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Reducing Sulfur Dioxide Emissions
Through Market-Based Regulation
Title IV of the CAAA requires that
electric utilities in the United States
reduce their emissions of SO2 to roughly
half the 1980 level, or 8.9 million tons
per year—a level at which acid rain
would cease to be a problem. Traditional
“command-and-control” regulations
would force that emissions reduction by

making all electric utilities achieve a set
percent reduction or meet some uniform
standard and by requiring that at least
some electricity-generating units install
SO2-removing scrubbers. If past experience is any guide, the reduction of
emissions would be costly, bureaucracy
and litigation would abound, and
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n 1995, the acid rain provisions of
the 1990 Clean Air Act Amendments
(CAAA) went into effect. By year’s
end, electric utilities had reduced
emissions of sulfur dioxide (SO2) far
more than required by the new law.
According to an Energy Laboratory
analysis, the reduction was largely
the result of a novel regulatory scheme
that turned the right to emit SO2 into
a valuable commodity that could be
bought and sold. Under the new law,
utilities were issued a limited number
of fully tradable permits to emit SO2.
Some utilities faced high costs to
reduce emissions, so they bought
permits from utilities whose costs
were lower. Other utilities reduced
emissions below their allowable
levels, thereby freeing up permits
to sell or to save for meeting tighter
emissions restrictions in the future.
The result was an unprecedented
emissions reduction at a lower-thanexpected cost. Judging by the success
of this first large-scale experiment,
“market-based” environmental
regulation could be an effective means
of controlling other pollutants, among
them worldwide emissions of CO2.
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The solid line with data points shows actual total emissions from 445 electricity-generating
units first affected by the Clean Air Act Amendments in 1995. The dashed line shows predicted
emissions from those units (assuming no 1995 regulation), and the stepwise solid line shows
total emissions that those units can make under the 1995 regulation. (Extra allowances were
issued in 1995 and 1996 as an incentive for utilities to install scrubbers.) According to an
Energy Laboratory analysis, the decline in emissions between 1990 and 1994 was largely due
to cheaper low-sulfur coal from the West. However, the dramatic drop in 1995 can be attributed
mostly to the new market-based, economically motivated regulatory scheme that first became
effective that year.
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complete compliance would be far from
assured.
Title IV takes a dramatically different
approach to achieving the mandated
reduction in SO2 emissions. Instead of
imposing a specific reduction requirement on every unit, it creates and
distributes emission permits, or “allowances.” Each allowance gives the holder
the right to emit 1 ton of SO2. The
number of allowances allocated to a
particular unit in a given year is determined by the product of the average
amount of fuel burned between 1985 and
1987 (the “baseline”) and a legislatively
specified level of allowed emissions per
unit of burned fuel. In Phase I, starting
in 1995, 445 large units with relatively
high emissions received allowances
equal to 2.5 pounds of SO2 per million
Btu’s of fuel burned during the baseline.
In Phase II, starting in the year 2000, all
units in the United States over 25 MWe
will be issued allowances equal to 1.2
pounds per million Btu. Total emissions
under all permits nationwide will equal
the goal of 8.9 million tons. Under this
novel regulatory arrangement, utilities
must monitor SO2 emissions continuously and report their measurements to
the US Environmental Protection Agency
(EPA). At the end of each year, utilities
must turn in enough allowances to
“permit” the past year’s reported
emissions, or face heavy fines.
For many units, the new annual
emissions “budgets” are substantially
below past emissions levels. To make
the necessary cuts, utilities can install
scrubbers, switch to lower-sulfur fuel,
increase the use of non-sulfur-emitting
generators, or undertake conservation
measures. The approach selected is, of
course, based on the relative costs of the
various options. If the costs of all the
options are high, a utility can continue to
emit above its emissions budget by
buying extra allowances from another
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utility. If the costs are low, a utility can
cut its emissions more than required
and either sell its unused allowances or
“bank” them for use in the future, when
standards will become more stringent
and the cost of meeting them will be
higher.
When Title IV was adopted in 1990,
critics accused the government of granting the utilities “permission to pollute.”
They argued that total “compliance
costs” would not be reduced because
the (usually conservative) utilities
would not buy and sell allowances but
would simply make the necessary
reductions, even at high cost. However,
data from 1995—the first year in which
Title IV took effect—suggest that the
skeptics were wrong. Not only were
compliance costs less than predicted in
the affected units but the reduction in
SO2 emissions was dramatically more
than required by law —an outcome
unprecedented in the history of environmental regulation. And much of the
reduction occurred at the highestemitting plants, especially those in
the heavy coal-burning states of the
Midwest. The outcome has been so compelling that some people are advocating
the use of “tradable allowances” for
reducing other pollutants.
For the past year, Energy Laboratory
researchers in the Center for Energy and
Environmental Policy Research (CEEPR)
have been examining the cost of complying with Title IV, the development of
allowance markets, and the use of emissions trading. The research team includes
A. Denny Ellerman, senior lecturer at
the Sloan School of Management and
executive director of the CEEPR;
Richard L. Schmalensee, Gordon Y.
Billard Professor of Management and
Economics and director of the CEEPR;
Paul L. Joskow, Mitsui Professor of
Economics and Management; Juan
Pablo Montero, PhD candidate in the
Technology and Policy Program; and
Elizabeth M. Bailey, PhD candidate in the
Department of Economics.

To unravel the causes and costs of
changing SO2 emissions, the researchers
used publicly available data on 1995
emissions, fuel deliveries, and investments at the 445 units affected by Phase I
of Title IV in 1995. The researchers also
surveyed individual utilities, soliciting
information on compliance actions,
costs, and allowance trading in 1995.
The figure on page 1 presents
information on SO2 emissions from the
445 Phase I units. The solid line with
data points shows the actual aggregate
emissions from those units between
1985 and 1995. The dashed line shows
total emissions from those units in the
absence of Title IV, as predicted by the
EPA in 1990. The stepwise solid line
starting in 1995 shows total emissions
as mandated by Title IV. The step down
in 1997 occurs because extra allowances were issued in 1995 and 1996 to
encourage utilities to install scrubbers.
The decline in emissions prior to
1995—thus before the implementation
of Title IV—proved to have a straightforward explanation: between 1985 and
1993, some utilities switched to lowersulfur coal to save money. The deregulation of railroads in the 1980s drastically
cut the cost of shipping low-sulfur coal
from the Powder River Basin (PRB) in
Wyoming. Attracted by lower prices,
utilities farther east began to buy and
use PRB coal, and sulfur emissions
dropped. Thus, most of the reduction
in emissions prior to 1993 would have
occurred without Title IV.
By 1994, aggregate SO2 emissions
from Phase I units were already at or
below the mandated cap. Nevertheless,
during 1995 emissions plummeted
almost 4 million tons. The researchers’
analysis shows that continuing pre-1995
trends explain some of the decrease.
But most of the decrease was due to
Title IV. According to their calculations,
fully 3.2 million tons of the decrease was

the result of utilities banking allowances,
that is, reducing emissions and stockpiling their allowances for future use.
Of course, utilities will ultimately use
those stockpiled allowances, probably
after the year 2000, when more stringent
emissions reductions are required.
What about the financial cost of
complying with Title IV? Using data from
the literature and from their survey, the
MIT researchers calculated the cost of
compliance, including both initial capital
expenditures and annually recurring
operating costs. They concluded that
the 4-million-ton cut in SO2 emissions
observed in 1995 cost about $720
million—an estimate slightly below
researchers’ pre-1995 forecasts, which
ranged from $800 million to $1.3 billion.
Why was the cost of reducing
emissions lower than expected? About
half of the reduction was achieved by
using scrubbers, about half by switching
to lower-sulfur fuel. The cost of switching
fuels was about as anticipated. (Most
utilities that switched to PRB coal did so
prior to 1995.) Scrubbing costs, on the
other hand, were about 40% lower than
expected due to reduced operating and
maintenance costs and more intensive
use of the scrubbed units.
A review of the data shows that
trading was more prevalent than the
skeptics had predicted. Of the 8.69
million allowances issued, about 5 million
were used by the utilities that received
them to cover their own emissions. But
about a half million were moved from
an assigned unit to a different unit that
would be cheaper to clean up. And 3.2
million were banked in order to reduce
costs over the long term.
The MIT team observes that one of
the most remarkable outcomes of Title IV
has been the rapid evolution of a market
for trading allowances. Some trading
has taken place at a small annual auction
administered by the EPA. But most of the
trading to date has occurred privately.
Because allowance trading is not

hindered by government restrictions or
subject to prior approvals, an effective
market has developed, complete with
brokers, futures, and other features
typical of traditional financial markets.
Thus far, allowance prices have been
much lower than expected, largely
because of the low cost of buying clean
coal and of using already-installed
scrubbers. While prices are likely to rise,
utilities will almost surely continue to
seek money-saving trades on the new
allowance market.
The researchers note that everyone
likes some aspect of Title IV. The utilities
are free to make business decisions
concerning technologies, fuels, and even
their allocated allowances without
direction from the federal government.
Government regulators are delighted
because Title IV is easy to implement
and the affected utilities are complying
fully. (The fine for noncompliance is
$2,000 plus a possible jail sentence. With
allowances selling at $100 or less, the
choice is clear.) And environmentalists
are pleased with the complete compliance and greater-than-expected reduction in SO2 emissions. Indeed, under
Title IV environmentalists can influence
emissions directly: they can buy allowances from utilities and “retire” them.
And some groups are doing just that.
At last year’s annual allowance auction,
a sixth-grade class from Glens Falls,
New York, received an award for organizing a fund-raiser to collect money
to retire SO2 allowances. Their efforts
raised $20,000—at the going rate,
enough money to keep more than 200
tons of SO2 from entering the environment next year.
This research was supported by the National
Acid Precipitation Assessment Program and
the US Environmental Protection Agency.
Further information can be found in references
1–5.
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Predicting Global Climate Change:
New Tools, New Insights

A

new climate-change model
developed at MIT provides
scientists and policymakers
with an unprecedented ability
to analyze potential impacts of human
activities and proposed policies on the
global climate system. The model
simulates economic growth and
associated emissions, flows of greenhouse gases into and out of land and
oceans, chemical reactions in the
atmosphere, climate dynamics, and
changes in natural terrestrial ecosystems. It also includes previously
ignored interactions among those
processes—interactions that can have
a substantial impact on predicted
outcomes. For example, most models
assume that emissions of methane and
nitrous oxide from wetlands and soils
are constant. But MIT simulations show
that predicted rises in temperatures
will cause natural emissions of those
greenhouse gases to increase by
15%-60%. Other results suggest that
when carbon dioxide levels become
very high, the oceans may be a less
effective “sink” for that gas than is
often predicted. By simplifying certain
components, the researchers made
the model “computationally efficient”
without compromising its ability to
represent key climate phenomena.
Performing long-term simulations and
repeated runs with changed assumptions is therefore economically feasible.
A series of runs using a range of
plausible assumptions regarding
human emissions, ocean circulation,
and cloud cover suggests that predictions of temperature change are even
more uncertain than generally believed.
The researchers are now using the
model to clarify key sources of uncertainty and to examine the effectiveness
and costs of proposed policy options.

4

MIT’s Integrated Global System Model
Anthropogenic Emissio
Prediction and Polic
Analysis Model

CO2 , CH4, N 2O, NOX,
SOX, CO, CFCs
Natural
Emissions
Model

CH4
N 2O
Coupled
ocean
CO2
uptake

Atmospheric
Chemistry

soil C
soil N

and
temperature
rainfall

land
CO2
uptake

Climate Model

temperature,
rainfall, clouds, CO2

Terrestrial
Ecosystems Model

Further analysis of effects

Policies to address global climate
change are the subject of much national
and international debate. How serious is
the climate-change problem? What level
of response is appropriate? And what
types of policies would be effective in
alleviating any potential threat? Answering those questions is difficult because
connections among human behavior,
emissions, and natural systems are so
complex. Emissions of greenhouse
gases depend on economic, technological, and political forces. How those
emissions then affect climate depends
on complicated, interacting phenomena
in the atmosphere, the oceans, and land
ecosystems. And any change in climate
in turn influences all aspects of the
system. Until we better understand this
elaborate global system, we cannot
reliably predict the impacts of continuing

human emissions, nor can we predict the
effectiveness of specific policies being
considered.
Much climate-change research
focuses on only one discipline and one
component of the global system. In
contrast, MIT’s Integrated Global System
Model (IGSM) both describes all the
components and integrates them. This
inclusive approach is made possible by
the interdisciplinary nature of the large
research team involved. The team
includes experts in economic growth,
technological change, and emissions;
climate chemistry and physics; and the
biology of ecosystems.
The specialists are brought together
by the MIT Joint Program on the Science
and Policy of Global Change, which
draws on two MIT centers—the Center
for Energy and Environmental Policy

Research (CEEPR) and the Center for
Global Change Science (CGCS). Added
breadth is provided by participants from
the Ecosystems Center at the Marine
Biological Laboratory (Woods Hole,
Massachusetts), other MIT departments,
and industrial groups. Leading the effort
are Ronald G. Prinn, TEPCO Professor of
Atmospheric Chemistry and director of
the CGCS, and Henry D. Jacoby, William
F. Pounds Professor of Management and
former director of the CEEPR.
In developing the IGSM, the MIT team
had three goals. The model should
permit researchers to examine the
science of global climate change and the
interactions among the many components involved. It should help clarify the
effects and costs of proposed policies
such as emissions quotas and taxes.
And it should help investigators figure
out what makes predictions of global
climate change—both its magnitude and
its timing—so uncertain. Many of the
processes involved are not well understood, so modeling them requires
making assumptions and approximations. Such uncertainty propagates
through the integrated model in complicated ways, ultimately contributing to the
uncertainty of the final result. The IGSM
should enable scientists to identify and
explore key sources of the uncertainty
that now hinders both scientific understanding and policy assessment.
To perform all those functions, the
IGSM must simulate a huge number of
physical and chemical phenomena and
track many individual chemical species,
accounting for their behaviors and their
impacts on climate. Moreover, its
calculations must be resolved geographically. Amounts and types of emissions
vary with latitude and are expected to
change over time, shifting from Europe
and North America to China and
southern Asia during the next century.
Temperatures and other climatic conditions and the nature of the earth’s
surface also vary with location, influencing both emissions and chemical
reactions in the atmosphere. Because of
such regional differences, the impacts of
climate change and the effects of a given
policy will differ dramatically from place
to place.

After five years’ work, the MIT team
has developed a model that begins to
provide the needed level of completeness and detail. The diagram on page 4
outlines the key models (in boxes) and
information flows (in ovals) of the IGSM.
The Anthropogenic Emissions
Prediction and Policy Analysis Model
(at the top of the diagram) forecasts
future anthropogenic emissions of
carbon dioxide (CO2 ), sulfur oxides
(SOX ), nitrous oxide (N2O), and other key
gases. The model covers the period
1985 to 2100 in five-year steps and
recognizes twelve regions of the world,
linked by trade. For each region it tracks
population change, technological
change, economic growth, and the
energy intensity of economic activity.
Based on those forces, it predicts the
magnitude, composition, and location of
future anthropogenic emissions.
The Natural Emissions Model (at the
left) predicts emissions from natural
sources based on estimates of future
temperatures, rainfall, and other climatic
variables and predictions of the condition
of land ecosystems, supplied by the
Terrestrial Ecosystems Model (at the
bottom). It recognizes different types of
soils and wetlands and their geographical locations and determines the natural
uptake and emission of N2O from soils
and methane (CH4 ) from wetlands.
Predictions of anthropogenic and
natural emissions (resolved by latitude)
feed directly into the Coupled Atmospheric Chemistry and Climate Model
(at the center). The climate portion of
this integrated model simulates global
climate dynamics including critical
physical processes such as radiation and
convection and the effects on those
processes of all significant greenhouse
gases and a variety of aerosols (suspended particulate matter, the most
important being sulfate aerosols resulting
from SOX emissions). It also includes the
crucial role of ocean circulations, which
can remove both heat and CO2 from the
atmosphere. It differentiates between
climate dynamics over land and ocean at
each latitude. An interactive atmospheric
chemistry submodel includes more than
50 chemical reactions and recognizes
25 chemical species. The passage of
CO2 into and out of the ocean is also
calculated. Based on temperatures and

other outputs of the climate model, the
chemistry submodel determines the
formation and destruction of important
greenhouse gases and aerosols and
feeds the predictions back into the
climate model.
Finally, the Terrestrial Ecosystems
Model predicts how changes in climate
and atmospheric composition will affect
the state of terrestrial ecosystems—one
measure of the potential impact of global
climate change. The model, developed
by collaborators at the Marine Biological
Laboratory, simulates fundamental
biogeochemical processes in 18 terrestrial ecosystems around the world and
makes monthly estimates of key carbon
and nitrogen fluxes. The predicted
uptake of CO2 by land ecosystems feeds
back into the chemistry submodel, and
predicted soil compositions become
inputs for the Natural Emissions Model.
The IGSM thus simulates all the
relevant processes and feedbacks
among them. And it can do so quickly—
an important feature for scientific studies
and policy assessments, which may
require repeated runs using different
variables and simulating extended
periods of time. A traditional model may
take months even on a supercomputer to
simulate climate change over a century.
The IGSM incorporates carefully chosen
simplifications that make it much faster.
For example, in initial tests the coupled
chemistry/climate model—which
considers latitude and altitude but not
longitude—performed simulations twenty
times faster than did more complicated
models that also consider longitude. Yet
the climate change patterns predicted
by the two types of models were similar.
And despite the simplifications, the
coupled chemistry/climate model
reproduces the major features of today’s
climate reasonably well, including
seasonal variations.
Already the researchers have identified some feedbacks that have important
impacts but are not addressed by other
models designed for policy studies.
• Climate feedbacks on natural
emissions: Results show that land
ecosystems play an important role in
taking up carbon and emitting CH4 and
N2O. Further, interactions between the
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Changes in Global-Average Temperature as Predicted
by MIT’s Integrated Global System Model
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coupled models show that those fluxes
are significantly altered by changes in
climate and in atmospheric CO2. For
example, predicted increases in temperatures and precipitation will substantially increase natural emissions of CH4
and N2O. Indeed, the increase in natural
emissions of N2O may be as large as the
increase in human emissions of that gas.
Assuming that natural emissions are
constant—as do most models now used
in policy discussions—is therefore wrong
and leads to significant underestimates
of the future roles of those gases.
• Removal of sulfate aerosol: Among
the emissions from coal-burning power
plants are sulfate aerosols that remain
suspended in the atmosphere. While
aerosols are troublesome pollutants, they
play a positive role in terms of climate
change: they reflect incoming sunlight
back to space, thereby cooling the earth.
Model results suggest that aerosols may
not be as abundant in the future as is
generally assumed, as SOX control
schemes are put in place and as more
aerosols may be washed out of the
atmosphere by climate-change-induced
increases in future precipitation.
• Ocean uptake of carbon: Oceans
are known to be an important sink for
CO2, but here again traditional climate
models generally omit an important
feature: the effect of the ocean’s pH
on CO2 uptake. Rather than assuming
a given pH that remains constant, the
ocean submodel in the IGSM explicitly
predicts the ocean’s pH. As levels of
CO2 in the ocean increase, the water
becomes more acidic; and as acidity
increases, the water’s capacity for
holding CO2 decreases. Total carbon
uptake by the ocean thus decreases.
This more realistic approach yields
significantly different oceanic carbon
uptake rates over the next century than
do simpler schemes.
The researchers have also begun
examining sources of uncertainty by
performing a series of sensitivity studies.
For example, they have tested the
effects of using different values for input
parameters influencing three key components of climate change: anthropogenic emissions, ocean circulation, and
climate sensitivity. All three are potentially important but not well understood.
The level of anthropogenic emissions
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Predicted changes in global-average temperature as calculated by the new Integrated Global
System Model (see ref. 10 in the publications list). The three curves result from using differing
assumptions about three uncertain components of the integrated system: anthropogenic
emissions, ocean circulation, and cloud cover. The reference case is based on estimates from
the Intergovernmental Panel on Climate Change. The other curves use estimates that are at the
high and low ends of the range of “plausible” values. Thus, the uncertainties associated with
just those three parameters cause a 4°C variation in predicted temperature change by 2100.
depends on hard-to-predict factors such
as population growth and technological
change. The behavior of the ocean is not
well understood, yet the rate at which
surface waters circulate to the ocean
depths is critical. The more rapid the
circulation, the more quickly heat and
CO2 will be removed from the atmosphere, slowing warming. The third
parameter—climate sensitivity—
indicates how much warming will occur
for given levels of CO2 and other
greenhouse gases in the atmosphere.
One of the most uncertain factors
affecting climate sensitivity is cloud
cover. Clouds reflect incoming sunlight,
so their presence lowers the temperature. But they also redirect outgoing
infrared radiation back to the earth’s
surface, thereby raising the temperature.
The net impact is highly uncertain.

The figure above shows the effect on
temperature predictions of using different
“reasonable” assumptions about the
underlying input parameters. The middle
curve—the reference case—represents
the outcome using assumptions
consistent with estimates from the Intergovernmental Panel on Climate Change
(IPCC). The higher curve reflects a carbonintense world, a slowly overturning
ocean, and high positive feedback
because of water vapor and cloud
behavior. The lower curve reflects a
cleaner world, a faster ocean overturn,
and lower cloud feedback. The amount
of temperature change predicted for the
year 2100 varies from a little over 1°C
to about 5°C—at the high end, enough
to raise sea level significantly, to shift

News Items
agricultural regions, and to cause other
ecological and economic changes. The
IPCC recently provided a range of estimates of temperature predictions from
1°C to 3.5°C by 2100. But that summary
was based on a compilation of results
from a variety of climate change models.
If the results from a single model—the
IGSM—can vary by that much and more,
the IPCC range is apt to be too narrow.
The researchers are now continuing
to refine the IGSM. They are improving
its ability to track factors such as energy
prices, resource depletion, and levels of
stratospheric ozone (another greenhouse
gas). They are developing a model that
can predict future distributions of potential croplands under various climatechange scenarios. They are modifying
the submodel for terrestrial ecosystems
so it can operate simultaneously and
interactively with the chemistry/climate
model (rather than iteratively, as it has
in the past). And they are examining the
costs and impacts of proposed policy
options such as restricting emissions and
stabilizing atmospheric concentrations
of CO2 at particular levels. New work
focuses on the potential impact on global
warming of proposed restrictions on
SOX emissions aimed at reducing local
and regional air pollution. Coal-burning
electric utilities may use scrubbers to
remove SOX from their stack gases yet
leave levels of CO2 emissions unchanged.
In the absence of the cooling aerosols,
any potential global warming will
progress more quickly. Using the IGSM,
researchers are quantifying such effects
so that policymakers can assess the
trade-offs involved when considering
potentially conflicting local, regional, and
global policies.
This research was supported through the
MIT Joint Program on the Science and Policy
of Global Change by the US Department of
Energy, the National Science Foundation,
the US National Oceanic and Atmospheric
Administration, the US Environmental Protection Agency, the Royal Norwegian Ministries of
Industry and Energy and Foreign Affairs, and
a group of corporate sponsors from the United
States, Europe, and Japan. Further information
can be found in references 6–17.

On January 28, the Electric Utility
Program (EUP) held a one-day workshop entitled “The ‘State of the
Debate’ on Electromagnetic Fields
(EMF).” An opening session considered
how recent reports, scientific studies,
siting efforts, and legal actions have
influenced the current debate about
EMF exposure and its perceived health
implications. James C. Weaver, senior
research scientist in the Harvard-MIT
Division of Health Sciences and Technology (HST), and Timothy E. Vaughan,
postdoctoral associate in HST, then
discussed their current research on
biophysical mechanisms and described
their future plans. A final discussion
focused on how to pursue research in
this area so that results can contribute
to a more rational debate regarding the
potential impacts of EMF. The workshop
served as a kickoff event for a new
consortium-funded project. This
project focuses on identifying which
types of field exposures and biophysical
mechanisms can or cannot cause
molecular change. If certain mechanisms
can be ruled out as avenues for possible
health effects, then future EMF research
efforts can be better directed, and
uncertainties and controversy regarding
the rancorous EMF debate can be
reduced. Current sponsors are Allegheny
Power System, Electricité de France,
Ontario Hydro Technologies, and
Southern California Edison Company.
On January 29 and 30, the EUP held
its annual planning meeting, entitled
“The Role of Knowledge-Based
Research in a Competitive Electric
Industry.” The general focus was on
how to facilitate basic, or “knowledgebased,” research given the new competitive and global nature of the electric
utility industry. Individual sessions
considered four topics: power systems
and equipment, the implications of the
climate-change debate for the electric
industry, combustion and emissions
research, and corporate and industry
research. A poster session allowed EUP
members to learn more about specific
research activities under way at MIT.
Attendees included 20 representatives

from the electric utilities, industry, the
Electric Power Research Institute, and
the US Department of Energy plus more
than 30 MIT researchers. A recurring
theme of the meeting was how to
promote dialogue among the EUP’s
members and MIT researchers. Discussion is continuing on how to modify the
structure of the EUP so it will better
serve the utility industry’s changing
needs. One option is to enable companies to concentrate their interactions with
MIT in areas relevant to their redefined
corporate functions and responsibilities.
The Joint Program on the Science
and Policy of Global Change held its
eleventh Global Change Forum in
Cambridge, Massachusetts, on January
29–31. The theme of the forum was “The
Berlin Mandate: Progress, Prospects,
and Aftermath.” The Berlin Mandate
represents a significant step toward
defining international agreements
addressing carbon dioxide emissions
under the United Nations Framework
Convention on Climate Change. The
forum opened with an evening keynote
address by Dr. Jerry Melillo, White House
Associate Director for the Environment.
Sessions on the following day were
devoted to interpreting the results of the
Berlin Mandate process as of January
1997; the likely effects of proposals
under consideration by the Ad Hoc
Group on the Berlin Mandate; greenhouse policy architecture and institutions; and lessons learned from sulfur
trading that can be applied to carbon
policy. The final day began with a panel
discussion in which invited presenters
commented on the process by which
competing interests might be reconciled
on the road to the Third Meeting of the
Conference of the Parties (COP-3). Dr.
Robert Watson, director of the World
Bank and chair-elect of the Intergovernmental Panel on Climate Change,
presented a talk in the closing session
on the broader, long-term significance of
COP-3. About 110 representatives from
industry, government, and academia
participated in the forum. The twelfth
Global Change Forum will be held in
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Boston on September 29–October 1. The
Joint Program’s first Special Regional
Forum on Global Change will be held in
Riyadh, Saudi Arabia, on June 24–25.
The theme will be “The Role of Developing Countries in the Climate Issue.”
On September 11–12, the MIT Japan
Program in collaboration with MIT’s
Industrial Liaison Program will present
a symposium entitled “Securing Asian
Energy Investments: Geopolitics and
Implications for Business Strategy.”
The development and growth of Asian
countries spur their need for energy
sources. Meeting that need demands a
critical interrelation of finance, ecology,
territory, technology, and trade. In the
process of creating electric power, these
forces also create opportunity. The
symposium at MIT will address questions
about the increasing Asian energy
demand, the manner in which that
demand will be met, the environmental
and geopolitical impact, and the opportunities for and roles of foreign corporations. Speakers will include John Deutch,
former head of the US Central Intelligence Agency; David Jhirad, Deputy
Assistant Secretary for International
Energy Policy Trade and Investment;
Katsuhiko Suetsugu, Director-General,
Asia-Pacific Energy Forum; and Richard
Samuels, head of MIT’s Department of
Political Science and director of the MIT
Japan Program. To receive a brochure
describing the symposium call 617258-9419 or write to Conferences, MIT
Industrial Liaison Program, E38-568,
77 Massachusetts Avenue, Cambridge,
MA 02139-4307. To access information
via the World Wide Web, type http://
ilp.mit.edu/ and click on “Conferences.”
The cost of the seminar is $650 ($375 for
nonprofit/government attendees, free for
ILP members).
The 1997 Merit Award of the Society
of Toxicology has been presented to
Dr. Mary Amdur in recognition of her
distinguished career in toxicology. Dr.
Amdur was a leader of Energy Laboratory research from 1975 until 1986, when
she retired from MIT. In conferring its
most prestigious award, the society
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states: “Dr. Amdur is a distinguished
toxicologist who has had a profound
effect on the development of the field of
toxicology for more than four decades.
Her impact on toxicology is perhaps
most evident when one considers her
contributions to the scientific foundation
of our knowledge of air pollution in the
workplace and environment.” She is
particularly cited for her contributions
to our understanding of the adverse
effects of sulfuric acid mists and mixtures
of gases and particles in the lung—
the focus of her research at the Energy
Laboratory. Her work has played a major
role in the establishment of air pollution
standards.
A team of faculty and staff from the
Energy Laboratory, the Technology and
Policy Program, and the Department of
Nuclear Engineering is now presenting
a new interdepartmental graduate
course on sustainable energy to a
class of 35 students from various technology and policy backgrounds. Many
of the students provide international
perspectives that lead to cross-cultural
interactions and stimulating debates
on various topics. During the next year
the course developers plan to refine the
course and develop a textbook and other
educational materials. This and other
environment-related courses have
resulted from an MIT initiative to develop
new educational materials and programs
that will change the knowledge base and
attitudes of students regarding energy
technology and policy issues.
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