.

While the demonstrated and theoretical potential
of these and other technologies mentioned in the
talk are great, public policy has not kept pace with
developments in Mr. Totten’s opinion. [nappropri-
ate market signals pose a major barrier to cost-
effectiveinvestments, while institutional rigidity
discourages efficiency investments by individual
consumers of energy, especialy renters, personson
fixed incomes, and cash-poor companies. The cost-
effectivenessfigures, saysMr. Totten, show that
priorities are reversed. Energy producersin the
United States and elsewhere receive lavish subsidies,
amounting to perhaps $40 billion per year in this
country. Energy-efficiencyresearch has declined by
75% in the last 8 years while the total DOE budget
hasincreased. Mr. Totten believesit imperative that
the country establish comprehensive |east-cost en-
ergy planning, adopt more environmentally benign
resources, support energy-efficiencyresearch and
development, and improve motor vehiclefuel econ-
omy mandates (backed by "gas-guzzler" taxes and
resources in fiscally constrained times.

12 SUMMARY OF THE SYMPOSIUM

The various speakers gave the audience much
food for thought. The speakersin the morning
session showed that, despite great advancesin
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scientific understanding of our global climate sys-
tem, there is still much that we do not know about
the causes, progress, or effects of greenhouse-
gas-induced global warming. From a policy perspec-
tive, the issue is difficult because we may not know
whether greenhouse-gas-induced warming is actualy
occurring until it istoo far advanced to prevent. The
afternoon speakers provided a pathway of actionin
the face of the great uncertainty we face and the ad-
mittedly small role the Pacific Northwest playsin
what istruly a global problem: do those actions that
are cogt effectivefor other reasons; that save energy
and money; and that reduce the negative environ-
mental consequencesof human activity. These ac-
tionswill in most cases also reduce the impact of
global warming.

There was a second action identified that re-
ceived less emphasisin the workshop, but may be
equally if not more important should the world com-
munity be either unable or unwilling to halt global
warming. If the speakersin the morning session
were right about the lag times between policy and
the response of the world's climate, then it appears
somewarming may be inevitable. If that isthe case,
the Pecific Northwest, with its heavy dependence on
natural resource related industries, should begin to
do climate contingency planning for the use of water
initsrivers, for itsforests, and for its other natural
resources that may be affected by warming. Actions
are being taken now on the assumption of an un-
changed climate that may well have adverse conse-
guencesin the next century should the climate
change. It may or may not be too soon to act. Itis
not too soon to think and to plan.



2.0 INTRODUCTORY REMARKS

Tom Trulove, Chairman
Northwest Power Planning Council
Portland, Oregon

We are here today to talk about the greenhouse
effect and global warming. We have just experi-
enced aweek when we had a substantial arctic blast
with high windsand low temperatures, and one of
the records that was broken al across the state and
the region was wind chill factor. Temperatures were
not necessarily lower than they have ever been in the
past, but the wind chill factors certainly were. Most
of the plants that were left outside are al freeze-
dried now along with nearly everything else that we
owned, so thisisagreat time to talk about the
greenhouse effect. In fact, with the glacier that is
forming in the parking lot, I do not know how much
more of thisgreenhouse effect we can stand. But
thosein the know tell me this recent weather isa
short-term phenomenon.

In introducing the seminar, perhaps the thoughts
that | had were best stated by David Freeman, the
former Managing Director and Chairman of the
Board of the Tennessee Valley Authority, in an arti-
cle that recently appeared in the Electricity Journal.
In hisarticle, which was entitled "L eadership Role of
the Electric Utilities," David Freeman observed:

"] am not a doom sayer by nature, and do not
believe that we face a choice between an un-
livable climate and freezing in the dark. | do
believe that our quality of life can be sus-
tained and improved with a dramatically
lower level of energy consumption.”

Hewent on to say:

"One key to sustaining improving the quality
o lifeon thisearth, is to face up to the threat
of climate changein atimely fashion."

The nature of the problem was probably best
stated by Edmond Burke a couple of centuries ago
when he wrote:
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"The public interest requires doing today
those things that men of intelligence and good
will would wish 5 or 10 years hence had been
done."

Freeman goeson to say:

"The plain truth isthat there is no absolute
proof of climate change from the buildup of
carbon dioxide and there may be none short
of seeing a catastrophe unfold. Theissueis
not whether thereis proof positive--thatisa
suicidal test--but whether there is sufficient
evidence of the risk to suggest that society
dare not run that risk."

Well, it is precisely that risk that we attempting
to assess here today with the help of some of the
world's leading expertsin a variety of topics. There
isalot of uncertainty asthereisin almost everything
that we have to deal withinlife. | might say that |
believe the Power Council isahead of the learning
curveon thisissue. Our emphasis on energy effi-
ciency and conservation is certainly one of the most
effective strategies for dealing with the situation
whether or not the greenhouse effect and global
warming are realities.

We need to learn what are the likely effects that
will have some bearing on our power planning.
What doesdl of this mean for the future of thermal
resourcesfired by fossil fuel? What doesit mean
for nuclear technologies and the various renewable
resources? Clearly, we in the Northwest are not
going to solve this problem. We do not rely and
probably will not rely on fossil fuels. We all know
also that transportation equipment is probably the
number one emitter of carbon dioxidein this soci-
ety. However, greenhouse concerns and strategies
may well affect the costs, reliability, and availability
of many of the currently popular resource
alternatives.



Our resource mix and the cost of electricity to
the Pacific Northwest could well be affected. We
need to be prepared to honestly and objectively eval-
uate the significance of the greenhouse threat. Just
asclear and certain, but not lessimportant, is our
social responsibility. For it isincumbent upon us
here today to act so as to leave our children a her-
itage for which we will receive their blessing and not
their curse. Ultimately, it is not what we have that
can make usagreat region or nation, but how we

22

useit. It ishow we use the advantages we havein
the environment with which we are blessed.

So, having said that, join with us as we explore
the facts and issues surrounding the greenhouse
effect and global warming, and more importantly
participate with us over the next few months aswe
struggle to devise a reasonable and responsible pub-
lic policy approach for the electric industry in the
Pacific Northwest.



3.0 GLOBAL WARMING: AN OVERVIEW

John Harte, University & California
Berkdey, Cdifornia

3.1 INTRODUCTION

Itisareal pleasure to be here. | am especialy
pleased to see an old friend--Gordon MacDonald--
on the speakers list today. 1t was Gordon who 20
years ago had the foresight and initiative to organize
a National Academy of Sciences (NAS) study to
look at the environmental hazards of a proposed air-
port in the Everglades. That study proved to be ex-
tremely exciting and led me out of theoretical phys
icsand into acareer in interdisciplinary research on
environmental problems.

Climatologists used to enjoy beginning talks on
climate change by turning Mark Twain upside down
and saying, ". . . everybody is doing something about
the weather, but nobody is talking about it. .. .* And
indeed, that was the case up until a few months ago.
But last summer, a series of events occurred that
brought climate warming into the forefront of the
public's attention. There were, of course, the heat
waves of the summer and the droughts that have
occurred sporadically and around the country over
the last severa years. And then there were the
hearings that Senator Tim Wirth conducted early in
the summer, which focused considerable media
attention on the idea that we are perhaps already
seeing the first signsof global warming caused by
the greenhouse effect. Since then, in the last 6
months, there have been numerous conferences,
workshops, and hearings, and researchers around
the world are turning their attention at an increasing
pace to the climate problem. All this attention is
wonderful to see, because global warming isa very
important problem.

In these opening comments | wish to giveyou a
very broad summary of the whole problem. | know
alot of interesting thingswill be said about the po-
tential for energy conservation asa means of alle-
viating the problem, so | am not going to discuss
that topic. | am going to emphasize in my com-
ments, the distinctions among the things we feel
guite certain about, the things we are pretty sure
about but for which there is till good honest debate
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and the need for more research, and the things
about which we are almost entirely in the dark. |
want to take this approach becausein afield of
study as complex as climate warming, which includes
many researchersin different scientific disciplines,
huge amounts of data, and many tested and untested
theories, it is very easy to get confused about what is
scientific "fact”, what is a hunch, and what is just
pure unadulterated hogwash.

32 EMISSIONSFROM FOSSIL FUELS

Figure 3.1 depicts worldwide carbon dioxide
emissions from fossil-fuel consumption. Fossil-fuel
consumption isthe larger of the two major sources
of the increasing amounts of carbon dioxidein the
atmosphere. Thefigure contains a breakdown from
1950 into the mid-1980s of the total fossil-fuel
sources of carbon dioxide from liquid fuels (petro-
leum), solid fuels (coal), and gaseous fuels (natural
gas). Theunitsused in Figure 3.1 are gigatons
(billions of tons) of carbon.

The amounts of carbon dioxide coming from
these three categories of fuels might mislead you
into thinking that is how much of each of those fuels
we burn. However, that is not the case. Whenitis
burned, natural gas produces about 35% less carbon
dioxide per unit of energy than does petroleum, and
petroleum, in turn, produces about 15% less carbon
dioxide than coal. So the actual amount of gaseous
fuel used is higher in proportion to the use of the
other fuelsthan Figure 3.1would indicate.

One df the interesting features of Figure3.1is
that we see the end of atrend that started in the
1970s, when carbon dioxide emissions leveled off
somewhat. Of course, that was the result of a se-
guence of eventsthat started in 1973. Some of this
leveling off was due to price-induced reduction in
consumption (for example, drivinglessor during the
thermostat down), and some o it wasdue to thein-
creasing efficiency of our energy-consuming gadgets.
Unfortunately, there has recently been an upturnin
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Figure3.1. Annual Carbon Dioxide Emissions from Fossil Fuels, 1950 to 1986

the trend, and the question iswhether that upturn
will continue and put us back on our old track, or
whether we will be able to bring about another lev-
eling off and possibly a reduction in fossil-fuel
consumption and, therefore, carbon dioxide produc-
tion. That isamajor issue that | hope will be dis-
cussed during this symposium.

33 DEFORESTATION

The other major source of carbon dioxide emis-
sion to the atmosphere comes from deforestation. |
would like to show you a graph of how much defore-
station has occurred over the years--1 can hardly do
that because it isvery uncertain--but instead, con-
sider atypical deforested hill slope in the tropics.
Typicaly, large land areas in the tropics have been
deforested to provide more land for cattle grazing.
Interestingly, in some of these areas, the amount of
rainfall has decreased. Many people think, although
it is il speculation at thistime, that the loss of the
forest cover has affected the local climatic
conditions.
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The amount of carbon dioxide emitted to the at-
mosphere each year asa result of deforestation isa
subject of much controversy. During their normal
life, trees take in carbon dioxidefrom the atmo-
sphere, and then when they decompose, the carbon
dioxideisreturned to the air. Thisisa closed cycle.
When we deforest a hill slope, we remove the car-
bon that isstored in those trees. When those trees
or the products they are made into decompose, their
carbon is not reused by new trees, so there isa net
addition to the atmosphere of carbon dioxide from
deforestation. It isestimated that, worldwide, an
area roughly the size of the state of Pennsylvaniais
deforested each year. That estimate could be 50%
too high or too low, but even if we knew how much
land isdeforested, we still wouldn't know how much
the biosphere contributes to carbon dioxide emis-
sions. The reason is that through much of the tem-
perate zone, forests are growing healthily. In New
England, for example, there ismore forested land
now than there was 100 years ago, because many
formerly cropped areas are now returning to forest
land. We do not really know what the net balance of
carbon isfrom forest clearing and forest regrowth.



Theincreasein carbon dioxide in the atmosphere
also acts asa stimulant to vegetation, but again, we
do not know how important this mechanism is
Also, we do not know to what extent soilsare a net
source or sink for carbon.

In my judgment, the best estimates today are that
about 20% of the additionsof carbon dioxide to the
atmosphere come from the biosphere, although until
afew years ago, the biosphere waswidely believed
to be a much larger source.

34 CARBON DIOXIDE IN THE ATMOSPHERE

Over the years, the effect of fossil-fuel burning
and deforestation are cumulative, causing an in-
crease in the carbon dioxide levelsin the atmo-
sphere. In theleft middle panel of Figure 3.2, the
ellipses areice-core data showing thisbuildup. It
turns out that if you look at the Greenland ice shelf
and associate a date with a particular stratum in the
ice core, you can then look at the chemistry and de-
termine how much carbon dioxide wasin the atmo-
sphere at the time each little increment of ice layer
wasformed. The reason isthat carbon dioxidein
precipitation isin balance with the carbon dioxidein
the atmosphere, so that when the water freezes, the
ice traps the carbon dioxide and preserves, in the
ice, arecord of what wasin the atmosphere at that
time. So by looking at the ice core data from the
year 1800 on to the present, we find evidence that
suggests that there has been a steady increase in at-
mospheric carbon dioxide. The units here are parts
per million--inthe year 1800 about 280 millionths of
the atmosphere was carbon dioxide. Today, the
number is about 350 million. So the amount of car-
bon dioxide hasincreased by about 25%.

The ice-core data can be questioned because
there are dways uncertainties when indirect meas-
urements are used, but fortunately we have a more
recent detailed set of very accurate measurements
conducted in real time in the atmosphere (right mid-
die panel, Figure 3.2). The data are from Mauna
Loain Hawaii and have been gathered by Charles
Keeling since the late 1950s. Theice core data are
in good agreement with the more recent, and more
accurate measurements, and that gives us con-
fidence that the ice core data are probably correct.
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So we can conclude that there has been a 25% in-
creasein atmospheric carbon dioxide during the
past 200 years.

In Figure 3.3, the carbon dioxidelevelsin the at-
mosphere are shown as a function of latitude. In the
Northern Hemisphere you see astrong cyclein the
record, Itisan annual cyclein the carbon dioxide
level in the atmosphere, and it occurs because the
biosphere (mainly the forests) take in carbon diox-
ide during the growing season, which isin the spring
and summer in the Northern Hemisphere. During
the nongrowing season, the biosphere returns car-
bon dioxide to the atmospherein the course of de-
composition and respiration. So, when the carbon
dioxideleve is high, you are looking at a period
when photosynthesisis at a low, and when the level
of carbon dioxideislow, you are looking at the
height of the growing season, when the atmosphere
istemporarily deprived of some of its carbon dioxide
because of the uptake by plants.

In the Southern Hemisphere, we see a much
weaker cycle because there is much lessforested
land in the Southern Hemisphere than in the North-
ern Hemisphere. Aswould be expected, the cyclein
the Southern Hemisphere is6 months out of phase
with the cyclein the Northern Hemisphere. The
highs occur in the Southern Hemisphere when the
Northern Hemisphere isat alow. Thisgives us
confidence that we really understand the carbon
system. If we did not see this type of cycle, we
would be concerned.

3.5 OTHER TRACE GASES

Figure 3.2 also showsthe buildup in the atmo-
sphere of two other gases. Methaneisat the top
and nitrous oxide at the bottom. Like carbon diox-
ide, they are called greenhouse gases because in the
atmospheretheir climatic effect is qualitatively
similar to that of carbon dioxide. The rates of in-
crease of these gases are different than for carbon
dioxide and they have different sources. The most
significant sources of methane are rice paddies and
cattle raising operations, while nitrous oxide orig-
inates from fertilizer use and fossil-fuel burning.
Chlorofluorocarbonsare also greenhouse gases.
Many nations in the world have agreed to phase out
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the use of chlorofluorocarbons, not because of their
role in climate change but mainly because of their
role in destroying the stratospheric ozone layer.
However, another benefit that would result from
chlorofluorocarbon control isthat the greenhouse
problem would be reduced. The rates of increasein
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the atmosphere of trace gases other than carbon
dioxide are generdlly greater than therate of in
crease of carbon dioxide; by the middle of the next
century, these other trace gases are likely to contrib-
ute more than haf the total effective greenhouse gas
increasein the atmosphere.
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3.6 THE GREENHOUSE MECHANISM

What happenswhen we load the atmosphere
with these greenhouse gases? Well, the basic pic-
tureisvery simple. You can think o these gasesas
akind of blanket that lets most of the sunlight pen-
etrate to the land surface or the oceanswhereit is
absorbed. After it isabsorbed, the sunlight is con-
verted into heat, or what we call "infrared radiation."
Although the sunlight can penetrate to the earth's
surface, the infrared radiation from the surfaceis
trapped by the greenhouse gases. Some o this
trapped heat energy is then reradiated back to the
earth's surface, and someis reradiated upward.
Thus, the greenhouse gases act like a blanket with a
one-way filter, letting more sunlight through than
heat energy out, and that is how they warm the
surfacedf the planet.

3.7 SCENARIOSOF FUTURE CLIMATE
CHANGE

Next, | am going to show you some picturesthat
describethe effect of increasing the amount o car-
bon dioxide in the atmosphere. When | say increas-
ing the amount of carbon dioxide, | want you to
think of that not necessarily asall extra carbon
dioxide. Somed it might be carbon dioxide, but
somedf it might be other greenhouse gases (e.g.,
nitrous oxide, methane, or chlorofluorocarbons).

Figure 34 shows the climate consequencesof
several different scenariosfor the emission of car-
bon dioxide to the atmosphere. The curvelabeled A
isfor dow exponentia growth, or business-as-usual;
the curvelabeled B isfor limited emissions, or linear
growth; and the curve labeled C isfor terminated
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growth, or Draconian emission cuts. | am not going
to try to define in detail these scenarios because they
are rather complicated in the way they are for-
mulated, but | should say that the limited emissions
scenario requiresa cessation of growth in fossil fuel
use as well as a cessation of deforestation. Thelin-
ear growth scenario requires a major commitment
to energy conservation so that emissions are limited,
but not as severe asin the terminated growth
emissions scenario.

The temperature increase shown in Figure 3.4is
not the whole story. It includes none of the climate
feedbacks that amplify thisdirect effect of carbon
dioxide. Hereis an example of afeedback mech-
anism. As heat isreradiated to the surface and the
surface iswarmed, the water on the earth's surface
isalso heated. When you heat water, more of the
water evaporates. So, under these circumstances,
more water vapor will be present in the atmosphere.
More water vapor in the atmosphere further heats
the planet because water vapor, like carbon dioxide,
nitrous oxide, and methane, is also a greenhouse
gas. Infact,in our atmosphere, most of the natural

greenhouse effect comesfrom the water vapor in the
air. So, asthe water vapor increases in concentra-
tion, there iswhat we call a positivefeedback effect.
The warming from the carbon dioxideleads to
warming brought on by the additional water vapor in
the atmosphere, which in turn increases the thick-
ness of the blanket, so the effect amplifies. That
amplification is not shown in Figure 3.4, which just
showswhat climatologists call "direct greenhouse
forcing."

Figure 35 showsthe effects of the identified and
well-understood feedback processes, including the
water vapor mechanism, under the same scenarios.
| have not placed uncertainty limitson these graphs,
but if | did, they would be large. The different
groups who run the climate models get different an-
swers. One group will differ with another some-
what, and when you vary some of the assumptionsin
the models, you get different answers. Roughly
speaking, you can assign £1.5°C of uncertainty to the
points on the steeper curves. Despite the claims of
some skeptics, there is virtually no way in which an
increase in greenhouse gases could cool the planet.
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The resultsare expressed asawarming ratein
units of degrees centigrade per decade. The reason
| am presenting the predictions as degrees per dec-
ade isthat in many waysthat isa more useful way to
think about the conseguences of climate change
than to think about it as absolute temperature in-
crease by some fixed future date. It would be useful
to know how much warmer it will bein the year
2050, but what will really affect more of our day-
to-day lives and the way we respond to climate
change and the way crops, sea levels, and natural
ecosystems respond to climate change is the rate of
warming. When you think about it in termsof de-
grees per decade, you can begin to think about it in
terms of the speed with which the society may have
to respond to the changesin climate.

3.8 VERIFYING CLIMATE MODELS

Next, | want to mention very briefly some of the
reasons why we ought to have confidence in the
models and the model results that | have presented.
There are three planets that we understand very well
in our solar system. We understand Earth pretty
well, and we know quite a bit about Mars and Venus
but we do not understand them completely. One of
the things that we know about Venusisthat it hasan
enormous amount of carbon dioxidein its atmo-
sphere--hundreds of times more than in the Earth's
atmosphere. Marson the other hand hasless car-
bon dioxide than earth. We also know our own sur-
face temperature very well, and we know the surface
temperatures of Marsand Venus from satellite
probes. When we apply the same climate models to
predict the surface temperature for those planets,
we get very good agreement with the surface tem-
perature data. The models predict that Venus
should be ashot asit isand that Mars should be as
cool asitis. That isnot great evidence, but at |east
it gives us some assurance that the models are not
completely off target. If the model can work for
such extreme conditions, you should have a little
more confidence that it reasonably predicts condi-
tions on Earth.

Another reason for some confidence in our mod-
elsisshownin Figure 3.6. Thisinformation isvery
controversial and these graphs are several years
out-of-date, but the basic idea is captured here. The
record for the last 100 years of globally-averaged
temperature data is shown by the dashed line. Even

38

Volcanic
5}
e
Q
2
«
L
O
o
=
o
Q
3
2 -04 |-
-0.6 ] ] 1 )
Volcanic
0.2 |- Solar o\
COz ~‘

N

0.4 |- = Modeled
~wwww Observations
-0.6 . 1 ' L
1880 1900 1920 1940 1960 1980
Year

Figure3.6. Global Temperature Data,
Measured and Predicted

though there are ups and downs, there isan overall
upward trend. What would the increasing amount

of carbon dioxidein the atmosphere do to the tem-
perature of the planet over the last 100 years? The
prediction of the models isshown here as the solid
line. The prediction does not simulate the last 100



years very well. However, as the figure shows, if you
include volcaniceruptions (which alter our climate
by emitting material that blockssunlight and causes
cooling and changesin solar output from sunspot
activity), you get a reasonable picture of what has
happened over the last 100 years.

This isthe optimistic picture. Thereare
meteorologists who have attacked this argument.
They quibble with the database, for example, argu-
ing that some of the data come from weather sta-
tions that are located near cities. The urban heat
island effect spreads out over time to influence data
collected at a weather station that might be located
outside a city or town. Therefore, part of what you
are seeingis not global warming but the spread of
the city.

However, if you excludethe urban and suburban
stations and look the rural and oceanic stations, |
believe you still see an increasing trend. That argu-
ment is not over; people are still debating the issue.
| don't want to give you the misleading impression
that we are confident that we know what we are
talking about, but that there is some evidence that
we can have confidence in our models.

Thereis another argument that is sometimes
made for confidencein the models. If you examine
paleoclimatic history--back over hundreds of thou-
sands of years--you find that during periods when it
was very warm, the carbon dioxide levels were very
high. And during periods when it was cold, the car-
bon dioxide levelsin the atmosphere were very low.
"Aha," you say, "that makes usthink that the models
areright." The models predict that when the carbon
dioxidelevelsare high, the temperatures should be
high, and when the carbon dioxide levelsare low, it
should be cold. But the catchin al of thisisthat we
do not understand the cause-and-effect relation-
ships. The carbon dioxide fluctuations over the past
hundreds of thousands of years could very likely
have been a consequence, not a cause, of the tem-
perature fluctuations.

Indeed, the paleoclimate data suggest that there
may be an interesting mechanism by which warming
triggers an increase in the carbon dioxide levels.
Whatever the mechanism is, it needs to be under-
stood because there may be such a positive feedback
mechanism at work in today's climate system.
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One such positive feedback process is the warm-
ing of soil, which speeds up bacterial decomposition
of organic carbon present in the soil. In the soilsof
our planet, there are 3 to 4 times more carbon than
in the atmosphere. Thislarge pool of carbon in the
soil, if released through warming, could add tre-
mendously to the amount of carbon in the atmo-
sphere. One of my former students, Dan Lashof,
evaluated that feedback processin hisdoctoral dis-
sertation. He showed that it isindeed a positive
feedback effect, but that it is not goingtolead to a
further doubling of carbon dioxide. It isnot alarge
correction in our understanding, but it isin the
direction of adding carbon dioxide. There may be
other mechanisms that we are not fully aware of that
may cause the carbon dioxidelevelsto increase
above and beyond the levels produced by the burn-
ing of fossil fuels and by deforestation. If so, they
nearly certainly involve changesin ocean circulation.

39 THE EFFECTS OF CLIMATE CHANGE:
TEMPERATURE INCREASES

Next, | want to mention briefly why we are
worried about awarming of afew degrees. After
al, if tomorrow were 2' colder or 2' warmer than it
is today, you probably would not even know unless
you read the weather report in the newspaper. We
can feel when the arctic front comes through and the
temperature drops 20° overnight, but how can you
tell that you are being subjected to a couple of
degreeswarming? Figure 3.7 showsmost of the last
million years of earth's temperature record. Ob-
vioudy we did not have thermometersin place all
that time, but these are reconstructions of tempera-
ture from numerous sources such as the pollen rec-
ord and ice cores. Theice corestell us about how
much carbon dioxidewasin the air, and they also
tell us something about temperature. There are
isotopes--rare forms of elements--that are locked
into the ice; the amounts of those isotopes, such as
heavy oxygen, depend on temperature because they
diffuseat ratesthat differ from theratesfor the
common forms of the elements. Therefore, tem-
perature can be deduced from the chemical
composition of ice.

From Figure 3.7, we see a sequence of fluctua-
tions, of glacial advance and glacial retreat. Accord-
ing to these data, it iswarmer now than it has been
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at any timein the last million years. In fact, you
have to go back about 65 million years ago to the
Cretaceous Tertiary boundary to find a period when
it wassi gni ficant|ywarmer than it istoday. Inthe
age of dinosaurs, the earth wasin a very warm per-
iod. You redly have to go back along way to find
significantly higher temperatures--temperaturesthat
are 3' to 4° warmer than they are today--yet that are
the magnitude of the predicted warming over the
next 50 to 100 years. Soin termsof our climate
history, we are doing something very dramatic to our
climate.
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Will this happen? It depends how committed we
are to energy conservation, to stopping deforesta-
tion, and to reforestation. It isnot something that is
deterministic. We can influence the odds tremend-
oudly with our actions. The important point | want
to makeis that we are talking about a warming that
isvery large. It will make us warmer--much warmer
than we have been in perhaps millions of years of
climate history--and we will be doing thisin 100
years.

Think about the changes that have occurred on
the planet since last Ice Age, shown in Figure 3.7 as



the cool period 10 to 20 thousand years ago. Think
about how speciesdistributions changed. Think
about how some species became extinct and others
became dominant because of the altered climate.
That was the result of a magnitude of warming sim-
ilar to that which the greenhouse gas buildup will
cause, but spread over thousands of yearsinstead of
50t0 100 years. So we are talking about major
stresses on the planet. They are both largein
magnitude and rapid in time. That iswhy we are
concerned.

310 EFFECTS OF CLIMATE CHANGE:
PRECIPITATION

We are not just interested in temperature in-
creases. If you are afarmer, you care about soil
moisture. We have a much poorer ideaof the af-
fects of the greenhouse problem on precipitation
rates than we do of temperature increases. Itis
much harder to model precipitation. Precipitation
predictionsinvolve knowing alot more about clouds
and storm formation than we know. So we haveto
make our best guesses about where it will rain more
and where it will rain less. If youlook at the dif-
ferent models that are used to study the greenhouse
effect you will find that they agree pretty well on
temperature increases, but they disagree on precip-
itation changes. Some models say there will be
more rainin a particular place and other models say
there will be less. Most models seem tosay it is
going to get drier in the breadbasket of North
America, and it will be drier in some major areasin
the Soviet Union and southern and eastern Europe.
It undoubtedly will be wetter in certain other parts
of theworld. But we are alot less confident about
those predictionsthan we are about the temperature
prediction. Thisissueisvitaly important because
soil moisture hassuch a major impact on agricul-
tural productivity.

| wasin the Soviet Union about 4 years ago talk-
ing with scientists interested in climate change.
Some climatologists there were arguing that perhaps
in the Soviet Union there would be a benefit from
climate warming. After al, they do not have major
citieslocated along the coastlines like we do. If sea
level rises by 05 meter over the next 50 years, which
isquite possible due to the thermal expansion of the
oceans and the melting of ice, it could cause havoc
in our coastal cities. It could of course cause even
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more havoc to placeslike Bangladesh, where vast
numbers of people live and farm very close to sea
level, but it might cause less harm in the Soviet
Union. The Sovietsmight find themselves with
warm water year-round ports for their submarines if
the sea temperatures increase. There are wild spec-
ulations that to us seem like science fiction but that
are being discussed over there. They are arguing
that perhaps globa warming is not such a bad thing,
and perhapsit should be encouraged. 1t would put
them in a better relative situation at least. Maybe
they would suffer, but they would suffer less than
some other countries.

Fortunately, as| have corresponded with people
in the Soviet Union, | have found that in the last
year or two they have become much more serious
and concerned about the problem, and the optimists
who think some benefits come from it are not in
great numbers now and have very little influence. |
think that is partly because Soviet President Mikhail
Gorbechev has been very concerned about the prob-
lem and is setting atone that isvery positive and
constructive. The consequences of areductionin
soil moisture are surely part of the reason for their
concern.

3.11 CLIMATE/BIOSPHERE INTERACTIONS

The greenhouse effect can assert a direct in-
fluence on the biosphere, including ourselves, our
crops, and also the natural ecosystems. The effects
o climate change on biota are mediated by effects
that go on in the geosphere as shown in Figure 3.8.
A warming of the soil can change the atmosphere
and, therefore, can amplify the greenhouse effect.
By changingsoil conditions you also will change the
nutrient status of the soil, and that may affect crop
productivity. There are numerous relationships that
link the greenhouse effect with other aspects of the
geosphere, and those in turn can al affect the biota.
In addition, we are not just doing things that affect
the climate these days. For example, we are al'so
loading the atmosphere with pollutants that form
acidsthat are, in turn, damaging lakesand possibly
forests. We are emitting substances that affect the
ozone layer, and we are cutting vast forested areas
in the tropics. And al of those other anthropogenic
stresses interact with changes that come about from
the greenhouse gases. Generally, when you look at
thoseinteractions, you find that they are synergistic
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Figure 3.8. Links Among the Greenhouse Effect, the Geosphere, and the Biota

in abad sense: the stresses caused by climate change
add positively to the effects of acid rain or defore-
station to make the combined stresses much worse
than the sum of the parts.

Within that simple picture of planetary feedback
loops shown in Figure 3.8, there are numerous in-
ternal processes that need to be considered, and
only afew of them have been studied in any detail.
We have trace gases produced from the burning of
fossil fuelsand the use of nitrate for fertilizer.
These kinds of activitiesincrease the concentrations
of greenhouse gases in the atmosphere and, thus,
contribute to climate alteration. Climate alterations
affect ocean circulation and ocean biology, which in
turn can be asink or source for trace gases. The
climate change also affects vegetation, which in turn
changes the reflecting characteristicsof the earth's
surface. A planet that isvery dark tends to absorb
sunlight. A planet that isshining (for example, if it
is covered with ice) will reflect sunlight. Therefore,
the surface characteristics of the planet affect the
climate. Climate change can do thingsto affect the

surface of the planet. It can melt the ice so more
sunlight can be absorbed, thus amplifying the warm-
ing effect. Climate change can turn land that was
once covered with forests into deserts, which may
influence regiona and global climate. Climate
change can aso affect the distribution and prod-
uctivity of ecosystems and the distribution of species
in ecosystems. Theeffects of climate changes on the
feedback processes are enormously complex. These
effects have only begun to be studied, and we are
undoubtedly in for numerous surprises as we con-
tinue to study this problem.

Consider thefogsoff of the coast of California.
In California and parts of Oregon, the summer fog
isour summer air conditioning system. San
Francisco isacool city in summer because of its
famous summer fogs. Fog also provides moisture
for the chaparral and the redwood forests. These
summer fogs result from ocean upwelling. The deep
ocean waters are cool and as winds blow across the
ocean surface, they generate an upwelling of cold
water to the ocean surface through a mechanism



called Ekman pumping. That cold water coolsthe
atmosphere above it, and then as the moisture-laden
sea breezes come in, the water condenses on that
cool air and fogis produced. The fog ultimately
results from the windsthat produce the upwelling.
In a"greenhouse” world, where carbon dioxide levels
are doubled, the pattern of windswould be expected
to change. Asthewindschange, the degree of
coastal upwellingwould be affected. Thisisan
example of anindirect effect that isonly now
beginning to be understood. When the rates of up-
welling of ocean water off the coast change, sea
surface temperatures change, and that process can
affect fog and coastal temperature. Productivity and
marine biodiversity are affected because the upwell-
ingwater isrich in nutrients, and if the rate of
upwelling changes, the supply of nutrients to the
fisheries off the coast would be decreased (see Fig-
ure 3.9). One of my graduate students is now work-
ing with some biologiststo integrate this whole
picture and try to make some estimates of what the
effectswill be. Theideaisto use the output from
the climate modelsto tell us how the winds will
change and then to include those changed wind con-
ditionsinto a model of upwelling. We hope that this
approach will give usa picture of how the upwelling

Wind
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Coastal Upwelling

changes, and will allow usto at least qualitatively
evaluate these effects.

Y ou will notice one further relationship here.
Thefogin summer affectsforest fires. We have a
problem with fire in Californiain the summer be-
cause of the dryness. However, it would be much
drier if we did not havethefog. Forest firesare
influenced not just by fog but also by other condi-
tions, such as temperatures and rainfall. Several of
us are looking at the problem of how fire intensity
will change if we have a doubling of carbon dioxide,
which changes precipitation, temperatures, humid-
ity, and wind (and, therefore, upwellingand fog).

312 PROBLEMS OF TIMING AND
GEOGRAPHICAL DETAIL

One of the problemsin trying to do these anal-
ysesisthat we are lacking some very important in-
formation about the details of the climate change. If
we look at a model's rainfall prediction for a partic-
ular month, the model may indicate that we are go-
ing to get 15% more rain. Depending on the
assumptions used in the model, the 15% more rain

4 A 4 . 4
Larval Nutrient Sea Surface
Dispersal Transport Temperature
* 5 * ‘ . Fog Coastal
Reproduction fimary geézggcfor? Temperature
|_Productivity— R |
| Fire | Plant | | Smogl

y

Marine Biodiversity

Reproduction | T

Terrestrial Biodiversity

!

Figure3.9. MechanismsThat Contribute to Marine and Terrestrial Biodiversity
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could be distributed proportionately over the month
or it could al be distributed over a period during the
middle of the month (Figure 3.10). There isaworld
of difference between these two assumptionswhen
you are concerned about forest fires. In thefirst
case, you have along dry period just aslong as you
did before the extrarain fell, and that is the period
inwhich afire hasa chance of starting and possibly
turning into a major forest fire. In contrast, a15%
increase in rainfall distributed in the middle of what
would have been a dry period will greatly reduce the
frequency or intensity of forest fire. The climate
models we are using today are just not capable of
telling us with any confidence which of those two

possibilitiesis most likely. The number of possibil-
itiesisendless, of course. It doesnot haveto be one
of these two, but the point | want to make is that the
models need to beimproved with respect to their
temporal resolution and also their spatial resolution.

The models now predict what goes on in squares
that are roughly a few hundred mileson aside. In
Cadlifornia, one of the squares can include the
desertsand the mountains, or the coasts and the ag-
ricultural croplands. And we know things vary a lot
within those squares. 1t would be wonderful to have
models that can deal with smaller geographic re-
gions and finer time scales, but days or weeks rather
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than months, and tell us the resultswith accuracy.
The models can give us climate predictions on a
roughly hourly basis now, but there is no basisfor
confidence in such predictions. Unfortunately, it is
extremely difficult to improve the situation, because
we do not have computers that are large and fast
enough to handle the data regquirements those kinds
of fine-tuned predictionswould require. So, at the
moment, we are limited to predictions that do not
make it possible to evaluate the ecological effects
with anything like the certainty that we would like.
Weare al hopeful that in the future the climate
predictions will become more fine-tuned, and then
we will be able to obtain better estimates of ecol-
ogical consequences.

3.13 QUESTIONSAND ANSWERS

Ouestion: | havea question concerning the forests
becoming deserts. The absence of vegetation and
declining cloud cover would seem to point to a
increasing warming. Isthat what you are
suggesting?

Answer: Well, there are competing effects. If you
take adark area like a forested area that absorbs
sunlight, and you replace it with something that is
shinier, which has a higher albedo, as the climatol-
ogistscall it, you reflect more sunlight back into
space. You absorb less on the surface. So the direct
warming effect of the sunlight will beless. On the
other hand, you would interfere with the hydrolog-
ical cycle. You would not be transpiring water to
the extent that you were. Y ou would be changing
winds and storm patterns. Y ou would be doing a lot
of thingsthat also can influence the wesather. When
you put all of that together, it isvery difficult with
existing models to say for sure that it will cause a
warming or acooling. It iseasier to say it will cause
adrying than it is to say what the temperature effect
will be. We are pretty confident things dry out when
you cut down the forests. It isalot harder to say
what the effect will be on global or regional
temperature.

Ouestion: Thisisjust a point of clarification. When
you said that there were 2° to 5° warming by the next
century, were you referring to 11 years hence or 111
years hence?

Answer: The middle of the twenty-first century.
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Question: Isthat Fahrenheit or centigrade?

Answer: That iscentigrade, sir. Everything | said
about temperatures was centigrade.

Question: You mentioned that the source of carbon
dioxide was from, or alot of it wasfrom, the burning
of fossil fuels. What are the sources of the burning
of fossil fuelsand what percentage of the carbon di-
oxide comes from the various sources?

Answer: You could seethat on Figure 3.1, which
showed gaseous, liquid, and solid fuels. It showed
liquid and solid fuels contributing about equally.
Thisisworldwide, not just the United States.

Ouestion: | meant more specific sources such as
coa-fired power plants, automabiles, industrial
plants?

Answer: All of the major wayswe use energy con-
tribute significantly. That is, if you divide energy
consumption into electric production, transporta-
tion, industry, and home-heating, you find that all
four of them are sufficiently large that it paysto try
todoal four of those things more efficiently. No
one of them issuch a small contributor that you can
just forget about it and say let's not bother trying to
improve the way we do that activity. If weinsulate
our homes so that we uselessfuel for space heating,
we will make a significant difference. If we can
improve the efficiency of our cars, we will make a
big difference. If we can cut down on energy con-
sumption by using more efficient refrigerators and
the like, we will make a big difference. And if we
canimprove industrial processes, we will make a big
difference.

Question: When you look at your million-year and
hundred-thousand-year cycles, there are obvioudy a
number of cold cycles apparently driven by some-
thing other than carbon dioxide. How do we know
that the carbon dioxide warming effect will not be
overlaid on a cold cycle?

Answer: That isavery good question. Fist of dl, a
clarification. Those cyclesthat occurred over
hundreds of thousands of years are probably not
driven by carbon dioxide. Carbon dioxide does
change as the temperatures change, but it changesin
response to the temperature change. Now what
does cause those fluctuations? To the best of our




present knowledge, the major causeis dueto
changes in the amount of sunlight reaching the
earth, and its distribution over the course of the
seasons. And the reason that it changesisthat the
earth's orbit about the sun is not uniform from
millennium to millennium. The earth has an elliptic
orbit about the sun. And the shape of that ellipse
changes with a 100,000-year cycle, roughly. Now,
there is a100,000-year cyclein those data. It wasa
little hard to see because it was not a perfect sine
wave, but if you analyzed it you would see that there
isacycle. And we think that cycleis due to the cycle
o the earth's orbital geometry, which isalso about
100,000 years. Now there are also 20,000-year and
40,000-year cyclesin the amount of sunlight reaching
the earth because of subtletiesin the position of our
orbit. Thetilt of the earth's axisabout the planein
which the earth circulatesaround the sun. The
earth circulateswith a tipped axisand its polar axis
moves likea top. It precesses, and that kind of
influence can change the climate tremendously
because it alters how much sunlight is received at
what time of year. Those effects then can amplify
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other processes that are internal to the earth, feed-
back effectsof the sort that | mentioned. And those
are the things that we think caused the major pat-
ternsthat you saw in that historical look at climate
change. What is unique now, is that something com-
pletely different namely the anthropogenic buildup
of carbon dioxidein the air isacting in a sense to
overwhelm those things. But the other important
point isthat those cyclesoccur with time constants
of 20,000 years or 40,000 years or 100,000 years.

And thereis no way, unless we are completely
wrong about the causes of those cyclesand their
relative regularity, that al of a sudden in the next
100 years they are going to conspire to save us. This
is because we know where we are in those orbital cy-
cles, and the cyclesare dow. They do not change
anything very much in a 100-year time period. They
only cause change in 20,000-year time periods. So it
is highly unlikely that something we don't under-
stand about the climate that caused past changeis
going to reverse the big experiment we are doing on
the atmosphere.



4.0 THE GREENHOUSE EFFECT: THEORY OR FACT

Michae! Schlesinger, Oregon State University
Corvallis, Oregon

In my remarks this morning, | will attempt to
convey what we know about the greenhouse prob-
lem and what we do not know about the problem.

Last June 23, a colleague of mine, Jim Hansen,
whose name has been mentioned several times al-
ready, testified on the greenhouse effect before the
U.S. Senate Committee on Energy and Natural Re-
sources. | think hiswritten testimony began our
increased awareness of the greenhouse effect and
also may have given us an erroneous perception
about our understanding of the greenhouse effect.
In his testimony, Jim wrote:

"Thus, we can state with about 99% confi-
dence that current temperatures represent a
real warming trend rather than a chance fluc-
tuation of the 30-year period."

On the back side of the written page of his
testimony he wrote:

"Global warming has reached the level such
that we can ascribe with a high degree of
confidence a cause and effect relationship
between the greenhouse effect and the obser-
ved warming."

| think in the minds of many people the juxta-
position of these two statements of verbal testimony
has given the impression that we have detected the
greenhouse effect with99% co  dence If you tell
Jim Hansen that iswhat he said, he will disagree
with you. Infact, it isnot what he said, but it
certainly gives you the connotation. Around the
world, we had a drought, crops baked, temperatures
soared, farmsfolded, barges stuck in a dried-up
Mississippi River, food prices soared, the economy
shuddered, and people looked to the sky for some
kind of sgn. All of that was supposed to be a
preview of the impending greenhouse effect. The
drought wasreal. The cause of the drought, al-
though sometimes attributed to the greenhouse ef-
fect, was not really understood.

The perception of people about the greenhouse
effect has been raised so high that | wasintrigued
when | saw Oregon Ballot Measure 7 having to do
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with the Oregon Scenic Waterways System. In this
ballot measure, there was an opposition argument
that brought up the greenhouse effect in two places.
First, the greenhouse effect was described as already
here and impacting our weather patterns, so who-
ever wrote up that argument isa believer. Heis
actually right. The greenhouse effect is here, but
that is not what we are al talking about here. We
are talking about an increase in the greenhouse ef-
fect as| will describe later on. And secondly, he
went on to say, “. . . thisinitiative will leave us no
practical alternative but to generate energy by burn-
ing fossil fuels, which pollute our atmosphere and
contribute to the worsening greenhouse effect, or by
using nuclear fuelswhich may pollute both the sur-
face of the planet aswell as the atmosphere." So
here s, in fact, the existence of the greenhouse
effect being used by someone who isin opposition to
the Oregon Scenic Waterways Bill, which in fact was
passed despite hisopposition. Not all scientists
concur in the kind of statement that Jim Hansen has
made. And infact, | think most scientists do not
agree with that kind of statement for reasons of
which | will elaborate as| continue.

A former scientist at the Lawrence Livermore
Laboratory recently wrote an article entitled "The
Greenhouse Effect, Science-Fiction," and he went on
to describe his reasons for not believing what has
been said about the greenhouse effect.

On June 23, the New York Times came out with
an editorial by NicholasWade, who talked to me the
day before Jim Hansen's testimony was made. But
the transcript was released and Nicholas Wade
wrote a very intelligent article about it, saying in
part, . .. | believethe greenhouse effect is red
enough . . .," and he concluded that, ". . . severd
measures to slow the greenhouse warming are worth
taking for reasons other than the greenhouse as well
asfor the greenhouse.. .. Cut the production of
freons. . .." Those are the chlorofluorocarbons that
destroy the ozone layer in the stratosphere. Nobody
isin favor of ozone destruction. "Protect tropical
forests." Deforestation increases greenhouse gases.
"Encourage energy conservation." Almost nobody is
against that, except that it is something you want
someone else to do, not yourself! And lastly,

"... develop cheaper, safer nuclear power." | say
something about that towards the end of my talk.



So| titled my talk "The Greenhouse Effect: Theory
or Fact," and let us examine what we know about
this and what we do not know about it.

Hereisan outline of my presentation. Although
| generally forget the outlines, they help me be or-
ganized. | will give you an introduction concerning
the carbon dioxide issue, actually the greenhouse
issue focusing on carbon dioxide. Next, | will talk
about methods that can be used and are being used
to project future climate change. | will talk about
two such methods. First, the approach of my Soviet
colleagues, whichiscalled the climate analog, uses
the past as potential models for the future. The sec-
ond, the mathematical modeling approach, is used in
the rest of the world. | will describe to you what a
mathematical model is, and what its many limita:
tionsare. Then | will show you resultsfrom such
modelsfor the changein the equilibrium climate of
the earth due to a doubling of the carbon dioxide
concentration. That isa hypothetical kind of situ-
ation because, naturaly, the carbon dioxide con-
centration does not instantly double. It isaquestion
we have been addressing for the last 15 years to see
if thisissueisworthy of further study. Thelast topic
will be the nonequilibrium climate change. That is
the actual climate change that isgoing on, or may
not be going on, on the earth.

4.1 CARBON DIOXIDE IN THE EARTH'S
ATMOSPHERE

Let us begin with the one thing we know for sure,
the concentration of carbon dioxide in the earth's
atmosphere as measured at Mauna Loa in Hawaii.
These measurements were started in 1958 through
the actions of Dave Keeling, who is at the Scripps
Institute of Oceanography. Although today every-
one agrees that it was worthwhile to make these ob-
servations, Dave Keeling had a heck of a battle to
get funds to set up the carbon dioxide monitoring
station of Mauna Loafor the International Geo-
physicd Year starting in 1957. If he had not per-
sisted, we would not have this information.

Let us begin with the concentration as an annual
average, so it removes the seasonal cycle due to the
respiring of forestsin the Northern Hemisphere is
removed. The Mauna Loa data show what we al
know, that the carbon dioxide concentration in the
earth's atmosphere hasincreased from about 315
pprn in 1958 to about 350 ppm, which was the latest
measurement. That isan increase of about 35 pprn
over 315 ppm, or roughly 11%. Therefore, we see
about a10% to 15% increase during the period of
record, which is about 30 to 31 years.

Having seen this, it was compelling to attempt to
identify what the carbon dioxide concentration was
before 1958, before we had these measurements.
The carbon dioxide concentration has increased asa
function of timefrom the middle of the eighteenth
century until the present. Well, we can get an es-
timate of carbon dioxide concentrations in the air
from analysisof ice coresfrom Antarctica. Every
year, snow falls on Antarctica, and year-after-year
the falling snow compacts the snow underneath and
turnsit intoice. Asthat happens, the air in the at-
mosphere istrapped in the ice and so by taking a
corefrom theice, extracting the air from the core,
we can get an estimate of what the composition of
the earth's atmosphere wasin the past. The com-
paction the snow into ice captures air over about a
30- or 40-year period so we get an average picture
from each dlice of the carbon dioxide concentrations
over atime period. At the dawn of the industrial
age in the middle of the eighteenth century, the con-
centration was about 280 ppm. By the middle of the
nineteenth century, it was perhaps 290 ppm, an in-
crease of only 10 pprnin a 100-year period. From
the middle of the nineteenth century to the time
when Dave Kedling's measurements began, we saw
an increase from 290 to 315 ppm. That isafour-fold
increase when compared with the preceding century.
From 1958 to the present (a period of over
30 years), the carbon dioxide concentration hasin-
creased by an amount equal to the increase experi-
enced in the previous 100 years, indicating that the
rate of increase of carbon dioxidein the earth's
atmosphereis accelerating.

The causes for the increase in carbon dioxide are
predominantly the burning of fossil fuels. From
1860 to 1960, the rate of increase was about 4.2%
per year, year after year, except for three time
periods. World War |, World War I1, and the Great
Depression. Intimesof economic duress, our use
of fossil fuels decreases.

The same kind of results are seen from 1950 to
the middle of the 1980s. The rate of increase was
again about 4.2% per year. That is, every year, we
used about 4.2% more fossil fuel than before. This
increase continued until we reached 1973, when we
had the oil embargo and the rate of increase drop-
ped to about 2.2% per year.

Therate of increase of carbon dioxide is some-
thing that we ourselves are causing. It isnot a
natural change in the carbon dioxide concentration;
it is something that we are doing to the earth's
atmosphere by our use of these fossil fuels. John
Harte showed in his presentation the world's carbon
dioxide production in billionsof tons of carbon. The



total iswhat | want you to focuson. The total
leveled off in 1973, around the time of the oil em-
bargo, continued to increase the maximum rate be-
fore pricesincreased in 1979, and then leveled off
again. It has now begun toincrease again. We now
have more or less returned to where we were before
the oil embargoin terms of putting fossil fuelsinto
the atmosphere, despite our concern about the
greenhouse effect.

Roughly speaking, when the cost of fossil fuels
goes up, thelevel of emissions goes down. When
the cost goes down, there is some lag in the respon-
se, but in fact, the emissions have increased again.
Thisresultsin concern about our use of fossil fuels.
but | want to point out one salient fact. Weas
Americans tend to overlook that we are not the only
people on the planet. 1n 1950, the United States
contributed 42%, just alittle less than haf, of dl the
fossil fuel and carbon dioxide emissions to the at-
mosphere. We bear a pretty large responsibility. It
will makeit difficult for usto go to other peoplein
the developing world and say, ". . . don't do aswe
did, do as we say you ought to do, for the good of
global humanity." Presently, our contribution has
dropped to about 21%. The Soviet Union contribu-
ted about 12% in 1950, and now their contribution is
about the same asours. It isinterestingtolook at
the per capita carbon contribution into the atmos-
phere by country. Our per capita contribution has
increased, and interestingly enough, the Soviet
Union's contribution has increased enormousdly.
What is most interesting, though, is the emergence
of China, whichis now contributing 10% of the
world's emissions. China has an abundance of coal,
and | don't think they are going to be swayed very
heavily by our arguments to not use it to improve
their economic position. Japan's contributionisalso
increasing. But the contributions from other places
in the world are relatively small in terms of percen-
tage contributed. When you look, however, at China
and India, their per capita use of fossil fuelsisvery,
very small. But the number of people in these coun-
triesisenormous. Soif in the next century, they
(not unreasonably) would like to have the same per
capita energy consumption that we presently enjoy,
you can get areal appreciation of the potential dif-
ficulty of solving the greenhouse problem. It isnot a
problem for the developed nations of the world ex-
clusvely. Itisa problem for al the nationsof the
world.

42 FORECASTSOF EMISSIONS

Having seen the past increase in carbon dioxide
indicated by the Mauna Loa record, it is only natural

43

to attempt to make projectionsinto the future. Of
course, there are uncertainties inherent in taking
that approach, because our use of fossil fuels de-
pends on the economic situation. If there are econ-
omic downturns because of depressionsor reces
sions (hopefully not wars), then perhaps the amount
of fossil fuelswe usewill go down. The sample pro-
jections that | am going to discussare uncertain, and
they have been made in away that takesinto ac-
count the uncertainty. From such projections, we
can get an idea about the possibilitiesfor increasing
carbon dioxidein the next century. There are so-
cioeconomic and ecological uncertainties, and there
are physical-system uncertainties about how much
carbon dioxide istaken up, for example, by the
ocean. Tens df thousands of projections are made.
You pick uncertain quantities from probabilistic
distributionsfor each of the uncertain quantities,
and then you make your projection. You do this
tens of thousands of times, and then you can rank
the resulting evolutionsthat you get in terms of
percentiles.

The 50 percentile means that haf of the projec-
tions were below that level and half were above that
level. The 95 percentile means 95% of the projec-
tions were below that level. Theb5 percentile, means
5% of the projectionswere below that level. The
concentration of carbon dioxide at sometime in the
next century will be equal to twice the concentration
of carbon dioxide estimated to have existed in 1850.
The time of carbon dioxidedoubling for the 95 per-
centile projection occurs, say, in the year 2020, the
median (50th percentile) in 2050, and the 5 percen-
tilein 2100. So, we have every reason to believe that
sometimein the next century the carbon dioxide
concentration will be twice what it wasin the middle
of the last century.

Carbon dioxide isa greenhouse gas, but it isnot
the only greenhouse gas. It isa natural greenhouse
gas, but we are also emitting some unnatural green-
house gases into the earth's atmosphere namely the
chlorofluorocarbons, Freon 11.and Freon 12. Meas-
urements were also made at the Oregon Graduate
Center.from 1976 to about 1986, and the Freon con-
centrations increased. Measurements were also
made of nitrous oxide, methane, carbon tetrachlor-
ide, and methyl chloride. The data showed that
these greenhouse gases are increasing, and this has-
tens the doubling time, making it more likely that
sometime in the next century, the concentrations of
carbon dioxide and the other greenhouse gases will
effectively equal twice what they did in the middle of
the last century.



43 EFFECTSOF GREENHOUSE GASESIN
THE ATMOSPHERE

What would be the effect of doubling the carbon
dioxide concentration in the earth's atmosphere?
The earth's atmosphere is mainly composed of two
gases, nitrogen at 78% and oxygen at 21%. To-
gether, these two gases make up 99% of the earth's
atmosphere. Water vapor, whichisvery variable in
space and time, makes up about 0.2%, and carbon
dioxide, at 300 to 350 ppm by volume, makes up only
0.03%. To make al that information understand-
able, | will put it in more vivid terms. If we take the
atmosphere from the surface of the earth to outer
space, aswe go upwards the pressure decreases, the
density decreases, and the temperature decreases.
We can bring a column of air all theway down to
the surface of the earth and keep it at the same tem-
perature and pressure that we have here now. If we
do that for the whole atmosphere, the air column
would be 6 miles long. Of that 6 miles, carbon diox-
ide would make up only 10 feet. Soit isa minor
constituent. What would happen if the carbon diox-
ide concentration doubled and the column became
6 miles and 10 feet long, with the carbon dioxide
level then being 20 feet? How can that possibly have
any impact on the climate of the earth? Well, we
can make calculations of what the temperature at
the surface of the earth would be if the earth had no
atmosphere. The earth would then absorb radiation
from the sun, and it would warm up. Asthe tem-
perature increases, the earth would emit radiation
back to space. The earth would warm up until the
amount of radiation emitted to space equals that
absorbed from the sun. At that point, the system
would be in equilibrium, and the temperature would
be 60°F colder than the actual temperature at the
surface of the earth.

Suppose that we put an atmosphere with 99%
nitrogen and oxygen on the planet. If wedo the
calculation again, the calculated temperature for the
surface of the planet is again 60°F colder than it
actually is. Why then isthe surface of the planet as
warm asit is? The reason it is60°F warmer hasto
do with the presence df the greenhouse gases, which
are primarily water vapor, carbon dioxide, and
ozone. All three of these gases combined make up
less than 0.25% of the earth's atmospherein terms
of volume. Intermsadf the thermal regimedf the
earth, the primary gases in the atmosphere are
minor. Well, you could legitimately ask, why do
these gases raise the temperature by 60°F? Why are
they greenhouse gases, and why the other gasesare
not? | can giveyou an answer to that, but the
answer reguiresa review of physics. Oxygen and
nitrogen molecules each have two atoms. These
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moleculesare symmetric. Water vapor has three
atoms per molecule. A molecule of carbon dioxide
has three atoms and so does a molecule of ozone.
These molecules have three or more atoms and are
not symmetric (at least not always), and for that
reason they can absorb the radiation emitted by the
surface of the earth towards outer space and thereby
block reradiation. Thisisthe blanket effect John
Harte discussed. Since the blanket effect prevents
reradiation of the energy to outer space, the tem-
perature of the planet's surface increases until a new
equilibrium state is achieved.

44 ESTIMATINGTHE EFFECTS OF
CHANGING CONCENTRATIONSOF
GREENHOUSE GASES ON TEMPERATURE

We have every reason to believe that increasing
carbon dioxidelevelsin the atmosphere will change
the climate of the earth. The question is by how
much, how fast, and where will the climate change?
How can we address thisissue? How can we study
what the future climate of the earth islikely to be?
Canwego into the laboratory like a physicist and a
chemist and construct a miniature earth--a rotating
planet having land and ocean and mountains and
valeyswith an atmosphere and a sun and perform
controlled experiments.  Unfortunately, we can not
do that because the system is just too complicated.
Thereis noway that we can replicateit in the lab-
oratory to perform that kind of classical study. How
€else can we study it? Oneway, the way my Soviet
colleagues have done, is to use the past asa model
for the future. Thisapproach is called the climate
analog approach. Those who use this approach
hope that the past climate isan analog for future
climate. Let me share with you some of the results
of my Soviet colleagues. | will also explain why they
use the climate analog approach rather than the
mathematical modeling approach we use.

Michael Budykoisin Leningrad, and he uses this
climate analog technique. Heis, infact, the head of
the Soviet delegation that isin charge of writing a
report on future potential cliiate. | am writing the
chapter on the theoretical modeling calculations of
potential future climate change. | talked with him in
August in Leningrad, and he explained his approach.

The Soviets estimate that the sensitivity of the
climatesystem is 3°C (or about 6°F) for a doubling
of carbon dioxidelevelsin the atmosphere. This
number came from some modeling results, but they
also used evidence of past climates of the earth to
develop their estimate. They projected the carbon
dioxide concentration, not unlike what | just showed



you, for the years 2000,2025, and 2050. They as-
sumed some lag in the response of the climate sys-
tem relative to the increase in greenhouse gases for
reasonsthat | will explainlater in thistalk. With
these three pieces of evidence, the temperature
changefor the three years 2000,2025, and 2050 were
projected to be 1.3°C, 2.4°C, and 3to 4°C
respectively.

From these temperature changes relative to
1900, the Soviet researchers reviewed the climate
record of the earth and picked past timeswhen the
climates were as much warmer than 1900, as the val-
ues projected for thefuture. For example, for the
year 2000 (i.e., for the 1.3°C warming), they picked a
time that is called the climatic optimum, which
existed 5,000 or 6,000 years before the present.
During this time, the Sahara Desert was a savannah,
and we think that civilization dawned in that region
because of the favorable climate.

For the year 2025, the projected warming is
2.4°C. Weare presently in aninterglacial period, a
warm period as opposed to aglacial period that is
an lce Age, the maximum of which was 18,000 years
ago. Thelast interglacia period was 125,000 years
ago. Theavailable evidenceindicates that the last
2.4°C warming occurred about 125,000 years ago.
Projecting out to the year 2050 for a3 t0 4°C
warming, we haveto go back to 3to 4 millionyears
ago. So to see past warming periodsthat are com-
parable with those that were projected you have to
go 120,000 yearsin the past and then 3 to 4 million
yearsfurther back to find when it was that warm on
the earth under normal conditions.

From tree rings, pollen, and other natural re-
cordersof environmental conditions, Soviet and U.S.
researchers have information that may describe past
climates. Using thisinformation, researchers have
also made estimates about precipitation during
those three times compared with today. For the
change in precipitation projected for the year 2000
relative t0 1900, you haveto go back 5,000 to 6,000
years. During that period, over large regions of land
that is now the Soviet Union, the so-called paleocli-
mate analog indicates an increasein precipitation.

In North America, there was a decrease in the
amount of precipitation.

Similar projections have been made for other
time periods. These projections indicate that in the
year 2025 the precipitation in the Soviet Union will
continue to increase, while for North America there
will be a continued decrease in precipitation. Fin-
ally, in the year 2050, precipitation in the Soviet
Union will continue to be above what it was in 1900,
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whilefor North America, the precipitation trend will
reverse, increase, and then become favorable.

Based on the information from these projections,
Michael Budyko concluded that we should burn
more fossil fuel in the future to reduce the period of
water stress for the United States, to benefit the
Soviet Union, and return to a paradisiacal condition
where the earth is warmer and more humid, and
people could simply live off the earth's bounty. | do
not agree with that conclusion.

45 CLIMATEMODELS

There isanother way of studying potential, future
climate--develop a model of the earth's climate sys-
tem. A model of climate isfirst and foremost
nothing more than a statement of the physical laws
of nature, such as conservation of energy and mass,
Newton's second law of motion, etc. These are
things| think everybody should have heard about in
their education. It isjust astatement of what we
believeare the laws of nature as deduced from ob-
servations by human beings.

To be able to make use of these lawswe haveto
manipulate them, which requires that we express
them mathematically as certain types of equations.
These equations govern the distribution of the wind
field, the temperature, the surface pressure, the
amount of water in the atmosphere, for example,
continuously in space and in time. By this| mean,
regardless of how close two pointsare on the earth's
surface, you can calculate the temperature, the pres-
sure, and the precipitation. This approach can result
in equations, which are the mathematical statements
of the physical laws, that are so complicated that we
do not know how to solve them analytically. What
do | mean by an analytical solution? To illustrate, if
| ask you to calculate the square root of 4.3, some-
where in our education we presumably learned the
rules for making this calculation. However, there
are no such rules for solving the equations that are
the mathematical statements of the physical laws.
Therefore, to make progress, we need to alter these
equations from being continuous in time and con-
tinuous in space to being discrete. For example, we
subdivide the atmosphere vertically into layers and
horizontally into grid boxes. We construct, thereby,
asystem of three-dimensional boxes--cubesif you
like--at the centers of which we calculate the tem-
perature, the precipitation, the water vapor, the
cloud amounts, the snow on the ground, etc., every-
where over the surface of the earth. We haveto
make thiskind of a sacrificein order to solve the
equations and make any progress.



Now in doing this, of course, there are certain
costs. First of all, the resolution of the model can-
not be infinite. The resolution of the grid boxesfor
my model, which has the highest horizontal resolu-
tion of the five models that have been used world-
wideto study the greenhouse effect, is about 300 to
1,000 mileson aside. Y ou can see that such hori-
zontal resolution givesonly one or two pointsin an
entire state for states like Washington and Oregon,
and even Cdlifornia. Thisisvery unsatisfactory,
because for the impacts of the change in climate,
you want information on a much finer horizontal
scale than that. Sowhy not simply increase the reso-
[ution of the model to a point that would give us
results on the scale that we want? Suppose | in-
crease the resolution by a factor of 10 from 300
miles down to 30 miles. That change would cer-
tainly give usalot more information. However, if |
did, I would regquire a computer not 10 times faster
than the Cray XMPthat | use now (which is one of
the world's fastest computers), not 100 timesfaster,
but in fact, a computer 1,000 times faster would be
required. If I increased the north-south resolution
by a factor of 10 and by a factor of 10 east to west,
there would be 100 times more grid boxes than
existed before. We solve these problems by inte-
grating forward in discrete time steps ranging from
10 minutes to 60 minutes. If | decreased the size of
my grid boxes, | also would have to decrease the
time step by a factor of 10. That isthe third factor
of 10. Theeffects multiply. If we increased the
scale by afactor of 10, we would need a computer
1,000 times faster than the computer we have been
using, which is the fastest computer available.

In fact, thisis the very reason the Soviets cannot
do the kind of calculations that we have been doing.
Their computers are much slower than our compu-
ters. And toillustrate that, | estimated how much
time it would take to run a Soviet climate model on
their computers. | estimated that the calculation on
the Soviet computer would have taken 4 CPU (cen-
tral processor unit) years. No computer stays up
100% of the time, soif you figure that the machine
would stay up maybe one-third of the time and they
might have to share it with others, they could take 12
elapsed yearsto make that calculation. Well, that's
amost slower than the climate systems themselves.

To solve this problem, we are going to bring the
Soviet model to the United Statesand run it on our
computer. On the super computer that | use, it will
take about 160 hours, just to give you some idea.

The Soviets have relied on the anal og technique
primarily because their computers cannot handle the
calculations required by the mathematical modeling
approach.

We haveto include the oceans in these models.
In the past we have included very simplified models
of the ocean, again for computational economy. In
the beginning, we used what was called a"swamp
ocean." Thisconcept considered the ocean to be
like perpetually wet land. It would never dry out,
but it hasno heat capacity, so it does not require any
additional computing time for the climate system to
reach equilibrium (that is, additional timein com-
puting to get to the equilibrium solution). We used
these models to calculate so-called annual average
climate change. We used annual average sunlight,
so there was sunshine everywhere on the earth all
the time, day or night, and there were no seasons.
These assumptions are very unrealistic, but the re-
sultswe got from those model s suggested that the
greenhouse effect was sufficiently important to study
that we went to another kind of model of the ocean.
This model contained an upper-mixed layer where
the temperatures are uniform with depth down to
about 60 meters. With thiskind of model, you can
put in the annual cycle of sunshine and calculate the
change in seasonal climate due to increasesin the
greenhouse gases. Finaly, we now can construct
models of the ocean that include the dynamicsof the
ocean, al the way down to the ocean bottom. We
then may control calculations. In effect, the com-
puter becomes a laboratory in which we now can
make controlled calculations.

To perform these calculations, we start the model
at someinitia time with some concentration of car-
bon dioxide, usually between 300 and 330 ppm by
volume, and then we integrate forward in time in
stepsassmall as10 minutesto 1 hour. We havethe
solution not on monthly time scales, but with much
finer resolution to address dl sortsof questions.
The model finally reaches some sort of initia statis-
tical equilibrium with the concentration of carbon
dioxide, the distribution of land and ocean, and the
amount of sunlight. We then double the carbon di-
oxide concentration in the model, perform the con-
trolled experiment, integrate forward in time until
the new statistical equilibrium is achieved, and then
take the difference between the two. That isthe
carbon dioxideinduced climate change. For the
swamp ocean, thistakes a ssimulation of about a
year. Wedid this15 years ago when our computers



were not asfast asthey are now. The results of
those calculations showed that the problem wassig-
nificant, so we continued to improve on how we
treated the ocean in the model. We next used the
so-called well-mixed layer. This kind of model takes
about 20 simulated yearsto get to equilibrium, and
then you simulate 10 years beyond that to get a good
measure of the statistics of the climate, like the
average and the variability about the average.

If we use a dynamic ocean model, whichwein
fact need to do to go al the way to the bottom of the
ocean, it takesasimulation of 1,000 yearsto reach
equilibrium. Simulations like that are the ones|
told you were going to take 4 years on a Soviet com-
puter and aweek on a U.S. computer. Itisfor that
reason that no one ever made the calculation. We
are very much limited by our computers.

What do the models tell us? Everything that you
have read in the past 7 months or so and before
about the greenhouse effect, isreally predicated on
the resultsfrom these models. Thereare only five
models in the world that have been used--four in the
United States, one of whichismine, and onein the
United Kingdom.

We can take alook at equilibrium climate
change by posing the question, "How much will the
temperature increase as a result of increased carbon
dioxide, say, hypothetically for doubling of the pre-
industrial concentration?' To accomplish thiswe
make one cal culation with the carbon dioxide con-
centration at 330 ppm by volume--that is10 feet out
of 6 miles. Then we make another calculation
where we double that concentration, so it becomes
20 feet out of 6 milesinstead of 10 feet, and see
what the temperature change for the planet will be.

46 CLIMATE MODEL RESULTS
TEMPERATURE

Five different models have made cal culations of
the temperature effect of doubled carbon dioxide--
one by the Goddard Institute of Space Studiesin
New Y ork City; one by the National Center for At-
mospheric Research in Boulder, Colorado; one by
the National Oceanic and Atmospheric Adminis-
tration (NOAA) Laboratory at Princeton University;
one by the United Kingdom Meteorological Office
(UKMO) group; and mine. Theresultsal show a
warming of the planetary atmosphere that ranges
from about 2.8°C to 5.2°C. Of course, global
average warming is what we anticipated, and here
we have quantitative estimates; although, they do
not all give the same number for reasons that we
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believe we understand. The precipitation for the
planet increases and, in fact, the size of the increase
in precipitation istied to the size of the increasein
temperature. Thelarger the temperature increase,
the larger the percentageincrease in precipitation.

If we compare the warming simulated by the five
models, the warmer the model simulates the present
climate, the smaller the sensitivity. The colder the
simulation of the present climate, the larger the sen-
sitivity. Thisisbecause in a colder climate moreice
is present in the ocean. When you double the exist-
ing carbon dioxide, the seaice beginsto melt. The
very bright seaiceis replaced by the darker, under-
lying ocean that absorbs more sunshine and enhan-
cesthe warming. Thus, more seaice melts, and a
positive feedback loop is established.

Another feeling that one would get from compar-
ing these modelsis that if all the models more accu-
rately smulated the observed climate (and the ob-
served is not well known), they would all simulate
the same sensitivity. That would mean that the mod-
els are giving roughly the same results, and that
would be encouraging. But | am glad that the mod-
elsdo not all agree, because if they all agreed we
would undoubtedly take their results as being true.
And since they do not, we cannot. And even if they
did agree, it does not mean that the resultswould be
correct. You can ask yourself, "How can you verify a
model sensitivityfor a climate yet to occur?' Unfor-
tunately, that is a very fundamentally difficult ques-
tion to answer.

In three of the models, we looked at the change
in the temperatures both as a function of latitude
from the South Pole to the North Poleand asa
function of dtitude. The temperatures are averaged
with respect to longitude. Start at some longitude,
average al around the earth at that |atitude and
altitude and you get the average temperature
change. Three df the five models show coolingin
the stratosphere, which increases with increasing
altitude, and warming everywherein the tropo-
sphere, which aso increases with increasing altitude
in the tropical latitudes. At the surfacesthereisa
warming that increases towards the winter pole,
which in the Northern Hemisphere is December,
January, and February.

Qualitatively, there appearsto be alot of
agreement among the models; however, quantita-
tively there are differences. Qualitatively, al of the
models show geographically similar patterns, mini-
mum warming in the tropical latitudes and warming
increasing towards both poles. Of course, they are
going to disagree quantitatively, because the global



averagesdisagree. We can discount that by correla-
ting the patterns of the temperature changes among
the models. If you do that, you find a fair amount of
agreement.

47 CLIMATE MODEL RESULTS: WATER
SUPPLY AND ENERGY DEMAND

Next, we consider the predicted changes in soil
moisture. | want to show you some impacts, and |
want to discuss the nonequilibrium situations.

Three of the five models show a continental-scale
dryingin the Northem-Hemisphere summer. It is
thisdryingthat has raised alot of concern about the
potential impacts of greenhouse gases and induced
climate change on agriculture, water availability,and
water quality.

The U.S. Congress charged the EPA to conduct a
study of the potential effects of changes in the
climate on the United States. This has been pre-
pared in areport to the Congressthat has not been
released yet. The EPA took three of the five mod-
€ls, the Goddard Institute for Space Study Model,
the Geophysical Fluid Dynamics Laboratory Model,
and my model, and they looked at the temperatures
and precipitation, and the potential impactson
water resources, wetlands, fisheries, agriculture, air
quality, and electricity.

Let's talk about the results of the EPA study on
the impacts on electricity, since that is of the most
interest here. The study projects an increasein
power demand for the southern-tier states, while the
northern-tier states show a projected decrease. The
increase in the South occurs because of an increased
need for air conditioning, and the decrease in the
northern tier occurs because of the decrease in the
need for space heating. Overal, the changeis posi-
tive for the United States--estimated to be a4 to 6%
increase. The cost in 1986 dollars is from $33 to $73
billion. However, there are some things that this
study did not include. They did not consider the im-
pacts on demand for natural gas and oil for home
heating, which will likely decrease. Also, they did
not estimate changes in electricity supplies due to
sources such as hydropower. They aso looked at
the change in the peak demand. The changefor the
United States is projected to be an increase of 200
to 400 gigawatts (a billion wattsisa gigawatt). That
isan increase of 10% to 23% and the cost is$175 to
$325 hillion. To meet thisdemand, they say, how-
ever, would increase the U.S. carbon dioxide emis-
sions substantialy, particularly if we meet the
demand by using coal-fired power plants, which as|
know is a sensitive issue here.

4.8

4.8 NONEQUILIBRIUM CLIMATE AND POLICY

| want to say some things about the nonequili-
brium climate and get on my soapbox a little bit.
How much warming has there been since 1850, and
how does it compare with that expected from the
carbon dioxideincrease since then? Well, what we
have been talking about so far is the equilibrium cli-
mate change--that hypothetical doubling that has not
occurred and that will not occur instantaneously.

Several organizations have reconstructed the
record of the average temperature of the earth,
including agroup from Leningrad, one from GISS,
and one from the Climatic Research Unit, Univer-
sty of East Anglia in Norwich, England. All three
records show reasonably good agreement. So much
so that it isdifficult to distinguish among the data
setsif al three are plotted on agraph. Thereare
differences, however. If you weretolook at just the
end points, you would see that there has been a
warming of the planet of maybe 0.5° to 0.6°C over
the last 100-year time period. Y ou would see that
the warming was not monotonic year after year.

Y ou would see that there was a warming from 1880
to about 1940. In fact, in 1936 scientists were
making statements not unlike those heard last sum-
mer. The year 1936 was the warmest year on rec-
ord. They knew that carbon dioxide wasincreasing
in the atmosphere, although they did not have the
Mauna Loa data. Based on that information and
knowledge, they predicted continued future warm-
ing. However, the system was a little more complex
than they understood--it still is--and the warming
ceased. In fact they observed no warming or adight
decrease in temperature until about the middle of
the 1970s, after which the warming resumed.

| want to discussthe time scale for climate
change. If we calculate the carbon dioxide induced
warming from 1850 to 1980 based on the sensitivity
of the models we have used to predict a4°C tem-
perature increase, we get a warming of about 1.1°C.
However, the recordsindicate that we have experi-
enced a temperature increase only about hdf as
large as that. What does that mean? It could mean
isthat our climate models are two times more sensi-
tive than nature. Another possibility, however, and
the one that actually occurs, isthat there isa delay
in the response of the climate's system to an in-
crease in carbon dioxide or any other greenhouse
gas. That delay is caused by the ocean. The water
in the ocean can move horizontally and vertically.
Movingvertically, it can take the heat from itsthe
surface down into its interior, and the heat that is
left issmaller than what would otherwise be on a
planet without an ocean.



Using very simple models, researchers have esti-
mated that time delay in observed warming due to a
given increase in carbon dioxide would range from
10t0 100 years. If the delay was 10 years, the cli-
mate's system dways would be virtualy in equilib-
rium with the carbon dioxide concentration. For ex-
ample, if the time delay is 10 years, we should have
seen awarming of 1.1°C from temperatures ob-
served 10 years ago. We have seen only haf of that
temperature increase, so the conclusion could be
that our models are too sensitive. If the delay is
100 years, it would mean that the system was in
equilibrium with the carbon dioxide concentration
approximately 100 years ago, and the warming
would be considerably less. That assumption isa
little oversimplified, but it is useful. To find a better
answer, we used a more sophisticated climate model
at Oregon State University. We made a calculation,
and we found out that the warming delay timeison
the order of 50 to 60 years. That means that the
climate in some vague sense is responding to the
carbon dioxide and other greenhouse gas concentra-
tionsof 50 or 60 years ago. Now that has very
strong implications, not only for detecting climate
change but for the amount of time we have to be
able to do something about it. | will try to explain
this point.

Consider the warming from 1850t0 1980 as a
function of the sensitivity of the climate system for a
carbon dioxidedoubling. If we take 3.5°C as that
sensitivity and if we do not have oceans on the earth,
we should have seen a warming of 1.1°C. With
oceans on the earth that take heat down into their
interior, the warming should be only about half of
1.1°C. From thiscalculation, we can say that the
sengitivity of our models is not inconsistent with the
record of climate change we have seen over the last
100 or 130 years. However, the Catch-22 of the role
of the ocean climate changeis, if we do not increase
the carbon dioxide concentration any more in the
earth's atmosphere, temperatures will continue to
increase until an equilibrium is reached. The
indication that we have not reached that equilibrium
yet has strong implicationsfor the time that we have
availableto be able to do something about this.

Theinformation | have just discussed could be
plotted on a graph showing the contribution of the
greenhouse gases to the temperature change of the
earth from 1880 to the present, depending on how
much delay time you allow the system to have. If
you have zero delay time (a planet without an
ocean), the temperature instantaneoudly isin equi-
librium with the overhead greenhouse gases. In that
case, the warming that we should have seen due to
all the greenhouse gases, is about 1.3°C. The rate of
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change of the slope of our graph should increasein
about 1960 due to the addition of the other green-
house gases at that time. Before that time, there
was only carbon dioxide.

If you allow 60 years delay time as my cal cu-
lations suggest, then you can explain the observed
warming from 1880 to the present, roughly. That
warming isabout 0.5° to 06" for the planet. How-
ever, the observational record is much more com-
plex than that. If the observed warming represents
the greenhouse effect, then what caused the warm-
ing from 1880 to 1940, before there had been much
increase in greenhouse gases? If the observed
warming represents the greenhouse effect, then
what caused the cessation in warming in from 1940
t0 1970 and then the resumption? We do not know
the answers to those questions.

That gives usareason to be cautious about what
we can say about the future climate for the earth.
We believethat there are other factorsinfluencing
the climate changes, such as changesin the sun and
changes in volcanic activity, but most confoundingly
we believethat the system has natural variability.

Any February, like this February, is different
from the climate of any other February. We can
only appreciate that there is natural variability from
year to year, from decade to decade, and maybe
from century to century. It isagainst this natural
variability that we have to try and see the signal that
isgiven by the greenhouse gases. When that signal
issmall and there is some change in the record, you
do not know whether you are seeing the greenhouse
signal or whether you are seeing the natural varia-
bility. It isonly when the signal getsto be so large
that it is unlike anything that we have seen before
that you can have increased confidence that you
have detected the greenhouse gasinduced climate
change.

However, because of thisrole of the ocean in
delayingthe response, by the time you have that
kind of assurance, your ability to do something
about it isstrongly diminished. Thereiswhat | cal
the detection-mitigation dilemma. Y ou can think of
the dilemma graphically. Timeison the horizontal
axis, percent is on the vertical axis. The confidence
that we have detected the climate change and that it
is attributabl e to the greenhouse gases increases as
we go through time. And unlike the connotation
given by Jim Hansen's statement--that is, 99%
confident--1 believethat scientific understanding of
this problem issuch that our confidence that we
have detected the greenhouse gas-induced climate
change is much smaller. | would start pretty closeto



zero, and, as time goes on, | would show an increas-
ing confidence that we have detected a greenhouse-
driven climate change.

Thereis, however, another curve on our graph
that would show our effectivenessin mitigating the
changein climate or adapting to climatic change.
The sooner we take appropriate action, the more
effectivewe would be, so effectiveness diminishes
with time, relative to what we could do now. Some-
timein the next century, our children or their
children, will be able to look out here and say, "Well,
we detected that the climate has changed on the
earth. We know that it is due to the greenhouse
gases, but there is very little if anythingwe can do
about it. Why did not those folks at the end of the
20th Century do something about it when they had
the opportunity?' But we living in the present, we
arelooking to the future, and | am afraid that it
doesnot look like that. We see only the first tiny
portion of the curve. If we knew what the whole
curve looked like, we would be doing something
about it. Unfortunately, we are uncertain, so we
have to make decisionsin the face of uncertainty.
Of course, decision making is aways made in the
face of uncertainty.

| constructed a diagram after | had given atalk to
the Academy of Sciences in Amsterdam, and a staff
member of the Minister of Environment asked me,
after along talk, what should we do about this?
And | described two actions. One of these actions
was an accelerated study on the physical climate sys-
tem, whichiswhat | do, because in the world there
are only about 10 people working on thisissue and
we are busy, asyou can tell by the fact that | am
here. We could use more resources if we are going
to decrease the uncertainty of our understanding of
this very complex system in a time period short of
the actual systems performing this kind of an experi-
ment. Secondarily, and what my questioner in
Amsterdam was really interested in, waswhat can
we do about the problem? | then thought of the dil-
emmathat | described previously. What | believe
we need to do isto make projections across a wide
spectrum of human endeavors of the impact of cli-
mate change.
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Presently, when we make plans for future hydro-
power, coal power, agricultural productivity, etc., we
assume (implicitly if not explicitly) that the climate
of the future will be like the climate of the past in
amost dl regards. We use not only the averages,
but the statistics other than the average aswell. If
there isany one lesson that we can take from our
climate model studiesto date, it is that the constant
climate assumption is not correct. Theclimate in
the future will be different from that of the climate
o the past. How isit going to be different? We
have some indication that it will be warmer and wet-
ter in some regions and drier in other regions.
However, the models we are using now have
limitations.

In view of these limitations, we need to begin to
make assessments. In fact, | recently received a
report from New Y ork State, where they are begin-
ning to do some assessments. The assessments
could take the following form. For example, sup-
pose we do nothing, and we are right about the
future. Then thereisgoingto be a cost involved.
On the other hand, suppose we do something, or
everything, and if we are wrong about the future,
then we are going to pay a price aswel. However,
we can make analyseslike that for different alterna-
tive strategies for the future and assess the cost-
benefit ratio for each of those different strategies. |
think that iswhat we should begin to do now as|
and the nine othersin the world who are working on
this problem continueto try and refine our under-
standing. The bottom line hereis, many climatol-
ogists expect that the projected changesin the
greenhouse effect will eventually prove true. Of
course, we are reluctant to issue alarmist warnings
prematurely and such caution is justified. But there
isan ample case for taking initial preventative
measures when the cost of such measures isso low
and before the discomforts and costs resulting from
climate change are so abrupt.



5.0 EFFECT OF GLOBAL WARMING ON PACIFIC NORTHWEST HYDROLOGY

Dennis Lettenmaier, Universty o Washington
Seettle, Washington

This presentation is perhaps a bit mistitled, be-
cause | am going to try to draw some inferences
about Pacific Northwest hydrology from some work
that wasdone in California.

First, | want to say just aword or two about what
hydrology is and what hydrologistsdo. Hydrology is
basically concerned with three phenomena, evapo-
transpiration, precipitation, and runoff, and hydrolo-
gistsget paid to describe these phenomenain terms
of spaceand time.

5.1 INTRODUCTION: HYDROLOGY AND
WATER RESOURCES PLANNING

Hydrologists are also concerned with water re-
source systems analysisand runoff management,
which isa closely related but more applied field.
Typicaly, we have an historical record (time series)
of stream flows, and a reservoir or reservoirs that we
want to manage for various purposes (for example,
power generation, water supply, flood control, recre-
ation). We can then account for the changes in stor-
agein the reservoir over time within some obvious
extreme constraints (e.g., the reservoir cannot be
completely emptied, and it cannot be overfilled).

One dof our major concerns isthe reliability with
which reservoir releases can be made for a given
purpose. One measure of reliability is the probabil-
ity that we are going to meet our resource manage-
ment goal. From a hydrological perspective, some
of Michael Schlesinger’s comments regarding uncer-
tainty bear on how we estimate stream flow. Usual-
ly, operation of a reservoir or reservoirs using his-
torical stream flowsissimulated. That isthe
method that isamost aways used for determining
reservoir reliability; we just count up the number of
times that we would have met our target, divide that
number by the total length of record, and we have
an estimate of reservoir reliability. To enhance
reliability, we might consider building new reser-
Vairs, or we might want to think about how we oper-
ate existing reservoirs. All of this planning is based
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ontheideaof astatistically stationary, historical
time-series of flow; that is, there is an implicit
assumption that, hydrologically, the past isa good
indicator of what will happen in the future. Obvi-
oudy, stationarity isone of the thingsthat is being
called into question when we talk about the green-
house effect.

| also want to discusssome of the factors that
might influence the reliability of a water resource
system. Clearly, the annual mean (average) stream
flow will be important, but stream-flow variability is
also very important. In addition, the mean stream
flow in each season, and the seasonal variability, can
be important. Other statistics having to do with the
persistence of stream flows (e.g., whether high flows
tend to follow high flows, and low flowstend to fol-
low low flows) are also important. If we have multi-
ple reservoir systems (as we certainly doin the
Pacific Northwest), the stream flow structure be-
tween different sitesisimportant to usaswell.

Again, everything at present is tied to thisidea of
stationarity and the analysisof past stream flow rec-
ords. In planning studies, we usually do not worry
about what caused an event (for instance, an ex-
treme flood or drought). We recognize that an
event happened and then do the analysis. Thisisa
standard engineering analysisapproach. One prob-
lem we have in doing thiskind of analysisis that we
need relatively lengthy sequences. Givingus5 years
of stream flow and asking us to say how reliable a
reservoir system is--whether or not it isgoing to
perform adequately in droughts and so on--does not
really help very much. We typicaly need data for
about 50 to 100 years. In the Pacific Northwest, the
standard period that is used for reservoir analysisis
from 1928 through 1968. The period startsin 1928
because many gauges were installed in that year.
For the Columbia River at The Dalles, there is
much more lengthy period of record (about
100 years).

That sets the stage for the kind of issues that hy-
drologists deal with. The particular results| am



going to present here provide a little different way of
looking at things if future stream flowswere to
change. They are based on astudy that was done in
Cdlifornia as part of the EPA reportsto Congress
that were previously mentioned. We wanted to de-
velop an understanding of both the hydrology and
the water resource system operations. We can draw
someinferences about the Pacific Northwest be-
cause the hydrology of Californiais not unlike the
hydrology of the Columbia Basin. Snow accumula-
tion in the winter and spring snow melt runoff
dominates the hydrological cyclein both areas.

52 APPROACH

Thegeneral approach that was taken in the Cal-
iforniastudy used multiple steps to simulate flow
from meteorological datarather than simply exam-
ining historical stream flow. Historical flow, since it
iskeyed to the historical climate is not very useful to
us. We have models that use meteorological inputs,
typicaly temperature and precipitation, to predict
runoff. These runoff prediction models are essen-
tially quasiphysical process models. In some sense,
they might be considered analogous to the general
circulation models (GCMs) used to predict climate
change. Hydrologists will argue about which model
isthe best. We used the National Weather Service
Forecast System for four headwater catchmentsin
Cdlifornia. Figure5.1 shows the location of these
catchments, which were titled "index catchments.”

In Step 1.of our approach, the model wasimple-
mented for those four catchments based on their
historical records. Some "fine tuning" occurred dur-
ing this step to make the model reflect what actually
happens in each catchment.

InStep 2, the models were run for a relatively
short time step. If you want to simulate snow accu-
mulation and snow melt runoff, you need to use a
daily or subdaily time step. In the California study,
we started there and aggregated the results to obtain
monthly runoff predictions.

In Step 3, we used a different kind of model. We
analyzed stream flowsfor four relatively small "rep-
resentative' catchments. However, we wanted to
know what was going in for much larger river basins
that feed areservoir system (for which there were
certain defined inflow points). To get that
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Figure5.1. Locationsof the Four Catchments Used
in the California Study

information we devel oped a stochastic (or statistical)
model to relate the monthly flowsfrom Step 2 to the
reservoir inflowsin the larger basin at the defined
inflow points.

In Step 4, we employed still another type of mod-
€l that simulated reservoir operation. These oper-
ations were modeled using a lengthy sequence of
monthly reservoir inflowsthat came from Steps 1, 2,
and 3. Those efforts alowed us to generate a se-
guence of flowsthat were essentialy climate driven.

In Step 5, we changed the inputs (that is, the pre-
cipitation and temperature) to reflect alternative cli-
mates. The schematic of the processis shown by
Figure5.2. Asyou can see, there is a cascade of
models involved.

The climate alternatives that we wanted to exam-
ine have already been discussed by Michael
Schlesinger in histalk. There were alternative cli-
mates based on three GCMs. These same models
were used in the EPA study. The three models used
were developed at the Goddard Institute for Space
Studies (GISS), the Geophysical Fluid Dynamics
Laboratory (GFDL) and Oregon State University
(OSU). Theform of the model output that we used



Alternate Snowmelt/Soil-Moisture

Climate Accounting Model
I Snow Daily
PET (avg) — — — Runoff
P }1 00 yrs Soil
T Moisture
Disaggregation
gfod_el 3 rd
$ (Statistical) !
]
>E
£z Monthly Runoff
ég (4 Basins)
g
Water Resource]
System
Simulation Reservoir
Model System Performance
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was for steady-state carbon dioxide doubling. We
also did some work on atransient (nonequilibrium)
climate change, but | will not discuss those results.
The monthly average temperature and precipitation
were estimated from the GCM output for an inter-
polated grid cell, which was more or less centered
over the Sacramento-San Joaquin Basin.

Figure 5.3 shows how we altered theinputs to
our model. We used historic precipitation and tem-
perature data, and we altered datain a very smple-
minded way. We said that if the GCM predicted
that there was an average change of 3.5°C in Jan-
uary, then we took al the historic temperaturesin
January and incremented them by 3.5°C, whichisan
additive adjustment to temperature. T o increment
precipitation, we used the same idea except that we
performed a multiplicativeadjustment. In Cal-
ifornia asin most of the West, it turns out that are
only about 3to 5 months when that is going to make
much difference. A 20% changein precipitation in
January is much more significant than a 100%
change in July, because 100% of a number that is
near zero still is not very much.

Basically, that was the adjustment we made to
obtain the altered sequences. We then devel oped
the simulations. Two cases were analyzed; we
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Figure53. Modification of Historic Precipitation
and Temperature Data Used in Step 1

analyzed historical conditions using the historicin-
flows, and we also simulated flows using historical
meteorological data. Thelatter analysisformed
what we term the "base case;" it removes any biases
that might be introduced in the modeling chain. We
then altered the precipitation and temperature to
correspond to the carbon dioxide doubling scenarios
from each of the GCMs; these formed the three al-
ternative climate cases.

53 RESULTS

We can examine a number of variables that rep-
resent basin hydrology using this approach. For ex-
ample, we can look at average snow water equival-
ent for the four small catchments we wereinterested
in. We can examine mean streamflow for each
month, mean evapotranspiration, mean soil mois-
ture, and the annual flood series. Also, we can show
statistics that represent the monthly performance of
the reservoir system. The problem is not that we
cannot show enough information; rather, it isthat
we have so much output that we have to make some
selection. We can alsolook at variability of hydro-
logical and other factors, which we have done some-
what. | will discuss those results, but | will preface
that discussion with a comment on some sensitivity
analysiswe performed.

We made a model run to investigate the effects
o the relative precipitation compared with the
effects of changed temperature. That same issue



was discussed by John Harte this morning. Wein-
vestigated that issue by simply resetting the percen-
tage precipitation adjustment (in Figure 3) t0 1.0, so
we used the historical precipitation and altered only
the temperatures. We looked at another sensitivity
run where, smply for comparison purposes, we cre-
ated a climate similar to that in the decade of the
1930s.

Figure 54 shows mean (average) simulated snow
water equivalents (water equivalent of snow on the
ground) by month for one of the index catchments
(Thomes Creek) for the base-case climate and three
aternative climates. Qualitatively, we see the same
kindsof resultsfor al of the other catchments. The
top dashed linein the figure is the mean snow water
equivaent by month for the base case. (Hydrolo-
gistslike to use the water year, which is measured
from October to October.) Peaksin the snow water
equivaent obvioudy occur in about March or April.
All of the other lines, which represent carbon
dioxide doubling, show a substantial decreasein the
snow accumulation. The least decrease results from
use of the OSU model. The GFDL and the GISS
models show much more substantial reductionin
snow water equivalent, but all of the models show
the change to be large.

Figure 55 showsthe key result from a hydrologi-
cal perspective. Thisiswhat happensto stream flow
(in particular, for Thomes Creek). The bottom
dashed lineis historical data. The shape variesa
little for other catchments, but the shift does not.
What you see isa dominant snow melt peak in the
spring, a decline in stream flow in the summer, then
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extreme dryness in the summer and autumn under
the current conditions. For the climatesin which
carbon dioxide doubles, there is much more runoff
in the winter because precipitation fallsasrain
instead of snow; therefore, there is no storage of
water assnowpack. Conversely, there isa sub-
stantial reduction in runoff in the spring and
summer.

One other phenomenon that accompanies the
shift of snow to rain is a change in flow frequency.
Figure 56 shows flood frequency distributions for
the McCloud River Basin catchments. The hori-
zontal scale has the flood return period. Thefigure
shows large increases in the flood frequency that are
associated with the occurrence of rain rather than
snow in warmer than normal winters. | should
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Figure5.6. Flood Frequency Distribution for the
McCloud River Basin Catchment



emphasize that thisresult istied to the assumptions
that were made to drive the models. In particular,
we took the historical precipitation and temperature
seguences and altered them, rather than changing
the sequencing of events. One of the unresolved is-
sues in assessing climate change effectsisfiguring
out how storm seguences might change.

Figure 57 showssengtivity results based on snow
melt in the Merced River Basin catchment. The top
dashed lineis again a base case that essentialy re-
flectscurrent conditions. One of the aternative cli-
mates is a1930s equivalent. The climate in the
1930swas a bit drier but not warmer than our pres-
ent climate. The temperature change was not very
much, at least for California. Those results come
from, | think, about 10 stations that have been rec-
ording datafor about 90 years. We obtained the
equivaent aternative climate by averaging data
from those stations.

Also shownin Figure 57 are two other lines that
should be of interest. Oneisfor the GISS model
under carbon dioxide doubling conditions, which is
thesame asin Figure 54. We did the sengitivity test
only for the GISS model. The other isa result for
the GISS model where we reset the precipitation to
current levels. What isimportant is that the dif-
ference between these two linesis much smaller
than the difference between either of the GISS car-
bon dioxide doubling aternatives and the base case.
This suggests that the results are being dominated
by temperature and not by precipitation.
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Figure5.7. Resultsfrom Sensitivity AnalysisBased
on Snow Mélt in the Merced River Basin Catchment
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Similar thingsoccur if you examine the stream
flow as demonstrated in Figure 5.8. The broken line
describes current conditions. These results are
based on data for the McCloud River Basin catch-
ment and the Merced River Basin catchment, which
isat a higher elevation than the Thomes Creek
Basin. The resultsare shownin Figures56 and 5.7,
respectively. The kinds of changes that occur are
even more apparent in this catchment. With the
solid line here, the 1930s analog (where tempera-
tures were not warmer) follows the same seasonal
distribution. Thereis, on average, just alittle bit
less runoff.

The other two experiments show a dominant shift
in the distribution of runoff, and again you see a
change here not only in the amount of runoff, but
also in the shape of the annual flow distributionin
these simulations, the distribution is clearly domi-
nated by the temperature.

Figure 5.9a-c shows results for storage in one of
the California reservoirs. Oroville Reservoir isthe
largest in the California State Water Project. In
March, the reservoir isalmost dways full, and it
does not make too much difference if the climate
changesalittle. Later in the year, however, differ-
ences appear. The horizontal axisisa probability
scale again. The observations at the bottom that in-
dicate lowest storages are from drought years. The
model results tend to form agrouping in May, with
only model storage changes for the OSU model, but
more significant changes for the GISS and GFDC
climate aternative. For May, we see rather substan-
tial changesin the middle of the water storage
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distribution, and by September (within-year), we see
significant differences. Thisall hasto do with the
changein the flow distribution; runoff is plentiful in
the winter but sparse in the spring anymore because
the snow storage has been lost.

One of the things that was of concern in the EPA
study was water deliveries, since the Sacramento-
San Joaquin system is dominantly a water-supply-
driven system, and the water is primarily used for
agriculture. One could think of water-delivery
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reliability related to low probabilities. Figure 5.10
shows annual water delivery in thousandsof acre
feet (KAF), again on a probability scale. The figure
shows substantial decreases in the amount of water
that can reliably be delivered (for example, the
water that could be delivered 98% of the time).

54 IMPLICATIONS FOR THE PACIFIC
NORTHWEST

What can be said about Pacific Northwest hydrol-
ogy based on the Cdlifornia study? One of the simi-
larities between Californiaand the Pacific North-
west isthat we both have small reservoirs. One
might think that Lake Roosevelt, whichisformed by
Grande Coulee Dam, is not asmall reservoir, but
when we are analyzing these problems, the variable
that isimportant isthe size of the reservoir storage
relative to the mean annual flow. If that number is
less than about 1, it means that those reservoirsare
working primarily to store water within the year to
reshape the flow of the annual hydrograph.

The same thing occurs in Californiawhere they
have within-year reservoir systems. If youlook at
the upper Missouri or the Colorado River Basin, a
different situation exists. There, they have over-year
storage reservoirs and the annual total flow is much
more important. But the redistribution of flow
within the year is certainly going to dominate here in
the Pacific Northwest. Certainly, if anything, Pacific
Northwest catchments are at lower elevations than
in California, so afew degrees change in the
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temperature will even more dominantly shift the have a better idea about this, when we have the re-

flow hydrograph towards winter runoff and away sults of the analysison the American River, which is
from snow storage. Therefore, some of these gen- currently under study, and perhaps some other
eral inferences from the California study are poten- catchments in the Pacific Northwest.

tially applicable to the Pacific Northwest. We will

5.7



6.0

IMPACT OF GLOBAL WARMING ON ANADROMOUS FISHERIES

OF THE PACIFIC NORTHWEST

Duane A. Neitzel, Pacific Northwest Laboratory,
Richiand, Washington

Can global warming be related to an effect on a
regional resource? That isessentially what we are
here to discuss today; particularly, the potential im-
pactsto salmon and steelhead. What will happen to
the salmon and steelhead, if the climate changes?
And, then if we can assess or predict this potential
impact, how can thisinformation help the Power
Council identify steps that the regional utilitiescan
take to help mitigate the problem?

We just listened to Dennis Lettenmaier discuss
what global warming could mean to the Pacific
Northwest hydrological cycle. He presented hisdata
from model predictions. The snow-melt-driven hy-
drological cycle could change its shape and timing
(Lettenmaier et a. 1988). Water in Pacific North-
west streams and rivers will be warmer, won't be as
plentiful, and natural fluctuations will occur at dif-
ferent times of the year.

All these changes are important in the life cycle
of the salmon and steelhead.

Can these things happen, and can we assess the
potential impact to the anadromous fishery? |
looked at three sets of data to try to answer these
questions: first, the life history of the salmonids;
second, part of the archaeological record of the
Pacific Northwest; and third, life history and envi-
ronmental research of fisheries populations through-
out North America.

6.1 SALMONID LIFE CYCLE

The salmonid life cycle and the suitability of the
riverine habitat isclosely related to the hydrologica
cycle. Water for the riversand streams of the Paci-
fic Northwest is stored in the mountains during the
winter. During the spring, snow melts and large
quantities of water enter the rivers. Asthe air tem-
perature rises throughout the summer and there is
less and less precipitation, stream flows decrease
and water temperatures rise.

6.1

The salmonid life cycle has evolved to accom-
modate this cycle. Adults migrate upstream after
the freshet. Nestsare dug and eggsare laid in the
fal aswater temperature begin to decrease. Then
aswinter ends young salmonids emerge from the
gravel and enter the rivers. After some time in the
river, the young migrate to the ocean. Juvenile
migrations to the ocean occur during the spring
when the trip is aided by the increased flows of the
spring freshet.

S0 we see the very close relationship between the
salmonid life cycle and the hydrological cycle.

62 THE ARCHAEOLOGICAL EVIDENCE

Now we have to ask, can the climate and hydro-
logical cycle change? We can look back into our
history and see that the answer isyes. During the
last 10,000 years there has been severa periods in
which the climate has changed. Archaeological data
from explorations near Wells Reservoir in north
central Washington provide evidence o the changes
in salmonid habitat that are correlated with changes
in the Pacific Northwest hydrological cycle (Chatters
1986).

Dr. J. C. Chatters at Pacific Northwest Lab-
oratory has studied this historical record and
describes a correlation between climate, stream
flows, stream-side vegetation, sediment characteris-
tics, and aquatic fauna, including salmonid popula-
tions. These data are in the geomorphologic (land
forms), palynologic(fossil pollen and spores), and
pal eontologic records (fossil animalsand plants).
Figure 6.1 briefly summarizes some of these
correlations.

8000 to 6000 Before Present (B.P.)
Five to ten thousand years ago (and especially six

to eight thousand years ago) the area was dry and
warm. Sagebrush steppe covered the river terraces,
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plateaus, and mountains sides. The data indicate
that the warmer season began up to a month earlier
and probably continued until later than it does
today. River sediments built up during thistime. In
general, rivers had low water levels and flowed over
beds of gravel with extensiveinfilling of sands.
Flooding was infrequent. The longer warm season
initiated the spring melt earlier and brought it to an
end in June. Thelack of salmon bonesin the sum-
mer encampments of this period indicates a dif-
ferencein the timing of salmon runs between then
and now. The seasonal distribution of water and
water temperature probably caused this difference.

6.2

4350 to 3700 BP

The climate during this period was more moist
and the seasonal temperatures were similar to what
we seetoday. The riversbuilt up a more steeply
sloping floodplain during thistime. The distribution
of mussel populations throughout this areaindicates
that the river bottoms were sandier. The buildup of
the floodplain probably resulted from the increased
frequency of major floods. Salmon were more plen-
tiful during this period. The people who lived in the
area were sedentary hunters and fishermen. They
were especially adapted to or proficient in collecting
salmon and suckers.



3300 to 2200 B.P.

Thiswas a cool moist period that followed 300 to
400 years of arid conditions. Glaciers advanced in
the mountains. The mussel gathering and utilization
by the people living in the area was restricted. The
annual melt-off apparently continued into August
each year. Theriverswere cold. Entrenchment of
the river beds occurred during thistime. Severe
floods occurred infrequently. Rivershad gravelly
beds and clear water. Salmon were among the most
important animal foods of this period.

After 1000 B.P.

The environment was much asit hasbeen in his-
torical times. Therivers had clear waters and the
bed consisted of clean gravel. The seasonal warm
temperature period islengthened. The salmonid
populationsare plentiful.

So, we see that climate change has happened and
will probably happen again; caused by either human
activitiesor natural occurrences.

Reconsider now our origina question about
potential impacts. Can we predict impacts to the
anadromous fishery with what we know about fish
today?

63 THE EVIDENCE FROM EXTANT FISH
POPULATIONS

Last fall (1988), the American Fisheries Society
conducted a global climate change seminar at their
annual meeting (American Fisheries Society 1988).
The seminar was organized by Henry A. Reiger,
professor of fisheries at the University of Toronto,
and the participants discussed climate change and
fisheries. The contributions of the participants gives
usan idea of the typesof impacts that could affect
the anadromous fishery in the Pacific Northwest.

The habitat used by salmonids is vulnerable to
climate warming. Not all the evidence isdirectly
related to salmonid research; however, indirect evi-
dence does prove interesting. Charles Coutant at
the Oak Ridge National Laboratory has described
the habitat constraintsfor stripped bass resulting
from increased water temperatures and decreased
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dissolved oxygen concentrations. Ken Frank with
the Canadian Department of Fish and Oceans has
described carbon dioxide changesin terms of chang-
ing the location, composition, and recruitment char-
acteristics of fish populationsin Canada. The
changes he describes are related to the current
environmental requirements of Canadian freshwater
fishes. Brian Shutrer and John Post at the Univer-
sity of Wisconsin examined fish at the northern ex-
tent of their range. Further extension of the small-
mouth bass and yellow perch is limited in some
places by winter starvation. However, with climate
warming these populations could extend further
north displacing cold climate adapted fisheries.

David Hill and John Magnuson at the University
of Wisconsinstated that fish are sensitive to in-
creased temperatures because their physiological
processes are functionally dependent on tempera-
ture. They predict that climate change could affect
prey consumption and growth of effected popula-
tions. This type of impact could be very important
when considering the predator populations down-
stream of the Columbia River dams. John Holmes
at the University of Toronto is using cold water
stream fish as "early indicators' of climate warming
because of their sengitivity to habitat change. This
conclusion or finding is supported by the contention
o Edward Kott and Alison Babin at Wilfrid Laurier
University. They predict the best species to monitor
warming trends are "predominantly” riverine species
that breed in streams. These fish will be affected
early if aclimate warming change occurs.

Donald Meisner at the University of Toronto has
studied the spawning habitat of salmonids and the
relationship to groundwater warming. If you look at
the model that Meisner et d. (1988) developed from
some work that Brown (1970) and Williams (1970)
did in Canada and Alaska, we see an interesting cor-
relation between air temperature and ground tem-
perature (Figure 6.2). At the surface, we see the
greatest annual fluctuation and as we go deeper, the
difference between the maximum and minimum de-
creases. If you go deep enough, you reach the point
where maximum and minimumare equa. Thisis
the neutral zone or level of zero annual amplitude.
In severe climates at high latitudes where the annual
temperature range is large, the depth to which tem-
perature fluctuations occursis at its maximum. In
the tropics the neutral zone isshallow
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(approximately 20 feet) and the range is a few
degrees. Near the polesthe depth isgreater than 50
feet and the range is greater than 30°C. In the tem-
perate | atitudes the depth is approximately 50 feet
and the range is approximately 25°C.

What does all this have to do with climate warm-
ing and impacts to anadromousfish? Salmonids
at the bounds of their thermal environment are
sometimes "protected by groundwater discharges
which keep stream waters cool. Meisner et a.
(1988) used a hydrometerological stream tem-
perature model to simulate loss of brook trout
habitat due to climate warming. He predicts a 40%
loss of spawning habitat in areas where ground-
waters protect the thermal characteristics of the
spawning habitat. There are some very complex

interactions that have to be thought through to
assess climate warming and the potential impacts to
salmonids.

Burton Aylesat the Department of Fish and
Oceansin Winnipeg wrapped up the discussion of
climate change and fisheries population by saying
that when we assess this information we cannot
assume that the long term aquatic environment is
stable. Fisheries policy and implications for protec-
tion and enhancement of fisheries habitat must
provide for possible changesin the climate.

We can see the potential effects of global warm-
ing on the fishery from the mathematically modeled
data, the archaeological data, and the natural history
data.



Before we proceed and examine what might be
done with this information, let us briefly look at the
Power Council's Fish and Wildlife Plan.

This plan relies heavily on the physical properties
of the Pacific Northwest environment to protect and
enhance salmonid populations.

e Section 200 - The framework for protecting and
enhancing salmon and steelhead populations is a
plan to increase and improve fish production, to
provide safe passage during migration, and to
manage harvest effectively. All are needed, and
to complicate this Herculean effort, Pacific
Northwest electricity consumers are assured of
an adequate, efficient, economical, and reliable
power supply. Thesegoalsall mean plenty of
water, and as we have aready heard today, global
warming can mean less water, or at very best,
varying amounts of water at different timesaf the
year.

e Section 300- The combination of reduced flows
and the greater cross-sectional area of the river
due to reservoir storage slows the juvenilefish as
they migrate from their area of origin to the
ocean. Thisincreasein travel time affects the
ability of the juvenilesalmon to make the transi-
tion from freshwater to saltwater and increases
their exposure to predatory fish and birds. Re-
duced flows also endanger juvenilesalmon by
raising water temperatures, altering water chem-
istry, and increasing susceptibility to disease.

To solvethis problem, spring flows are increased
in the Columbia and Snake rivers. Thisis known as
awater budget or in the Pacific Northwest "the wa-
ter budget." The water budget isa block of water set
aside for fish and released during the spring migra-
tion to create and "artificia freshet" that speeds
juvenilefish to the ocean. The water budget is
based on the fact that an adequate amount of hydro-
power isavailable even in historical low-water
conditions.

e Section 400 - When hydroelectric dams were
built in the Northwest, many people believed that
providing adequate upstream passage over the
damsfor adult fish returning to spawn was suffi-
cient to sustain salmon and steelhead runs. Re-
search has shown that juvenile salmonids headed
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downstream also suffer high mortality rates as
they encounter the dams. Changesin pressure
and injury from turbine blades asfish pass
through the dams can kill or injure the fish.

Even when fish pass through or over the dams
alive, they may be stunned or disoriented and be-
come more susceptible to predatorsand disease.

The Power Council has taken a number of
actions to reduce mortality rates of juvenilefish.
Protection measures include installation of bypass
systemsat the dams, requiring that dam operators
spill sufficient water at the dams to guarantee a
specified leve of fish surviva, and adopting meas-
ures to transport juvenilesalmon around some
dams. These protection measuresinclude a"share
the wealth concept that providesfor fish protection
even during critical water years.

e The Other Sections - | just touched on three sec-
tions of the Plan. It quickly becomes apparent
that water is the key to the protection and en-
hancement of the anadromous fishery in the
Pacific Northwest. In addition to the sections
just described, the Plan includes other provisions.
Protection and enhancement of upstream migrat-
ing adultsis provided by fish ladders with appro-
priate spill criteriaand attraction watersto
ensure their effectiveness. Enhancement is ad-
vanced with wild, natural, and artificial propaga-
tion measures. Suitable flow, temperature con-
trol, and habitat improvement are important to
or required by this remedy. The successof "off-
site mitigation" is dependant on water. Addi-
tional storage, adequate passage facilitiesand
water, and adequate flows are important to the
Y akima River Basin enhancement.

6.4 MANAGEMENT PLANNING

So what can be done about climate warming?
Fisheries resource managers are not going to change
greenhouse gas emissions with fisheries policy. En-
vironmental policy is not directed by fisheries alone.
Does this mean the protection and enhancement of
the fisheries and mitigation of hydroelectric impacts
to the fisherieswill be negated by climate changes?

| don't think so. However, fisheries policy hasto
remain flexible, even when facing long-term,



hard-to-define environmental changes. This fact
(flexibility) probably defines the real need for
assessing potential effects of global warming on the
anadromous fishery.

First, we need to determine what impacts might
occur; maybe more important is to determine what
impacts could occur given a level of change. If we
get a certain amount of warming in the climate,
what will that mean for water temperatures, flows,
and annual water patterns. We can predict these
hydrological and habitat data with models. Then we
can assess the potential impact given a potential
change. By assessing arange of potential changes,
we can develop set of "power curves.” We will know
how much change in climate is required to adversely
impact the anadromous fishery.

If the potential impact fallswithin a scenario of
reasonableness, then plansto mitigate for the
change and plans to protect the resource will have to
be studied.

What kind of things can be done? Thereisan in-
teresting proposal in the Washington State legisla-
ture right now that would change the balance of
fisheries policy emphasis between sports and com-
mercial fishing. How doesthisrelate to global
warming? Well, some regions are planning for long
term changesin their fisheries populations by em-
phasizing the sports fishery over the commercial
fishery. Thisis being implemented in the Great
Lakes salmonid fishery. Dr. Harold Tanner, from
Michigan State University, is a advocate this type of
planning. He saysthat sportsfishing requires less
fish, less habitat, and haslessimpact on the species
of interest. Therefore, emphasizing sports fishing
over commercia fishingisa more flexible manage-
ment plan.

Another idea that could be considered to protect
the anadromousfishery is a near ocean hatchery
system. This runs counter the hatchery and out-
planting planning of the Fish and Wildlife Plan,
however if annual water patterns change enough,
there may not be enough water to manage the sub-
basin planning that isworking so well today.

Conservation and allocation of water will become
more and more important. Planning may have to
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occur for water conditions that are less than those
that we see during the historical low water years.

6.5 CONCLUSIONS

We can see that global warming could change the
anadromousfishery in the Pacific Northwest. How-
ever, these concerns are 20, 50, maybe 100 yearsin
the future. Thereisalot of planning in the Pacific
Northwest to protect and enhance the anadromous
fishery. However, this planning is the result of
actions taken 50 to 100 years ago. We need to look
50 years ahead and see what should and could be
done now. We should identify those potential im-
pacts that are probable, and make sure the Power
Council's Fish and Wildlife Plan contains the flex-
ibility to deal with these potential changes.
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7.0 GLOBAL WARMING: WASHINGTON STATE POLICY ISSUES

Booth Gardner, Governor & Washington
Qynpi 8, Washington

| am pleased to welcome you al to Olympia and
to commend the Power Council for holding thisim-
portant symposium on global warming and the
greenhouse effect.

This morning you heard a number of leading sci-
entists discuss the technical issues surrounding the
greenhouse effect. 1 wont try to be a scientist.
Instead, I'll focuson several broad policy issues
raised by the scientific debate over global warming.
In particular, I'll explore what state policy makers
should do about the greenhouse effect, and why the
work of the Power Council offers us a good model
for future action.

You may be asking: Why isthe Governor o
Washington taking an interest in such aglobal issue?
First, | believe protecting our environment makes
sensefor its own sake, and it also isin the vita eco-
nomic interest of Washington and the entire Pacific
Northwest.

In the last 10 years, the globa economy has be-
comeincreasingly competitive. Thistrend will con-
tinue, especialy in the high technology and informa-
tion industries that compete vigorously for market
share and for skilled workers.

The Power Council has been aleader in preserv-
ing the Pacific Northwest's heritage of low cost elec-
tricity, which providesa competitive edge for exist-
ing and new businessesin the Northwest. However,
in terms of attracting new businesses and skilled
workers, the quality of our environment is even
more important. The Washington State Economic
Development Board, in its recently published long-
term economic development strategy for the state
noted:

"Today, aquality environment isan economic
asset. It isalso an ecological necessity."

The Pacific Northwest, with its clear air and
clean water and its mountains, forests, deserts, and
sea shores, has historically enjoyed a clear edgein
attracting these increasingly important new
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businesses and skilled workers. Preserving and
enhancing that edge is essential for our economy
and our survival.

Returning specificaly to the greenhouse effect,
4 yearsago the World Meteorological Society
warned:

"We are conducting one giant experiment on a
global scale by increasing the concentration of
trace gases in the atmosphere without know-
ing the environmental consequences.”

Some df the environmental consegquences in
Washington alone could be severe:

e Milesof our state's shoreline, wetlands, and the

resources they support could be damaged,
perhaps beyond repair.

e Washington's valuable evergreen forests might
not adapt to a rapidly changing climate--a
situation that could have devastating effects on
our state's quality of life and its valuable forest
products industry.

In anironic twist, global warming could decrease
this region's winter snowpack, cutting into our
hydroelectric system's power output and speeding
the day when we may need to construct thermal
plants--plants that today are a major contributor
to the greenhouse effect.

Thislast example brings me back to what | believe is
a key point: Our choicesabout energy are fre-
guently at the root of our environmental problems.

If the greenhouse effect proves to be the most
widespread and challenging environmental problem
caused by our energy choices, it won't be thefirst.

e Once abundant, the Northwest's salmon and
steelhead runs are now greatly diminished, large-
ly due to hydroelectric project development in
the Columbia Basin.



e Acid rain, caused by burning high-sulfur coal to

produce electricity, is killing forests and lakes in
the eastern United States, Canada, and Europe.

The recent oil spill off our coast killed hundreds
of sea birds from Oregon to British Columbia
and reminds us of another danger associated
with our use of fossil fuels.

Clearly, the greenhouse effect and these other
environmental problemsare sending usan im-
portant message: We must begin to develop an
integrated energy and environmental policy--at
the state level, at the national leve, at the
international level, and for issues like the
greenhouse effect, at the global level.

Given the possible impacts to our environment, it

scientific debate, it may betoo late. Fortunately,
there are things we should be doing right now, for
other reasons, that will also reduce the magnitude of
globa warming.

e Here, at homein Washington, the best thing we
can do isto use energy--especialy fossil fuel--
more efficiently. There are many things we can
do that would cut our energy costs, decrease our
dependence on imported oil, and improve our
quality of life by reducing traffic congestion and
improvingair quality.

e One area on which we should focus our effortsis
transportation, which is the biggest source of car-
bon dioxide in Washington and the Pacific North-
west. We can do this by:

would seem that taking this action would be easy,
but many rationalizations can be used as an excuse
for inaction.

e [or one, it isan easy step to go from thinking

- increasing fuel economy standards rather than
relaxing them, as has been done over the last
3years

making greater use of car pools, van pools,

"it's everyone's problem",to thinking "it's no one's
problem." Even if the State of Washington took
aggressive action to reduce production of carbon
dioxide, we only account for 0.25% of the world's
carbon dioxide from fossil-fuel consumption.
Taking thisthought process one step further,
even if the United Stateswere to take aggressive
action, we only account for 25% of the global
total.

The belief--or should | say myth--that economic
growth and increasing energy use must go hand-
in-hand is deeply rooted in our society and is
another factor leading to inaction. In developing
nations that are struggling to expand their econ-
omies, this belief may be particularly strong.

Finally, asyou heard this morning, thereistill
honest scientific debate: Are we really experi-
encing global warming caused by the greenhouse
effect? If so, how severe will the problem really
be? Just ascertainly aslast summer's heat wave
was cited as proof of the greenhouse effect, last
week's cold snap will be cited as proof thereisno
such thing.

Some may ask: Why do anything before we

know for certain that thereisa problem? But, if we
wait the 10 to 20 years it could take to resolve the

and buses

making our overall public transit system more
efficient

looking at ways to reduce the demand
for transportation, through better land
use planning and innovations like
telecommuting.

These actions would not only reduce carbon
dioxide production but would reduce air pol-
[ution and traffic congestion aswell.

e Beyond transportation, we can make our indus-
tries, our businesses, and our homes more energy
efficient. Thiswill reduce fossil fuel use, save
energy dollars, and delay, or perhaps eliminate
the eventual need for building new power plants--
power plants that are currently slated to burn
fossil fuel to generate electricity. That isone of
the reasons | support efforts to make the Power
Council's Model Conservation Standards part of
Washington’s building code. It's the kind of ac-
tion that we know is effective and best done at
the state level.

Our recent experience with energy efficiency
disprovesthe belief that economic growth and
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increasing energy consumption must go hand in
hand. In Washington, we have been successfully
holding energy use per dollar of economic activity
more or less constant for several years. If we used
energy now as we did in 1972, we would be spending
$3 billion more each year on energy, and producing
40% more carbon dioxide--30 million tons more.
But we are not, and that is a significant
accomplishment.

Improving energy efficiency here in Washington,
in the rest of the nation, and throughout the world,
will buy us time--time to resolve the debates sur-
rounding the greenhouse effect and time to develop
energy resources that emit very little carbon dioxide.
Such improvementswould also benyefit our econ-
omies and our environment in many other ways.
That sounds like a win-win proposition to me, no
matter what the reality of the greenhouse effect
turns out to be.

Will starting out here in the Northwest really
make a difference? At the beginning of my talk |
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mentioned the work of the Power Council asa
model for future action on the greenhouse effect. It
was the pioneering work of the Power Council that
made the Northwest seriously look at efficiency asa
new source of electricity. Clearly, the approach used
by the Power Council can also be applied to fossil
fuels.

The work of the Power Council is agood model
for action in another more important way. It shows
how actions, started at the locdl, state, and regional
level and involving the publicin the decisions, can
make a real difference in solving energy and envi-
ronmental problems.

| believe we can learn from this. Starting right
now, we can take the first incremental steps toward
addressing the greenhouse effect. We can make
progress, and we can set an example for the rest of
our country and the world.

It has to start somewhere.



8.0 GREENHOUSE GASES AND ELECTRIC POWER RESOURCES

Gordon J. MacDonald, The MITRE Corporation
McLean, Virginia

Before discussingsome of the policy issues con-
nected with electric power generation, | will review
the overall development of the greenhouse issue.
For even when looking at regional issues, one hasto
place them in the larger national and global context.

8.1 INTRODUCTION: ENERGY USE

The growth of world energy use isshown in Fig-
ure 8.1, which shows the amount of carbon dioxide
introduced into the atmosphere as a function of
time. Over a130-year time period, the rate of
growth of carbon dioxideemissions has been about
4.4% per year. The amount of carbon dioxide re-
leased into the atmosphere reflects the unfolding of
history; World War 1, the Great Depression, and
World War II correspond to periods when releases
of carbon dioxide decreased. As post-World War 11
economic recovery took place, economic growth re-
sumed, and carbon dioxide releases began increasing
again by about 4.4% per year. Thelong period of
stable growth continued up to 1973, when the Mid-
dle East oil embargo occurred and economic growth
slowed. The dowdown continued until about 1983
or 1984, when the growth rate again resumed at
about 3.0% per year.
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Figure8.1. Historical Variationsin Carbon Dioxide
Emissions from the Burning of Fossil Fuels (data
from Rotty and Kealing)

The growth in energy use has not proceeded uni-
formly among al fuels. As Figure 8.2 shows, for a
long while, the growth was primarily in oil use.

After the oil embargo, the use of ail leveled off, then
decreased, and then, as prices again began tofall, in-
creased once more. The use o cod, after along
period of almost no growth, is now on therise and is
globally the most rapidly growing fuel. Based on the
preliminary figures for 1988, growth in the use of
coal is currently alittle over 5% a year based on the
preliminary figures for 1988.

The distribution among nations of where these
fuelsare used has changed dramatically, as shown in
Figure 8.3. The percentage of fuel-derived carbon
dioxide emissions produced by the United States,
Canada, and Western Europe has decreased. There
has been a relative increase in the Soviet Union and
in Eastern Europe, and a very rapid increase in the
developing world. The increases have occurred over
along period of amost constant growth. The cen-
trally planned economies of Asia--China, North
Korea, and North Vietnam--have also increased
their use of carbon-based fuelsrecently. These
changes in the historical distribution of fuel usage
have a number of implicationsfor energy planning if
we are going to deal with the greenhouse gas emis-
sions, particularly carbon dioxide. Among theseis

Total . ,

Fuel CO4 Yroduction (GT C)

0 er A . -
1950 1960 1970 1980
Year

Figure82. Variations in the Contribution of Vari-
ous Fuels to Global Carbon Dioxide Emissions
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Figure83. Regional Distribution of Carbon
Dioxide Emissions

the need to recognize very clearly that not all fuels
are dike. How much carbon dioxideis placed in the
atmosphere depends on the ratio of hydrogento car-
bon in thefuel that is used. A highratio of hydro-
gen to carbon--for example, 4to 1, asin the case of
methane--deliversalot of energy per unit of carbon
dioxide emitted. Table 8.1 shows that the emission
rate for methane is 13 kilogramsdf carbon per bil-
lion joules of energy or, equivaently, about

1,000 Btu. For hydrogen-poor fuelsthe ratiois
higher, and coals, having relatively little hydrogen
per carbon atom, emit ailmost twice as much carbon
dioxide per unit of energy. These differencesin
emission ratios underline the significancedt the shift
in the use d various carbon-based fuels that is

Table8.1. Carbon Dioxide Emissionsfrom the Di-
rect Combustion of Various Fuels

CO? Emis- Ratio
sion Rate Relative
Fuel kg C/10°))  to Methane

Methane 135 1
Ethane 155 115
Propane 16.3 121
Butane 16.8 124
Gasoline 189 140
Diesel Qil 19.7 1.46
Number 6 Fuel Oil 200 148
Bituminous Coal 238 173
Subbituminous Coal 253 187
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occurringworldwide. Coal is the most rapidly grow-
ing o thefosdl fuels, and at the same time, it is the
fuel that putsout the greatest amount of carbon di-
oxide per unit of energy delivered.

A further point is that when one o these feed-
stock fuelsisconverted to another form o energy,
the total amount of carbon dioxide emitted into the
atmosphereincreases significantly. For thisreason,
somed the syntheticfuels are high carbon dioxide
emitters(see Table8.2). During President Carter's
administration, a very large program was started to
producesyntheticfuelsfrom coal. At the time,
there were several reasons advanced for those meas-
ures, including energy security and the need to assist
the economically depressed areas in the country,
such as West Virginia, regionsin lllinois, and else-
where. At that time, the amount of carbon dioxide
in the atmosphere was not an issue. | did testify be-
fore congressional committeesin 1978,1979, and
1980in an effort to spotlight the point that what is
now called the "greenhouseeffect” should be taken
into account in energy decisions. The counter argu-
ment, and an argument that will be given over and
over again, isthat we are going to build only afew
syntheticfuel plants, and they will produce only alit-
tle bit more carbon dioxide, and that, compared with
theglobal levd, the additions make no difference.

Table8.2. Carbon Dioxide Emissionsfrom the Pro-
duction and Burning of VariousSynthetic Fuels

CO*Emis-  Ratio
sion Rate  Relative
Fuel kg C/10°])  to Methane
Shale Oil
In situ 28 gal/ton shale 48 35
High temperature 25 gal/ton shale 66 49
High temperature 10 gal/ton shale 14 7.7
Liquidsfrom Coal
Sasol technology; Eastern coal 42 31
EXXON donor solvent; Easterncoa 39 29
Gasolinefrom methanol from coal 51 38
High-Btu Gas from Coal
Lurgi 41 30
Hygas 40 30
Methanol
From natural gas 21 1.5
From coa 3644 2.7-32




That isan erroneous argument, because we are
dealing with large impacts made up as a sum of
small increments, and those additional little bits of
carbon add up very rapidly.

Another important point isthat as soon asinvest-
ment beginsin a capital intensive industry such as
synthetic fuel plants, an infrastructure and a mo-
mentum are established. It isvery difficult to turn
back once those initial investments have been made;
the industry has made commitments, and the cus-
tomers are expecting fuel from those sources. The
synthetic fuels program eventually floundered, not
on environmental grounds, but on strict economic
grounds. Because fuel must be consumed in order
to produce a synthetic fuel, the synthetic fuel is
bound to be more expensivethan the original fuel or
feed stock. That simple underlying economic fact
was not considered by the proponents of synthetic
fuel plants.

Currently, there isgreat enthusiasm for another
synthetic fuel, methanol. Methanol is being support-
ed by California as an appropriate fuel for automo-
biles. The advantage claimed for methanol isthat it
will be effectivein lowering carbon monoxide levels
and ozone oxidant levelsin urban regions. The state
iswell on its way to enacting a requirement that a
certain fraction of service stations provide methanol
as an aternative fuel, despite testimony by mysdf
and others who raised issues like those outlined
above.

As Table 8.2 shows, methanol is about 15 times
more carbon dioxideintensive than natural gas (that
is, it isabout equivalent to gasoline), so the tradeoff
with gasoline seems small. But for methanol propo-
nents, the eventual goal isto make methanol out of
that abundant resource, coal, and thus, revivethe
coal fieldsin West Virginia. The principal advocates
of coal-derived methanol within the Congress are
from that state. The greenhouse impact of such a
program would be the emission of 27 to 3timesas
much carbon dioxide per unit of energy produced.

The advocacy of methanol by asinglestateillus-
trates how every energy decision haslong-term cli-
matic consequences, and highlightsthe importance
of evaluating and weighingenergy choiceswith
greenhouse considerationsin mind. There may be

circumstances where climate considerations can
rightfully be overridden, but they should aways be
examined openly.

82 U.S. EMISSIONS

Table 8.3showsthat the United States produced
1.4 gigatons of carbon out of aglobal total of 55 gig-
atons. The United States puts out alittle over
one-fifth of theworld'stotal carbon. What are the
sourcesof carbon dioxide in the United States? The
largest single source are electrical utilities. The sec-
ond largest source is transportation, and as the
breakdown by fuel type shows, the electrical utilities
that burn coal are second only to automobiles burn-
ing gasoline asa singlesource. If the same break-
down were done globaly (we cannot do that because
the data are not available), we would probably find
that electrical utilitieswould have a somewhat
higher fraction globally than it doesin the United
States, and transportation a somewhat lesser
fraction.

83 THE ROLE OF ELECTRIC POWER

Given thelarge carbon contribution from coal-
fired electrical utilities, what other optionsare avail-
able to produce eectricity? Fist, we know that if
electricity isgenerated by hydroelectric or nuclear
technologies, there are no emission problems
(provided that we ignore for the moment any fossil
fuels used in building the dams or the nuclear plants

Table83. Estimated Carbon Dioxide Emissions in
the United States by Sector of Economic Activity
and Fuel Type (millionsdf metric tons)

Natural

Sector/Fuel  Cod  Gas _ Petroleum Total Percent
Residential/ 48 1066 57.6 1690 123
Commercial

Industrial 743 106.7 126.1 3071 224
Transportation -- 78 4144 4222 308
Electric Utilities 3924 476  _324 _4724 345
Totals 4715 2687 6305 13707 -
Percent 343 196 46.0 -- 100




and the support facilities). We also do not generate
carbon dioxide from solar and certain other nonfos-
sil-fuel sources of electricity. Looking at current
technology, new plants using a natural gas com-
bined-cycle can be expected to produce at a ther-
mal -to-€electric efficiency of about 43%, asshownin
Table8.4. The corresponding number of kilograms
of carbon emitted per kilowatt hour isalittle over a
tenth aslarge asfor a conventiona gasturbine; for a
new oil-fired plant it istwiceaslarge. A conven-
tional, but new coal-fired plant, as the table shows,
emits twice as much carbon as the combined cycle
plant. Advanced fluidized beds give some dight im-
provement in terms of carbon dioxide emitted, but
much of the greenhouse benefit derived from their
increased efficiency islost because limestoneis used,
and carbon dioxide is emitted when the limestone is
calcined.

84 POTENTIAL POLICIES

Where does this|eave usthen in terms of steps
that need to be taken--at least within the United
States, but ideally worldwide--to help curb emissions
of carbon dioxide? First, without any question, the
least-cost solution is energy efficiency. This has
been shown to be true in transportation, electricity
generation, and elsewhere. However, in this coun-
try, we are taking directions away from increased
efficiency. The Corporate Average Fuel Efficiency
(CAFE) standards were never fully implemented;
they were, in fact, relaxed. At the federal level, the
wholeissue of building standards has been a forgot-
ten area. | am, of course, delighted to learn of the
attention and the seriousness of purpose that the

Table8.4. Carbon Dioxide Production in Generat-
ing Electricity

Carbon
Unit Dioxide
Efficiency Released
System — (%) (kg C/kWh)
Natural Gas Combined Cycle 43 0.13
New Fuel Oil-Fired Plant 5 0.20
Advanced Fluidized Bed 37 0.23
Coal-Fired Plant
New Coal-Fired Steam Plant %) 025
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Power Council isgiving to that issue, because | think
it isone of the key means of moving ahead with the
attempt to increase both energy efficiency and
economic efficiency, and to reduce climate change.

Second, with respect to aternative power
sources, | believe that in the longer term, nuclear
power must play a role. With nuclear power, the
difficulty is one of solving problems that we are well
acquainted with. | believewe can deal with theis
sues surrounding both safety and high-level waste
disposal, which have been handled much better in
other countries.

Third, natural gas must be used more effectively
throughout the energy economy. Natural gas, de-
spite frequent stories to the contrary, is not a vanish-
ing resource. It is, in fact, avery large resource. |
could give detailed evidence that natural gasis pres-
ent in greater abundance than coal, afact that is
only beginning to be recognized. Thelarge abun-
dance of natural gasisin unconventional sources,
particularly hydrates.

And fourth, we must deal with the issues regard-
ing the other greenhouse gases. For chlorofluoro-
carbons, steps have been taken at the international
level. The requirements that have been adopted by
the industrialized world must also be expeditioudly
applied to the developing world and directed toward
a complete phaseout of chlorofluorocarbon produc-
tion.(") Of al the greenhouse gases, methane is per-
haps the most difficult to control because it has
many sources, and for many of the sources, attempts
to control releases might be viewed asintrusive.
Finally, ozone in the lower atmosphere is an impor-
tant greenhouse gas. Enforcing the ozone and car-
bon monoxide standards is a very important way to
get the regional ozone contribution to the green-
house effect under control.

85 QUESTIONS AND ANSWERS

Question: We keep hearing in the electric industries
about the great virtues of the competitive market

(a) Editor's note: In early March, 1989, the governments of the
Peoples Republicof China, Japan, and India were resisting early
phaseout of chlorofluorocarbonswithout commensurate
compensation.



and about bidding for electrical resources. Recently,
for example, the Virginia Electric and Power Com-
pany acquired a couple of thousand megawatts of
what | wasled to believe was small coal-generating
capacity. Would you please comment alittle on the
carbon dioxide effects of small thermal resources in
cogenerating facilities? Does it make things better;
doesit make them worse; or should we even worry
about it?

Answer: It makes thingsworseand | think we
should worry about them, for the very reason that
we talked about. Virginia Power feelsthat it isjust a
very small additional burden that they can deal with
some other way. | t hiieachoneof those decisions
needs examination just in that light, and the spot-
light should be thrown on it. If Virginia Power
decides to go ahead with this, it isgoing to increase
the carbon dioxide burden, or the carbon dioxide
contribution to the global burden by the United
States.

Question: Do these smaller plantstend to contrib-
ute more carbon dioxide than the larger plants?

Answer: Thesmaller plantstend to run at some-
what lower efficiencies. And very definitely, they
tend to emit more carbon dioxide than larger plants.

Question: | want to make sure | understood you
correctly. Areyou saying that methanol, when
mixed with gasoline, has no measurable differencein
emissions from straight gasoline?

Answer: If you derive the methanol from a biolog-
ical feedstock (for example, corn or some other
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grain), you actually are better off from acarbon
dioxide standpoint, because you can regrow the
corn. That is not trueif you are producing it from
natural gas. The difficulty isthat ethanol is
produced from grains, not methanol. The difficulty
with ethanol, as we have learned, isits enormously
high price. You could not get fuel at under about $2
to $2.50 agallon from ethanol. Even with the cur-
rent grain subsidy, methanol, which isthe current
fad under discussion and the subject of legislation on
aternative fuels, isa different story. It isapprox-
imately equivalent to gasoline in carbon dioxide im-
pact if it isderived from natural gas. Thealternative
argument is, "Why don't you just use natural gasin
thefirst place to run your car?’

Question: Do you see any method of increasing the
efficiency by increasing the costs, such as by taxing?

Answer: Yes, | have been alongtime advocate of an
across-the-board carbon tax. Thetax that | have ad-
vocated is essentially about a penny a kilogram of
carbon. This tax would, of course, have a differen-
tial impact. Natural gaswould be favored relative to
coal, or the price of coa under such a taxing scheme
would go up approximately 50% ($10 per ton). You
can see that the National Coal Association is not
wild about thisidea, but it isasubject that is now
undergoing analysis by the Congressional Budget
Office. Thereare a number of featuresto it that
realy do need careful anaysis, for example, itsim-
pact on our international competitiveness position. |
think that these are issuesthat can be dealt with on
the timing of the imposition of the tax.



9.0 REGIONAL CULPRITS: SOURCES OF GREENHOUSE GASES

Dick Watson, Washington Sate Energy Office
Olympia, Washington

My assigned task is to address the "regional cul- context of an issue like thiswhere consequences are
prits--the sources of greenhouse gases in the Pacific far in the future and uncertainty isvery high?
Northwest." | am not very good at following instruc-
tionsso | am going to stray from my assigned topic Figure 9.1 probably illustrates what you have
in two fairly significant ways. One, | am going to heard in the other presentations. It showsthe proj-
focusin on the State of Washington for the very ected contributions of various greenhouse gases to
pragmatic reason that datafor that very specificarea global warming, assuming current rates of increases
are available, and | think that the other Pacific of these gases. Asyou can see, the most significant
Northwest states will be similar in large respectsto contributor to the greenhouse effect is carbon diox-
Washington regarding the impacts of the green- ide, with chlorofluorocarbons, methane, nitrous ox-
house effect and global warming. However, there ide, ozone, and other trace gases contributing to
Wl be differences in production of greenhouse various degrees.
gases largely related to the dependence of utilitiesin
different states on coal-fired electrical generation. Carbon dioxideis obvioudy the greenhouse gas

that we focus on from an energy standpoint. In this

The second area in which | am going to diverge issue of the greenhouse effect, we are dealing with a
isto attempt to identify where we may be heading. fundamental, inescapable fact. If you burn any car-
How do we start thinking about making policy in the bon fuel, beit coal, oil, natural gas, or wood (or
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other biomass fuels), you are going to produce car-
bon dioxide in the process. The other greenhouse
gases also have an energy-system relationship. For
example, the chlorofluorocarbons are energy-related
in that they are the working fluids used in heat
pumps and air conditioners. They also are used in
manufacture of insulating foams. Ozone is energy-
related to the extent that it is produced by a photo-
chemical reaction with hydrocarbons in the smog
that we seein our urban areas. Nitrous oxideis
energy-related in that it isa product of combustion,
and methane has at |east some energy-relationship,
although most of it isthe product of natural
anaerobic processes.

The information in Figure 9.2 was shown in
earlier presentations. Ascan be seen from the fig-
ure, al fuelsare not created equal with respect to
the production of carbon dioxide. The production of
carbon dioxidein terms of pounds of CO,/Mbtu of
fuel shows coal to be the most significant contri-
butor. Natural gasisa much lesssignificant contri-
butor. Renewable fuels, such aswood, ethanol, and
methanol, are also contributors. The methanol

250

shown is produced from wood products rather than
from coal or natural gas. All of the fuels produce
carbon dioxide when they are burned and wood
burning isa very significant source. Y ou can, how-
ever, contemplate energy systemswhere the net pro-
duction of carbon dioxide over time from these re-
newable fuelsis essentially zero. Rather than burn-
ing slash as a waste product, why not useit to pro-
duce energy? The carbon dioxide would be released
to the atmospherein any event. Silviculture might
produce wood as a fuel over an sustained period,
and could be along-term zero net carbon dioxide
producer. However, the figure shows only produc-
tion of carbon dioxidefrom combustion; it ignores
long-term system effects.

Figure 9.3 takes the next step, aswasillustrated
generically by Dr. MacDonald earlier. The produc-
tion of carbon dioxidein electrical generationis
shown in pounds of CO,/kWh for the various tech-
nologies and fuels that are involved in electrical
generation. A combined-cycle natural-gas turbine
produces much less carbon dioxide than a pulverized
coal plant, whichis more or less the other extreme.
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There are, however, other generating technologies,
such as solar, hydroelectric, and nuclear, that can
produce energy on a zero carbon dioxide basis. |
should note here that | am omitting the energy (and
the related carbon dioxide releases) needed to build
these facilitiesin the first place.

Figure 9.4 showsemission figures for the State of
Washington. Washington is probably much more
like the other statesin the region than we in the rest
of the Pacific Northwest are like the rest of
the United States. The figure shows the production
of carbon dioxidein millionsof tons per year over
time in Washington's energy system for three major
energy sources. petroleum, natural gas, and coal.
We have an added estimate of the contribution of
wood to carbon dioxide production herein
Washington.

Figure 9.4 also showsa number of eventsin our
energy history, one of which isback in the early
1970s when the Centralia coal plant came on line.

9.3

The contribution of that power plant to carbon
dioxide production causes the total to increase quite
significantly. Figure 9.4 also shows that early in the
1970s, when we first got some energy religion and
the rate of growth of energy consumption leveled off
dightly, the rate of production o carbon dioxide
also leveled off. The figure also shows that carbon
dioxide production isincreasing again in afairly
significant way, largely because of petroleum
consumption.

Figure 9.5 isa comparison of Washington to the
rest of the United Statesin terms of sources of car-
bon dioxide emissions. There are some fairly signifi-
cant differences, largely because we have a hydro-
electric-based electrical supply system and do not
use much coal. In the Pacific Northwest, the use of
wood probably resultsin alarger contribution to our
supplies of carbon dioxide than it doesto the rest of
the United States. When we ook at the total pic-
ture, we are dightly less of a contributor in terms of
tons of carbon dioxide per year per person than the
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United States as awhole. This can be attributed
largely to our relatively low reliance on coal-fired
thermal generation.

Figure 9.6 shows carbon dioxide production ac-
cording to the sectors of the economy in which en-
ergy isused. Thisfigure showsvery clearly that in
Washington transportation is the major contributor
of carbon dioxide, with industrial emissions second,
and residential and commercia usein buildings
third.

Comparing this information with a national
breakdown (Figure 9.7) and again alocating utility
energy use to the economic sectors, you again see
transportation in Washington, and | suspect in the
other Pacific Northwest statesas well, to be the
largest contributor of carbon dioxide. The figure
also has information about the contribution from
electric utilities, industry, and commercial buildings.

Figure 9.8 shows how we contributed not only at the
national level, but at the global level too. You can
see that Washington, in relation to the total North
American production of carbon dioxide, is a very
small contributor. North Americaisshown to
contribute about 27% of the globa production of
carbon dioxide. However, our contributionis not so
inggnificant asto beignored. Rather, | think we
can have some influence on what happens.

The key point in my view isthat carbon dioxide
from fossil-fuel combustion isa major contributor to
projected global warming. Therefore, thisisas
much an energy policy issue asit isan environmen-
tal policy issue. And whilewein the Pacific North-
west are asmall contributor to the globa total, our
contribution is not insignificant. Thisis very clearly
not only an international/national issue, but one that
requires state and local actions aswell.
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9.1 OPTIONS FOR REDUCING EMISSIONS

Let me turn to the issue that | was not supposed
to talk about, but will. What are our options for
reducing carbon dioxide? Thisiskind of a tax-
onomy of the technical options. We can remove car-
bon dioxide from exhaust gases, and that is perhaps
technologicallyfeasible for a large-fixed source like
acoa plant, although it is expensive and it creates
its own waste problem that must be dealt with. It is
not, however, feasible for mobile sources like
automobiles.

A second option isto increase energy efficiency.
Thisisan option that has a significant potential. It
islargely an economic issue for usright now and is
certainly technicaly feasible. The third option isthe
use of alternative fuels--lower carbon fuels, such as
natural gas, that can be substituted for higher

carbon fuels--and renewables. |, like Dr.
MacDonald, am not ready to throw the nuclear op-
tion out of the basket of alternativeswe can con-
sider. However, | think there are things that we
have to do to make nuclear energy a viable option.
How much reduction in carbon dioxide might be
needed? Well, | do not think anybody knows how
much would be needed. However, Figure 9.9 pro-
videsa perspective on target figures for carbon
dioxide reduction that have been advanced. In
looking at a 20% reduction by the year 2000, the
critical question iswhether that level of reduction is
something that is within the realm of reason.® Isit
something that we can contemplate doing? The fig-
ure showswhat the level of carbon dioxide produc-
tion in the State of Washington would have been if
we were still using energy at the same energy
intensity aswe were in 1972. By energy intensity, |
mean the amount of energy per dollar of gross state
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product (that is, dollar of economic activity). The
figure shows that--through a combination of changes
in the economy and changesin the efficiency of our
energy use--we are producing significantly less car-
bon dioxide (30 million tons per year less) than we
would if our level of energy intensity had continued
at the level it wasin 1972.

Thisamountsto a22% per year reduction per
dollar of gross state product in the production of
carbon dioxide. To achieve a target 20% reduction
in carbon dioxide by the year 1990 whilesustaining a
2% real growth rate in the economy, we would have
to have a 4% reduction per year per dollar of gross
state product. | think we achieved the 2.2% reduc-
tion with a relatively minor effort, quite frankly. It
might not seem like it to some of us, but it does not
seem to me that a 4% per year reduction is
unachievable.

92 ENERGY EFFICIENCY IMPROVEMENTS

| believe reducing carbon dioxide significantly
requires a two-part strategy. Thefirst part involves
the near term and focuses on improving efficiency
with some movement toward fuel switching where it
makes sense for other environmental reasons. For
example, the use of compressed natural gasasafuel
for automobile fleets and truck fleets and for buses
in the urban areas. Thisapproach will help solve
another environmental issue--the air pollution prob-
lem--and reduce carbon dioxide production. And in
the longer term, these actions buy us time for the
longer-term development of an energy-efficiency
foundation--more efficiency improvements, greater
technology advances, developing some renewable
options, and looking at what it iswe have to do
make nuclear energy a viable piece of our overall
approach.

In Washington, transportation is our major prob-
lem. The problem isthe cars that are running up
and down the freeways, which also are major prob-
lem from a variety of other respects that include air
quality and congestion. There are alot of opportun-
ities in the transportation sector for reducing carbon
dioxide emissions through improvementsin fuel
economy, through improvements in the utilization of
the transportation system that we have right now,
through alternatives like mass transit, and through

approaches that might substitute for physical trans-
portation (for example, telecommunications). How
much could we really substitute for physically mov-
ing people around and how much could that
approach contribute to reducing carbon dioxide?

Figure 9.10 shows data on carbon dioxide reduc-
tion potential for the transportation sector in Wash-
ington. How much carbon dioxideis produced per
vehicle mileof travel asafunction of the fuel
economy of the car? The figure shows where we
were back in 1970 and where we think we were as of
1986. The figure also showswhere the fuel economy -~
standards should have taken us, and where, asa
result of rollback in the fuel economy standards, we
will begoing. Finaly, the figure shows where we
could be based on most efficient available designs.

These are automobile prototypes that are operating.
They are real automobiles and could result in a very
significant further reductions in carbon dioxide
production.

Transportation system utilization is also critical -
and is the whole problem of congestion in the
Seattle area. Part of the problem isaresult of a
utilization rate of 1.1 passengers per car. If wewere
to take that 1.1 passenger per existing car and trans-
late it into 1) a more efficient car and 2) a car with
two passengersin it, we would solve two problems.
Wewould get rid of that messy tenth of a passenger
and we would take care of more than half the car-
bon dioxide production. We could make greater use
of van poolsand buses. Figure 9.11 showsour exist-
ing Metro system in the King County area right now,
given itscurrent level of utilization. Thefigure also
showsits potential. Obvioudy, wewill not be able to
achievethisleved of potential, but we can make im-
provements. We could make greater use of rail
transport, especialy electrically-drivenrail trans-
port. Depending on how you choose to generate the
electricity for that rail system, it could be a real
winner or not such a winner with respect to carbon
dioxide production.

Let meshift to industry now. Thefollowing are
just afew examples of real energy savings, things
that have been done and that we know work. For
example, the Frito-Lay Plant in Vancouver, Wash-
ington, installed heat recovery equipment. That in-
vestment should have a 2-year payback period and
will save 117,000 therms of natural gas per year. It
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would reduce carbon dioxide production by over a
million pounds per year. We can replace a 150-watt
incandescent lamp with a 35-watt high pressure
sodium lamp. Thischange would be cost effective
and reduce carbon dioxide production by a1,000
pounds per year, assuming that we are displacing
coa -fired generation, which is the limit as we add
(under current plans) new generating resources to
the our regional mix.

Another example from the commercial sector in-
volvesa Skipper's Seafood Restaurant that we
worked with in the Bonneville Power Administra-
tion's Energy Edge Program. A variety of innova
tionsin that restaurant saved over 74,000 kWh/yr
and 3,300 therm of natural gas per year. The invest-
ment achieved a 2-year payback and reduced carbon
dioxide production by 205,000 pounds per year,
again, displacing coal-fired generation.

In Spokane, asmall office building built to high
levelsdf efficiencywill result in a 44,000 pounds per
year reduction in carbon dioxide. In the residential
sector, we could install flame-retention burnersin
oil heated homes. Thisis something that we are
doing on a daily basis, and it could reduce carbon di-
oxide by over 200,000 pounds per year. Just getting
agas-heated in a home built to the current state
code, which unfortunately we are not really doing,
could reduce carbon dioxide by 1,600 pounds per
year. Buildingelectrically heated homes to the
model conservation standards reduce carbon dioxide
production by 4,300 pounds per year per home.
Today we heard Governor Gardner endorse thisas
an approach that Washington hasto take. | cer-
tainly hope that Washington will be successful in
doing that, and | hope Oregon joins us.

Figure 9.12 illustrates the importance of conser-
vation in the Power Council's Regional Plan. To de-
velop this information we used the Power Council's
planned mix of resources, which includes alot of
conservation and eventually starts moving into dif-
ferent kindsof thermal generation--gas turbines, co-
generation, and ultimately coal-fire generation. Fig-
ure9.12illustrates for the current resource stack
under average hydroel ectric conditions, how carbon
dioxide production would start increasing in the
future. The second line shows, under the current
plan, how carbon dioxide would increase if we are
not successful in achieving the conservation com-
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ponents of the Regional Plan. Thereis a significant
difference. | have to tell you that, although we can
show that conservation can work and be cost effec-
tive, it facesalot of market, institutional, and
political barriers, and it is by no means assured that
we can in fact achieve this. This, to me, very much
illustrates the importance of not only doing the
Model Conservation Standards for the residential
sector, but improving them for the commercial
sectors and also doing retrofit activitiesin commer-
cia, industrial, and residential sectors aswell.

The key point is that improvements in energy ef-
ficiency are demonstrated effectivelyin every sector
of our economy. They can pay for themselvesin
terms of energy cost savings. They can reduce car-
bon dioxide production, and they can help solve
other problems, like our increasing petroleum vul-
nerability. We are now importing more petroleum
than we did in 1974. Energy efficiency improve-
ments can help reduce traffic congestion, improve
air quality in our urban areas, and reduce the acid
rain.

93 ALTERNATIVEFUELS

Alternative fuels--lower carbon fuels, some fuel
switching, cogeneration, combined-cycle gas tur-
bines--have been shown to be clearly less carbon-
dioxide intensiveways of producing electricity.
However, we have to be concerned, probably more
than anything else, about the assumption that we are
going to get a carbon-dioxide reduction for free. If
natural gas becomes a"preferred” fuel from a green-
house effect standpoint, for example, it is clearly
going to have an impact on the price of that fuel.

We have largely turned our back on renewable
resources options, and | think that it isan option
that we have to look to again. Even when we are
being very, very careful about the protection of our
environmental values, we still have potential for de-
veloping hydropower in the Pacific Northwest.
There are other sources of renewable energy that,
with some work, can be positive contributors as well.

With respect to nuclear power | think that we
have to address three important issues. cost, safety,
and waste. And whether you are a supporter or an
opponent of nuclear power, the perception is that
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those are problems, and perception isreality. Some-
thing isgoing to have to be done with nuclear energy
to make thisa redlistic part of the options that we
have for our long-term future. The concern that |
will raiseis the potential for draining away resources
from the kinds of things we know can work right
now, whichis energy efficiency.

94 A POLICY AGENDA

Very clearly the greenhouse effect is an interna-
tional problem that isgoing to require international
agreements to solve. And this certainly poses clear
problems particularly with respect to the developing
nations who are planning on increasing their energy
use as a means of improving their economic situa-
tion. If we do not get our own house in order, we
will not be able to convince devel oping nations that
they ought to alter their energy-use patternsto re-
duce carbon-dioxide production. In my view, a na-
tional energy plan needsto be developed along the
line of not only aleast-cost framework as pioneered
by the Power Council, but perhaps a least-carbon
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framework aswell. And somed the elements might
include a carbon tax as Dr. MacDonald spoke about
earlier, with efficiency standards moving forward on
cars, appliances, and buildings. Research and devel-
opment will be required to bring some of the renew-
able resourcesforward and address the issues that |
raised with nuclear power. We asowill need to
return to some of the programs that we have
demonstrated to be effective here in the Pacific
Northwest, like the weatherization program.

However, great uncertainty exists with respect to
the greenhouse effect. Assomebody said, "Our
models are too ssimple and the earth is too complex.”
Y ou heard this morning about the great degree of
uncertainty and the kinds of different directionswe
might go with respect to global warming. The ques-
tion | haveis, "How do we make a political decision
about thisissuein thelight of that kind of uncer-
tainty and really unknown costs and benefits?"

Figure 9.13 isvery complex, but in my mind, it is
the most important figure that | have to show you.
It demonstrates our action options, beginning with
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Figure9.13. Decision Options - A Question of Risk

the "do-nothing" option. "Do nothing" implies no ac-
tion to reduce our carbon-dioxide production, and
an "action" option in the near-term pursues an effi-
ciency strategy. Both strategies are evaluated
against potential outcomes. The potential outcomes
are: 1) global warming might not occur due to un-
foreseen factors and we might not see the kinds of
consequences that have been described today, and
2) global warming would occur. If we chooseto do
nothing and we do not experience global warming,
there are no costs, but no benefits either. If we
pursue the energy efficiency option and global
warming does not occur, we still achieve all the
other benefits described in the figure--energy cost
savings, greater energy security, reduced traffic con-
gestion and improved air quality, and reduced acid
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rain. Thereare a number of very real benefits that
in my mind provide a vaid reason for pursuing effi-
ciency even without considering global warming. If
global warming does occur, and we have not taken
action, then we stand the risk of rapid and signifi-
cant global warming and high, long-run costs to mit-
igate the impacts. If, on the other hand, we have
pursued an efficiency-base carbon-dioxide reduction
strategy, we are still going to have some img#icts, but
we are going to get ancillary benefits and we will
have, to some extent, extended the timing and re-
duced the associated mitigation costs of global
warming. As Governor Gardner said, thislooks like
awin-win proposition to him. It looks like a win-win
proposition to me too. And | hope that we canin
fact move in a positive direction along these lines.




100 REG ONAL RESEARCHNEEDS

Peter Beedlow, EPA Corvallis Laboratory
Corvallis, Oregon

This afternoon | would like to discuss the EPA
Global Climate Change Research Program. This
program is relevant because the focus of the na-
tional program is regiona anaysis. Whilein the
past year we have been involved with some specific
regional studies, we have not implemented any of
these studiesin the Pacific Northwest. Thesere-
giona studies were part of the congressional reports
that were discussed earlier, and | just wanted to
briefly identify EPA’s involvementin preparing the
reports to the Congress. This first report, which is
entitled The Potential Effects of Global Climate
Change, deals with the scientificside of things. The
second report examines the policy side, and focuses
on stabilizing solutions. Both of these reports are in
draft form, and they are scheduled to be submitted
tothe Congresslater thisyear.

10.1 EPA GLOBAL CLIMATE CHANGE
PROGRAM

Planning for the EPA Globa Climate Change
Research Program wasinitiated at the same time
the reports to Congress were initiated following the
passage of the Global Climate Act in 1987.

The research isfounded on four assumptions.
First, the mechanisms of the greenhouse effect are
known--trace gases contribute to the insulation ef-
fect of the atmosphere causing an increasein tem-
perature. Second, man's activitiesare contributing
to the problem, and we need to derive some policy
solutions to help ameliorate the temperature prob-
lems that we are anticipating in the future. Third,
our ability to quantify those affectsis inadequate.
Asmuch of the discussion this morning concluded,
we simply do not have the capability to analyze the
environmental, ecological, and hydrological effects
sufficiently to provide input for policy formulation at
aregional level. Therefore, our program will
attempt to estimate some o those effects. A fourth
assumptionisthat because of the complexity of the
issues, we are not actively looking at implementing
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policy at this point. We are till trying to determine
what the problemsreally are and how we might
approach them.

The Global Climate Change Research Program
providesa change of direction for the EPA. Inthe
past, the EPA has been "end-of-pipe" oriented. In
other words, the EPA focused on particular pollut-
ants from a particular process and their effects and
used that information to derive regulations for con-
trolling a particular pollutant. The Global Climate
Change Research Program usesa different ap-
proach. Itisnot atraditional point-source, fate-and-
effectstype of research program. Itisabroad scale,
multidisciplinary program. Many types of scientist
will be needed to address the problem. Itisalsoa
multiagency problem. All of the major federal re-
search agencies are involved to one extent or
another in the global climate research. Nontradi-
tional from the EPA's viewpoint means that the pro-
gram is not dose related. Y ou do not expose an or-
ganismto"X" levels of a pollutant and get an LD,
for example. We are looking at whole system
changes--changesin human systemsas well as re-
gional ecosystems.

Everyone realizes that we are involved in along-
term program rather than quick solutions. For ex-
ample, the basic circulation models that are needed
for conducting a regional analysiswill not be even
availablefor a number of years. What we are work-
ing with now are precursors of the tools that we
really need to deal with the problems. The EPA is
bracketing a 10-year-plustime frame for this re-
search. Findly, itisan international program in that
not only are the developed countriesinvolved in ad-
dressing the global problem, but there isalso a great
deal of cooperation among the federal agencies and
the governments and research organizations in other
countries.

Federal guidance and coordination of the
program, is provided primarily through the Com-
mittee on Earth Sciences. This committee has



representatives from most of the important govern-
ment branches dealing with the problem. There are
a number of other mechanismsthat the EPA is
using to coordinate its effort. The Global Climate
Research Program has a committee on which the
EPA dits. The EPA’s primary responsibility on that
committee istwofold: 1) answering questions about
and formulating policy about emissions, and 2) sup-
porting several particular areas of research, es-
pecialy in hydrology and ecological effects. Inter-
action with the academic community in the United
Statesis primarily through the National Academy of
Sciences (NAS). The EPA has representatives on
their working group and, of course, the NAS Com-
mitteeis also participatingin formulating the Inter-
national Geosphere-Biosphere Program (IGBP). In
addition to that, there are international research
agreements that are in process, or that are in some
stages actually implemented with other countries--
China, the Federal Republic of Germany, and the
Soviet Union, for example.

102 RESEARCH QUESTIONS

| want to emphasize that the research approach
that the EPA istaking is a policy-drivenapproach,
contrary perhaps to the approach taken by the NSF,
whose mandate is to conduct basic research to
provide a broad support of scientific knowledge.
The EPA mandate is policy formulation and, conse-
guently, while we're doing a bit different type of re-
search than we have donein the past, it still needsto
be very clearly directed by policy. Thereare a num-
ber of questions that need to answered. What isthe
likelihood of man-caused changesin the global cli-
mate? How likely are we to see these changes in the
next 50 years? What will be the changein regiona
climate and atmospheric chemistry? We need to
know what's going to happen on aregional basis
before we can evaluate what isgoing to happen to
our fisheries, our ecosystems, and our water re-
sources. What are the associated magnitude and
extent of the change? Over what time periods are
these changeslikely to occur? And, of course, what
are the effects on our natural resources? These
policy-directed questions redly are forming the basis
of the planning that is being done.

Wefully realize that some problems exist in what
we are trying to do. | would like to summarize the
scope of our knowledge at this point. Concerning
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global climate change, there are a number of things
we are fairly sure will happen such as surface warm-
ing, precipitation increases, and accelerated input of
other trace gases. However, effect of the oceanson
the earth's climate is still a big question. Assome of
the speakers eluded to this morning, the oceans can
act asagreat sink that decreases the rates of change
over many years. When we get down to regional
issues, we think that there islikely to be stratos-
pheric cooling, sea-ice decreases, warming towards
the poles, expansion of arid areas northward, conti-
nental warming, and drying. The significance of the
impactsin the grain belts of the continents are not
well understood. Also, there may be a potential
evapotranspiration increasein the higher latitudes.

We can now discuss some of the detailed but im-
portant areas that we need to understand to for-
mulate regional policy. We are quite uncertainina
number of these areas, such as how storm patterns
are goingto change. Changing storm patterns
would probably effect regiona hydrology in alarge
way and may also affect a number of other impor-
tant areas. We cannot tell much about local hydrol-
ogy. What would happen in the tropics? Everyone
in the area of global climate change studying these
issues has recognized the importance of the tropical
forests and tropical zones in general in affecting the
global climate; we do not know a lot about what will
happen in such specificareas. What will be the
transient responses? How fast are things going to
happen? We do not have answers to these questions
either. What kindsof changeswill we seein the
major ocean circulation patterns? Again, answers to
the questions about the oceans are quite uncertain.
Changesin oceans will affect our marine fisheries
and our freshwater fisheries. Regional climates will
also change, particularly in the coastal areas. A
good example is the San Francisco summer climate
aswas discussed earlier today. Of course, it will
affect vegetation, and the variability of the seasons
will likely change, but we are not sure exactly what
changes will occur.

Asyou can see, we have alot of questions. We
believe, however, that the impacts are likely to be
regional, and they are most likely to change dram-
atically from region to region. What isgoing to
happen in the Grain Belt may be significantly dif-
ferent that what happens in the Pacific Northwest.
We recognize that regional analyses are goingto be
necessary and to some extent each of the regions is



going to haveto be treated as a separate case--
particularly in developing local policy.

An issue such as the total amount of greenhouse
gas resulting from biological sourcesis a really big
unknown and likely to be very different from region
toregion. | do not know how many people are
aware of the concerns that exist for the permafrost
layer under most tundraareas. A rapid warming in
the polar areas will turn these into bogs, which
happen to berich in methane. Thereisconcern that
these tundra areas will be much greater sources of
methane if they turn into bogs. Other unknownsin-
clude local problemswith sea level elevations and
effects on economic development, agricultural
productivity, and biodiversity.

Biodiversity is becoming more and more of an
issue not only publicly but within the federal agen-
cies. The questions about loss and extinction of
species has been around for some time, but have
only recently come to light asfederal research issues
related to climate change. If global climate change
were to cause loss of species diversity, will it also
cause ecosystemsto become unstable? And of
course the other questions are related to loss of
sources of pharmaceuticals, and other benefits that
can be gained from a particular species. We do not
know right now for many particular species.

103 GOALSOF THE EPA PROGRAM AND
RESEARCH

The goa of the EPA program is provide policy
structure. Theideaisto evaluate the extent and
likelihood of environmental changes associated with
changesin the climate system and assess regional
ecological changes, including hydrology and the en-
vironment asawhole. The program will assess the
global and regional atmospheres, aswell asthe an-
thropogenic and biogenic contributions to the atmo-
sphere causing the climate change and the response
of the natural systems and the managed systemsin
those areas.

There are several different areas of research
within the EPA plan, with corresponding broad ob-
jectives. Thefirst areaisto evaluate the fluxes of
greenhouse gases into the atmosphere and the feed-
backsfrom climate change that may affect the rates
of those fluxes. We need to derive regiona climate
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scenarios so that we can do regional analysesand
then assess emissions management technologies.

This is an important component particularly with
respect to anthropogenic emissions.

For the atmospheric sciences, the overall thrust
will be to derive the meansto develop a climate ef-
fectsmodel. We will examine how to go from
today's very large grid scales down to something that
we can use, and also to incorporate the chemical dy-
namicsthat are likely to be produced from the emis-
sionswork. However, neither the emissions nor the
atmospheric sciences areas are the primary thrust of
the EPA program.

Our primary emphasis and basic mandate has
been the environmental effects. Other agencies are
also looking at the physicsinvolved with circulation
models, and the chemistry problems associated with
emissions, so we are supporting those activities. We
intend to look at the hydrological and ecological ef-
fectson aregiona basis, changing our emphasis
from our typical small-site research to research on
very large areas. Asan example, we might address
what might happen to the intermountain deserts.
Our research will support periodic assessments over
the next decade in air quality, water quality, forest
growth, and sea level effects. We will address how
our forests and the timber industry associated with
the forest will be affected by the climate change.

For example, how will our agricultural regions be
affected? Will we be growingcorn in Saskatchewan
instead of lowa? How will the agricultural produc-
tivity be affected; will we (still) be able to feed the
world?

There are three major areas of global research in
which EPA research relates to the research being
undertaken by other agenciesin the government.
Thefirst is biogeochemical dynamics (bioemissions
sources and sinks of trace gases), and how these are
both affected by and affect the earth's ecosystems.
The second is physical climate and hydrological sys-
tems, including the atmosphere and hydrol ogic mod-
eling. Thethird areais ecosystem dynamicsin a
broad context--not only ecosystemsin terms of na-
tional parks but the entire ecosystems, agroecosys-
tems, forest-managed ecosystems, and other broad
areas.

These three major areas of global research are
then broken down into three major questions:



1. Arethey initiators of change?
2. How do they respond to climate change?

3. What isour capability of quantifying and
predicting this change?

As | said before, the primary emphasisisin the
ecosystem dynamics area and supporting other
areas.

104 SCHEDULE FOR RESEARCH

Thisisthe first year that funding for the EPA
Global Climate Change Research Program has been
in place. We have funding to establish research
plansthisyear, but the real research will be initiated
in FY 1990, and our level-of-effort will increase
through the next three years.

Let me giveyou some idea of where we see our-
selvesgoing in the next 5 years and some of theis-
suesthat we are going to be addressing. Last year
and this year, we are responding to congressional
guestions, writing the reports to Congress, and de-
veloping a research plan that will serve asan
umbrella under which the EPA can implement spec-
ific research areas. This planisin draft form right
now. It will be reviewed by the EPA Science Advi-
sory Board at the end of this month. After that
review, it should be available to the public.

The plan will focus on issues related to the
Global Climate Protection Act. We will perform
particular scientific assessments and then implement
research in the areas discussed below. The first area
involvesemission factors--the rates of trace gas
emissions and particularly what we need to do to
incorporate the flux rates into our existing models.
We will try to develop some preliminary scenarios
that can be used to plan our assessment and re-
search methods down the road. We will take an ini-
tial look at the ecological sensitivity of regions. This
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effort relates to the Pacific Northwest issuein that
this year we initiated a piece of research to broadly
look at the climate sensitivity of major regionsin the
United States. After we assess climate sensitivity,
the intent will be to initiate research in the most
sensitiveregionsfirst.

| am not in a position to say which regions will be
found most sensitive, but we will most likely begin
looking at two to three regions within the next
couple of yearsin amoreintensive way. Since thisis
astartup year, our current investment is very minor.
Planning dollars--about $2.5 millionin the ecosys-
tem dynamics areas--are being spent in both biogeo-
chemical and the physical-climate and hydrological
systems. We are very optimistic of significantly
increasing this effort in the following years, starting
in FY 1990.

105 CONCLUSIONS

To conclude, | want to revisit the subject of
impacts to the Pacific Northwest. | want to reiterate
that the Northwest, in comparison with other re-
gionsdf the country, isin a unique situation. It
seems that no matter what happens, if we get into
any kind of climate change, it isgoing to affect the
Pacific Northwest in some way because of our rather
diverse natural resource economic base. Agriculture
will be affected, especially the irrigated agriculture
on the east side of the Cascade Mountains, by any-
thing that affects the flow ratesin the Columbia
River. Of course, electric power generation will be
affected, not only hydrogeneration, but thermally-
generated power. Forest production, fisheries, and
sea-level rise are aso important issues that must be
considered. | think that if you were to compare the
Pacific Northwest with other regions around the
country, you would find that we have a vested in-
terest in understanding climate change to the best of
our ability and in trying to implement policies spec-
ific to the Pacific Northwest that will help usin the
long run.



11.0 THE ROLE OF ENERGY EFFICIENCY

Ralph Cavanagh, Natural Resources Defense Council
San Francisco, California

Today | am supposed to talk about the role of
energy efficiency, and in a shattering break with
tradition, | amgoing to do precisely that. However,
| wanttodo it in away that does not repeat what
has aready been said in thissymposium. | think |
can establish a contrast by noting at the outset that,
according to Peter Beedlow, the Federal Govern-
ment is not yet ready to provide what he called "in-
put for policy makersat a regiona level" concerning
global warming. And boy is he ever right, asI’ll ex-
plain in a moment. The Natural Resources Defense
Council operates under no such disabilities, how-
ever. | ammore than delighted to provide somein-
put for policy makers at a regiona level, and as| see
a number of them here, | am certainly not goingto
waste the opportunity.

First, however, two acknowledgments are in or-
der. One might think based on this overflow crowd
that global warming has been high on the agenda of
regional energy policy makers for quite awhile now.
Infact, as many of you know, that is not the case.
We are here today in large measure because of the
passion and commitment of one Power Council
member, Ted Hallock. | would like to acknowledge
him at the beginning of my remarkstoday, and note
to him and to his colleagues the appreciation that
many of usfeel for hiseffortsin that regard.

| would also like to say just aword about the
speaker who follows me, Michael Totten. As many
of you noted when you received the program for this
event, the fifth speaker wassimply described asa
representative of the Federal Government who
would talk about federal global warming initiatives.
| was really looking forward to that presentation
because | had planned to denounce at length some
recent outragesin federal policy on global warming,
and | wasgrateful to the Power Council for provid-
ing me with a punching bag who would have to fol-
low me on the agenda and who would presumably
have no recourse but to confesserror publicly
before all of you. Instead, the Power Council de-
livers Michael Totten to me. More than any other
employee of the Federal Government at any level of
pay, Michael Totten can take credit for what little
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good as come out of the Federal Government in the
last decade in terms of energy efficiency policy. So
let me just emphasize to al of you, that to the extent
that | might say aword or two today that is unkind
about the Federal Government, | am not talking
about Michadl Totten.

11.1 EFFICIENCY AND CONSERVATION:
BETTER SERVICE, NOT FREEZING IN THE
DARK

| think that it is necessary at the outset to say
just aword about what | mean when | talk about the
role of energy efficiency and conservation. And
| wasled to that conclusion by a couple of errant
sentences in an otherwise really wonderful talk
by Michael Schedlinger this morning. But even as
Michael Totten and | have much to learn from
Michael Schedlinger about climate policy, | hope he
will perhaps grant usthe right to suggest a modifica-
tion or two on histreatment o energy conservation
and energy efficiency. One df hisremarks, by way of
characterizing this resource, was to say, "We are al
for conservation, but conservation is something you
want somebody else to do, not yoursdf." That isa
view of conservation that certainly had a wide cur-
rency in the 1970s when everyone understood con-
servation asfreezing in the dark and appearing on
national televisionin a cardigan sweater. However,
this region has done perhaps as much as any in the
world to reeducate al of usthat conservation is not
synonymouswith sacrifice. Conservation now isa
word that means getting more work out of less en-
ergy. The Power Council has understood this con-
cept aswell as anybody on earth--that nobody places
any value on energy consumption for its own sake.
None of us have any use for kilowatt hours or
thermsor barrels of oil except interms of the serv-
ices they provide.

When, for example, Michael Schedlinger said that
the Third World would like to have the same per
capita energy consumption that we presently enjoy,
he could not have meant that, because, again, | do
not know anyone in the Third World or in any world



who enjoysenergy consumption. What people enjoy
are the services that the various energy forms
provide. What the Power Council's work el ogquently
showsisthat level-of-service and quality-of-service
are largely independent of the amount of energy
consumed. And that isa very critical point in under-
standing the really quite extraordinary role that en-
ergy conservation can play in dealing with this
dilemma that you have been informed about today.

What we can draw from the diverse and useful
set of presentations given this morning and this
afternoon is that global warming, with al of its
uncertainties, is one more addition to avery long list
of reasons to support energy-efficiency measures. It
isone more reason to mourn our lack of progress.
Itisour lack of progressthat | am going to address
principally today. Generally | accentuate the posi-
tive in my speeches, and | constantly use the Pacific
Northwest region as a model for energy conserva
tion awareness.

What | want to address today is how we are fall-
ing short and what we need to do about it. Now, let
me just review a couple of discouraging trends at the
outset, in coming to gripswith why | think we need a
greater sense of urgency, both in thisregion and in
others.

Therewas a period from 1973 to 1986 that might
caled, in some sense, afirst golden age of energy
conservation. During that period, conservation was
by far our largest, most successful, and most inex-
pensive energy resource. It did all of the thingsthe
other speakers have talked about today. Between
1973 and 1986, we increased gross national product
in thiscountry by more than 35%; yet, our energy
consumption did not increase at all. Moreto the
point for today's purposes, our carbon dioxide emis-
sions did not increase at dl. In fact, they dropped
marginally between 1973 and 1986. That means that
you do not need a World War or a Great Depres-
sion in order to reduce carbon dioxide emissions.

However, the sad fact is that since 1986 things
have changed. 1n 1987, robust growth in energy con-
sumption actually increased carbon dioxide levels
above 1973 levels, so we lost our previous gain in
emissions for the United States as a nation. Growth
in energy consumption continued very rapidly
through 1988. | do not have the full year's figures
yet, but | did perform a comparison, for example,
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for the first 8 months of 1988, compared with the
first 8 months of 1986, for one of the critical carbon
dioxide sources, namely coal. Coal consumption in
this country increased 10% during the first 8 months
of 1988, compared with the same period in 1986.
Thisisjust alittle flash indicator that energy-con-
sumption growth isresuming. | would not place all
of the fault for the resurgence of energy consump-
tion in this country on lower prices; although, that is
certainly asignificant contributor. | place part of
the fault on policy makers--on our abdication of
what in the 1970s began to be a serious national and
regional commitment to make energy efficiency

happen.

112 RETREATINFEDERAL POLICY

You have aready heard about some of the prob-
lems at the national level. Y ou have heard about
the rollback in automobile fuel-efficiency standards
that happened for the 1989 model year. Incidently,
that was the fourth year in a row that federal fuel-
efficiency standards had been rolled back. The stan-
dards themselves only go up to 27.5 miles per gallon,
though, and we clearly have along way to go before
we can even approach the higher levelsaf the chart
that Dick Watson presented. At the end of 1988, the
Federal Government proposed efficiency standards
for refrigerators, freezers, and television sets that
would have pushed the energy efficiencies of those
appliances to the limit of the technologies currently
available. If the Federal Government had imple-
mented those standards, we would have been in a
position to savea 1.5 hillion barrels equivaent of oil
and gas over the lifetime of the appliances covered
by the standards, along with some 20,000 peak
megawatts of power plants (for example, 20 large
nuclear plants). That waswhat the Federal Govern-
ment could have done at the end of last year when it
issued national appliance standards just on refrig-
erators, freezers, and television sets, which are the
core elements of every American's life. Instead, in
the proposed standards, they essentially ruled out
two-thirds of the available savings, left open the pos-
sibility of capturing the remaining one-third, and in-
dicated, at least in the draft rule, astrong preference
for no action at all. Now we do not have to take that
result asfate, any more than we have to take the
rollback of the automobile-efficiency standards as
fate.



Obvioudly, the work is not yet done on the appli-
ance standards; we still have a chance to reverse the
government position. For the automobile-efficiency
standards, the rollback for 1989 is being litigated in
federal court by the Natural Resources Defense
Council. For 1990, the rollback has not yet occur-
red, and there isstill timeto prevent it. And thereis
still time to help Michael Totten and Claudine
Schneider enact the legislation he wl be telling you
about in a moment; the legislation will begin again
the progress toward better fuel-efficiencystandards.

Incidently, athird horror that recently emerged
from the Federal Government wasa remarkablere-
versal of policy by agroup called the Council on En-
vironmental Quality (CEQ), whichisin charge of
administering and overseeing the National Environ-
mental Policy Act. By the end of 1988, the CEQ no-
ticed that there was something called the green-
house effect, a remarkable and welcome reversal of
an earlier attitude. They proposed to issue some
guidance to federal agencies about evaluating the
impact of major new initiativeson emissions of
greenhouse gases. What happened toward the end
of the Reagan administration wasthat the CEQ was
directed by other forces within the administration to
withdraw that guidance. It does not now exist, and
there is noformal linkage between the administra-
tion of the National Environmental Policy Act and
the issues that we have been discussingtoday. This
is another reason to feel discouraged, but | refuse to
leave you feeling discouraged, because the good
news--and you have heard it over and over again in
different forms today--isthat energy efficiency can
make an enormous difference in terms of what hap-
pens to carbon dioxide emissions. If wesimply find
ways to make effective use of technologies that we
already have, we can make a difference on this prob-
lem. Asevery speaker hastold you, the greenhouse
effect isonly one of a number of good reasons for
increasing energy efficiency substantially.

113 PACIFIC NORTHWEST REGIONAL
POLICY

| suggest that this region's experience has some
unigue things to tell usand some unique promisein
terms of giving therest of the country and the world
guidance in dealing with thisissue. Y ou have seen
innumerable viewgraphs, today. | hope you are not
suffering unduly from a 20 minute break in them.
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Viewgraph after viewgraph has shown you some-
thing that any Pacific Northwest audience ought to
be very familiar with. It isthe old trend lines. Other
speakers have shown you what will happen, if energy
growth continues its current trend for 10, 20, 30, 50,
and 100 years--the linesgo shooting up toward infin-
ity at constant or increasing rates. We have all seen
graphslike that before. Those were the same kind
of graphs that were used to justify the extraordinary
thermal power plant construction program that
occurred thisregion in the late 1970sand early
1980s. Weadl know what happened to those graphs.
The Power Council exposed the falacy of those
graphswith its own independent analyses and
showed that an energy consumption trend was not
destiny. It was something we had control over. It
was something we could influence. It was something
we could make choices about. We can choose a dif-
ferent future than the future you keep seeing dis-
played up there on that screen with all of those lines
shooting up toward infinity and with all the terrible
attendant environmental and economic implications.

We can do more in this region than just get be-
hind Michael Totten and Claudine Schneider and
getting their legidlation enacted, although that is an
important part of what we al should be doing. |
want to look just at regional policy, and | want very
briefly suggest to you afew things that we could do,
not in 50 years, not in 30 years, but right now, this
year, to start making a difference on energy-
efficiency policy for this region.

114 MODEL CONSERVATION STANDARDS

Y esterday evening, | sat behind Tom Trulove,
Ted Bottiger, and Norma Paulus in a hearing before
the House of Representatives in Olympia and once
more heard the debate over whether we should en-
act the Power Council's Model Conservation Stan-
dards as a code in Washington State. It was both
encouraging in the sense of al of the good things
that were said and the eloguent way that they were
said, and discouraging in the sense that we are more
than 8 years from the enactment of federal legida
tion that requires the adoption of Model Conserva-
tion Standards throughout the region. More than
5 years after the Power Council published thefirst
Model Conservation Standardsfor residential build-
ings, lessthan one-fourth of all new al-electric
single-family houses in this region are being built to



the Power Council's standards. We are going to
enact the Model Conservation Standards in Wash-
ington thisyear. We aregoingtodoit inlarge
measure because of the extraordinary devotion and
effort of the people from the Power Council. |
thank them for their efforts, but | aso want to give
them achallenge. They can benefit from alittle
friendly adviceand pressure trom d| of us. You
have not heard anything about the problem of
noncompliance with the Power Council's Com-
mercial Building Standards. The reason that you
have not heard anything about that is because, in
relative terms, the Power Council has stone-age
Commercial Building Standards. The members
present here today were not principally responsible,
but they can do something about it.

115 COMMERCIAL BUILDING STANDARDS

The commercial sector is the most rapid growing
sector in the region in terms of energy consumption;
however, the Power Council still uses the industry
consensus standards that were adopted in 1980.
Essentially the process by which industry consensus
standards are adopted is one in which the folks who
build the buildings, the folks who design them, and
the folks who finance them get together with a token
environmentalist, like me, and the lowest common
denominator for standards gets adopted. The result
of that process (if you can cal it a process) are the
Power Council's Commercial Building Standards.
The Power Council will have an opportunity to do a
whole lot better when it enters rulemaking on that
issue, as | certainly hope it will alittle later this
spring. Last week the D OE adopted standards for
its own nonresidential buildings that are significantly
tougher than the current Pacific Northwest version.
We need new Commercial Building Standards.

116 UTILITY REGULATORY REFORM

Thereisathird thing that we need. We need it
immediately, and we need it in all four statesin the
Pacific Northwest. And | think that | am now going
to say something that | hope will surprise and really
shock many of you. In every singlestate in this re-
gion, because of the way the regulatory system is set
up, energy conservation investment by utilitiesisin-
herently unprofitable. If a utility successfully
promotes energy conservation, its profitsare
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automatically reduced. Nobody ever made a
consciousdecision to make the system work that
way. It isacrazy, unintended conseguence of the
way that rates are set.

Now you can imagine what this doesto the incen-
tivefor the utilitiesto get serious about conserva
tion. It will not prevent executivesof the Pacific
Northwest utilitiesfrom rising before you and sing-
ing the praises of energy conservation. They will do
that, and many of them are quite sincere. We need
asystem that decouples a utility's profit from the
number of kilowatt hoursit sells, or the number of
thermsit sells. We need to change the system so
that a utility's profits do not rise and fall in lock step
with the number of energy unitsit persuades people
to buy. If we have learned nothing else, we have
learned that the quality of service does not depend
on the number of kilowatt hours and the number of
therms. Why on earth do we want to reward our
utility managers based on their sales volumes? The
correction isstraightforward and something we can
do quickly. | call upon the Power Council, asthe
National Resources Defense Council has before, to
convene a four-state meeting of representatives
from Washington, Oregon, Idaho, and Montana to
explore ways to remove this major regulatory
obstacle to getting conservation practicesimple-
mented effectively in this region.

11.7 ACCOUNTING FOR COSTS IN PLANNING

There are two other items on my five-point re-
medial agenda of thingswe can do now. Thefourth
is to begin accommodating the costs of reducing car-
bon dioxide emissionsin our estimates of what the
different resourcesthat we are considering are going
to cost us. Right now, carbon dioxideis the one
major pollutant in this country that is not regulated
at al. Thereare no limitations on emissions of car-
bon dioxide. There are no fees; there are no char-
ges. | ask dl of you, as people who are thinking
about responsible and prudent utility policies, isit
sensible to assume that we will not do anything
about that for the next 20 years? Isit sensible to
assume that carbon dioxide releases will continue to
be free to any industrial entity that wantsto do it
indefinitely. Yet electricity planners continue to
assume that no cost is associated with the emissions
of carbon dioxide, and by that failure to impute or
imagine or to assign any cogt, they are effectively
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forever. The Power Council should stop that prac-
tice. For example, when evaluating the cost of new
coal-fired power plants, gas turbines, or anything
that emits carbon dioxide, the Power Council should
be looking ahead to the likely cost of carbon dioxide
controls asimposed by future regulators. | am not
asking you here to do anything that is any sense
decoupled from actual costs that ratepayers will see.
| am asking you to anticipate those costs and accom-
modate them up front, so that we are realistically
evaluating our investments in long-lived resources
and ensuring that we are not unpleasantly surprised
by the costs df coping with greenhouse-gas
emissions.

11.8 RESOURCEACQUISITION STRATEGY

This issuereally tiesinto thelast thing that |
think we need to do, which involvesa recent BPA
document entitled Acquisition Process for Generating
Resources. This document isBPA’s proposed blue-
print for how the region is going to acquire new
electricity-generating capacity when the present
surpluses disappear.

In looking closely at that title, it may occur to
some of you, asit occurred to me,that thereis some-
thing missing. There is something missing from
most of the resource acquisition processes that are
now used to select new sources of power in this
country. Earlier, you heard references to the auc-
tions that are increasingly being used by utilitiesal
over the country to get new power supplies. Those
auctions are appearing in thisregion. BPA wantsto
use them, and the Washington Utilities and Trans-
portation Commission is developing rules for them.
It isabsolutely critical, aswe implement these auc-
tions, and create these new mechanisms for acquir-
ing power supplies; that conservation and generators
compete on equal termsfor the ratepayers dollars.
It isessential that we reject resource acquisition
processes that pay generators only. We also need to
ensure that, in setting up those rules, we include the
costs of dealing with carbon dioxide emissions and
treat them up front as part of what isrelevant in
evaluation--whether we opt for conservation or
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whether we opt for generators. We need to deter-
mine what is the best buy for the ratepayer.

119 CONCLUSIONS

Y ou will have a chancein the next year to help
maked| of thishappen. The BPA resource acquisi-
tion process will be finalized. Washington State will
establish bidding rules under the guidance of Sharon
Nelson, Dick Casad, Bud Pardini, and their Staff
Director, Steve Aos. | amconfident that the Wash-
ington State rules are going to set a national exam-
plefor how to make thisequal competition between
conservation and generation work. | am hopeful
that we can get the same kind of |eadership out of
BPA, and if we do, then the rest of the region will
follow.

| am going to close on an optimistic note, with a
couple of sentences about conservation that none of
you will find remarkable until | reveal the source.
This statement appeared in an Op-Ed piece that was
published throughout the region about two weeks

ago:

"Well chosen conservation measures are the
region's best way to delay the day when ex-
pensive new sources of electricity will haveto
be acquired. Alternatives to conservation ex-
ist. Any may be chosen to meet some of our
electricity needs, but none are as attractive as
conservation. Conservation isthe best, lowest
cost energy resource at our disposal today.
And like a perennial cash crop, conservation
produces benefits for years after the seed is
planted. Today's wiseinvestment in conserva-
tion will let the Northwest shape its energy
future."

The author isnot me. It isnot Dick Watson.
The author isJim Jura, Administrator of the BPA.
His agency's progresson thisissueillustrates why |
amconfident that we will not simply wait for global
warming to happen to us, but that we will get out
and do something about restraining it.



12.0 THE GLOBAL WARMING PREVENTIONACT (HR 1078)

Michael Totten
Office & US Represe~ttative&laudine Schneider
Washington, D.C.

121 THE EARTH HAS AFEVER

When sick and bed-ridden, a person seeks a rem-
edy rather than ignoring the symptoms. Mother
Earth has afever, and if we ignore her symptoms,
we imperil ourselves. It would be easy to become
overwhelmed by this new problem, given the long
list of other formidable global and national
problems:

e famine and poverty afflicting more people than
any other timein history

e stratospheric ozone destruction

e tropical deforestation of an area the size of
Pennsylvaniaevery year

e an extinction spasm in the wake of forest loss,
with species disappearing at a rate not expe-
rienced since the extinction of the dinosaurs
60 million years ago

e population the size of the United States being
added every 36 months--over 90% occurring in
developing countries--edging more and more of
these countries over their environment's sustain-
able carrying capacity

e massivedebt threatening the economic produc-
tivity and standard of living of the United States
and many other countries.

The seeming intractability of these problems has
led many people to assume, and advocate, that hu-
manity will have to adapt as the greenhouse fever
reaches crisis proportions.

122 COSTSAND LOSSESTO THE UNITED
STATESIF NO ACTION ISTAKEN

According to the EPA, the following costs and
losses to the United States are likely to occur if no
action istaken:
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e Over $100 billion will be needed to protect
coastal areas.

e Seven thousand miles of shoreline will be
destroyed, despite this costly protection.

e Upwardsof 80% of coastal wetlands will be
destroyed.

e Atlantic coast finfish and shellfish, which account
for 80% of U.S. fisheries, will diminish.

Southeastern forests, which provide haf the
nation's hardwoods and softwoods, will decline.

e Urban air quality will deteriorate, as higher sum-
mer temperatures drive pollution levels over air
quality standardsfor longer periods of time.

e Agricultureand livestock losses will be experi-
enced throughout the lower-Midwest as droughts
increasein frequency.

o Water availabilitywill be less predictable; in-
creasing the costs of water supply for irrigation,
hydropower, and urban use.

e Floods, hurricanes, and forest fires will occur
more frequently.

e Upwardsof $300 billion in additional power-
plants will be needed to provide power for air-
conditioning to deal with the increasing
temperatures.

For other nations the future looks even worse.
The Maldivelslands, for example, could disappear if
the projected increasesin sea level are realized.
Adapting to these social and financial disastersis
both unacceptable and unnecessary. We can make
choicesabout our future and not leave it to fate. It
is the choices that we can make that | want to dis-
cuss today.



123 THE CHALLENGE: MAKE CHOICES
THAT SPUR ECONOMIC PROSPERITY WITH-
OUT GENERATING DANGEROUS LEVELSOF
GREENHOUSE GASES

Idedlly, each choice we make--each step we
take--should spur multiple benefits that simul-
taneoudly alleviate or resolve the manifold problems
noted above. Thisis preventive management, which
isa sharp contrast to the widespread practice of
crisismanagement. It isa public policy approach
that U.S. Representative Claudine Schneider has
been promoting in the Congressfor 8 years.

L eading climate authority, Dr. Stephen
Schneider at the National Center for Atmospheric
Research, spells out just such an approach in his
book, The Coevolution o Climate and Life. Dr.
Schneider referstoit asthe "tie-in strategy--that is,
take those actions that reduce greenhouse gases and
that also tie-in with solving other problemsor in
providing multiple benefits. Two years of congres-
siona testimony by leading authoritieson this
problem makes one thing clear:

e Theavailable options for reducing greenhouse
gases like carbon dioxide (which accountsfor
hdf the problem) rangein cost by afactor of 10
or more.

e Inthesetight financial times, we need to
approach this problem with fisca responsibility.

e Weneed to rank the options for cutting carbon
emissions in a cost-effective order.

That isthe essence of Representative Schneider's
legidation--The Global Warming Prevention Act
(HR 1078)--which is cosponsored by over 130 U.S.
Representatives, including 7 full committee chair-
men and over 50 subcommittee chairmen. It isim-
perative that we adopt several dozen policy meas-
ures that establish a rigorous least-cost energy
planning process throughout the Federal
Government.

We do not want to repeat the federal energy mis-
takes of the 1970s, where we responded to the en-
ergy crisiswith an $88 billion fiscal disaster known
as the Synthetic Fuels Corporation. Adherence to

rigorous least-cost energy planning gives every indi-
cation of creating wealth and reducing carbon emis-
sions at the same time.

124 MULTIPLE BENEFITSOF ENERGY EFFI-
CIENCY OVER PAST 15 YEARS

The scientific and engineering communitiesin
the United States unwittingly took up exactly this
challenge of designing multibeneficial remedies in
the wake of the 1973 Arab oil embargo. Consider
the most successful example--energy efficiency im-
provements to our stock of buildings, factories,
vehicles, and appliances. Over the past 15 years,
these improvements have

e reduced the energy needed to produce a dollar of
gross national product by 33%

e reduced carbon emissions by 50% below what

they would have been without these
improvements

e saved (and continue to save) Americans $160
billion per year

e reduced foreign oil imports by 66%

e helped collapse world oil prices, reduce OPEC's
power, and ease energy-famed inflation rates

e reduced the trade deficit by more than
$50 hillion per year

e enhanced U.S. productivity by reducing the cost
of producing goods and services

e contributed to U.S. global competitiveness by
creating a steady flow of energy-efficient pro-
ducts and technologies

e improved capital formation by tens of billions of
dollars per year by lowering investment needsin
new energy facilities as energy growth rates
declined.

The pace of technological advancements show no
signsaf abating. Energy efficiency is the cash cow
for the United States and the rest of the world. We



need to keep on milkingit. While some global
warming is inevitable because of past and current

greenhouse emissions, a growing consensus of |ead-

ing authorities confidently conclude that there are
no technological barriers to solving the global
warming problem. Moreover, solving the problem
need not be economically onerous, if well-crafted
public policiesencourage the market to pursue the
least-cost optionsavailable.

125 CAUSESOF GLOBAL CLIMATE CHANGE

Global climate changeis being caused by nu-
merous human actions.

e Burning fossil fuels contributes 50% of the
greenhouse gases.

e Burning tropical forests adds10 to 20%.

e Ozone-depleting chlorofluorocarbonsadd about
20%.

e Other greenhouse gases like methane and ni-

trous oxides result from various human activities

like landfills, rice cultivation, fertilizer use, and
increasing animal populations.

e Finaly, whether the human population finaly
stabilizes at 8 hillion or 14 billion will determine
whether greenhouse gas levels are much higher
or lower.

126 GLOBAL ENERGY SCENARIOSFOR NEXT

50 YEARS

Each of these problems deservestime before this

audience. | want to focuson the largest culprit,
energy consumption patterns, because it offers tre-
mendous opportunities for saving money, which
could then be available for helping to solveall the
other pressing problems.

ProblemsWith the Business-As-Usual Scenario

If we continue global energy expansion in a busi-

ness-as-usual manner, within the lifespan of today's
high school student the world will witnessa 2- to
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4-fold increase in energy consumption. Supplying
energy to meet thisincreased demand would
require:

e theequivaent of a new Alaskan pipeline every 1
to 2 months

e 21000 Megawatt coa powerplant every 1.5 to
2 days

e 21000 Megawatt nuclear powerplant every 4 to
6 days

® 4to9 million pounds of weapons-grade pluto-
nium put into commercial transit each year, as
shortages of uranium supplies require breeder
reactors (this is enough material to produce
400,000 to 700,000 atomic bombs annually)

e adoubling of OPEC capacity to maximum output
(oil price increases have historically occurred
when OPEC capacity exceeds 80%, and Middle
East conflictsand oil disruptions are likely to
increase since most remaining cheap oil reserves
are in the Middle East)

Thisincrease in energy consumption would also
result in:

e atripling of carbon emissionsfrom combusted
fossil fuels

e adoubling of atmospheric carbon dioxide levels
early next century

e consumption of largefraction of investment cap-
ital (developing countries will need to increase
their export earnings by a staggering 15% per
year beyond inflation, just to finance energy
development)

e No guarantee that basic human needs will be ad-
dressed, which isimperative if population sta-
bilization and halting tropical deforestation are to
occur.

Benefits of Higher Efficiency Scenario
In sharp contrast, pursuing cost-effectiveeffi-

ciency investments generate multiple benefits
instead of multiple problems.



e Oil consumption would decline, as would depen-
dence on OPEC ail.

e Carbon emissions would decline from today's
level, instead of increasing more than 300%.

e Nuclear power production would plateau at the
equivaent of 460 large nuclear reactors (460,000
megawatts), with no net new additions after the
year 2000 (a sharp contrast with conventional
forecasts that predict the number of needed reac-
torsto be5 to 10 times that level).

e Therewould be no need for breeder reactors or
weapons-grade plutonium.

e Energy savingswould continue to rise until they
surpass a staggering $500 billion per year.

e Energy savingswould become a key source of
capital formation for meeting basic human needs
and for developing the industrial infrastructure
necessary for sustaining economic growth.

e Basic human needsare more likely to be satisfied
by this end-use-oriented, least-cost energy stra-
tegy, than in the "trickle-down" energy approach
that typicaly ignores this problem.

e By meeting basic human needs, incomes would
rise, fertility rates would fall, and population sta-
bilization would occur more rapidly, thus pre-
venting an estimated 700 million births over the
next 50 years.

e Thecombined effects of efficiency gainsand
population declines would greatly diminish the
rate of tropical deforestation, species extinction,
and environmental destruction

Illustrative Example: Lighting

Consider afew dramaticillustrations of what can
be achieved through low-cost efficiency improve-
ments. Take the ubiquitouslight bulb, which was a
revolutionary advancement from the humble candle
but which isitself succumbing to solid-state elec-
tronics and space-age materialsasillustrated in the
following discussions.
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Compact Fluorescent Light Benefits

Compact fluorescent lights rangein sizefrom 5
to 32 watts. They displace incandescent light
bulbs that consume four or more times the amount
of electricity to deliver similar levelsof light and last
1/10 aslong. Using compact fluorescent lights
would save acommercial building over $50 per am-
pere in electricity costs, demand charges, replace-
ment bulbs, and labor savingsin changing bulbs. It
would also prevent combustion of 400 pounds of
coal; production of 25 pounds of sulphur dioxide, an
acid rain pollutant; and production of 25 milligrams
of plutonium and haf acurie of radioactive wastes,
if the electricity were generated by a nuclear power
plant.

The compact fluorescent light isimpressive, and
sales have been brisk--doubling every 24 months.
The Osram assembly linein Maybrook, New Y ork,
like the Sylvaniaplant in Massachusetts, the Phillips
plant in New Jersey, and the Panasonic and General
Electric plants elsewhere, each annually produce
several million compact fluorescent lights. The
combined output of two of these assembly lines
would rank them asatop 50 coal producer in the
United States. However, thereis one essential dif-
ference; with compact fluorescent lights, consumers
reap a million dollar savingswhile 3 million tons of
coal go uncombusted.

Imaging Specular Reflectors

The 3-M Company, Alcoa, and others have de-
veloped another lighting advancement called the
imaging specular reflector. Thisis afancy word for
creating a mirror-like surface that bounces more
light out of fluorescent lighting fixtures. Two imag-
ing specular reflectors put out the same amount of
light asfour to six standard fluorescent lights. Used
in office buildings, the reflectors result in huge
stacks of unneeded, delamped tubes. Each tube
reaps the building owner $25 per year in savings.

Daylighting

With the advent of solid-state lighting ballasts
and other electronic and photosensing systems,



commercial and industria buildings are now capable
of dimming their lights to take advantage of skylight,
which can supply 25% to 50% of their daytime light-
ing needs. The Albany County Airport in Colonie,
New York, isagood example; it gets 409% of its
lighting and 20% of its heating from a skylight solar
court. Southern California Edison has helped more
than 50 of its customersimplement daylighting de-
signs, because implementing that practice is90%
cheaper than building new power plants.

The Power of Lighting Efficiency

I've talked agood deal about lighting, for good
reason. Efficient lighting creates wealth and cuts
carbon emissions at the same time. The equivaent
of nearly haf of al coa burned by U.S. utilities goes
for lighting and the associated air conditioning re-
quired to offset the heat generated from inefficient
lights. The market now has severa dozen kinds of
highly efficient lighting technologies that, when fully
used, will deliver the same lighting services, but re-
duce lighting electrical consumption by more than
80%, save consumersover $25 hillion per year, and
prevent the combustion of tensto hundreds of mil-
lions of tons of coal per year.

Super-Efficient Windows

Lighting offers just one of many energy-saving
opportunities. Thewindowsin America's buildings
are another energy guzzler. They leak the equiva-
lent of an Alaskan pipeline--nearly 2 million barrels
of oil per day. Asaresult of ajoint federal/private
research and development effort in the 1970s, super-
efficient windows that are approaching the same
heat-retaining ability of wallsare now available.

Full use of these"heat mirror" windowsin U.S.
buildingswill eventually replace a volume of oil that
isequivalent to the capacity of the Alaskan pipeline,
save consumers severa billion dollars per year, and
prevent the combustion of over 50 million tons of
carbon per year.

Energy-Efficient Refrigerators

Food cooling consumes nearly 25% of residential
electricity, more than lighting and cooking com-
bined. Therefrigerator isanother energy guzzler.
The average model consumes 2 to 10 times more
electricity than highly efficient models and burnsits
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volumein coal each year, while an efficient model
reduces the volume of coal consumed to a vegetable
bin's worth.

On anationwide basis, refrigerators require an
electrical generation output of 25,000 megawatts.
By replacing our current inefficient refrigerators
with efficient models, we could reduce our current
coal-fired electricity production by from 7% to 13%,
which would prevent the combustion of 30 to 57 mil-
liontons of coal per year.

The Sunfrost refrigerator is a state-of-the-art de-
sign that consumes up to 90% less electricity than
comparable-sized modelsin conventional-design re-
frigerators. currently, the Sunfrost is marketed ex-
clusively to rural households that use photovoltaic
power systems. Because it is hand made, the re-
frigerator currently costs several times more than
comparable-sized conventional models, but it saves
rural households $10,000 to $20,000 on photovoltaic
arrays. When mass manufactured, it is expected to
cost no more than current-design inefficient models.

Other refrigerator manufacturers, like Whirlpool,
Amana, and General Electric, produce models that
have cut electrical consumption by 50%. The pay-
back period for these models iswithin 2 years be-
cause of reduced utility bills. That isan excellent re-
turn on investment--better than a50% return on the
capital investment. The energy savings will recoup
the entire cost of the refrigerator, and then some,
over its useful life. Thereturn on investment far
exceedsthat on passbook savings accounts or on
investments in stocks and bonds.

Building All-Electric Efficient Homes That Use 80%
L ess Electricity

Technological advancements have make it possi-
ble for virtually every energy-consuming deviceto
produce more work and serviceswith less and less
energy input. It is possible to get huge energy sav-
ingsin an all-electric homewith dl the modern con-
veniences and use 80% less electricity, as Table 12.1
illustrates.

Fud Efficient Vehicles
The U.S. transportation sector consumes nearly

66% of al the ail used in this country, and is respon-
siblefor about 33% of the carbon dioxide emissions.



Table 12.1. Energy-Efficient Household (watts per
person)

More Efficient
Technologies

Household at Present __in 1982-1983(®

End-Use U.S., 1980  Sweden, 1982 U.S. Sweden
Furnace 890 900 60 65
Air Conditioner 46 - 65 -
Hot Water 280 180 43 110
Refrigerator 79 17 25 8
Freezer 23 26 21 17
Stove 62 26 21 16
Lighting 41 30 18 9
Other 80 63 75 41
Total 1,501 1,242 328 266
(per centage) (100%) (100%) (21%) (21%)

(a) Based on all electric, four-person household, 2000 square
feet. (Goldembert et al., Energy for a Sustainable World).

Tremendous efficiency advances have been made to
cars, trucks, buses, airplanes, and trains, and many
more opportunities remain available. Improving the
efficiency of the all-pervasive automobile is especial -
ly important. The 150 million light cars and trucks
in the United States consume more than 2 hillion
barrels of oil each year and combust their weight in
carbon each year.

According to a1988 study by the Natural Re-
sources Defense Council, Fact Sheet on @ and
Conservation Resources, 15 hillion barrels of oil
could be saved over the next three decades by
gradually increasing fuel economy through 1998
from the current 27 miles per gallon (rmpg) to
45 rnpg for new light vehicles, and from the less than
20 rnpg to 30 rnpg for new light trucks. Twenty-
two billion barrels of cil could be saved by 2020 if
fuel economy were gradually increased through 2008
to 60 rnpg for light vehicles and 45 rnpg for light
trucks. These cost-effective improvements would
prevent combustion of between 1.and 2 billion tons
of carbon (that is, 4 to 8 billion tons of carbon
dioxide).

A thorough review of the dpportunities by auto
efficiency expert Deborah Bleviss (The New @
Crisisand Fuel Economy Technologies,Quoram
Books, 1988), indicates that the cost of improve-
ments would amount to about the same as, or less
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than, an automobile radio, with a payback with sev-
eral yearsresulting from gasoline savings. The im-
provements would substantially reduce our depen-
dence on foreign oil imports, which may account for
66% of U.S. ail use withinthe decade. The hillions
of barrelssaved could also help cut the trade deficit
by hundredsof billionsof dollars over the coming

decades.

Haf a dozen auto companies have built and road
tested prototypes that consume from 60 to 135 mpg.
Volvo’s LCP 2000 achieves a combined city/highway
mileage of 75 mpg, exceeds EPA crash tests, and is
projected to cost no more to produce than current
models. The ToyotaAXV, a4to5 passenger car,
gets 98 rnpg combined city/highway mileage. It
achievesits high mileage through the systematic ap-
plication of presently available technologies, such as
extensive use of light-weight plastics and aluminum,
lower aerodynamic drag, a direct-injection engine,
and a continuously variable transmission. Renault's
Vesta, which was road tested in 1987, achieved a
gasoline consumption rate of 145 mpg.

Technologically, the future looks extremely pro-
mising given the development of space age compo-
site plasticsthat are crash resistant; more durable,
stronger, and lighter metal alloysthat are corrosion
resistant; and ceramic engine parts that burn fuels
cleaner and more efficiently. We can confidently
speak of afuture fleet of vehiclesthat can be super
efficient, safe, and clean operating, and also provide
other consumer amenities like comfort and
performances.

Industrial Savings

The industrial sector contributes about 33% of
the current carbon emissions. Not surprisingly,
enormous energy savingsremain to be achieved in
thissector, whether in processing steel, glass, plas-
tics, duminum, chemicals, or in fabricating and fin-
ishing manufactured goods.

A tonof U.S. steel, for example, requires 75%
more energy to produce than an equivalent amount
produced using Swedish techniques, and over 200%
more energy than a ton produced using the emerg-
ing technologieslike Plasma smelting. Studies
indicate tremendous potential for a wide range of
industries to simultaneously cut energy and other



raw material inputs, hazardous waste outputs, and
capital and labor requirements. The Global Warm-
ing Prevention Act includes funding for establishing
10 research centers that concentrate on achieving
these multiple benefits.

Increasing U.S. recycling effortsis also essential.
Not only does recycling cut our waste stream and
the cost of safely disposing of trash, but remanufac-
turing recyclablewastes into reusable materials re-
quiresonly afraction of the energy used in the orig-
inal manufacture of a product: 90% to 97% less
energy for remanufacturing aluminum; 90% to 95%
lessfor plastics, 50% to 70% lessfor steels; 30% to
50% less for paper; and 5% to 30% lessfor glass.

Recycling resultsin multiple benefits. Recycled
wastes reduce air and water pollution 95% and 97%
for aluminum; 85% and 76% for steel; 74% and
35% for paper; and 20% for glass. Moreover, most
people are unaware that paper products comprise
haf of all wood harvested, yet only 25% of al paper
iscurrently recycled.

According to a1988 study by Howard Geller of
the American Council for an Energy Efficient Econ-
omy and Neil Seldman of the Institute for Local
Self-Reliance, by increasing the rate of recycling by
10% above the projected level for 1992, and 30%
above the projected leve for 2008, the United States
could realize energy savingsequal to more than
1 billion barrels of oil and $30 billion in savings.

Summary of Efficiency Potential

One cannot repeat often enough: Energy effi-
ciency isacash cow we need to milk. According to
repeated testimony before Congress, an estimated
$200 billion per year remains to be saved in the
United States through efficiency investments in
buildings, factories, and vehicles.

12.7 WHAT ABOUT SUPPLY -SIDE OPTIONS?

Efficiency investments not only save money and
cut emissions, but they buy ustime to develop lower
cost, lower risk supply-side options. | want to men-
tion two of these options that have received little or
no press treatment: aircraft-derived gas turbines
and renewable resources.
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US Air Force Research and Development Program
to Develop Efficient Aircraft Engines

With little fanfare, the U.S. Air Force has spent
$5 hillion on research and development over the
past decade (and continues to spend $500 million
each year) on highly efficient, durable turbine en-
ginesfor aircraft developed by General Electric and
Pratt-Whitney. The United States hasthe world
lead on this technology. Only recently hasit been
realized that these turbines would make excellent
electrical generators.

Studiesshow that dight modification would make
the turbines 40% more efficient that current power-
plants. They cost lessto build and operate than coal
or nuclear plants, even if gas prices double or triple.
For fuel, they could use natural gas, which emits
nearly haf the carbon dioxideof coal, no sulphur-
dioxide, and very low nitrogen oxides, or biomass, a
renewable harvested fuel that would not add any
new carbon emissionsto the atmosphere.

In fact, Southern California Edison is now meet-
ing with General Electric, the California Energy
Commission, the California Public Utility Commis-
sion, and the Southern California Air Quality Board
about using thistechnology. They believethat these
turbines--known asintercool ed steam-injected gas
turbines--can displace more than 5,000 megawatts of
currently operating oil and gas powerplants in
Southern California Edison’s service area; reduce
NOx emissionsfrom 200 parts per million to
10 ppm, greatly improvingair quality; and reduce
customers' Uutility bills. Thisisa win-win approach
of cutting multiple emissions and costs at the same
time. Not only is this technology valuable for im-
proving urban air quality, reducing acid rain emis-
sions, and slowinggreenhouse gas emissions, but it
has an immediate export opportunity.

The Agency for International Development
(AID) has completed astudy that found this tech-
nology has a ready market in the 70 countries with
sugar processing factories. Used in a cogeneration
mode, improved turbines could meet 100% of the
factories' mechanical, electrical, and steam-
processing needs; generate an additional 50,000
megawatts (this is equivalent to all of the oil-fired
electricity in these developing countries); and use
sugar wastes and other renewable resources like tree



crops as the fuel source, which would generate
enormous capital savings because these fuel sources
are so much cheaper than the conventional primary
fuel sources (i.e., imported oil or cod).

Again, followingour criteria of seeking choices
that result in multiple benefits, promotion of im-
proved turbine technology would achieve a reduc-
tionin the U.S. trade deficit by exploiting our world
lead in this technology; a reduction in the export
earnings required by debt-ridden developing coun-
tries to expand the energy sector; and an increasein
the number of local jobs per dollar of energy
investment.

Renewable Resour ces

Sustainably harvested renewable resources do
not add carbon to the atmosphere, but in fact, serve
asreservoirs by capturing and storing carbon dioxide
in plants, while also protecting watersheds and re-
ducing soil erosion.

Tree-Crop Economics

It is noteworthy what is already being done with
tree cropsin developing countries. Brazil, India,
and the Philippines are world leaders in using tree
crops and other biomass plants as fuels. Their costs
are running at around $6 to $9 per barrel of oil
displaced--about haf the price of imported ail.

What about the total energy needs of developing
countries? A pervasive misconception is that effi-
ciency isgreat for the industrialized nations, but
cannot be expected to offer much to developing
countries. Itisargued that: 1) industrialized coun-
tries use 10 times more energy than developing
countries; 2) efficiencyinvestmentswould cost alot
o money, something in short supply in these debt-
ridden countries; and 3) importing efficient tech-
nologiesfrom industrialized countries would only
worsen their trade deficits.

Fortunately, the detailed global-energy efficiency
study mentioned above reached a completely differ-
ent conclusion. Because developing countries are
just beginning to build their factories, buildings, etc.,
they have an opportunity to install the most energy
efficient technologies. For example, buildingsand
factories can be built to use haf as much energy as
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inthe past. In many cases, these energy-efficient
buildingscan be built at no extrainitial cost.

Many of the efficiencytechnologies I've men-
tioned are applicable in many parts of the devel op-
ingworld, likein extremely inefficient tourist hotels
and in commercial and public office buildings. Even
among the poor, energy use is extremely inefficient.
Developing countries offer enormous opportunities
for resource savings through efficiency improve-
ments. Freed-up resources could then be used more
productively in other parts of the economy.

Most importantly, efficiencyinvestmentsare5 to
10 times cheaper than conventional energy invest-
ments. Theglobal energy efficiency study, Energy
for a Sustainable World, found that devel oping coun-
tries could raise their standard of living to that of a
West European country in the 1970s, while keeping
energy consumption at the very low current levels.
How is this possible?

Consider the stone fireplace, which is still used
by over one hillion people. It isonly 5% efficient,
compared witha U.S. gas stove that is80% efficient.
Using stone fireplaces requires each person to com-
bust as much wood each year as a West European
automobile cornbustsin gasoline. This highly ineffi-
cient use of arenewable resource isamajor cause of
deforestation.

Thelong term goal isto implement a transition
to the use of high-efficiency stoves. Theimmediate
god isto quadruple the efficiency of the current
stoves. Models are available, constructed by local
people out of local materialsthat payback within
two months. Multiple benefits include saving wom-
en and children several hours per day of wood gath-
ering; greatly reducing respiratory illnesses as a
result of sharp drops in smoke emissions; and free-
ing up the biomass resources for more efficient uses,
like the gas turbines mentioned above.

The savings opportunity from more efficient
wood stovesisenormous. Allocating just $1hillion
per year for 10 years, would provide enough funds
for loans to over 1 billion peoplein poor rural areas
to build and purchase these more efficient stoves.
At the same time, it would free up enough renew-
able resources to generate 160,000 megawatts of
electricity. Thisisaleast-cost situation at its very
best.



Potential for Renewable Resources Even Greater

Thusfar, | have focused my discussion of renew-
able resources on their usesin developing countries,
because they already provide 50% to 75% or more
of energy needsin many of these countries. How-
ever, the U.S. gets nearly 10% of its total energy
needs from renewable resources--mostly hydro-
power and wood. | have aready noted the potential
for greatly increasing and expanding the use of
renewable resourcesin developing countries. Now,
| will discuss an expanded role for these resourcesin
the United States.

It isalittle known fact that, according to the
Department of Energy's 1985 report, Renewable
Energy Research and Devel opment Outlook, renew-
ables comprise one of Americas largest energy
resource bases--5t0 10 times larger than coal. With
a stable-funded research and devel opment effort
over the next 25 years, we could expect to economi-
cally extract 85 quads of energy, which would be
enough to provide over 75% of the total U.S. energy
needs by then. Unfortunately, the Federal Govern-
ment hasslashed the renewable resources research
and development budget by 75% and abandoned all
leadership on developing this resource.

Y et, many renewabl e resources are cost-effective
today when compared with fossil and nuclear re-
sources; wind power; solar heated buildings; solar
thermal collectors for generating peak electricity;
biomass fuelsin the paper and forest productsin-
dustry; photovoltaicsin diverse, remote settings;
additional turbines at existing hydrodams; tree-
plantings an urban settings that passively cool build-
ings and reduce the urban heat island effect; and
daylighting, which can provide 25% to 50% of a
building's daytime lighting requirements.

Photovoltaic cells (commonly known as solar
cells) remain one of the most exciting renewable
technologies, particularly amorphous silicon cells.
Solar cells are made from sand, whichisone of the
earth's most abundant materials. Weve often heard
how one ton of uranium ore used in a breeder
nuclear reactor can eliminate 70 tons of coal. Well,
one ton of sand used assilicon on solar cellscan
€liminate 500,000 tons of coal.

Fifteen years ago theoretical physicistsdid not
even know about amorphoussilicon cells. Since
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then, efficiency gainsfor this material have steadily
climbed, while the price of production has steadily
fallen. Amorphoussilicon cellsare fast replacing
the crystallinesolar cells, which require a hundred
times more silicon. A forthcoming report by the
World Resources Institute, by Dr. Joan Ogden and
Dr. Robert Williams, showsthat it isfeasible to talk
about using solar cellsto economically generate
carbon-free hydrogen fuelsfor vehicles within the
next 12 years.

Hydrogen, which can be produced with photovol-
taic technology, is a multibeneficial fuel that can
dow the greenhouse warming effect, reduce urban
ozone, and reduce acid rain pollutants. If this coun-
try doesn't develop photovoltaic-generated hydrogen
fuels, we can be assured that the Japanese will.
Japan surpassed the United States last year in
marketing solar cells worldwide.

Long-Term Scenario Assumptions of Energy
Services

By developing policiesthat encourage the pur-
chase of the most efficient energy-consuming de-
vicesavailable, it is possible for even the poorest
nations to spur economic development without mas-
sive energy growth. Conventional energy projec-
tions of 1000% increasesor more are simply
unnecessary.

Quite the contrary, hundreds of billionsof dollars
would be saved, which may be the only source of
capital for meeting basic human needs and develop-
ing the industrial infrastructure necessary to sustain
economic development.

128 MARKET BARRIERSTO LEAST-COST
ANDLOW-RISK OPTIONS

Although efficiency and renewable resources
have impressivetrack records, and present com-
pelling reasonsfor increasing their use, they con-
tinue to face formidable barriers. Inappropriate
market signals pose a major barrier to cost-effective
investments. Thisisdue to lavish subsidies to pro-
ducers (more than $40 billion per year in the United
States, over 90% to fossil and nuclear fuels), as well
as price control subsidies for consumers (more than
50% below true market cost in many developing
countries).



Another serious barrier stemsfrom the gap be-
tween high consumer discount rates versuslow pro-
ducer discount rates. Consumers require al- to
2-year payback period on investments, whereas
energy producers and utilities look for a 20- to
30-year payback period. This creates a"payback
gap" that prevents implementation of many cost-
effective efficiency measures.

An equaly daunting barrier confronts low-
income consumers such as elderly people on fixed
incomes, or cash-strapped companies, who lack in-
vestment capital to make cost-effectiveefficiency
improvements. Renters also face a treacherous im-
passe, since they lack the incentive to invest in the
owners' buildings, while ownersdon't invest in
energy-efficient upgrades because they don't reap
the benefits of reduced energy bills typicaly paid by
the renters.

A major market problem isthe failure to incor-
porate the manifold external social costsincurred
by various energy resources (for example, global
warming, acid rain, foreign oil dependency, nuclear
proliferation, intergenerational radioactive waste
disposal, etc.). According to one estimate provided
by Dr. Veziroglu of the Clean Energy Research
Institute during a June 1988 hearing by the House
Committee on Science, Space, and Technology on
global warming, the health costs and environmental
deterioration incurred from usingfossil fuels
exceeds their actual cost (over $40 per barrel). The
societal cost to the nation from continued use of
fossil fuels could amount to several hundred billion
dollars per year.

Another market imperfection involvesan inade-
guate effort on research and development, which
tends to be inherently weak and short-sighted in the
private sector. Private energy research and devel op-
ment declined sharply this past decadein parallel
with the decline in federal energy research and de-
velopment programs.

129 POLICY CHANGESNEEDED

Wheat kind of policiesdo we need to implement
to get the market vigorously involved in these
nongreenhouse options?

e Eliminatesubsidies for energy supplies, or shift
subsidies to efficiency and solar /renewable tech-
nologiesso they get equal consideration.

e Adopt least-cost energy planning policies, similar
to the Pacific Northwest model.

e Factor insocial costs dueto environmental dete-
rioration, energy security, etc., in order to choose
truly low-cogt, low-risk energy options. The
Pacific Northwest planning model acknowledges
these socia costs by providing energy conserva-
tion with a10% bonus; the State of Wisconsin is
currently doing thisin developing its energy
future through a program called Not Easily Esti-
mated Dollar Savings(NEEDS).

e Assert vigorousleadership in developing environ-
mentally benign renewable resources. Reverse
the trend of past 8 yearsthat witnessed a 75% cut
in the U.S. research and development budget.

® Adopt least-cost planning procedures, such as
giving cash rebates to customers to invest in en-
ergy-efficient technologies, practices, etc.

e Support research and development on energy ef-
ficiency and renewable resources, including gov-
ernment sponsored competitions, joint efforts
with the private sector, and joint research with
other nations.

e Improvefue economy of vehicles, along within-
creasing the "gas-guzzler" tax on inefficient ve-
hicles, and tax rebates for consumersto purchase
efficient vehicles.

e Adopt asstandard operating procedures the up-
grading of a home with cost-effective efficiency
improvements at the time of sale. These up-
grades would then be reflected in a home energy
rating label.

These and many other policy changes are vita to
retard global warming. They span a range from in-
ternational protocols for establishing carbon dioxide
reduction goals, to'individual efforts on recycling
and becoming smart shoppersfor energy-efficient
products.
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