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Threats from above
SOME RECENTLY PERCEIVED threats to environmental quality and human
health and safety seem almost the stuff of science fiction: inexorably rising
global temperatures, poison rain, and increasing incidence of skin cancer
caused by ultraviolet light all have an other-worldly aspect to them, a
quality that sometimes strains the credulity of a public increasingly skeptical
about unseen risks of disaster.
Yet global warming caused by the accumulation of carbon dioxide in the

atmosphere, acid rain, and depletion of the protective stratospheric ozone
shield are real problems, despite significant uncertainties about each of
them, and they deserve serious study and evaluation. Perhaps what is most
important, they require sustained international cooperation for their amel-
ioration, and it is not at all clear that U.S. or other national leaders are
prepared to deal with these issues either soon or effectively.
Taking advantage of the presence at Resources for the Future of visiting

scholar John W. Firor, RFF produced a radio program on atmospheric
problems for the FOCUS public affairs series featuring Firor and Paul R.
Portney and moderated by Harry B. Ellis. FOCUS is the product of a
consortium of seven Washington nonprofit organizations and is headquar-
tered at RFF. "Focus on Threats from Above" was aired during June on
some two hundred public radio stations throughout the United States.
John Firor, a physicist, is director of the Advanced Study Program of

the National Center for Atmospheric Research in Boulder, Colorado, and
formerly was NCAR's executive director. Economist Paul Portney, a senior
fellow in RFF's Quality of the Environment Division, spent two years as
senior economist at the President's Council on Environmental Quality
during the Carter administration. Harry Ellis is deputy chief of the Wash-
ington bureau of the Christian Science Monitor and frequent panelist on
the PBS television show, "Washington Week in Review."
The following article is an edited transcript of the radio discussion.

ELLIS: Gentlemen, to a certain extent human beings can change their environments:
they can move from, say, a cold climate, and often are concerned if they think that
their immediate environment is being damaged by deforestation, strip-mining, or the
like. But perhaps relatively few of us look beyond our immediate environment to
the atmospheric envelope that encases our earth and is the heritage of all living
creatures.

I'd like to discuss with you three atmospheric problems which may portend changes
that fundamentally would affect all of us. We'll concentrate on climate change through
the increase of carbon dioxide in the atmosphere, caused partly by the burning of
fossil fuels; ozone depletion, which may add to the damage caused by carbon dioxide
increase; and the emergent problem, at least to laymen, of acid rain. To begin, how
conclusive is the evidence for changes in the atmosphere?

FIROR: It's variable over the three problems you mentioned. I think the consensus
among experts is that acid rain is indeed happening—there's no doubt that the
origin is anthropogenic, that the sulfur dioxide and nitrogen oxides we people put
in the atmosphere end up as the acid-forming component.



Hence, the details that need to be
worked out are not what is occurring, but
exactly how, and how much, and what
steps we might take to ameliorate it.
The ozone problem is perhaps one step

less certain. I think the theoreticians be-
lieve they have a perfectly credible story
about how fluorocarbons damage ozone.

ELLIS: Can you define fluorocarbons for
us?

FIROR: Well, there is a sequence of com-
pounds with a carbon atom, surrounded
either by several chlorine or fluorine at-
oms. These compounds are very stable,
and very useful: they used to be found in
all our spray cans, and they still are used
in all our refrigerators, but when they get
to the stratosphere they are broken down
by sunlight and free chlorine then enters
a complicated reaction that destroys ozone.
And that has led to some worries about
more ultraviolet light coming in through
the stratosphere—entering through the
ozone screen that used to keep it out—
and doing damage on the surface of the
earth, in particular through increased in-
cidence of skin cancer and, hypotheti-
cally, through damage to plants. We do
not know exactly how it might hurt plant
life, but it's hard to imagine that plants
would not be sensitive to more ultraviolet
light.

ELLIS: And climate change through the
increase of carbon dioxide in the atmos-
phere? Would you define the problem for
us and then give us an idea of how urgent
it is?

FIROR: The greenhouse effect. That, of
course, is the biggest one of all, and on a
scale of certainty, perhaps the least cer-
tain of the three. It's fairly simple in con-
cept. Each year we put more carbon diox-
ide into the atmosphere, mostly by burning
fossil fuels, as you said. This carbon diox-
ide stays in the atmosphere for a very long
time—maybe a thousand years, because
the ways it's removed from the atmos-
phere are slow. While it is in the atmos-
phere it traps heat—the so-called green-
house effect. The sunlight coming in warms
the surface, the heat trying to get out is
blocked by carbon dioxide, and hence the
earth warms up. So the forecast is that,
as we continue year by year to increase
the total carbon dioxide burden of the
atmosphere, the earth will, in time, re-
spond by getting warmer and warmer.

There's no measurement right now that
speaks directly to the problem except the
fact that carbon dioxide is increasing in
the atmosphere every year. But the pro-
jected impact of that change in carbon
dioxide is global, it's slow—it occurs in
the next decade, or the next three dec-
ades—and there are no measurements now
that say, yes, it's happening. So the prob-
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lem as such still has to be considered in
the realm of a calculation: there is lots of
evidence to suggest that yes, it's real, but
you cannot promise it's going to happen.

ELLIS: Dr. Portney, would you tip the
scale of risk a bit differently than Dr. Firor
does?

PORTNEY: I don't think so, but I might
add that, in the case of carbon dioxide,
one of the reasons that there is so much
uncertainty about whether the buildup of
carbon dioxide in the atmosphere is af-
fecting temperature is that there are long
swings in temperature that occur inde-
pendently of carbon dioxide concentra-
tion and, in fact, shorter swings that still
may take ten or twenty years to work
themselves out. So that the world could
be on a downward, twenty-year swing,
during which time an increase in carbon
dioxide might raise temperatures above
the level they would be normally, but it
would not be noticed because tempera-
tures would be colder than twenty years
ago.
The problem is that if you disregard

upward tendencies during downward
swings, when there is an upward swing—
arid, in fact, the atmosphere has been
warmed because of the presence of car-
bon dioxide—temperatures may climb far
above the highest point that the globe has
seen for awhile. That is why this is such
a dangerous problem: It's hard to detect,
it gets mixed up with shorter and longer
swings, and it may be happening even
during a period when general tempera-
ture conditions appear to be getting colder.

Irreversibility

ELLIS: Is apart of the danger the fact that
these changes, indeed if they are occurring'
are irreversible?

FIROR: Eventually carbon dioxide would
disperse if we quit pumping more into the

atmosphere, but that "eventually" IS„a
thousand years, so that as far as any Pla'!:
lung horizon that we use in this life
concerned, it's permanent, it's irreversi'
ble.
The other two problems—ozone deple"

tion and acid rain—I think are reversible
on a decadal scale: if you quit puttt
something into the atmosphere now, it
will clear itself up in a decade or two. Ou
carbon dioxide mixes with the ocean;
oceans are very slow to change, and
going to take a long time to change ti

amount of carbon dioxide in the atnlos
phere.

ELLIS: Dr. Firor, how much evidence is
there of actual warming of the atmospher,e
due to carbon dioxide and, second, at'
there benign causes of an increase—ben
in the sense that they are wholly natal'
increases, and how much of it is due to '
fact that, all in a rush, so far as historY
concerned, humans are burning fossil fuel''

FIROR: How much evidence is there dial
we have actually warmed? The foreas.,
of warming—the theoretical forecast-4'
that evidence of warming should beconie
visible perhaps a decade from now. 5°
there is no present measurement that coot

tradicts the theory, but there is none tba
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suPPorts it either. It's supposed to be a
Slowly changing event.
On "benign" causes: people digging

down into glaciers have found ice thatoccurred at a datable time, say, in the lastIce Age, and have analyzed that ice fordissolved carbon dioxide. And sure
enough, there was a lot less carbon diox-
ide during the Ice Age than there is now.
Some ice has been found from a period
of time called the altithermal, back in the
Bronze Age, when it was somewhat
warmer than it is today. and that seemsto show a little more carbon dioxide. So
there is circumstantial evidence that ties
carbon dioxide to climate. But we do not
know whether that is cause or effect; it
could be either. So we are still putting
together as much evidence as we can totry to 

make a coherent story.

Policy complications

ELL/s: Dr. Portney, the layperson might
Q.'s*, What are the consequences of warm-
Ile? Why should we be concerned with it?
PORTNEY: That's a very good question,because it points to the reason why mak-ing 

policy—even if the scientific uncer-
tainties could be eliminated—is going to
be very difficult. One does not have to bea meteorologist to know that in certaingaoreoads

thing. 
One

warming would be seen as a

.One  of the economic consequences ofcli
matological change would be shifts in

er°PPing patterns; for example, some areas
would experience a lengthening of the
growing season; this would be partially
offset by desertification in other areas.places that were favorable to crop grow-ing 

might find that it's either too hot orthe 
Pattern of precipitation has beenChang 

in such a way that, at the veryleast, more irrigation would be needed.
And one of the most worrisome aspects

of Potential climate change—though one
°ifs the most speculative—has to do with
17e Possible melting of the polar ice caps.
'!"---and I want to emphasize if—the pe-
riodof warming were sustained enoughand if the polar ice caps began to melt, itmight significantly affect sea level and,c.Onsequently, coastal areas. Some pre-
Metions have had sea level rising by as.inuch as 5 meters if warming were sus-
tained over a long time. Well, this ob-
„,v1,atislY has severe implications for those
,'"no live close to the sea. Since people
;end to cluster near coasts, it would mean
!heinundation of heavily populated areas
1,114,large parts of the United States and in
"'tier maritime nations.

P, 1k. OR: To a degree, we can look his-
`Mleally at these problems that Paul's
t
talkingh about. There was a period duringthe 

twelfth century when it was a bit

warmer than it is now. That was the pe-
riod of the great Viking exploration of the
North Atlantic, characterized by coloni-
zation and the creation of communities in
Greenland, for example. That was brought
to a rather abrupt end by the onset of a
slightly cooler period, known to clima-
tologists as the Little Ice Age, when you
couldn't sail the North Atlantic in prim-
itive craft, and trade routes were dis-
rupted.
To some extent we can use as a model

of what might happen the smaller climate
changes of the past. So our laboratory at
the National Center for Atmospheric Re-
search is working very hard to reconstruct
the period of four to six thousand years
ago, when it was somewhat warmer than
now—warmer even than it was in the
twelfth-century period—to see what we
can tell about how it will be when carbon
dioxide warms us up.

ELLIS: It seems to me that here we are
entering a problem area. On the one hand,
we know that the increased burning of fos-
sil fuels contributes to the problem, but
under President Reagan's administration,
there is a thrust toward producing more
fossil fuels—natural gas, coal, and oil—
and a lessening of the budgets for solar
and renewable resources. This would seem
a risky proposition, and yet if there is no
conclusive evidence, how does one per-
suade policymakers of it?

PORTNEY: You have touched on an in-
teresting point. On the positive side, one
has to remember that a keystone of the
administration's energy proposals has been
the complete decontrol of crude oil prices,
and this has had the commendable effect
of discouraging profligate energy use: fos-
sil fuel combustion is discouraged as the
price goes up. So while it's true that the
budget shift away from such sources as
solar energy, windpower, and geothermal
may push us in the direction of more fossil
fuel use, with the possible outcome that
we may be exacerbating the buildup of
carbon dioxide in the atmosphere, I think
we do have to keep in mind that the de-
control of crude oil, and the possible de-
control of natural gas, may act to dampen
overall energy demand. What will be the
net effect of deemphasizing solar and re-
newable energy sources, coupled with
decontrol of crude oil and natural gas
prices, I can't say, but it's not as if all of
the signs point in the direction of more
fossil fuel combustion.

Fossil fuel differences
FIROR: There is another aspect, and that
is that all fossil fuels are not the same in
their capability of producing heat and car-
bon dioxide in a fixed ratio. Natural gas,
for example, produces a relatively large
amount of heat for each ton of carbon

dioxide put into the atmosphere, because
by and large the heat comes from the hy-
drogen rather than the carbon in the mol-
ecule. The other end of the spectrum is
held down by the so-called synfuels, which
produce a good deal of carbon dioxide
merely in their creation, in their process-
ing, and then even more when they are
burned. So natural gas is a much more
favorable fuel than synthetic fuels if you
are trying to decrease the amount of car-
bon dioxide you are putting in the at-
mosphere. Coal is intermediate. Coal is
pure carbon, so it's straightforward in that
every time you burn it you produce car-
bon dioxide.

It seems to me that the strategy we have
to engage in—in the light of the uncer-
tainty we have emphasized—is a many-
part strategy. There is no way that we
scientists can come to the decision makers
of the world and say, "We think there's
going to be a carbon dioxide problem, so
quit burning fossil fuels." Everybody would
laugh. Correctly. Because fossil fuels are
too fundamental to everything that we do.

Therefore, if you cannot find a com-
plete solution to a problem, you have to
find ten 10-percent solutions, or partial
solutions. And it seems to me what we
need to do first is to slow down the use
of fossil fuels wherever we can, by re-
placing them with renewable sources, or
non-carbon-dioxide-producing sources.
This will give us more time to work. And
second, we should learn how to live with
a warmer climate, so that we can move
more gracefully into such a period when
and if it comes. This strategy involves doing
lots of different things. Afforestation
makes sense, for example, because forests
eat up carbon dioxide and that helps
lengthen the time before we get into trou-
ble.

Spray cans and ozone depletion

ELLIS: Gentlemen, I would like to shift
our focus just a bit. Another problem on
which scientists have approached policy-
makers is ozone depletion. To the layper-
son, it seemed mostly an argument that one
should no longer use a spray can for shav-
ing cream or deodorant. Now fluorocar-
bon sprays are banned, and yet the problem
still exists. Dr. Portney, how do you define
the importance of this problem and its ef-
fects?

PORTNEY: Let me try to indicate some
of the policy responses to the ozone-de-
pletion threat and suggest how it's re-
garded both in the United States and in
the rest of the world.
The United States did ban all aerosol

uses of chlorofluorocarbons—as you have
indicated, uses in spray cans of deodor-
ants, hair sprays, and the like—because
of their potential ozone-depleting nature.
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One of the discouraging things about the
United States' having taken that step is
that chlorofluorocarbons released any-
where in the world have the same effect;
it all goes into one big mixing layer in the
stratosphere. So that if every country in
the world but one cut out chlorofluoro-
carbons, and one country continued to
pump them out, everybody would still
suffer from the same problem. The point
is that when the United States banned all
aerosol use of chlorofluorocarbons, I be-
lieve only two or three other countries
followed suit, and that's still true to this
day.
Now the United States finds itself in the

position of considering not bans on non-
aerosol uses, but a limit on chlorofluo-
rocarbon production. One of the plans
that the Environmental Protection Agency
is considering is the limitation of all CFC
production (CFCs being chlorofluorocar-
bons) to either 1979 or 1980 levels. Again,
however, while this would reduce the U.S.
contribution to CFC production each year,
and we are a major contributor, I do not
believe we represent even as much as 30
percent of worldwide production. One of
the discouraging things is that, if we take
this step by ourselves and impose addi-
tional costs on this country by denying the
use of chlorofluorocarbons in flexible
foams, in rigid polyurethane foams, in
coolants in refrigators, and other uses, it
will not have the impact that it would have
if other countries in the world joined us
and took similar steps. The Carter admin-
istration did try to initiate cooperative
worldwide efforts on chloroflaoride con-
trol, but it remains to be seen whether the
United States will pursue its own effort,
and if we do, how successful we will be
in enlisting the cooperation of the other
CFC producers in the world.

ELLIS: Dr. Firor, I realize that ozone
depletion is a separate problem from the
increase of carbon dioxide in the atmos-
phere, but does the type of damage done
to the atmosphere by ozone depletion link
up and make worse the total damage to
the atmosphere caused by these two prob-
lems?

FIROR: The problems link up in many
ways. Incidentally, I'm calling them fluo-
rocarbons, and Paul's calling them chlo-
rofluorocarbons, but we are talking about
the same subject.

It turns out that both carbon dioxide
and fluorocarbons are exceedingly pow-
erful absorbers of infrared radiation. In-
deed, this absorption is what makes carbon
dioxide troublesome, in heating up the
environment. Fluorocarbons also will heat
up the environment, and because they are
so much more powerful per molecule it
takes a lot fewer of them to do the job,
so that some projections show fluorocar-
bons, by the middle of the next century,

being perhaps half as important as carbon
dioxide, and therefore pushing climate
change more rapidly.

This warming effect has nothing to do
with ozone, but the two problems link up,
from a policy point of view, in that they
are global, many countries contribute to
them, there is no international mecha-
nism for agreeing to do anything about
them (no standing mechanism—we will
have to create one) and there are scien-
tific uncertainties about the timing and
amount and size of the changes that will
occur and their regional distribution. That's
an important issue; none of these effects
will be evenly spread over the earth.

Regional conflict threatens
cooperation
PORTNEY: Let me elaborate a bit on
John's last point. One of the really vexing
difficulties of climate warming caused by
carbon dioxide is that, as John has iden-
tified, it will have unequal regional ef-
fects. While the climate changes in one
country may be negative—perhaps des-
ertification or shortened growing sea-
sons—other countries in northern climes,
for instance, Canada and the Soviet Union,
countries that now have shorter growing
seasons and more difficult winters, may
find that some global warming, from car-
bon dioxide or anything else, may benefit
them. Of course, that makes it a lot more
difficult to take the necessary and, in some
cases, very difficult steps, to prevent car-
bon dioxide buildup by imposing taxes on
fossil fuels, or some kind of limit on the
combustion of fossil fuels. Some countries
can ask quite legitimately, Why should we
penalize ourselves and cut down on our
use of fossil fuels to prevent something
that would be good for us in the first place?
So it's not just a matter of trying to

secure international cooperation in the case
where everybody is made a little worse
off, but it may be in no one country's
interest to penalize itself. That is difficult
enough, but this is a case where some are
going to be made better off, others are
going to be made worse off, and there is
even less incentive for international co-
operation in this kind of instance.

Acid rain

ELLIS: Isn't this question of international
cooperation and divergent interests, Di.
Firor, equally evident in the emerging
problem of acid rain? I think of the fait
that Canada complains that its lakelife iS

being killed by acid rain which emanates
from the United States, that the Swedes say

the same about Western Europe, and s!)

on. As we look at this problem of old
rain, are we talking about something en-

tirely different in a policy sense than the

carbon dioxide and ozone depletion prot-
lem?

FIROR: I think it's different in that it.i
not quite global. The other two are dii

tinctly and absolutely global, and we have
to think of them as global problems be
cause the substances are mixed clea
around the earth. Acid rain, which result
from sulfates and nitrates in the atrnoi

phere, may move 100 miles or 1,000
but it's not a global problem in the saline
sense.
We and the Canadians are going to have

to get together. We both produce lots cf
sulfates and nitrates. The winds bin*
sometimes one way, and sometimes the

other, so that at times we are producing
their acid rain, and they are producing our
acid rain a week later. So we need to ge
together and talk about it.

ELLIS: What types of manufacturing 6
other processing produce acid rain?

FIROR: That is a technical question, and

it's a difficult one. We know that basic
substances ending up as acids are sulf111
oxides and nitrogen oxides. Sulfur oxides
come largely from coal burning in facte
ties and electric-power-generation-planth
with a little bit from oil burning. The 11-
trogen oxides come from a broader range
of activities, including automobiles al1d
other mobile sources. These substances III
the atmosphere can oxidize to the ne1 t
state of oxidation and form nitrates and
sulfates, which are acidic, and which then
dissolve in water and fall as rain or other

precipitation.

Self-defeating policies?

ELLIS: It seems to me that, in the strugg:
of the United States and other industrill
countries to reduce their dependence .on
OPEC oil, we are adopting policies WWII
run counter to the risk that you gentlernen
are pointing out. For example, at the 190
Venice Economic Summit, I remember vel

well how each of the participants said, we" ,
must all produce and use much more coal. fIndeed, the United States committed Use
to producing a great deal more coal and
exporting it. If what you are saying is co!

.

rect, not only about the problem of 
ned
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rain, but also about the increase of carbon
dioxide, this is, in the very long run at least,a kind of self-defeating policy.
PORTNEY: As a practical matter that
inay be correct. I should point out, how-
ever, that if we were willing to commitlarge 

amounts of resources to removal of
sulfur dioxide and nitrogen oxides fromthe flue gases of electric power plants and
Other kinds of coal-fired boilers, then wecould, in fact, burn more coal and notnecessarily exacerbate the acid rain prob-lem. It does mean, however, that at a timeWhen economic problems have become
Particularly vexing, we would be increas-
ing our commitment to stack scrubbing orfluidized-bed combustion, new and ex-
Pensive technological means of removing
Pollutants before they get into the at-m
osphere.
And I believe it is also the case with

respect to carbon dioxide that there areat least imaginable technological solu-
tions to the problem. We could continueto burn fossil fuels, for instance, and, inWhat may sound like a Jules Vernian so-lution, pump carbon dioxide into theoceans 

before it comes out of the stack.
Now whether that would be an ultimate
olution to the problem, I don't know, but
n almost certainly would be extraordi-
narilY expensive. I should stress that I amnot 

advocating a technological solution in
general, let alone pushing a particulartechnology 

My only point is that it's notnecessarily the case that more use of do-
mestic coal inevitably would now and for-
ever exacerbate carbon dioxide buildupor the acid rain problem. It would meanWe 

would be spending more, and that is
so,Mething that we have to think seriouslyabout as well.

IROR: Paul's right in saying that therere varying degrees of technological so-
to these problems. Acid rain may

e the easiest one, for the reasons heMentions, and getting rid of the sulfur fromcoal at least sounds feasible. And getting
rv,151 of the nitrogen oxides from automo-;lie exhaust is something that's scheduled.̀.0, occur if we don't back away from ourgenii air standards.

'LLIS: If a lake or other body of water
,a "died" because of acid rain—that is,
now supports neither plant nor fish life—canit be brought back?
',OR: Only with difficulty. You can
:uttIP a lot of, say, lime into the lake andaueutralize the acid, but it would take quite

While for the lake's living systems torecur.
, Part of the trouble with acid in the lakes` that it mobilizes substances that areusually
of the 

not dynamic. Rocks at the bottomul fhe lake have heavy metals in themWhich 
usually stay in the rock. Acid dis-

selves them and produces then, in solu-

1i,mill1ngOtill 

(-4
I

6•1

6,5

4760}Wft fel .4,krara, ,,,,,

tion, some cadmium, arsenic, mercury, or
other toxic substances that the lake or-
dinarily would not have.
So a lake can be pretty thoroughly poi-

soned by the secondary effects of acid rain,
and cleaning it up is a big task. The effect
is reversible in the sense that, if by magic
we quit putting all those acid-producing
substances in the atmosphere, the atmos-
phere would cleanse itself in a matter of
weeks. These things just do not stay there
that long. Then there would be a very long
recovery period of the ecosystem, which
works much more slowly. Some lakes
probably would take a century to come
back to their preindustrial state.

International leadership needed

ELLIS: Clearly, from all you have said,
if we simply consider the United States in
isolation, there are myriad problems—eco-
nomic and political, scientific and techni-
cal. But it is not, of course, the United
States in isolation, as you both have brought
out.

PORTNEY: That's an excellent point, one
that brings up a recent event that is trou-
bling in its portents for international co-

operation in this area. We have identified
that certainly acid rain has international
ramifications, as do chlorofluorocarbon
emissions and the concomitant depletion
of ozone, as well as carbon dioxide buildup
in the atmosphere resulting from fossil fuel
combustion. It's clear that we need more
international cooperation to deal with these
international problems, and I wonder what
role the United States is prepared to play.
I bring that up because the United States
recently reversed its position on the Law
of the Sea Treaty, which had been ne-
gotiated over a seven-year period, and had
the near-unanimous consent of the na-
tions involved; at the last minute the United
States decided not to sign the treaty. I
think that raises the question of whether
other nations are going to want to follow
the United States in other kinds of inter-
national environmental cooperative ven-
tures, if they fear that the United States
may pull out.

ELLIS: Does that lead to the conclusion
that the scientific community has to find a
way to impress upon the Reagan admin-
istration the enormity of the dangers in-
volved, and the probability, if not the
certainty, of the risks?

FIROR: We have our work cut out for
us, because, at least in their public state-
ments, the people in the administration
have downgraded these problems. And,
to be fair, people speaking for the envi-
ronment side sometimes have exagger-
ated certain problems and have strained
their credibility.
But certainly we have to give it a try.

The scientific world must do its home-
work very well; it must be skeptical of its
own work; it must make sure that its pre-
dictions are credible, and that they are
soundly based. And then there is the sell-
ing job, and that will be very difficult.

OCTOBER 1981 /5



Drought and water supply in the 1980s

ONE WOULD BE cloistered indeed not to
have noticed that over the past year or so
less than normal precipitation has char-
acterized much of the continental United
States.
Crops and water supplies are threat-

ened. For example, 1980 yields for several
crops (including corn and peanuts) were
reduced by the heat wave and dry spell
that baked the Midwest and South, and
last winter's snowpack in the western
mountains was one of the lightest ever
recorded. And to the north and east of
the Delaware Valley, restrictions on water
use, imposed last fall and winter after one
of the driest summers on record, re-
mained in effect well into 1981.
These events so moved the editors of

Newsweek that their February 23 cover
depicted an outline of the forty-eight con-
tiguous states filled in their entirety with
drought-parched earth. And inside, the
feature story reflected the cover art. U.S.
News and World Report devoted its June
29 cover story to water scarcity, and many
other publications, from the revivified Life
to Organic Gardening, also have given
cover treatment to the issue. Thus, the
"drought" of 1980-81 afforded the media
promising material for analysis, as well as
a basis for gloomy predictions.
Nowhere has this theme been more en-

thusiastically pursued than in the North-
east, particularly in New York, where the
national newspapers and television net-
works have made much of regional and
nationwide droughts. This could be con-
sidered harmless, except that under the
dual stresses of actual precipitation short-
falls and hectoring newspaper and TV sto-
ries, water system managers and munic-
ipal and federal agency officials may
commit themselves to unwise projects or
policies.
To better understand the potential for

distortion, it is useful to review what is
known about the 1980 drought in the ur-
banized Northeast; how it was analyzed
in the press, especially by The New York
Times; and how that analysis reinforces
traditional approaches that are biased to-
ward expensive increments to water-sys-
tem capacity.

The 1980 drought. Precipitation
shortfalls, even when regionwide, vary in
intensity so that no single set of measure-
ments captures the regional experience.
But some easily available measures show
that the 1980-81 water shortage really was
severe in the Northeast. For example, New
York City's total precipitation for the three
summer months of 1980 was 3.42 inches,
the lowest ever recorded and, as signifi-

cant, more than 20 percent lower than the
second driest summer, that of 1916.
The summer of 1980 also was one of

the hottest on record, increasing the de-
mand for water for pools, commercial air
conditioning, lawn irrigation, and fire hy-
drant sprinklers. The combination re-
sulted in more rapid than normal reservoir
drawdown (see figure 1). And as the dry
spell continued into the fall, the reservoir
levels kept falling, producing a percent-
age-of-capacity trace for the giant New
York City system that approximated, un-
til mid-February 1981, that of 1964 and
1965—the two worst years of the mid-1960s
drought.
As reservoir levels fell in the fall and

winter, one water system after another
announced drought alerts, warnings, and
emergency situations, and imposed re-
strictions on car washing; hosing down
streets, driveways, and sidewalks; and
operating ornamental fountains. To pub-
licize restrictions, restaurants were asked
to serve water only on request; and a great
deal of advice was offered about show-
ering, shaving, flushing, and dishwashing.
In some parts of northern New Jersey

and southwestern Connecticut an attempt
was made to enforce real rationing by lim-
iting household connections to 50 gallons
per capita per day, by increasing meter
reading frequency, and by applying either
criminal penalties or water surcharges to
those who appeared to be in violation.
These measures gave one a sense of

déjà vu, since they were the same as
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those imposed during the several drought
years of the 1960s. Granted, some lessons
had been learned from the California ex-
perience of the late 1970s about how far
authorities could push people to chang.e
their habits in such sensitive areas as tor-

let-flushing, but no water systems had In'
stalled remotely read meters or other
technological innovations that would 111-
crease the feasibility of a truly effective
rationing scheme.

"Drought" perspective. The drought
of the 1960s, a much more severe event
overall than the 1980-81 dry spell, cain,e
almost immediately after New York city 5
water system had completed its three
Delaware watershed reservoirs. The S)'5

tern's "safe yield"—that quantity of water

deliverable every day in all but 5 percent
of years (based on what then was the worst
drought on record)—was then about 1:55
billion gallons per day. With consumption

averaging about 1.2 gallons per day, then"
Commissioner D'Angelo might be for-
given his impetuous statement, made In
January 1961, that the city would never
again experience a water shortage. As the

drought years followed each other, how.
ever, the existence of new reservoirs Ms'
couraged the media from blaming inad"
equate planning and insufficient investment
for the shortage of water. It seemed clear,
even to the Times, that this was a natural

event so severe that it overwhelmed the

most ambitious of plans and the most gen"
erous of investment programs.
In 1980-81 the city's physical capacity

is the same as in the 1960s, but water
withdrawals from it on an average clay
now are about 1.5 billion gallons, close t°
safe yield. Other systems in the region are
in similar shape, whether because of en'

May June July Aug Sept Oct Nov Dec Jan Feb Mar April

Figure 1. Percentage of capacity held in New York City reservoirs.
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vironmental objections to the construc-
tion of new reservoirs or because invest-
Illents in new sources were postponed as
a result of budget constraints. (In north-
ern New Jersey two reservoirs had been

but
by the state after the 1960s drought,

l'ut they are not connected to the water
systems that had problems in 1980-81.)

This left an irresistible opening for the
Media analysts. In February 1981 the Times
stated that the need for water use restric-
tions"has raised the question why some-thing was not done to prevent the
suortages, especially when water resource
experts were saying that even in times ofdrought 

there was plenty of water in the
fegion for all essential uses." There fol-
!Owed some agitation for measures to
Prevent" shortages, but media skeptics
were not sanguine that citizen concern
would survive the end of the drought.
Whenever that came.
Some observations about droughts,

Shortages, and expansion of water system
caPaCity. The quotation from the Times
captures the essence of a polar view of
Municipal water system planning: short-ages are unacceptable, and capacity should
always be large enough, relative to de-

to prevent them. This view is based
" comprehensive misunderstanding, andat en,—ts 

even to approximate its impli-
e"'hons for investment are bound to be
f n°rMously expensive—perhaps even in-
easible in the heavily populated North-east.
Fun

damentally, it is impossible to pre-vent Shortages -ortages because, short of zero, there
0- "0 lower limit to possible precipitation
rnver anY given period. No matter howu nth storage capacity is provided, a nat-
fi 

i

at event can make it impossible to meet
kh demands at whatever price normally s
charged.

a Second, shortages do not fit the char-
_.g.eristics implicit in the no-shortage po-sUion.

Except in the kind of extreme
situation that is experienced only veryrarely 

and usually by systems without any
fIgnificant storage, shortages do not arise
arein an actual lack of water. Shortagesi re "created" by system managers who
tri11113.°se water-use restrictions long beforetoeir reservoirs go dry, precisely in order
d Prevent that from happening. This isbc'ene because their own intuition and the
a
ar sr available evidence say that damagese a steeply short-

Size age
nonlinear function of sho-

si.ze• Thus, if there is overperiod stor-dr In the system, and if it seems likely
„at In one period the available supplyd":ght be as much as 30 percent below
jonland, it often seems prudent to "savera Percent over each of three periods,

tGll!r than 30 percent in one period.
ab n almost complete uncertainty
fivent weather conditions for more than
,clays ahead, no one knows when it
' oe necessary to reduce withdrawals

Table 1. Some Annual Drought Damage Estimates

Percentage of shortage

Damages in 1978 dollars 10 14 22 50

Worst assumptions' $11.20 $22.90 $9.40 $10
Best assumptions' 10.60 3.10 7.10 21

Sources: Data for the 10, 14, and 22 percent shortages reflect the experience of three Massachusetts cities
and are taken from Clifford S. Russell, David G. Arey, and Robert Kates, Drought and Water Supply: Implications

of the Massachusetts Experience for Municipal Planning (Baltimore. Md., Johns Hopkins University Press for
Resources for the Future, 1970); data for the 50 percent shortage are from G. K. Young, R. S. Taylor, and J.
J. Hanks, A Methodology for Assessing Economic Risk of Water Supply Shortages (Institute for Water Re-
sources, Department of the Army, Corps of Engineers, 1972).

a The assumptions involve such things as applicable interest rates, the extent to which "lost" production or

sales are made up later, and the appropriate accounting stance, whether local or national. The estimates of

both studies have been inflated to 1978 dollars using the Consumer Price Index.

by 30 percent. In retrospect, it often proves
unnecessary to have imposed restrictions
on use: it usually rains enough to have
supported normal use. But not always—
and in a multiyear drought the system could
court trouble by forecasting such a happy
ending. Hence risk-averse managers cre-
ate shortages, even though enough water
may be physically available.

Also, while shortages may be annoying
and even psychologically disturbing to
some people, they have quite modest
economic effects until they become very
large indeed. Pseudo shortages almost
always begin by involving restrictions on
such uses as car washing and pavement
cleaning, surely nonessential tasks by any
reasonable view. Even restrictions on
watering lawns and shrubs cost consumers
little unless the precipitation shortfall is
severe enough to kill valuable trees or
shrubs. Restrictions on commercial activ-
ity usually involve only nonrecycling sys-
tems and can easily be avoided by modest
investments (some of which should per-
haps have been made in any event).
Some data on drought losses from an

RFF-funded study of the 1960s drought
in Massachusetts, and a U.S. Corps of
Engineers' study of the same event in York,
Pennsylvania, produced estimates of losses

as connected to reductions in water use
(percentage "shortages"). See table 1.

In short, the appropriate response to
pervasive uncertainty about future pre-
cipitation levels is planning to have short-
ages and not planning to prevent them.
That is, municipal water systems should
be designed so that, at the margin, the
cost of increasing capacity is equal to the
expected damages avoided by that addi-
tion. Because total expected damages
usually can be reduced by intelligent and
foresighted application of restrictions be-
fore there is a physical need for them, the
expected damage estimates should be de-
veloped by costing the effects of programs
of staged drought response, which include
gradually tightened restrictions.
This is, in fact, the approach that has

been taken by the Washington (D.C.)
Suburban Sanitary Commission in decid-
ing on its latest increment to capacity. For
the sake of New York and New Jersey
residents, one can hope that this is the
lesson drawn from the 1980 drought, and
not the one that has been portrayed by
the news media.

The above article was written by Clifford S.
Russell, director of RFF's Quality of the En-
vironment Division.
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Adapting to life in a greenhouse

DESPITEAGOODDEALofuncertaintyabout
the subject, there is the growing consen-
sus among scientists that the atmospheric
accumulation of carbon dioxide, through
the so-called greenhouse effect, eventu-
ally will lead to a significantly warmer
planet.
The principal risks of warmer global

temperatures are distorted agricultural
patterns and flooded coastal cities (by ris-
ing sea levels caused by melted polar ice),
and the principal villains are the combus-
tion of fossil fuels, like coal, and of less
importance, the destruction of forests
throughout the world, whether for tim-
ber, or agricultural land clearing, or fire-
wood. Combustion releases carbon
dioxide, and trees and other vegetation
store it. The growing pace of both fuel
combustion and deforestation thus com-
bine to deliver a double dose of carbon
dioxide to the atmosphere. A doubling of
the atmospheric load and a consequent
average temperature rise of perhaps 2 to
3 degrees Celsius is possible within the
next fifty years, with the mid and high
latitudes affected much more than the
Equator.
What is to be done about this very un-

certain but potentially grave threat? Not

much, suggest many who are studying the
problem. Indeed, most articles conclude
that learning to live with a warmed-up
earth may prove the most realistic option.
Charles F. Cooper's 1978 Foreign Affairs
article offers a good illustration: ". . . If
the geophysical assumptions are correct,
the process of climatic change due to in-
dustrialization is probably almost irrever-
sible; the only practical strategy is
adjustment."

It may be, however, that adjusting in-
crementally to the slow changes in tern-

perature, as they come along, is the worst

thing that we can do. Adaptability nor"
mally is a distinctive human strength, hut
in this case it may be self-destructive.
Humankind at times has demonstrated

foresight and ability to make rational de-
cisions in the face of uncertainty. But pe°'
pie also are prone to discount the future--
to give more weight to current than t°
future consequences—and this tendency

is greater as the uncertainty about futu.re

events increases. In everyday commerci.al

and economic life such discounting is buil.t

into the structure of interest and profit

rates: a dollar delivered today is alwaYs
worth more than a dollar promised for
delivery in the future. If people 

believed

that there was, say, a 20 percent chance
. •

Costs up on Western water

In July Kenneth D. Frederick, director of RFF's Renewable Re-
sources Division, testified before the House Agriculture Com-
mittee's Subcommittee on Department Operations, Research, and
Foreign Agriculture. The following brief article is excerpted from
his more extensive testimony, entitled "Water Supplies and Ag-
ricultural Exports."

IN THE PAST, the availability of relatively cheap water spurred
the expansion of irrigated agriculture in the western United States.
In the future, rising water costs and scarcity will constrain irri-
gation's growth and, in some places, may eliminate irrigation
altogether.

In many of the West's prime agricultural areas, total water
requirements exceed average year streamflows. Thus, the im-
portance of water beneath the surface—groundwater—has grown
to the point where it now accounts for 39 percent of all western
irrigation.
The combination of rising energy costs and declining ground-

water tables brought large increases in groundwater costs during
the 1970s. This situation is deteriorating daily: current ground-
water withdrawals result in the mining (withdrawals in excess of
recharge) of more than 22 million acre-feet per year. Within the
High Plains area alone, annual groundwater mining is roughly
equivalent to the annual flow of the Colorado River. Water
scarcity now retards further development in much of the West,
and the subsidies and laws insulating many water users from the

increasing value of the resource deter rather than stimulate de-

velopment. Federal and state laws and policies not only all&
an inefficient use of western water, they almost guarantee it bY

reducing or eliminating the incentives and opportunities for
transferring water to higher-value uses.

Improving the efficiency of western water use does not require
forcing the owners of water rights to pay for what has been legallY

given to them. Indeed, any attempt to abrogate these rights

would be futile and damaging to the region, since it would threaten

the entire legal and institutional structure that has brought order

to the allocation of western water. Rather, the need is for lagisf
and institutions that allow and facilitate_the sale and transfer °

water.

Since irrigation is a relatively low-value user, a more market;

oriented allocation system is likely to transfer water from
gation to other uses. And in some areas, the inevitable adjust

ments to declining groundwater supplies will not be pleasaiiti;

Nevertheless, the socially most expensive response would be tr
provide subsidies that either enable farmers to pump to grate
depths or to import water.

We have begun to recognize that water is becoming increas-e

ingly valuable; now we need to provide the incentives to assiir,.

that we treat it as such. The worst social costs associated Wit"

the changing water situation will arise if we attempt to keeP
water cheap when it is not.
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that the human race would become ex-
tinct in 200 to 300 years unless certain
Changes were made, no doubt they would
be willing to make substantial sacrifices
today to avoid it. That is, they would use
a lower discount rate than in ordinary life.
But on this issue they are not con-

vinced; there is an insufficient basis for
convincing them; and all the pressures—from 

budgetary limitations to conven-
tional thought processes—are in the op-
posite direction. Given the nature of the
carbon dioxide problem—in particular, the
lOng time period involved and the im-
luense degree of uncertainty—these pres-ures Will dominate and could lead to
behavioral responses that not only are in-
appropriate but also potentially disas-trous.

There are three broad categories of
possible responses: one is to restrict fossil
tuel combustion; another is to reverse thede

struction of forests; and the third is to
allow carbon dioxide to continue to ac-
cumulate and to adjust as the effects arefelt.

Restricting combustion

Theis only pervasive tool to restrict com-uu. stion worldwide is the price mecha-
nism. All other mechanisms—taxes, im-
bort regulations, and so on—can be applied
°It a country-by-country basis but requirecooperation between countries to accom-r.sh much. Since important nations are

ely to see their self-interest in quitedifferent ways, there is little basis for
agreement. On the other hand, what ifthe Price of energy continues to rise?

Cln the demand side, there is no doubtthat the long-run effects would be bene-ficial as far as carbon dioxide is con-
cerned. But the supply responses are likely,
911 net, to be negative. Importantly, the
increased price will stimulate the searchfor and use of other sources of fossil fuels(new 

sources of oil, shale, tar sands, coal,and .others), all of which will generate
carbon dioxide emissions.

Moreover, particularly in developing
Multries, an increase in the price of com-Ornfefrocriaelstfsuels will induce greater cutting

_ There are a number of things govern-
ent programs could accomplish, espe-

ciallyui,, on the supply side. Greater effortsc̀o, uld be put into the development of nu-hiear fusion, for example, and massivehydroelectric 
projects could be set along,'ay, the Amazon and Brahmaputra rivers,‘11.1'ith the excess power used to produce

beYcl,r°gen for export. And energy could
"Tamed to earth by solar-powered sat-ellites,

„. But all such projects have serious dif-
ticulties. Some, like fusion, have tech-
n°logical problems; others, like the dam-

ming of the Amazon, raise ecological
unknowns; yet others, like building hy-
droplants along the Brahmaputra, which
flows through three countries, present
political problems. And most require
massive amounts of capital and have very
long gestation periods and unfavorable
benefit—cost ratios. Apart from fusion re-
search, which is reasonably well funded
in only a few countries, no serious work
is going ahead on any of these projects.
Nor will there be any until energy be-
comes vastly more expensive or the car-
bon dioxide problem far more immediate.

Forest conservation

Global, cooperative efforts to halt defo-
restation, or better, to reverse the process
are thwarted by the desperate need for
additional agricultural land, a need that
clearly is going to take precedence, and
by the increasing need for cheap fuel,
particularly in poor countries. Govern-
ments could combine to mount a massive
global program of reforestation. But the
trees would have to be left standing, not
grown for timber or fuel, if the program
were to have much effect. And that is not
a bankable proposition.

Adjustments

Thus, given the slowness and the uncer-
tainties of the postulated effects, the most
likely social response is to allow carbon
dioxide to build up and to adjust only as
the effects are felt. Where does this lead
us? Given the two most probable princi-
pal effects—climatic changes affecting ag-
riculture and the eventual melting of the
polar ice caps—what kinds of responses
might be expected?
The most likely response in areas that

slowly become more arid is to resist the
change, to keep out foreign competition,
to call for subsidies, and to build irrigation
systems. Unless the change is relatively
sudden and dramatic, such responses will
appear to be more cost-effective and less
risky to the current generation of farmers
than abandoning the land and opening up
new lands in the north. Once an irrigation
system is built, it will continue to appear
more cost-effective to marginally expand
it to offset further changes in climate.
Given this tendency, plus the high cost of
investing in the whole package of factors
involved in developing farming on new
lands, the movement of agriculture from
areas hurt by climate change to areas ben-
efited by that change could take a long
time. Thus, the cost of food and the risks
of crop failure will rise, at least during the
transition period, if not permanently.
A more clear-cut example of myopic

adjustment can be seen by considering how
coastal populations are likely to adjust to
a slow but inevitable rise in sea level. Such
a rise may proceed by only 10 feet or less
each century, but once begun, it is likely
to continue long after all the fossil fuels
have been burned. If all the water now
trapped as ice in Greenland and Antarc-
tica were added to the oceans, the sea
level eventually could rise by a very sig-
nificant amount, perhaps as much as 100
feet.
Only two responses to this situation

appear possible: low-lying lands can be
evacuated, or seawalls and dikes can be
built. Given the slowness of the change
in sea level and the use of anything other
than a zero rate of discount in deciding
such matters, seawalls and dikes are all
but certain. And once built, it will appear
cheaper to make them a bit thicker and
higher than to evacuate the area. Even-
tually, much of the human race could find
itself living below sea level, with the prob-
ability of a catastrophic breach in the dikes
growing over the centuries. Under such
conditions a repetition of the legendary
sinking of Atlantis is highly probable. Only
the date of the event is uncertain.

This is perhaps the clearest possible
example of a situation in which the nor-
mal human processes of adapting to
changing circumstances eventually can
become self-destructive. But other, less
dramatic, examples exist, such as the ex-
cessive use of pesticides that induce the
evolution of more resistant strains or the
diking of rivers to avoid flooding of ad-
jacent lands, when silt continually raises
the level of the riverbed.
Compared with other living things, hu-

mankind is very adaptable. But people
also are stubborn and unlikely to alter
their behavior until faced with what is
perceived to be a necessity. Even then,

. there is a tendency to take the line of least
resistance, which ultimately may be self-
defeating.
Human adaptation patterns put a heavy

burden on scientists studying the carbon
dioxide problem, for they suggest that only
by sharply reducing the range of uncer-
tainty surrounding this problem is there
any hope of escaping the trap laid for us
by our normal responses to change.
Granted that the hazards posed by the
greenhouse effect now seem remote and
many even question their existence, will
we ever be certain enough to abandon our
attempts at incremental adjustments?
Learning to live with a warmed-up earth
ultimately may be more risky than other
more radical options.

This article is based on material from Ronald
G. Ridker, formerly a senior fellow in RFF's
Renewable Resources Division, and now on the
staff of the World Bank.
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On assessing risk
RFF Senior Fellow William Ramsay this summer testified on so-
cietal risks of energy systems before the House Committee on
Science and Technology. The following article is adapted from
his testimony.

RISK ANALYSIS IS a formal extension of the almost automatic
calculation of risks that everyone performs when preparing, say,
to cross a busy street. Assessing the risks of one action and
comparing the risks of several make sense for the individual, and
risk analysis makes sense for governments and private firms.
Indeed, the need to analyze and compare the risks of proposed

policies and actions makes such good sense that too much faith
now may be invested in risk analysis. It is a valuable analytical
tool in making sensible policy decisions, but it is by no means
infallible, nor even very precise.
Both analysts and policymakers need to recognize that a great

many uncertainties plague the application of risk analysis. These
uncertainties generally fall into three groups—incomplete or in-
accurate raw data; ignorance about cause and effect; and value
judgments, with value questions probably the most serious and
least tractable.

Uncertain data

The simple-sounding task of determining the level of carcinogens
produced by a new coal synfuels plant, for example, is not easy
at all. For one thing, while it is difficult enough to measure certain
pollutants at their source, it may be exceedingly tricky to do so
at some later point in time and space. And even if it is known
what combination of pollutant compounds are released at a power
plant smokestack, for example, the mixture of compounds may
turn out to be quite different after being carried long distances
through the atmosphere. Finally, whatever is known about pres-
ent pollution patterns offers no guarantees about what will hap-
pen in the future.
Consider Three Mile Island and the question of nuclear reactor

accidents: we now realize we know much less about the proba-
bility of nuclear accidents than some had thought. And this brings
up a point that needs emphasis—the "uninformed" public may
not always be wrong. In some nuclear circles, the feeling long
had been that the public is unaware of comparative risks and
unable to think rationally about tradeoffs between energy tech-
nologies. There undoubtedly is some truth to this proposition,
but one might also bear in mind that the public may have a
healthy skepticism about the general state of scientific knowledge
on the risks of energy technologies, and of nuclear power in
particular.

Causes and effects

A pollutant released into the environment may be identified,
and a general process such as strip mining observed, but linking
both discrete and general probable causes with specific impacts
on health and environment still can be more speculation than

science. The problem in assessing the damage from Love Cana I—

if any—is a typical example.
Or, growing more grain to produce fuel alcohol probably would

increase water pollution. This can be estimated and perhaps even

measured for a particular piece of cropland, but what is the net
impact on the downstream environment?
And what about low-level radiation from nuclear power, or

extra low frequency radiation from microwave ovens and other

devices? Controversies over these questions have to do not so

much with the amounts of radiation emitted, but with what that

radiation actually does to the human body. We are still a long
way from understanding all of these phenomena.

Questions of value

Knowledge grows. More raw data on health and environmental

risks will be gathered and connected with definite effects on the

human body or on the ecosystem. Some emissions from coal maY

be shown to actually cause cancer in human beings; certain amounts

of strip mining demonstrably may lead to a loss of species variety

in a particular environment. However, even if this kind of knowl'

edge increases, the third and probably worst uncertainty re-

mains—the question of differences in values.
Suppose there are two different effects, one on health, and

one on the nonhuman environment: which effect is more I Tla"
portant? Or, confining the dilemma to human health alone, are

fatal falls from roofs while installing solar collectors--surPria"
ingly, a considerable health risk, as these things go—more
portant than chronic lung disease that may (or may not) be caused

or aggravated by emissions from coal-fired power plants? Are

chronic diseases like asthma less serious than acute diseases like
pneumonia? They probably are, but, if so, how many asthma

attacks are equivalent to one case of pneumonia?
Why is clean air important? Does the answer lie in better

visibility or in better health? If the answer is health, then whY

do the Clean Air Act Amendments of 1977 tend to put more

pollution where pollution exists now, rather than spreading it

around more evenly?
The difficulties in deciding such questions are no secret; prob.

ably everyone working in the field has been guilty of giving them

short shrift. Nevertheless, most analysts have given most Ur'
portance to death rather than illness, even though one can note
that death is inevitable but illness not always so. One can 8°

even further, and worry about at what time the death or illnesses

are caused.*
These questions involve important human values about which

most people probably possess a greater depth of understanding
than some analysts give them credit for. For example, there IS

the key comparison of catastrophes with routine events. How do

200 coal miner deaths, say, every year compare, with 200.0°°

possible deaths from some sort of nuclear power impact spread
out over 1,000 years? Is there any difference between haying 3

small chance of a large disaster or a large chance of a small

disaster? How does the real acid rain problem, which though

The time dimension is addressed in William Ramsay's and Milton Russell's "Time-Adjusted Impacts from Energy Generation," Public PcA
vol. 26, no. 3 (Summer 1978). For an in-depth discussion of value uncertainties, also see Ramsay's Unpaid Costs of Electrical Energy: Health t
Environmental Impacts from Coal and Nuclear Power (Baltimore, Md., The Johns Hopkins University Press for Resources for the Future, 197

icY
nd
9).
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itruPortant, probably can be lived through, compare with the more
itYPothetical carbon dioxide accumulation, which could lead to
serious worldwide environmental catastrophes?
Finally, there is the question of equity—or whose ox is gored.

uoes it make any difference if an energy technology visits most
of its harm on workers, as opposed to members of the general
Public? This is possibly the case for the synfuels industry, where
there may be some dangers to workers of developing cancer from
euntPounds produced in the process of turning coal to fluids, but
relatively little danger to the general public. Is this type of ar-

;a.ngernent "fair?" Similarly, city residents are more exposed to
gir Pollution than people in the country. In either case, of course,
one can say that there is some freedom to choose: presumably
,°_ne does not have to take a dangerous job, and one does not
Basle to live in a city if one fears the effects of bad air. On the
n,ther hand, freedom of job and location choice, while great in
,America, certainly is not perfect.
Equity includes fairness to future generations. Not all scientists

are 
Persuaded that the nuclear waste problem is very difficult,

et alone insolvable. Nevertheless, to the extent that nuclear
A:astes are hazardous, their impacts will fall not on us, but on
inture generations. One may ask, of course, What have future

generations ever done for us?—a question not quite as cynical
as it may seem. Regardless, there seems to be within the human
animal some feeling of responsibility for transmitting an envi-
ronment as relatively clean as possible to those who follow us.

Common sense

Risk analysis is a useful tool, but the role of key uncertainties—

in data, cause and effect, and in human value judgments—must

be recognized if it is to gain respect as a serious element in making

policy decisions. In particular, analysts should take into account

that some attitudes of the public, such as preferring small routine

risks to catastrophic nonroutine risks, may not be "irrational"

but rather provide clues about how policy risk analysis should

seek to incorporate human value preferences. In other words,

much wisdom already resident in "common sense"—that un-

common quantity—must be combined with scientific advances

in the field of quantitative evaluation of risks if risk analysis is

to become a widely accepted and truly useful device for devel-

oping future policy.

REF fellowship and grant programs
ilbert F. White Fellowships

Ch
ristopher K. Leman and John A. Mir-

i."13svski have been awarded Gilbert F.
hite Fellowships for the 1981-82 aca-

reltne year. The fellowships were estab-
!Shed in 1980 in honor of Dr. White, dis-
1,Nuished geographer and formeren
alrMan of RFF's Board of Directors.

, The fellowships, awarded annually, are
1:1tended for young professionals who wish
13 devote a year to scholarly work at RFF
1-'1,t social or policy problems in the areas
`‘',t natural resources, energy, or the en-lironment. The program is directed by
erbert C. Morton.

it. L
s
eman, an assistant professor of pol-le, at Brandeis University, will use his
„ ship to study resource assessment

m44u anagement, and policy economics.
0,Miranowski, who is assistant professor

.agricultural economics at Iowa State
uwersity of Science and Technology, will

e,e.v°te his time at RFF to work on soil
'°s100 and conservation.

Small Grants Program
s Small Grants Program is designed

suPPort the individual scholar with an

0;l
ovative idea in a relatively ignored area

is research, or the researcher who needs
gelP in bringing a significant research un-

dertaking to fruition. Paul R. Portney,
director of the program, recently an-
nounced the recipients of the 1981 grant
awards.
The recipients, their affiliations, and

topics are:

• Martin L. Cody, University of Cali-
fornia, Los Angeles, "The Influence of
Habitat Dissection and Patchiness on
Biotic Diversity"
• Thomas G. Cowing, State University
of New York, Binghamton, "Cost—
Benefit Analysis and the Evaluation of
Alternative Electricity Rate Struc-
tures"
• David L. Kaserman, University of
Tennessee, Knoxville, "The Automatic
Fuel Adjustment Clause and Fuel Pur-
chasing Practices in the U.S. Electric
Utility Industry"
• Jon C. Sonstelie and Robert T. Dea-
con, University of California—Santa

Barbara, "The Value of Time and the
Cost of Non-Price Rationing: The Case
of Gasoline Pricing"
• Richard A. Winnet, Virginia Poly-
technic Institute and State University,
"Psychological Field Experiments in
Resource Management: Relevance to
Economic Theory and Policy"
• Charles W. Howe, University of Col-
orado, "Innovations in Water Manage-
ment: An Ex-Post Analysis of the
Northern Colorado Water Conser-
vancy District—Colorado—Big Thomp-
son Project."

Forest Economics and Policy
Program

Roger A. Sedjo, director of RFF's Forest
Economics and Policy Program, an-
nounced the following dissertation fellow-
ship grants for 1981: Richard L. Barber,
Department of Forest Management, Or-
egon State University; Theodore D. Gra-
ham-Tomasi, Department of Natural Re-
source Economics, University of Michigan;
and Wendy Barbara Max, Department of
Economics, University of Colorado. The
dissertation fellowship program was es-
tablished in 1981 for the support of doc-
toral dissertations in forest economics and
policy.
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Climate change and
economic impact analysis

IT WAS JUST ten years ago that the Study
of Man's Impact on Climate conference
held near Stockholm first focused world
attention on the possibility of global cli-
mate change. Today, national and inter-
national scientific groups and policymakers
uniformly acknowledge that average global
temperatures by the close of this century
may be warmer than those of any period
in the past 1,000 years. Moreover, the
factors behind this trend are persistent and
could lead to even more pronounced tem-
perature increases in the next century.

Unfortunately, scientific consensus and
legislative mandates, such as that of the
1978 National Climate Program Act, do
not necessarily imply a wealth of technical
information necessary for intelligent pol-
icymaking. Indeed, neither causal factors
associated with climate change nor the
mechanisms by which changes take place
are known with much confidence. Figure
1, from a recent paper by William W.
Kellogg, shows the constituent elements
of the climate system, all of which interact
to determine the patterns of climate.
Climate change is one of a class of en-

vironmental concerns that share three at-
tributes which confound the design of
appropriate policies: (1) significant un-
certainties exist with respect to the tech-
nical, economic, and often the temporal
dimensions of effects; (2) some effects
extend over a long time and may tran-
scend national boundaries; and (3) a se-
quence of physical changes to the natural
environment is involved that, for practical
purposes, is irreversible. Thus, while there
may be some twenty to thirty years before
the impacts of change in climate would
be felt, the information necessary to de-
sign programs to avoid them is simply not
now available.
To appreciate some of the difficulties

posed by these problems, we need only
consider the elements that would be re-
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Figure 1. Components of the climate system. (Based on a figure in William W. Kellogg, "Modelinegd
the Prospects for Climatic Change: Current State of the Art and Implications." Paper present
at the RFF/NCPO Workshop on Economic Methodologies for Climate Change, Fort Lauderdale,

Florida, April 24-25, 1980.)

quired for a policy analysis of the pros-
pects for a change in world climate induced
by carbon dioxide.

Carbon dioxide (CO2) is thought to be
a principal cause of possible climate
change. It is a persistent, chemically sta-
ble gas that absorbs infrared radiation, so
increases in its atmospheric concentration
can lead to an increase in surface tem-
peratures. There are at least three com-
ponents of a policy analysis of such a
change.

First, one must understand the carbon
cycle and the relationship between changes
in the atmospheric concentration of CO2
and climate change. For example, pri-
marily as a result of CO, released by fossil
fuel combustion, it is estimated that at-
mospheric CO, has increased by about 15
percent since the middle of the nineteenth
century (from 290 parts per million to 334
ppm in 1979).

Of course, not all carbon emitted in
combustion adds directly to the atmos-
pheric concentration of CO2. A signifi-
cant fraction remains in natural carbon
reservoirs including forests, the surface

and intermediate waters of the ocean, and
the deep sea. Just how great a proportion

remains is one of the most perplex 
technical uncertainties. Customarily, sel.
entists have assumed 50 percent will be
absorbed by these natural "sinks." HI;
ever, the fraction could be as high as '
percent.
Based on the interannual variability of

temperature at a particular latitude (60°1):
together with the predictions of three-ar
mensional, general-circulation climate
models, Roland A. Madden and V. P.
manathan conclude that surface warming
due to the increase already made in title
atmospheric stock of CO, should be oei
tectable today. However, their emPirjea
analysis of recent temperature readings
does not confirm the predicted warmiog'
They conclude that one important reason
for this discrepancy is the inability to fullYt
account for the role of oceans in curren
atmospheric models of climate.
The second step in evaluating the ittl"

pacts of CO,, involves an analysis of the,
economic and social effects of predictea

climate changes. Information in this ca'se

is even more limited than in modeling tbe
climate system itself. We cannot judge'
for example, whether the temperature '0A-
crease usually estimated to be associate"
with a doubling in CO, concentrations
would have a favorable or an unfavorablet
effect on the world economy. Indeed, hl
is not clear that existing economic Met':
odologies are fully adequate for the tag',
of gauging the net economic impacts 01
such changes.
More specifically, since a climate chang,ei

would affect all industrial sectors an.°
households in a given region, partial WI-
librium analysis, which tends to localize
attention to a single market, firm, °./.
household and is also the economic basis
for most cost—benefit methodologies, Malt
not be appropriate for these problem5.
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difficult to judge the errors in estimates
used on conventional methods. None-Teless, the most recent economic evi-
"enee suggests that, using extreme
°Income climate scenarios, the losses to
scitne segments of the global economy may
outweigh the gains to any others.
In short, there is only a limited body of

social science research on the economic
and social consequences of climate change
and, given the current state of institu-tional 

support for this area, there is not
likely to be much progress made soon.

The final step in the evaluation process
requires analysis of the cost of CO, abate-
ment and a mechanism for incorporating
the information on the costs and benefits
of CO2-induced climate change into a pol-
icymaking process that recognizes the in-
ternational dimensions of the problem.
Surely, a task of staggering proportions!
The CO, example illustrates the diffi-

culties of formulating public policy for
possible influences on the earth's climate.
It also highlights the research needed to
expand understanding of accumulating

stocks of residual byproducts of produc-
tion and consumption.
None of this will be easy. But with sig-

nificant, irreversible change in the earth's
climate possible, the task must be ad-
dressed, and the sooner this is done the
better.

Author V. Kerry Smith, professor of economics
at the University of North Carolina, Chapel Hill,
formerly was associated with RFF's Quality of
the Environment Division.

RPF's Food and Agricultural Policy Program

4NNETH R. FARRELL, for the last fourYears administrator of the Economics and
tatistics Service of the U.S. Department
,°f Agriculture, has been named first di-

,‘e,.(1°' of a new food and agricultural policy
r'ograrn at Resources for the Future.t, Established with the help of a grant from
,11.e Ford Foundation, the program 

.

°Irn at a comprehensive analysis of agn-
seultural policy that will include not only
UPPIY and demand of agricultural com-
(3cilties, but also such topics as energy
niPaets on agricultural productivity; thevue at

ribution agriculture might make to
sing the demand on domestic fuel sup-

f
1  the implications for food and fibertroduction of changes in water availabil-

i and Price; and the role of agriculturean relation to overall natural resource use
adequacy. The emphasis will be on

e'reY application and design, and special
erts will be made to bridge gaps be„, -

:een academics, business people, and
'7ernment officials.

n announcing the program, RFF Pres-
a,ent Emery N. Castle said, "It is most
fo"Propriate that RFF have a program on
are'd and agricultural policy. Many people
e.quite conscious of the world food sit-
,atl° but few are aware that agriculture
'PloYs more people than any other in-

dustry. Nor is it widely recognized that
agriculture is the world's largest user of
natural resources. Although RFF has for
some time sponsored a great deal of re-
search on agriculture, the new program
will permit us to examine food, agricul-
tural and resource use in a systematic way.
We are very fortunate in obtaining a per-
son of Dr. Farrell's stature and experience
to head the program."

Farrell, 54, joined the USDA in 1971
as deputy administrator of its Economic
Research Service. Much of his earlier ca-
reer was spent at the Berkeley and Davis
campuses of the University of California,
where he specialized in agricultural mar-
keting, policy, and international trade. He
was involved in the full spectrum of Uni-
versity service—teaching, research, ex-
tension and administration. He also was
a Fulbright lecturer at the University of
Naples.
A native of Ontario and a graduate of

the University of Toronto, Farrell earned
his graduate degrees in agricultural eco-
nomics from Iowa State University. He is
a member and former director and pres-
ident of the American Agricultural Eco-
nomics Association, and in 1980 was named
AAEA fellow, the organization's highest
honor.

New RFF books

Energy Demand Behavior: A Study of
Energy Elasticities. Douglas R. Bohi. 191
pp. $19.50.

Econometric methods are widely used to
estimate demands, particularly the re-
sponse to a price change. This study shows
how the information supplied by econo-
metrics may be colored by a number of
factors, among them choice of model, type
of data, and the estimation method. Dif-
ferences among these features can and do
produce substantial disparities in results.

While the conditions under which es-
timation errors may arise are known in
theory, the importance and often the di-
rection of the errors can be determined
only by empirical verification. This work
attempts to shed light on how these errors
arise and their significance for those who
use the estimates.
The large number of energy demand

studies carried out in recent years provide
an unusually good source for comparisons
and verification. They also reveal a star-
tling lack of consensus in results. Bohi
uses these differences to examine the im-
portance of the empirical procedure, to
explore the differences among estimates
and their causes, and to elevate the ef-
fectiveness of econometric methods in
dealing with them. Some of the differ-
ences in results reflect economic and in-
stitutional conditions contained in the
sample; others follow from the choice of
procedure.
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Although it is apparent that price in-
deed matters, our knowledge of the spe-
cific relationship between price and
consumption remains in doubt for several
major energy products, consuming groups,
and end uses.
On a broader level, the study looks at

the policy implications for using demand
estimates. Finally, this work provides a
convenient reference source for econo-
metric methods, estimation problems, and
statistical estimates about energy de-
mand.

High Energy Costs—Uneven, Unfair, Un-
avoidable? Hans H. Landsberg and Jo-
seph M. Dukert. 118 pp. Hardcover,
$12.50. Paper, $4.95.

Do the poor suffer more? As energy prices
advance along a broad front, do they af-
fect some groups of American consumers
more severely than others and, if so, what
should be done about it?
These concerns, alive since the first jump

in oil prices in 1974, acquired even greater
urgency following the 1979-80 price shock
and the Reagan administration's decon-
trol of oil prices. High energy costs may
be unavoidable, but do their burdens fall
unevenly? Are they "unfair"?
The authors cut through the confusion

arising from various definitions of pov-
erty. By most measures, they report, the
poor indeed are in worse shape; energy
expenditures represent a relatively large
part of their budget and—especially since
mid-1979--energy prices have outpaced
general inflation. But assistance pro-
grams—apart from energy—soften the
impact. This book attempts to penetrate
the thicket of figures and assess by how
much.

Generally, the authors favor establish-
ing need as the criterion for assistance: if
someone falls below an acceptable level—
because of rising energy costs or any other
reason—then the problem is poverty, not
energy. When political sensitivities about
aid measures distort energy goals, the au-
thors do not rule out compromise, but
they think we should admit what is hap-
pening.

Public Lands Politics: Interest Group In-
fluence on the Forest Service and the Bu-
reau of Land Management. Paul J. Cul-
hane. 376 pp. Hardcover, $29.50. Paper,
$11.95.

One-third of all the land in the United
States is owned by the federal govern-
ment, including huge chunks of most of
the Western states. This fact alone almost

14/ RESOURCES

guaranteed the Sagebrush Rebellion.
If the federal government is the land-

lord of the public lands, their "building
managers"—those who deal on the spot
with a variety of problems and constitu-
ents—are two agencies little known to the
public, the Interior Department's Bureau
of Land Management and the Agriculture
Department's Forest Service. How do
these agencies perform as land managers,
and how do they respond to the pressures
of the sagebrush rebels, conservationists,
and others with vested interests in the fed-
eral lands?

Paul Culhane examines the relation-
ships between the two agencies and their
interest group constituents and finds that
the agencies often balance the conflicting
pressures focused on them by such tra-
ditional users as stockmen and the forest
product industry against those brought to
bear by environmentalists and recreation-
ists.

Culhane's conclusions are based on ex-
tensive interviews with local agency offi-
cials and key interest-group leaders in the
West, and on the use of a formal model
of interest group influence. The combi-
nation enables him to come as close as
possible to measuring the extent to which
groups really affect such key public lands
policies as the level of timber sales and
wilderness recommendations.

The Regulatory Approach to Air Quality
Management: A Case Study of New Mex-
ico. Winston Harrington. Research Pa-
per. 142 pp. $7.50.

Regulating stationary sources of air pol-
lution can be a troublesome task for state
agencies charged with enforcement. Even
very basic questions, such as how the
agency identifies what sources are dis-
charging and what incentives are to be
used to encourage continuous compli-
ance, remain largely unanswered in many
states.
Emphasizing not the regulations them-

selves, but how establishments comply with
them, Harrington uses the experience in
New Mexico as a case in point and estab-
lishes that source surveillance is expensive
and, therefore, infrequent, and that sources
probably violate regulations frequently.
As for incentives, New Mexico relies on
"voluntary compliance," thereby provid-
ing little incentive until after a violation
is discovered and, even then, rarely ap-
plying legal sanctions.
Regulations, concludes the author,

should be written in ways that make them
easy to enforce, and the focus for future
should be on more vigorous enforcement
of existing regulations, rather than on
making the regulations themselves more
stringent.

The Southwest Under Stress: National Re'

source Development Issues in a Regional

Setting. Allen V. Kneese and F. Le°
Brown. 288 pp. Hardcover, $30.00. Pa-

per, $9.50.

The 1970s, billed as the environment

decade, may be remembered as much for

the beginning of the energy "crisis" as for

the raising of environmental conscious'

ness. And energy—its extraction, Pr°f

essing, use, and effluents—is the single
biggest threat to environmental quality:
The same ten years has seen a surge In

the incessant westering of the American

people. More people moving West means

more houses, more shopping centers, more

development of every kind in an area that

in many places is ecologically and adult-

ally fragile.
Energy versus environment. Resource

exploitation versus scenic beauty. ge.
gional wishes versus national reqUire'

ments. These and other aspects of rile
conflict between development and the
quality of the environment are n owhere

west. 
sharply drawn than in the South'

This book examines the develc pine°
environment conflict in the four conftg"
uous states of Arizona, Utah, Colorado 

and New Mexico. It emphasizes three

sues with implications that extend far be

yond the Southwest: water—its quantity,

quality, and allocation; environment—hl
and to what extent it should be prc serveu;
and the future of Indian and other

rterty-stricken peoples. Energy comes in P 
special attention because the Southwes'

is a principal repository of fossil and nri"

clear fuels.
There is a wealth of information in til.e

book that may be used to guide public
policy in the region, and many of the pob

alternatives set out are aimed at state 

local governments. governments. The authors are colr
vinced that far too little attention is give°
to the local functioning of national poli.cr

making and implementation. Alleviating

poverty, improving the lot of the ndians.,

and formulating workable water, er
l%

ii.
ronmental, and natural resources
opment policies are all of special concelPt
to the region, but the federal governinelli
has asserted a dominant role in manY

these areas. The book discusses ways 111
which the federal role may change to irli‘

prove both federal policy itself and c°,
operation with other levels of goverri

ment.
This book is the principal prc duct (if

the Southwest Region Under Stress Prcro

ject, a cooperative research effort arnt
a group of researchers in the south weste1"
United States as well as scholars frc ottleff
regions of the country. A bibliogi aphY

the 145 books and articles they publislised
as members of the study team is incluae

as an appendix to this book.
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RP: reprint series
The following reprints of staff material
have been added to the RFF Reprint Se-
ries. Single copes are available free on
request to Resources for the Future.
185. Measuring Factor Substitution withNe
o:lassical Models: An Experimental

_Evaluation, by Raymond J. Kopp and V.
1.errY Smith. 1980. This technical paper

To:
Please'llE JOHNS HOPKINS UNIVERSITY PRESS, Baltimore, Maryland 21218

send me the following RFF books: (Payment or credit card information must accompany orders from individuals.)

evaulates the performance of neoclassical
cost functions in estimating input substi-
tution.

186. Housing Prices, Health Effects, and
Valuing Reductions in Risk of Death, by
Paul R. Portney. 1981. This technical pa-
per considers the possibility of drawing
inferences about individuals' valuations
of risk by combining estimates of the ef-
fect of air pollution on both property val-
ues and human health risks.

187. Profit Maximizing Communities and
the Theory of Local Public Expenditure
and Gross Rents and Market Values, by
Jon C. Sonstelie and Paul R. Portney.
1981. The first of these two technical ar-
ticles examines profit maximization as a
normative criterion for communities in a
large metropolitan area. The authors de-

velop a Tiebout-like model of residential
location, define the profits of a commu-
nity, and show that profit maximization
leads to the efficient provision of public
services and optimal community size. In
the second paper, the authors propose a
new empirical test of the implications of
the Tiebout hypothesis, and offer as an
example a case study of San Mateo, Cal-
ifornia.
188. Risk in Benefit-Cost Analysis, by

William D. Schulze and Allen V. Kneese.
1981. This technical paper examines the
philosphical underpinnings of benefit-cost
analysis which is a special case of utili-
tarianism, and compares implications of
the technique to those arising from alter-
native ethical systems in analyzing ques-
tions of public safety.
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