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ONE WAY TO DETERMINE which political and economic events truly are
significant is to check whether their anniversaries provoke retrospective
newspaper articles and conferences attempting to identify what we have
(or should have) learned in the intervening years.

On this scale, the oil embargo of 1973 has done quite well. The past
several months have seen numerous discussions in the press about the
meaning of “the energy decade,” conferences with titles such as “The Oil
Embargo Legacy: Ten Years and Counting” and—the ultimate certifica-
tion--a ten-part series in The New York Times.
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Many different lessons of the last ten years have been offered. Some ob-
servers say it now is clear that government price regulation only distorts
energy markets and offers little protection to' consumers. Others see an
end to the “era of oil.” Still others feel the chief lesson is that economic
growth and energy use do not have to move in lockstep.

Leaving these points aside for the moment, I would like to nominate a
more sweeping suggestion: what we should have learned during the Jast
ten years is that basing policy and plans on the assumption that prevailing
energy market trends will continue can be very dangerous. Two funda-
mental changes have occurred in energy markets since the beginning of
1973. First, energy supplies display extreme short-term sensitivity to po-
iitical events. Second, high energy prices produce dramatically different
energy demand—supply relationships. Each of these changes, which many
now say were predictable, caught the energy world by surprise and, as a
result, had major consequences. Indeed, the accompanying problems helped
push the world economy into its current sad state. The last ten years cannot
be described as a period of great success for energy policymakers.

In that time, the price of oil has jumped 345 percent in real terms, even
after the recent downturn. The sharp price hikes of 1973-74 and 1979-80
were at Jeast partly responsible for triggering deep, worldwide recessions.
In the United States, households near the poverty level often were pushed
over the edge by soaring heating bills. Abroad, the oil-related debts of the
developing nations placed unprecedented strains on the international fi-
nancial system. Perhaps most eminous of all, the United States was forced
to announce that, because of oil, the Persian Gulf had become an area of
vital strategic interest—making more conceivable a catastrophic confron-
tation with the Soviet Union. -

Not all of this should be ascribed to the general failure to anticipate the
two previously mentioned market changes. As a depleting resource, oil
may face long-term increases in cost. And even if prepared for the new
energy developments, industrial economies could not make easy and swift
adjustments in. energy use patterns. But in the final analysis, things were
worse than they had to be, and a good part of the reason is that government
and industry responses always seemed to be one step behind the market.

b

6039

o




Take the first important change—the in-
creasing sensitivity of energy supplies to
potlitical events. The inability to anticipate
this was, of course, a major contributing
factor to the disruption caused by the 1973
74 embargo and to the ability of Saudi
Arabia and other oil producers to sustain
the price hikes that followed that event.
This failure often has been discussed since.

Unfortunately, despite all the discus-
sion, government and industry continued
to underrate the influence of political fac-
tors on world oil production. For exam-
ple, attributing little importance to poli-
tics, many forecasters in 1974 and 1975
predicted that “revenue-maximizing™
production increases by Organization of
Petroleum Expoiting Countries (OPEC)
would lead to prices being forced down.
In fact, predictions of OPEC’s collapse
were so widespread that U.S. policy-
makers actually spent a lot of time trying
to set up a $7 per barrel floor price mech-
anism to protect investments in alterna-
tives to OPEC oil.

Even worse, as a result of the general
tendency to downplay the likelihood of
further significant, politically related in-
terruptions in oil supplies, emexgency
planning measures were given low prior-
ity. True, after 1974, the formulation of
responses to potential oil supply disnp-
tions had begun. The industrialized na-
tions set up the International Energy
Agency (IEA) to coordinate energy pol-
icies, including stockpiling for emergen-
cies and sharing oil during future crises.
In the United States, the Department of
Energy was authorized in 1976 to pur-
chase 500 million barrels of oil by 1982
for a petroleum stockpile, the Strategic
Petroleum Reserve (SPR). And Congress
asked the president to draw up a gasoline-
rationing plan for use during emergen-
cies. But a singular lack of urgency sur-
rounded these responses. The effective-
ness of IEA’s sharing system was—and
is—a question mark, and worried mem-
ber governments made sure the plan would
go into effect only in the event of an ex-
tremely large disruption. In the United
States, technical problems and stingy
funding prevented a rapid filling of the
SPR. And—whether a merciful outcome
or not—the Carter administration dragged
its feet in preparing the gasoline-rationing
plan.

Thus, when the Iranian revolution be-
gan to affect oil production in November
1978, the oil-consuming nations were un-
prepared. In 1978 Iranian production av-
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graged 5.2 million barrels per day (mmbd).
Ins Janmcary 1979, production fell to 410,000
and, for the entite year, averaged only 3
mmbd. Despite this shortfall, the IEA’s
emergency sharing mechanism was not
triggered. The .S, Strategic Petroleam
Reserve, which then held only 91 million
barrels, was not used. No gas-rationing
plan could pass Congress untll after the
worst part of the shortfall was compiste.
In brief. there was no coherent re-
sponse—a factor that undoubtedly con-
tributed to panic buying on the intersa-
tiona! spot market and belped push the

A

price of cil from $13.11 per barrel in Jan-

uary 1979 to $31.39 per barrel in Decem-
ber 1980.

Unanticipated political influences on sup-
plics also popped up in other energy mar-
kets. In natural gas, the shortages of 1976
prompted Congress to pass the Natural
Gas Policy Act (NGPA) of 1978, a com-
promise measure that decontrolled the
price of some gas and allowed other gas
prices to escalate gradually toward mar-
ket levels. Misupderstanding the impor-
tance of this legislation, the industry weni
about its business in the same way, with
pipelines biddmg anxiousty for supplies
while paying littie atiention to price and
producers borrowimg huge sums to pro-
duce and explore for gas reserves. But
under the NGPA the problem of the nat-
ural gas indnstry-—at least lor the time
being—changed from excess demand to

excess supply. Thus, gas pipelines were
left with contracts for supplies they could
not sefl and some producers of high-cost
gas went broke. And government regu-
lation designed to “back” gas out of cer-
tain markets locked foolish.

For electric utilities and for the coal and
nuclear industry supplying them, the en-
virommental movement was an important
new political factor. Prior to the 1970s it
was unusual to see major energy projects
delayed, let alone canceled, because of
environmental considerations. Nor were
operations seriously restrained by air or
water pollution regulations. In general,
companies were able to evaluate projects
almost entirely on the basis of how the
investment would affect the company’s
carnings.

All that changed with the public’s in-
crzased sensitivity to environmental is-
sues. The Clean Air Act of 1970 and
amendments to that act in 1977 restricted
sulfur dioxide, nitrogen oxide, and par-
ticulate emissions from the burning of coal
and forced many utilities to install expen-
sive “scrubbers” to reduce such emis-
sions. And, just as it is adjusting to that
law, coal-burning utilities are faced with
the prospect of acid rain legislation that
could force additional, expensive, anti-
poilution investments. Again, it looks as
it those utilities that underrated the influ-
ence of the environmental movement will
be penalized. On the nuclear power side,
the accident at Three Mile Island in 1979
fent perhaps decisive weight to the ar-
guments of the antinuclear activists who
claimed that overwhelming safety, health,
and environmental dangers were associ-
ated with puclear power. As a result, safety
standards were made more rigid and sev-
eral planis were forced to shut down for
shori periods to bring them nto compli-
ance.

Has the importance of political events been
fully recognized after these and other ex-
periences? The answer is somewhat mixed.
On the positive side, government plan-
ners have devoted much effort (with some
results) to planning for oil disruptions. By
late 1983, the SPR contained 341 million
barrels, a size that would allow its effec-
tive use in any future disruption. The TEA
periodically tests its sharing mechanism,
although its efficacy in actual emergencies
remains to be demonstrated. Every flare-
up in the Middle East is examined for its
possible effects on oil supplies.

Less encouraging is the expectation,
underlying most of government and in-
dustry planning, that energy-supply trends
will shift only gradually in coming years
with insignificant year-to-year fluctoa-

tions. Several plausible scenarios could
prove this view incorrect. In cil, many
have pointed out the likelihood of another
supply disruption in the Middle East. But
there are other, less frequently men-
tioned, potential political influences on
supply. One example is the possibility of
political unrest in Mexico (which many
Latin American experts cite) that could
restrict cil production in the country that
now is the leading oil exporier to the
United States and a major source of oil
for the SPR. On the other side of the coin,
the Iran—Iraq war could end and flood the
oil markets with as much as an additional
3 to 5 mmbd of oil. In domestic markets,
different types of politically inspired dis-
ruptions such as new natural gas regula-
tion or environmental laws easily could
appear despite a recent political climate
that favors less stringent regulation.

It should not be concluded that political
forces necessarily are dominant. In the
long term, supplies and prices may return
to the path they were on prior to politi-
cally inspired diversion. But the past ten
years have made clear that the damage
political factors can wreak in the short
term merits considerable attention.

The second fundamental change on the
energy scene in the last ten years is the
reaching of price levels high enough to
upset the preexisting demand and supply
patterns of every major energy product.
Before 1973, and for several years there-
after, it was assumed that prices could rise
substantially without either significantly
reducing energy consumption or increas-
ing supply. This belief was bolstered by
continuing increases in the consumption
of oil, natural gas, and electricity in the
face of sharply higher prices after 1973,
Lack of faith in the ability of prices to
restrain growth in energy demand also
created a host of beliefs that drove energy
planning in government and industry. For
one thing, it provided support for price
controls on oil that were in place from
1971 until 1981. Since it was mistakenly
thought that high prices would not dampen
demand, those who advocated controls
argued that allowing oil companies to set
higher prices would merely increase cor-
porate profits while doing little to reduce
oil consumption. Partly as a result of oil
price controls and the accompanying reg-
ulatory system, imports grew more rap-
idly than would otherwise have been the
case—from 6.3 mmbd in 1973 to 8.8 numbd
in 1977. By 1983, however, they were down
to an average of well below 5 mmbd.
Not foreseeing the market adjustments

resulting from higher energy prices also
contributed to fears of shortage and made
many energy investments look more de-
sirable then they would have otherwise.
Several studies forecast resource exhaus-
tion within the foreseeable future unless
drastic action was taken. Backed with such
“evidence,” Congress passed legislation
designed to restrict consumption of oil and
natural gas for certain uses deemed “non-
essential” or where coal could serve as a
substitute. Impetus was given to large-scale
energy projects which, if pushed to the
maximum, would be ready just in time.
The Synthetic Fuels Corporation, created
in 1980 with authority to spend as much
as $88 billion, was the most notable of
several examples. ;

The assumption that demand trends
would remain on historical paths also was
common in industry. From 1963 to 1971,
total U.S. energy consumption had grown
at an amnual average of 4.4 percent. Qil
and natural gas companies created huge
exploration budgets in the expectation that
this sort of growth in consumption would
continue. In electricity, where the size of
investments makes looking at the long term
critically important, electric utilities pro-
ceeded with plans to build large new nu-
clear and coal-fired plants. Without these
facilities, projections showed the likeli-
hood of brownouts and electricity short-
ages. As late as 1978, the electric power
industry was projecting annual demand
growth of more than 5 percent for the
subsequent ten years.

Finally, not having to worry about prices
made it possible to limit the uncertainty
about the future. Thus, forecasts based
on extrapolations of the past gave seem-
ingly acceptable estimates of where de-
mand would be in the future. Sometimes

the calculations conveyed spurious accu-
racy by being carried out to a couple of
decimal points. In general, not factoring
in the reaction to price changes contrib-
uted to the notion that those in charge
knew what they were doing, enabling
leaders in government and industry to map
out bold, ambitious plans for the future.

Unfortunately for these planners, begin-
ning in 1979 demand trends for almost
every energy product began to decline in
reaction to higher prices. Compared to
the first six months of that year, U.S. oil
consumption in 1983 has fallen 23 per-
cent, natural gas use has dropped 8 per-
cent, and electricity demand has declined
2 percent. Total energy consumption has
dropped 14 percent in this period. The
trend also is apparent in other industrial-
ized nations. As late as the third quarter
of 1983, oil consumption in the OECD
countries was below depressed 1982 fevels

Continued on page 4.
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despite the early signs of economic re-

COVETY.

Meanwhile, available low-cost energy

supplies have grown. Oil production out-

side.of OPEC countries increased from

about 24 mmbd in 1973 to around 34 mmbd
in 1982, with substantial additions coming
from Alaska, the North Sea, and Mexico.

The decline in the production of oil and
gas in the United States seems—at least -

for the time being—to be halted.

For those with investments in high-cost :
energy supplies, the intpact of the change
in trends was serious. Qil service and -

equipment companies that had expanded
to meet increased demand suddenly were

forced to retrench. Qil and natural gas
producers saw their profits dive. And, most |

critically, the electric utility industry found
itself with a host of partiaily completed,
unneeded power plants, many of them

nuclear. Moreover, construction costs had -

soared in the years since the plants were
ordered, making the cost of completing

them prohibitive. It was no surprise, then, -

that many planis were canceled; in one
case (the Washington Public Power Sup-
ply System), a massive default on bonds
occurred. No new nuclear plants have been
ordered since 1978,

The financial distress that accompanied
these events has helped ease general ac- |
ceptance of the idea that rising prices can |
place important limits on energy demand
and encourage supply. Some still predict |

fairly large consumption increases will re-
turn with the reemergence of economic
growth. The U.S. electric utility industry,
for example, projects demand growth of
more than 3 percent annually in the next
ten years. However, the majority of pian-
ners within government and industry now
accept that prices—including the lagged
effect of past increases—will continue to
hold down demand. Indeed, many are as-
suming that demand never again will grow
at anything like the rates achieved in the
1960s and 1970s. In the wake of the ex-
perience of the past decade, these ob-
servers display more certainty about the
relationship between economic growth and
demand than perhaps is warranted.
Nevertheless, this view of demand, along
with the demonstrated flexibility on the
supply side, seems to justify the Reagan
administration’s cutback on research and
development expenditures and elimina-
tion of programs designed to enhance
conservation. Similarly, a combination of
low demand growth projections and less
pessimism on the outlook for conven-
tional energy supply has supported in-

dustry moves to back out of alternative
energy mvestments. For example, the
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Two of the biggest news siories of 1983
surrounded resignations under fire of top
presidential appointees—Environmental
Protection Agency Administrator Anne
McGill Burford and Interior Secretary
James G. Wait. But while Watt went down
because of a slip of the lip, leaving an intact
staff and policies to be taken over by Sec-
retary William Clark, Burford’s depariure
carme amid accusations of policy malfeas-
ance and political chicanery., Moreover,
nearly every other top EPA official also
left under pressure, thus giving the new
adminisirator, William Ruckelshaus, a rel-
atively clean field on which to try to re-
construct his morale-shattered agency.

In April, just as Burford convened her
last press conference as EPA head and
President Reagon named Ruckelshaus,
former administrator, to head the agency,
RFEF produced a radio show for the FOCUS
public affairs series that examined the shake-
up and assessed its portent for the future.
An edited portion of the transcript of the
program follows.

The participants are Harvey Alter, man-
ager of the Resources and Environmental
Quality Division of the Chamber of Com-
merce of the United States; J. Clarence
“Terry” Davies, executive vice president
of the Conservation Foundation; and Paul
R. Portrey, senior fellow in RFF's Quality
of the Environment Division. They were
interviewed by Darniel Zwerdling, who
covers environmental affairs for National
Public Radio.

ZWERDLING: William Ruckelshaus was
the first EPA administrator when it opened

shop under President Nixon in the early
1970s and, as deputy attorney general, he
gained fame when he refused to fire spe-
cial Watergate prosecutor Archibaid Cox.
He’s considered a man of integrity. But
can he really change the EPA?

ALTER: The biggest change that Mr.
Ruckelshaus can make is to rebuild public
confidence that the environment and health
will be protected. The remaining ques-
tion, and just as large, is what other changes
he’s going to make. Will he, under what-
ever external pressure, seck more and more
regulation, as had been the trend under
President Carter? Or is he going to try to
reexpress what 1 believe to be the Reagan
administration’s view—achieve protec-
tion, but at a lower cost?

ZWERPLING: Let’s say that Mr. Ruck-
elshaus simply tries to enforce the envi-
ronmental laws now on the books. How
can he possibly do it when his budget is
in shreds? The Reagan administration’s
budget request for EPA this coming year
is one-third less than what President Carter
asked in his last year in office; President
Reagan wants almost 50 percent less for
research at EPA than actually was spent
in 1981; the staff has been slashed by al-
most 20 percent.

ALTER: But those are nonsensical num-
bers, because every president puts in an
inflated budget request, especially when
it’s his last year. Everyone knows that a
final-year request is not going to Con-
gress, is not perceived as reality by Con-
gress: It’s a fictitious number, and it’s the
wrong one to use for comparisons.

Davies: They’re very meaningful num-
bers. The research and development func-
tion within the agency has been basically
devastated by the Reagan budget cuts.

Synthetic Fuels Corporation still was barely
active in 1983, three years after it began
operation. As a result, it seems plausible
that the United States will be confronted
by a truly ironic situation. Having been
burned by a refusal to believe thai one
trend will change and that price would
Hmit demand, Americans now may be vic-
timized by too-ready acceptance of a new
trend and a belief that it is unswerving,.
Avoiding this trap requires measures
that acknowledge explicitly the uncer-
tainty surrounding energy. In brief, such
an approach would include greater gov-
ernment funding for basic energy research
and development directed at a variety of
different technologies. To allow for smooth
adjustment to fast-changing market real-
ities, it also would be desirable to make
markets as free from price regulation as
is politically possible while increasing di-

rect aid for lower-income families in times
of rapidly rising energy prices. A high
priority should be placed on preparing for
energy emergencies and on economically
justified conservation activitics that would
allow industry and government to post-
pone some of the massive investments in
energy supply that are so risky iri the pres-
ent environment. Most of all, the success
of energy planning should not depend on
the continuation of today’s price, supply,
and demand trends. After all, if anything
has been learned about energy in the last
ten years, it is that today is not a very
good indication of what wiil happen to-
moITow.,

Author Michael J. Coda, formerly with
RFF’s Center for Energy Policy Research,
is on the staff of Energy Practice at
McKinsey & Company.
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Major parts of the agency—pesticides,
toxics, enforcement—sirnilarly have been
terribly handicapped if not destroyed al-
together. The agency’s responsibilities have
increased tremendously and there is no
way, despite statements from the admin-
istration, that you can do more work with
less money when you have a reasonably
efficient operation to begin with. The
workload essentially has doubled in a lot
of programs, and the budget has been
halved. The results already have shown
up in the law not being adequately en-
forced.

ZWERDLING: If you were going to take
over EPA right now, what could you do
and not do, given the budget?

PoORTNEY: 1 would try to do what I think
Bill Ruckelshaus is going to try to do.
That is, wangle a supplemental appropri-
ation for this fiscal year. Also, ['d try to
get some kind of supplement to what the
administration has requested for FY 1984,
Obviously, I wasn’t privy to the conver-
sation between Mr. Ruckelshaus and the
president, but I would guess that one of
the terms he got the president to agree to
before he would accept the job is an in-
crease in the EPA budget.

ZWERDLING: But let’s suppose that the
EPA will have pretty much the same
amount of money it had last year. What
can it accomplish?

PORTNEY: That’s a fairly difficult ques-
tion. Keep in mind that even in the Carter
administration, when the budgets were
much higher than they are now, EPA was
behind in getting out standards for all new
sources of air pollutants, behind in ap-
proving State Implementation Plans to
regulate air quality in the fifty states, be-
hind in issuing water pollution standards,
behind in a lot of respects. One reason

for that was a budget that was inadequate
in view of the tremendous responsibilities
that Congress loads on the EPA year in
and year out. It’s an easy way for Con-
gress to appear to be doing a lot about
the environment, but it has the effect of
creating an agency that’s going to be per-
petually behind these deadlines.

ZWERDLING: S0 you’re saying that Con-
gress is actually creating unrealistic ex-
pections among the public? )

PORTNEY: In a lot of cases, it is. In many
other cases, EPA is given a fairly general
mandate but chooses to interpret the
mandate in such a way that it’s going to
be chronically behind the deadlines that
Congress establishes.

ZwERDLING: Let’s talk about a specific:
can EPA clean up the country’s toxic waste
dumps?

ALTER: Well, we're talking about prior-
ities. Of course you clean up the dumps;
it’s a question of which ones come first.

ZwERDLING: The EPA has identified
418.

ALTER: That doesn’t include federal
sites, and the federal government has been
guilty as well of having inradequate facil-
ities. Also, some other sites have been
omitted. But whether you have 400, 500,
or 600--which ones come first?

pavies: I would disagree in thinking
it’s just a matter of priorities. It’s also a
matter of changing basic strategies in the
agency. Up till now the agency has chosen
to negotiate with the dumpess first and to
clean up later, which accounts for much
of the delay. The law allows them to clean
up first.

ZWERDLING: Let’s go back to the basic

question. Given the amount of money that
EPA has now, and will have over the next
years, can the government clean up those
400-some toxic waste dumps that citizens
are so worried about?

PORTNEY: No. It’s clear that there’s not
enough money in the Superfund to clean
up the 418 priority sites or a number of
other sites not on the priority list, but of
serious concern to local residents. The im-
portant point is that there is enough money
to begin cleaning up some of the most
serious sites. Failure to do so results from
two things: (1) As Terry indicated, the
EPA has preferred to negotiate with the
parties they think are responsible for the
mess before cleaning up the sites; and (2)
political problems always exist when there
are representatives who want their site
rather than someone else’s cleaned up first.
But there certainly is enough money to
begin. To my mind, there is no way to
explain or to offer an alibi for the delay
in taking that money and beginning to
work on the worst sites.

ALTER: The Superfund and, indeed, the

. congressional appropriations are not all

the money that is available. There’s a dy-
namic process going on that leverages the
money. [n short, you can use all the stra-
tegic tools at onee: you can get people to
settle out of court and speed it up; you
can go after the scofflaws and collect from
them; and you can use the reserve fund
to clean up. Also, we need to marshal
enough engineers and other knowledge-
able people to do the job right. In fact,
we don’t have a lot of experience in clean-
ing up hazardous sites and perhaps what’s
worse than a hazardous site is to make it
even more dangerous with an inept
cleanup.

ZwERDLING: The Congress and Presi-
dent Reagan have only a short time to
address the nation’s environmental prob-
lems before the next election. What are
the priorities going to be? What should
they be?

PORTNEY: When President Reagan was
candidate Reagan, he was correct, I think,
in criticizing decision making at EPA. He
pointed out that the monitoring network
was such that we had too little idea of
whether things were getting better or
worse, of which areas were improving, of
which were deteriorating, and at what
rates, and that we had too little knowl-
edge of what roles the Clean Air Act and
otheér environmental statutes were play-
ing in those areas where envirommental
quality was improving. So 1 thought that
one of the administration’s first moves

Continued on page 13.




WHATEVER GOES UP, must come down.
But does it? And if 50, where, and in what
form and concentration? |

Acid deposition—acid rain is only one
form—seems easily understood at first
glance: gases of sulfur and nitrogen are
released into the air, where portions of
them are converted to acids that fall to
ground in rain, snow, or as dry deposits
on surfaces. Since some lakes, trees, and
other biclogical species apparently are ad-
versely affected by the acids, it is desir-
able to reduce the amount deposited.

But how can or should this be done?
Logic suggests reducing the amounts of
sulfur and nitrogen released into the at-
mosphere. In the northeastern quadrant
of the United States, where the problem
is greatest, most of the sulfur dioxide and
about half of the nitric oxide are released
by power plants burning oil and coal. The
most obvious solution—forcing such plants
to reduce their emissions of one or both
of these compounds—would require for
most the use of sulfur dioxide scrubbers
at costs that could total $100 billion during
the remainder of this century. Many lay-
men have a “sock-it-to-them” attitude to-
ward the power companies, but ultimately
utility customers woultd pay the bill. Thus,
solutions to the problem affect a large seg-
ment of the population, and not only power
company shareholders.

An acid is a substance that releases hy-
drogen ions in water solution. Chemists
use “pH™ to describe the relative acidity
or alkalinity of a solution, and this term
has been picked up by the popular press.
This often is misleading because, as the
negative logarithm of acid concentration,
pH varies much less than the concentra-
tion itself and, for acids, in the opposite
direction of acidity. To a layman, the dif-
ference between pHS and pH4 appears to
be only a 20 percent change, and pH4
sounds better than pHS, but in reality a
solution with pH4 contains ten times as
much acid as one of pH5. In this article
I use the actual hydrogen ion concentra-
tions in terms of microequivalents {peq)
per liter. For example, pH4 is 100 peq
per liter and pH35 is 10 peq per liter.

All water contains some acid. In pure
water a few water molecules break up into
hydrogen and hydroxide ions, so the acid
concentration is 0.1 peq per liter. Pure
water in the natural, unpolluted atmos-
phere contains additional acid because
carbon dioxide from the air dissolves to
form weak carbonic acid, producing a hy-
drogen ion concentration of about 3 peq
pert liter. In addition, the atmosphere con-
tains natural sulfur dioxide, resulting from
biological activity in the oceans and on
land, with some of it being transformed
into sulfuric acid. The amount of acid from
natural sources is not well known, but it
is rarely more than 10 peq per liter. Thus,
rain naturally is somewhat acidic, but hu-
man activities clearly have made it more

so: For example, in the eastern United
States, the acid concentration in individ-
ual rainfall events ranges from 50 to 200
peq per liter or five- to 20-fold larger than
natural concentrations.

Since the mid-1960s, acid rain has been
of serious concern in Scandinavia, espe-
cially Sweden, but it received little atten-
tion in the United States until the mid-
1970s, when Gene Likens and his co-
workers, then at Cornell University, pub-
lished maps of rainfall acidity in the
Northeast showing that acidity had in-
creased substantially between the mid-
19505 and the mid-1970s. These maps,
coupled with reports of “dying lakes” in
areas such as upper New York State and
Canada, greatly increased public aware-
ness of this possibly growing problem.
However, careful examination of the data
raises serious doubts about their reliabil-
ity, especially those gathered in the 1950s.

Accurate measurements of rainfall
acidity are difficult to perform. For ex-
ample, if a bucket is placed in a field and
the rain collected in it is analyzed once
each week, the results can be wrong for
many reasons. One is that particles sus-
pended in the atmosphere that contain
alkaline substances may fall into the bucket
and neutralize the acids, thus producing
acid concentrations that are too low. Until
recently, reliable techniques had not been
established for measuring the acidity of
rainwater, so that the older data cannot
be corrected for problems associated with

their measurement.

The longest continuous record of rain-
fall acidity is that obtained at Hubbard
Brook Experimental Forest, New Hamp-
shire, beginning in 1964. Between 1964
and 1980, the annual average acidity ranged
between 60 and 95 peq per liter and, if
there is a long-term trend, it is slightly
downward. Even when data for acidity (or
concentrations of most other pollutants)
are averaged over twelve months, year-
to-year fluctuations are so great that data
must be obtained for many years to es-
tablish a clear trend. Since 1964, sulfate
concentrations in precipitation at Hub-
bard Brook have declined by about 20
percent, possibly reflecting reduced emis-
sions of sulfur dioxide in the East. Nitrate
concentrations rose from 1964 to 1971
{(probably because of increased emissions
of nitrogen oxides by motor vehicles) and
have been fairly constant since then, Thus,
the Hubbard Brook record of acid pre-
cipitation suggests that acidity has re-
mained constant, or has declined slightly,
since 1964, and that the reduction in sul-
furic acid has been balanced approxi-
mately by increased nitric acid, with the
former now accounting for about two-
thirds of the acid.

Whether or not rainfall acidity is increas-
ing, considerable political pressure is being
exerted, especially from Canada, New
England, and New York, for its reduc-
tion. The classic scenario resulting from
many studies is that air masses move up
the Mississippi and Obio River valleys,
collecting emissions from many power
plants, especially those along the Ohio
River. During transit, the air pollutants
slowly form acids and sulfate particles,
causing acid precipitation in that area and
to the northeast. Indeed, maps of acid
precipitation show that the region of high
acidity extends considerably farther to-
ward the Northeast than does the area of
high-density sulfur dioxide sources. De-
spite the apparent strength of this argu-
ment, two major questions must be an-
swered before it is clear that reducing
emissions will be beneficial: Will a given
reduction of sulfur and nitrogen oxide
ermissions produce a proportionate reduc-
tion of acid? And if reductions are made
in a given area, at what distance will there
be a significant effect on precipitation
acidity?

These questions can be answered caly
when the major mechanism(s) that pro-
duce acid precipitation are fully under-
stood or when empirical studies demon-
strate the relationship between release of

pollutants at one point and deposition of
acids at another. Production of acid re-
quires at least two reactants: the sulfur or
nitrogen oxide gas and an oxidizing agent
that transforms them into salfuric and ni-
tric acids. Until the most important oxi-
dizing agents are established, it is impos-
sible to know which species is in excess.
1f, for example, it is sulfar dioxide, then
the amount of sulfuric acid formed will
be limited by the amount of oxidant avail-
able. If that were the case, emissions of
sulfur dioxide would have to be reduced
to the point at which its concentration was
equal to the available oxidant before fur-
ther reductions would decrease the acidity
of precipitation. This is a definite possi-
bility, as it is fairly certain that much of
the sulfur dioxide released in the North-
east is not deposited within the area. Of
the estimated § million metric tons of sul-
fur released there, about 3 million metric
tons are transported to the Atlantic Ocean
without being deposited and another 1
million tons go to Canada. Thus, addi-
tional sulfur could be deposited in the area,
bat luckily it is not. Is that because there
is a shortage of the oxidizing agent?

Although present knowledge of the at-
mospheric chemistry of salfur and nitro-
gen oxides is far from complete, progress
in research has been rapid during the past
several years.

it is known, for example, that during the
summer, some sulfur dioxide is oxidized
by a hydroxyl radical, a highly reactive,
transient species produced by reactions
caused by sunlight, that is, photochemical
reactions. Because hydroxyl radicals react
so quickly, their concentrations are nevex
very large and, as a consequence, no 1e-
liable, direct measurements have been
made. Reactions of hydroxyl radicals may
produce much of the sulfate borne by at-
mospheric particles, which causes the haze
that blankets the Midwest and East, es-
pecially during summer. But even if they

are all brought down by rain, these par-
ticles do not carry enough acid to account
for the acidity of the rainfall. Other pho-
tochemical reactions convert nitric oxide
to nitric acid, which is a gas unless water
droplets are present. If this is the case,
most of it dissolves. But even if the nitric
acid below the clouds also is collected by
the falling rain, the total acid is not enough
to produce such an effect. Apparently,
much of the acid is produced in clouds.

Clouds provide a good medium for chem-
ical reactions, as gases can dissolve in cloud
droplets and react with each other. Dis-
solved oxygen and sulfur dioxide can form
sulfuric acid, but the reaction is too slow
in pure water to account for the amount
of acid that has been observed. The re-
action can be speeded up (catalyzed) by
dissolved metals such as iron and man-
ganese, but the process slows down after
some acid has been formed.

One important oxidizing agent in cloud
droplets is hydrogen peroxide, which is
produced by photochemical reactions of
nitrogen oxides and hydrocarbons. Un-
like other reactants, hydrogen peroxide
keeps on reacting after some acid has been
produced. However, hydrogen peroxide
is far from being established as the most
important oxidant. Only recently has it
been possible to measure its concentra-
tions in the droplets of very calm, non-
raining clouds.

Another possible oxidant in the cloud
droplets is ozone, yet another product of
photochemical reactions. Concentrations
of both sulfate particles in the air and acid
in rainfall are higher in summertime, when
the intensity of the light is greatest, de-
spite the fact that the concentration of
sulfur dioxide is higher in the winter and
nitrogen oxides are fairly constant
throughout the year. Some acid and sul-
fate are produced in winter, which leads
one to believe that other reactions may




be important as well, for example, catal-
ysis by manganese and iron.

Clouds play an important role in the
production of acid, but aspects of their
performance remain poorly understood.
Most people are not aware that few clouds
produce rain. Instead, they evaporate,
leaving behind the solid material that was
present in the droplets. Such a particle
released into the air passes through about
ten cloud droplets before it is deposited
at ground level; the average suspended
particle has been through five clouds.
Measurements taken in clouds show that
they contain much more acid than do the
residual particles. What happens to the
acid between clouds? Part of the answer
is that the nitric acid gas dissolved in cloud
droplets evaporates along with the water.
However, this does not explain why more
sulfuric acid is not found on the particles.
Perhaps this dilemma results from poor
knowledge of bases, the acid-neutralizers.
Much of the particulate matter in the at-
mosphere is soil and rock dust containing
basic substances, such as limestone, that
neutralize some of the acid. However, an
even more important base is ammonia gas,
released by feedlots, fertilized fields, and
biological processes. The concentration
of ammonia gas probably never gets very
large because. it reacts rapidly with sul-
furic acid particles to neutralize them.

According to this picture, acid is made
in clouds that evaporate, but much of the
acid formed is neutralized by ammonia
while the particles are between clouds. In
my view, the majority of acid is made in
the clouds that produce rain. In these
clouds—the more active of which cannot
be sampled safely by aircraft—huge up-
drafts suck in large volumes of air at their
bases. The turbulence promotes mixing of
vafious species, giving them an opportu-
nity to react in the .cloud droplets. Such
clouds may make acid so rapidly that it
cannot be neutralized by ammonia gas be-
fore it falls to ¢arth in rain or snow.

This scenario, based on clues gleaned
from studies of air and gentle clouds, is
speculative, but the enormous progress
being made in atmospheric research should
provide fairly clear knowledge of the im-
portant pathways for acid formation and
neutralization within the next five years.
Measurement methods for some key spe-
cics, available only in the last year or so,
already are providing vital new informa-
tion.

Last year, a group of distinguished at-
mospheric scientists, brought together by
the National Research Council, reviewed
all available information and arrived at

the following carefully worded conclu-
sion:

If we assumie that all other factors, in-
cluding meteorology, remain un-
changed, the annval average concen-
tration of sulfate in precipitation at a
given site should be reduced in pro-
portion to a reduction in SO, and sul-
fate transported to that site from a source
or region of sources. If ambient con-
centrations of NO,, nonmethane hy-
drocarbons, and basic substances (such
as ammonia and calcium carbonate) re-
main unchanged, a reduction in sulfate
deposition will result in at least as great
a reduction in the deposition of hydro-
gen ion.!

Although T respect the opinion of the
panel, I am not as confident that reducing
sulfur oxide emissions by X amount would
yield a proportional reduction in acid dep-
osition. If the acid is produced in clouds
that rain, those clouds may exhaust their
oxidants before they convert all the sulfur
dioxide into acid. If so, a small reduction
in sulfur dioxide emissions might produce
n¢ observable change in acid deposition,
especially in view of the great year-to-year
variability of average acidity.

The panel’s report indicates that it is
impossible to predict the distance at which
rainfall acidity would be affected by re-
ducing solfur dioxide emissions in a par-

* ticular locale. As noted above, the area

of highly acid rainfall extends consider-
ably farther toward the Northeast than
the area of high sulfur dioxide emissions
of the Chio River Valley, empirically sug-
gesting that, for long-term averages, the
effects probably would extend several
hundred miles. However, in my view, if
one considers a particular mass of air trav-
eling from the Ohio River Valley to the
Northeast, the area of acid deposition can
be determined largely by the pattern of
rainfall along its path. If rain occurs near
the midwestern sources, then little acid
will be carried to New York and New
England. But if no rain occurs in the air
mass uniil it reaches the Northeast, then
acid in that area will result in part from
emissions released in the Midwest,

Two other points should be noted. First,
I bave focused on the deposition of acid,
especially sulfuric acid. Acids, of course,
attack a wide variety of materials. How-
ever, many experts on biological effects
are more concerned about total sulfate
deposition, as some biological processes

! National Research Council, Acid Deposi-
tion—Ammospheric Processes in Eastern North
America (Washington, D.C., National Acad-
emy Press, 1983). This excellent summary of
present knowledge about acid rain contains ref-
erences to original sources of most of the facts
mentioned above.

convert sulfate of any type of sulfuric acid.
Second, only recently have scientists be-
gun to study fogs, whose droplets usually
contain much greater concentrations of
acid and sulfate than raindrops—and the
fog droplets are deposited directly on the
leaves of vegetation. Much damage to trees
and other vegetation in areas of frequent
fogs may be caused by acid fog rather than
rain.

Some proponents of strong measures to
control sulfur oxide emissions note that
many past decisions, though based on in-
complete information, have been suc-
cessful. One, they point to the control of
coal burning in London after thousands
died as a result of the great L.ondon fog
of 1952. But other similar decisions prob-
ably have been ineffective. For example,
no convincing case has been made for the
benefits (outside of southern California)
of reducing carbon monoxide and hydro-
carbon emissions from automobiles by re-
quiring catalytic converters. (Indeed, the
major benefit may have been a great re-
duction in atmospheric lead: leaded gas-
oline cannot be used in vehicles equipped
with converters.)

Congress currently is considering sev-
eral bills calling for reduction of sulfur
oxide emissions, primarily by the electric
power industry. Not surprisingly, states
with the greatest emission densities favor
regulations that would require uniform
percentage rollbacks, while those with low
emissions favor a reduction by states with
high emissions. It is unfortunate that this
decision will be based on regional political
considerations rather than on maximizing
environmental benefits while minimizing
costs. Certain areas are much more sen-
sittve to acid rain than others, in part be-
cause their soil and rocks do not have
much capacity for neutralizing acid. As
some of the arcas of greatest sensitivity
are in upper New York State, New Eng-
land, and eastern Canada, any plan to
reduce sulfur oxide emission should focus
there.

One probable side benefit of reducing

sulfur dioxide—clearer skies-—has re-
ceived little attention. Even if the reduc-
tion of acidity of rainfall is not propor-
tional to the reduction of sulfur dioxide
emissions, there is a good chanee that
concentrations of sulfate particles in the
atmosphere will decrease. And as sulfate
particles cause most light scattering in the
atmosphere, significantly fewer of them
should mean reduced haze and improved
visibility.
Author Glen E. Gordon is professor of
chemisiry at the University of Maryland.
He was a Natural Science Fellow at RFF
during 1982-83.

SPURRED BY MOUNTING CONCERN about
acid deposition, Congress is considering
reducing total annual emissions of sulfur
dioxide, the gas that apparently is its ma-
jor precursor. The issue is full of ques-
tions—how much to cut back, how to ap-
poriion cuts among the forty-eight
contiguous states, whether nitrogen diox-
ide emissions should be included and
whether, and if so how, the cost of the
reductions should be subsidized. This ar-
ticle concentrates on an equally important
question, How much discretion about the
means of reducing sulfur dioxide should
be given the electric utilities and other
sources that would be affected by any re-
duction that Congress might wish to man-
date?

Two broad approaches have emerged
to this last question. Under the first, af-
fected sources would be given complete
freedom to choose how they would meet
mandated reductions in sulfur dioxide
emissions. They could switch to coal or
other fuels with a lower sulfur content,
install complicated devices known as
scrubbers that remove sulfur dioxide from
flue gases, “wash” the coal prior to burn-
ing it, or use a combination of these means
or any others. Under the second ap-
proach, many sources would be given no
latitude in selecting control measures.
Rather, they would be forced to reduce
their sulfur dioxide emissions with scrub-
bers.

For reasons to be discussed shortly, the
former approach has come to be referred
to as the least-cost alternative. When
compared to forced scrubbing, it would
save 1J.S. citizens a considerable sum of
maoney—3$20 billion in capital costs alone
over the next ten years—and, on net, cre-
ate 5,600 additional jobs in mining and
transportation at a time when employ-
ment is a particularly important national
concern. However, the least-cost alter-
native apparently would result in some
job shifts or losses for miners of high-
sulfur coal in a few regions because of a
probable shift to low-sulfur coal by many
large utility power plants. It is these lo-
cation-specific job losses that the forced
scrubbing approach is designed to pre-
vent.

Nearly cvery administration and Con-
gress since 1932 has come under pressure

to assist the citizens of Appalachia by pro-
tecting from domestic and foreign com-
petition or otherwise subsidizing the coal
companies that operate there.! The ar-
guments for such protection have ranged
from national security to market failure.

This pressure was resisted until re-
cently, Instead, where federal action
seemed called for, Congress opted for in-
come assistance -and social service pro-
grams targeted at affected individuals and
regions rather than at industries. The cre-
ation of the Appalachian Regional Com-
mission and the Great Society programs
in the Kennedy and Johnson administra-
tions are perhaps the best examples.

In 1977, however, Congress reversed
nearly thirty-five vears of bipartisan prec-
edent. Bowing to pressures from special
interest groups, Congress amended Sec-
tion 111 of the Clean Air Act, which deals
with federally established emissions
standards for new sources of air pollution.
Specifically, Congress mandated that any
newly constructed electric power plant
meet the emissions limit established in the
Environmental Protection Agency’s 1971
new source standard via technological
means—scrubbing.

This only thinly veiled attempt to pro-
tect high-sulfur coal producers in one small
part of the country has been criticized as
a needlessly expensive way to reduce sul-
fur emissions from new power plants,? and

I This section draws heavily on Milton Rus-
sell, “Energy Politics Looking Backward,” in
Martin Greenberger, ed., Canght Unawares:
The Energy Decade in Retrospect (Cambridge,
Mass., Ballinger, 1983) pp. 29-66.

2 According to the Congressional Budget
Office, the technological approach embodied
int the 1977 amendments will, by the year 2000,
cost the nation $3.4 billion more per year than
would be required to achieve the same emis-
sions reduction using low-sulfur coal. See
Congressional Budget Office, “The Clean Air
Act, the Electric Utilities, and the Coal Mar-
ket” (Washington, D.C., April 1982).

also for apparently exacerbating acid dep-
osition in the eastern United States, where
some of the most sensitive ecological areas
are located.® (If this view is correct, it is
indeed ironic that an approach that has
increased acid rain now is advanced as a

+ partial cure.) It is against this history that

the current debate over controls on ex-
isting power plants and other sources
should be viewed.

Before discussing the strengths and weak-
nesses of the least-cost alternative and of
forced scrubbing, let us be clear about
their environmental effects: they are iden-
tical. Both are designed to achieve the
same aggregate annual reduction in sulfur
dioxide emissions, and whatever effects
such a reduction would have on acid dep-
osition would be identical as between the
two plans. Thus, the cost savings and fa-
vorable overall job impacts associated with
the least-cost approach would not come
at the expense of environmental quality.

In comparing the two plans, I rely pri-
marily on an analysis prepared by ICF
Incorporated for the Alliance for Clean
Energy (referred to here as the ICK re-
port).* This analysis is consistent with those
conducted by ICF for the EPA and other
interested parties. Like all analyses, its
conclusions depend critically on under-
lying assumptions and the data on which
the appropriate models are estimated—in
this case, data and assumptions about coal
prices and availability, labor productivity
and wage rates, pollution control costs,
and other factors. While it is important
not to attach too much certainty to the

3 Bruce A. Ackerman and William T. Has-
sler, Clean Coal—Dirty Air (New Haven, Conn.,
Yale University Press, 1981) p. 68.

4 ICF Incorporated, September 22, 1983.




estimates, I believe they represent the best
available information about expected re-
sults,

The forced scrubbing alternative ana-
Iyzed in the ICF report is that embodied
in H.R. 3400, introduced by Reps. Henry
A. Waxman (D-Calif.) and Gerry Sikor-
ski {D-Minn.}. This bill would give some

- power plants the flexibility to select. how
to reduce sulfur but would force the fifty
“dirtiest” plants to install scrubbers to meet
their mandated reductions. H.R. 3400 is
selected as the basis for comparison with
the least-cost approach only because its
specific provisions make cost and em-
ployment estimates possible. The quali-
tative conclusions in this article would ap-

. Ply equally to other forced scrubbing
approaches.

Almost all of the fifty power plants tar-
geted for scrubbers under H.R. 3400 could
reduce sulfur dioxide emissions at less cost
by shifting to low-sulfur coal.® Indeed, the

savings would be substantial, Between now .

and 1995, forced scrubbing would require
an additional $2¢ billion in capital in-
vestment in the electric utility industry
compared to the least-cost approach. This
would, of course, have to be shouldered
by electricity rate-payers already troubled
by recent cost increases, or by others no
more eager to bear the burden.

Even after taking into account the in-
creased price of low-sulfur coal expected
to result from added demand, the least-
cost approach would save $1 billion an-
nually when compared to the forced
scrubbing route. (ICF’s estimates of these
savings thus are less than $1.6 billion per
year estimated in a July 12, 1983, staff
memorandum issued by the Office of
Technology Assessment. )

Many programs that rank high with re-
spect to one criterion do less well when
measured against another. Thus, it is pos-
sible that the least-cost approach to acid
rain control, while saving considerable
amounts of money, might have unfavor-
able effects on, say, overall employment
when compared to the forced scrubbing
alternative. But no: according to the ICF
report, the least-cost alternative would re-
sult on net in 5,600 more jobs by 1995
than the more expensive forced scrubbing

5 According to ICF, under the least-cost al-
ternative an additional 2.5 gigawatts (GW) of
scrubber capacity would be instailed by 1995
relative to a base case of 100.6 GW. Under
H.R. 3400, however, an additional 67.7 GW
of scrubber capacity would be installed relative
to the base case.

approach. Some 1,500 additional coal
miners would be employed under the ieast-
cost approach as jobs open up in low-
sulfur coal mines in both eastern and
western states; and 4,100 new jobs would
be created for coal transportation workers
on trains, trucks, and the barges that would
move on U.8. intracoastal waterways, the
Great Lakes, and ocean shipping routes.

Moreover, in broad terms the distri-
bution of job shifts would appear to be
quite even under the least-cost alterna-
tive. For instance, the states that comprise
Appalachia would be better off under the
least-cost alternative than the forced
scrubbing approach by nearly 9,000 jobs.
Similarly, the states of the Northemn Great
Plains as well as the rest of the western
states would fare better by a combined
total of about 19,000 new jobs. One re-
gion—the Midwest—does less well under
the least-cost approach, a problem taken
up below.

At a more disaggregated level, only four
states—Ililinois, Ohio, Maryland, and
Missouri—would suffer net mining job
losses from 1980 employment levels under
the least-cost option, with predicted losses
in the latter two being nearly indistin-
guishable from zero. On the other hand,
21 states would enjoy an increase in coal-
mining jobs relative to 1980 levels. While
the jobs gained in coal transportation can-
not reliably be allocated to states or re-
gions, they too should be evenly distrib-
uted given the additional low-sulfur coal
that will be mined in both the eastern and
western United States.

Clearly, without some saving grace, the
forced scrubbing option could scarcely long
survive careful scrutiny. In fact, it does
appear to have one important advantage
over the least-cost approach.

The sole advantage to forced scrubbing is
that under that approach no coal-produc-
ing states would have fewer people em-
ployed in mining in 1995 than were em-
ployed in that industry in 1980. This cannot
be said of the least-cost alternative. Even
though its overall effect would be 5,600
more jobs in mining and transportation
than would result from forced scrubbing,
it would leave two states—Ohio and II-
linois—with a combined total of 17,600
fewer mining jobs in 1995 than now exist.
Maryland and Missouri would lose 300
jobs between them. By way of contrast,
West Virginia—which borders Ohio to the
south and east—would gain 49,400 min-
ing jobs from increased low-suifur coal
production under the least-cost alterna-
tive. Job gains in Kentucky—which forms
part of the southern boundary of Hli-
nois—would amount to 12,200, New min-
ing jobs in New Mexico, Virginia, Penn-
sylvania, and Texas all would exceed 6,000
by 1995. But Ilinois and Ohio indeed
would lose jobs as the high-sulfur coal
mined there gave way to cleaner coals
mined nearby in the East and in western
states as well. Before discussing what might
be done to cushion this disadvantageous
feature, it is useful to examine these pre-
dicted job losses carefully and to place
them in perspective.

In Nlinois, the 9,800 jobs that would be
shifted elsewhere amount to less than one-
fifth of 1 percent of total employment in
that state.® The corresponding percentage
is even lower for Ohio.

It also is instructive to view the pre-
dicted shifts in 17,600 jobs in Ohio and
Iilinois against the secular treads in em-
ployment in coal mining. Between 1923
and 1969, employment in bituminous coal
mining in the United States fell from more
than 704,000 to fewer than 125,000, a de-
cline of 82 percent.” By 1979, however,
employment in America’s mines had dou-
bled to more than 250,000 and is expected
to increase to nearly 350,000 by 1995,

No matter how familiar miners may be
with secular or short-term fluctuations in
employment, however, involuntary un-
employment is a debilitating prospect.
Moreover, the two states where mining
employment would be adversely affected
both have suffered recent reversals in em-
ployment in other basic industries—steel
and automobiles being the best examples.
It is worth giving special attention to their
plight.

¢ U.S. Department of Commerce, Bureau of
the Census, Statistical Abstract of the United
States: 1952-83 (Washington, D.C., 1983) p.
378.

7 National Coal Associaton, Coal Facts: 1978
79 (Washington, D.C., 1979) p. 54.

Retirements among an aging workforce
and secondary employment effects asso-
ciated. with the expansion of low-sulfur
cdal mining may well lower the total num-
ber of jobs affected. Still, the job shifts
that would occur should be viewed as se-
rious impediments to the least-cost ap-
proach. Because it otherwise is so very
attractive—in terms of cost and in overall
employment effects—it is worth consid-
ering measures to ease the adverse impact
of pursuing the least-cost option.

Of the many ways to soften any adverse
employment effects of the least-cost op-
tion, three general methods are discussed
here. The first would involve the com-
panies that stand to benefit from the least-
cost approach. Specifically, companies
mining or transporting low-sulfur coal
ought to offer first rights of refusal for the
new jobs they can anticipate to those in
Ohio and Hlinois likely to be displaced by
the shift to cleaner coal. In fact, in view
of the financial stake involved, these com-
panies could make a concerted effort to
identify and even help relocate affected
parties. '

Relocation would not necessarily be very
costly, as much of the new production
under the least-cost option would come
from West Virginia, Kentucky, and Penn-
sylvania—all close to the affected areas.
In fact, in the Appalachia and Midwest
coal-producing regions, new hires are ¢s-
timated at 17 percent of the total number
of coal miners each year.® This implies
about 37,000 new openings annually, or
about twice as many as the number of
miners in Ohio and Illinois likely to be
displaced. In addition, the mining equip-
ment companies in the East North Central
states that will see their business expand
might be expected to give precedence to
displaced miners in hiring decisions not
invaolving specialized technological skills.
A commitment of the sort described here
even might be made part of any legislation
Congress passes to deal with acid rain.

In recent years, Congress has created
more than twenty different programs to
assist workers dislocated for various rea-
sons, including airline deregulation, con-
solidation of the railroad system, expan-
sion of the Redwood National Park,
competition from imported goods and
services, and many others.” Thus, under

'8 Malcolm Cohen and Arthar Schwartz, *“U.S.
Labor Turnover: Analysis of a New Measure,”
Monihly Labor Review (November 1980) pp.
9-13.

? Marc Bendick, Jr., “Assisting Coal Miners
Dislocated by Sulfur Emissions Restrictions:

a second approach, such a program could
be established to assist coal miners ad-
versely affected by the least-cost ap-
proach to reducing sulfur emissions. As-
sistance might take a number of different
forms. Dislocated workers might be as-
sured full salary for several years if they
could not find new work, with the amount
of assistance declining with time as new
opportunities became available to them.
If miners do find new jobs, but at wages
less than those earned in mining, the com-
pensation might replace the full differ-
ence for a period of years and decline
annually thereafter. Alternatively, com-
pensation could be provided in lump-sum
payments.

Assistance could take other forms be-
sides direct compensation. For example,
programs could be established to help
miners search for new jobs; these might
be administered through the United Mine
Workers or other unions with which they
are affiliated, or through state human re-
source departments or regional economic
development organizations. Alternatively
(or in addition), special retraining or re-
location assistance or both might be pro-
vided.

However, special compensation pro-
grams can pose a number of difficulties.'
It is not always clear, for example, who
are deserving recipients: some miners may

Issues and Options,” Urban Institute Project
Report no. 3002-01 (Washington, D.C., July
1981) pp. 54-63.

19 See Ibid., pp. 22-35; also Edward Cavin
and Walter Corson, “A Discussion of Alter-
native Policies to Aid Unemployed Coal Min-
ers,” report prepared by Mathematica Policy
Research for the U.S. Environmental Protec-
tion Agency (Washington, D.C., June 1981)
pp. 26-57.

leave jobs of their own volition or for other
reasons unrelated to fuel switching. Also,
to what degree, if at all, should compen-
sation go to those whose jobs are threat-
ened by fuel switching even though they
are not directly employed in the mipes,
those, say, who sell equipment to com-
panies mining high-sulfur coal? Drawing
the line on compensation is no easy mat-
ter.

Knotty problems also arise in the design
of payment rules if a compensation pro-
gram is adopted. Will compensation con-
tinue to be paid even if the worker is
quickly reemployed? If so, the apparent
fairness of the program is threatened. If
not, dislocated workers will have little or
no incentive to search for new jobs, at
least while they are receiving full benefits.
These and other issues must be con-
fronted in the design and operation of a
special compensation program.

+ It is important to keep in mind that the

coal miners would not be dislocated
through any reversal of previous govern-
ment policy, or even by some new policy
that would fundamentally alter the rules
of the game. With few exceptions, exist-
ing power plants always have had the op-
tion to meet their emission limits via the
purchase of low-sulfur coal. The least-cost
alternative merely would extend that pol-
icy to the additional sulfur reductions
thought to be necessary to address the
problem of acid rain. In fact, it is the forced
scrubbing approach that can be seen in
this light to represent a fundamental shift
in federal policy.

That miners dislocated by the least-cost
alternative would not in any sense be dou-
ble-crossed tends to undercut the ration-
ale for special compensation and under-
lines the usefulness of viewing their very
real plight as akin to that of steel, auto-
mobile, textile, or other workers who suf-
fer because of inevitable, long-term
changes in the industries in which they are
employed. This suggests that equity would
best be served by not differentiating be-
tween those who lose their jobs because
environmental policy is sensibly designed
and those disadvantaged by foreign com-
petition, declining domestic demand, or
a whole host of other reasons.

In other words, perhaps the best way
to deal with the dislocations that might
result from the least-cost alternative is as
part of a comprehensive national program
aimed at reducing unemployment. Be-
cause of the geographic dimensions of the
problem, such & program no doubt would
be targeted in particular at those very re-
gions where mining dislocations are ex-
pected to occur. It would, therefore, assist




not only miners but also steel, auto, and
other dislocated workers. A national em-
ployment program might include job search
and relocation assistance, educational or
retraining programs, and perhaps public
employment where legitimate purposes
can be served, as with infrastructural im-
provements and the like. This is always
to be preferred to indirect and hidden
measures that poorly serve both employ-
ment and environmental policy.
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In pointing out how unemployment—and
especially that resulting from otherwise
clearly desirable policies—is best ad-
dressed broadly and directly, we return
to the historical background with which
this article began. The message of that
section is clear: until 1977, Congress al-
ways dealt directly with unemployment in
mining areas through regional or nation-
wide policies that also would extend to
other deserving individuals. No attempt
was made to assist miners by propping up
the mining industry artificially.

It would be well to keep this record in
mind when weighing the alternative ap-
proaches to controlling acid rain. For while
it perhaps is not obvious, forced scrubbing
i$ no more than a domestic tariff on low-
sulfur coal designed to protect those who
own and mine high-sulfur coal. While
economists may disagree on much, they
are in nearly unanimous agreement on the
potentially very harmful effects of such
tariffs. Forced scrubbing would offer job
protection to seme, but only at the ex-
pense of even greater job losses to others
and the additional loss of $1 billion per
year. i implemented, such a policy even-
tually would harm even those it would
protect in the short mu. As there are a
number of ways the nation could take ad-
vantage of its vast reserves of low-sulfur
coal while at the same time assisting those
harmed by such an approach, the way
seems clear.

Author Paul R. Portney is a senior fellow
in RFF’s Quality of the Environment Di-
vision. This article is adapted from a longer
paper prepared for the Alliance for Clean
Energy.
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© 'THIS PAST YEAR will undoubtedly go down

in climate history as the vear of the El Nifio—
one of the most profound events in re-
corded climate history. It first came to the
attention of Americans in the form of heavy
rains and storms, unsuitably timed for a
visit by the Queen of England. However,
as reports from other parts of the world
started caming in, it became apparent that
more than royal discomfort was involved.

Crippling drought in southern Africa, Sri
Ianka, southern India, Indonesia, the Phil-
ippines, and Australia; floods and heavy
rains in the U.S. Guif states and the North-

. east, in Ecuador, northern Peru, Bolivia

(where 26,000 people were left homeless),

* and in western Europe all followed a rise

in the surface temperature of the eastern
Pacific ocean and an invasion of warm water
knowi as El Nifio. El Nifio—Spanish for

the Christ Child—is so named in South-

America because it usually occurs during
the Christmas season.

The cost of these events can be only es-
timated. Hundreds of people died in Peru
and Ecuador from floods and mudslides.
Total damage to crops and property world-
wide is estimated at $13 billion by the Na-
tional Oceanic and Atmospheric Admin-
istration (NOAA). And this does not
measure the misery of the homeless or those

. who died or will die from the famine and
: pestilence that accompany drought.

El Niiio is not a new phenomenon, but

| a cyclical warming of the ocean that has
¢ long been known to Peruvian fishermen
¢ (whose anchovy fishery usually is destroyed

by it} and by scientists at least since 1877.
However, the most recent El Nifio was
different in several ways. For one thing, it

started in late spring instead of in Decem-
ber. The magnitude of the rise in sea tem-
perature was remarkable—in some places
15° to 18°F above normal temperatures for
that time of year. A typical El Nifio has a
rise of 5° to 6°F. The 1983 El Nifio began
in the mid-Pacific, not off the coast of South
America as it usually does, and involved
changes in sea level that covered millions
of square miles of water and massive trans-
fers of heat and water.

Scientists who have been exploring the El
Nifio phenomeneon are reluctant to use
terms like “causes” or “produoces.” In-
stead, they prefer the more cautious “as-
sociated with.” One of the events that
appears to be associated with an El Nifio
is a large-scale seesaw of air between the
Pacific and Indian oceans in the tropics
and subtropics that occurs every two to
seven years, This seesaw, called the
Southern Osciilation, is suspected of being
linked to a whole family of ocean and
atmospheric fluctuations around the globe.
For example, precipitation and pressure
during the monsoon in India vary with
changes in the Southern Oscillation. Sig-
nificantly, there are also huge changes in
sea surface temperature in the equatorial
Pacific that are associated with the South-
ern Oscillation.

In fact, the oceans and the atmosphere
are in constant communication—the ocean
storing, rearranging, and releasing heat to
drive the atmospheric circulation system
while the heated air masses above help
move the ocean current system and affect
the release of heat from the ocean sur-
face. This interaction operates most ef-
fectively in the tropics. If the physics and
dynamics of this interaction were under-
stood, they might provide a key to under-
standing and anticipating global fluctua-
tions in climate. For instance, there were
early signals of the recent El Nifio in the
form of sharp changes in the usual pattern
of air pressure and flow between May and
June and large-scale changes in rainfall in
the Pacific, but they were not recognized
as precursors of an El Nifio.

An improved understanding of how the
oceans and atmosphere interact not only
would allow meteorologists to anticipate
EI Nifio, but also could lead to improved
medium- and long-term weather predic-
tion for the North Pacific and North
America. For example, it might be pos-
sible to predict extremely cold winters
several seasons in advance with reason-
able accuracy in some parts of the United
States since there seems to be a link be-
tween temperature patterns in the North
Pacific and cold winters in the eastern
TUnited States.

A decadé-long international program to
study large-scale ocean-atmosphere inter-
actions has been in planning for some time
and will get under way this year. Dubbed
TOGA, for Tropical Ocean Global At-
mosphere, it will attempt to answer some
key questions about climate changes.
Among them are:

= What triggers the sequence of events
that are connected with warming of the
sea surface in the first place?

% What determines the frequency of the
Southern Oscillation? An EI Nifio oc-
curs every four to five years with a cor-
responding major swing in the South-
ern Oscillation, but individual events
can-range from two to ten years.

% Why do the sea surface changes lead-
ing to an El Nifio begin early in the
calendar year, with maximum warming
taking place a few months after the nor-
mal maximum sea surface temperature
in February? Does this offer any clues
to ocean-atmosphere coupling?

& There is also the question of El Nifios
that occur at-unexpected times or that
last longer than the typical two years.
& How is the El Nifio-Southern Oscil-
lation signal transmitted from the west-
ern Pacific, where the weakening of the
trade winds occurs, to the coast of South
America, the site of the greatest changes
in ocean temperature?

= Allied with this is the question of how
these events interact with conditions in

the midlatitudes. Anomalies in midlat-
itude sea surface temperature occur too
soon after the equatorial changes for
them to be the consequence entirely of
ocean processes. It is possible that
changes in sea surface temperature in
the tropics atfect air circulation in the
midiatitudes, but this is not at all cer-
tain.

Research will be carried out by NOAA,
the Office of Naval Research, the Na-
tional Science Foundation, and the Na-
tional Aeronautics and Space Adminis-
tration.

The TOGA research program will seek
answers to these questions by monitoring
wind fields, atmosphere and ocean ther-
mal structure (this is a description of how
temperature changes over vertical and
horizontal space), and sea surface topog-
raphy. Some of these observations are al-
ready being done as part of research on
the equatorial Pacific. Additional studies
are planned for the eastern, central, and
western Pacific. Monitoring equipment
includes fixed and drfting buoys, ex-
pendable bathythermographs, and meters
to measure current. A varicty of obser-
vation platforms will also be needed, in-
cluding aireraft, ships, satellites, and is-
fand-based stations. :

The weather satellites are critical for
this project since they are the only way
atmospheric measurements can be ob-

“tained on a global scale. Currently the

geostationary and polar-orbiting satellites
daily produce information on cloud cover,
snow or ice, and thermal radiation, as well

as data that can be used to determine the

vertical distribution of atmospheric tem-
perature and moisture, and wind field.
Continued and reliable coverage by both
sets of satellites is essential to research on
the El Nifio-Southermn Oscillation con-
nection.

Despite its human costs, last year’s El
Nifio was a scientific bonanza. Not only
has the rapid exchange of information
among meteorologists, oceanographers,
and fishermen provided information far
superior to anything previously existing,
but for the first time it was apparent that
El Niiio is not the result of random, un-
connected events, but of events that may
be driven by physical laws. If these laws
can be discovered, it may be possible to
correctly interpret the signals that pre-
cede an El Nifio and plan for the weather
changes that accompany it.

While the old saw that you can’t do
anything about the weather islargely true,
if an El Nifo can be anticipated ecarly
enough, it may be possible to mitigate its
effects and its costs.

Author Ruth B. Haas is an editor in RFF's
Publications and Information Division.

EPA (continued from page 5.)

would be to improve the air-quality and
water-quality monitoring networks. That
was one area I had thought would be a
bright spot. And it’s not proved to be so.

ZWERDLING: S0 one of your first prior-
ities would be to figure out just how badly
things are being polluted? )

PORTNEY: Exactly. We have to know
whether the programs we have in place
now are really making any difference, or
how much difference they're making, be-
fore we can know what kinds of changes
to make in those programs.

ALTER: | would try both to gain the
confidence of the public in the handling
of hazardous wasies and to educate them
that they can be managed safely. We suf-
fer from a weakness in the law and a
weakness in the language in that waste is
classified either as hazardous or nonhaz-
ardous. That’s like saying everything is
either black or white, that people are either
good or bad, that there’s no gray area in
between. The result is that we panic peo-
ple into thinking that their health and even

their lives are always in a great deal of
danger, when this is not true.

DAvVIES: Enforcement is a top priority.
Also, one of the most discouraging things
about this administration has been its at-
titude that if you don’t know about a
problem, it doesn’t exist. As aresult, nearly
all the research on new environmental
problems, as well as the monitoring, has
been stopped.

ZWERDLING: So let’s say you're the new
administrator, what are you going to do
about it?

DAVIES: You have to strengthen en-
forcement; you have to increase the re-
sources to implement things like the Pes-
ticides Act and the Toxic Substances Act;
you have to change strategy on hazardous
wastes so that you clean up first and ne-
gotiate later; and you have to have a ma-
jor increase in your research and moni-
toring budgets so that you can begin to
know whether you are addressing the right
questions in the right way.

ZwWERDLING: How do you predict that
William Ruckelshaus will be remembered
for his tenure at EPA?

PORTNEY: My guess is that he will be
remembered for having restored credi-
bility at EPA. T think he’s going to do
that. Abave all, he is honest, and I think
even if he makes decisions that are un-
popular with environmentalists, he’s going
to do so after consulting with them and
basing his decisions on careful scientific
studies and as much other knowledge as
he can assemble.

But I also think he may be remembered
as a person who came back to an agency
that was much easier to administer in his
first stay than it will be in his second.
There are many more laws and programs
for the FPA to administer; it’s a much
more controversial area now than it was
in the early 1970s, when there was little
disagreement regarding such statements
as, “Oh, we can’t afford to do this, it’s
costing us too much,” or “It’s hurting our
industrial base.” That is not the case now,
and I think Bill Ruckelshaus will find this
is a far tougher job now than it was when
he first had it.




As AMERICA NEARS the year 2000, two
major issues warrant attention. Will the
availability of natural resources seriously
constrain U.S. agriculture? And how will
agriculture affect the quality of the en-
vironment? Neither is novel, but each poses
critical choices. )

In speculating on the future abundance of
natural resources, we must consider the
demand for them in both agricultural and
nonagricultural uses, their future supply,
and what new technologies could com-
plement or substitute for them in agri-
cuftural production.

Consensus is strong—even among econ-
omists—that the prospective expansion in
domestic demand for food well into the
twenty-first century poses no major threat
to the U.S. resource base. Imcreases in
U.S. population and ¢conomic growth
suggest that growth in aggregate demand
for food will amount to slightly less than
1 percent annually by the year 2000. Of
course, a heavily subsidized program to
produce alcohot fuel (ethanol) could add

to domestic agricultural demand for re-
sources. However, barring precipitous in-
creases in petroleum prices, and assuming
that current U.S. energy policy will con-
tinue relatively unchanged, it is reason-
able to predict only marginal growth—at
least to the turn of the century—in U.S.
commercial demand for agricultural com-
modities.

But if consensus exists regarding do-
mestic demand, the same cannot be said
for exports. Based on the relatively high
export levels of the 1970s, some project
that annual growth rates up to 2000 would
range between 2.3 and 6.5 percent. Others
argue that the high growth rates achieved
in the 1970s cannot be sustained for an-
other sixteen years, in part because the
price increases attending such growth in
all likelihood would dampen foreign de-
mand and encourage production outside
the United States. Moreover, some of the
events of the seventies that triggered rapid
expansion of U.S. exports were cyclical
or transitory, not long-term, shifts in ex-
port demand. And there is cautious, but
growing, optimism that the. developing
countries——where much of the potential
growth in food demand resides—will con-
tinue to enhance their own productive ca-
pacity through appropriate mixes of cap-
ital investments, tescarch and devel-
opment, and farsighted public policies.

QOver the past decades, U.S. agriculture
has become increasingly interdepen-
dent—economically, socially, and politi-
cally—both domestically and internation-
ally. This trend probably will grow into
the twenty-first century, and with it will
come increased competition for natural
resources. On the margin, the value of
water and, generally, the value of land in
nonagricultural uses will continue to ex-
ceed their value in agriculture. Thus, where
markets operate frecly and efficiently, ag-
ricalture will compete just as weakly for
those resources in the next century as it
does now. But by that time, the agricul-
tural sector witl find it increasingly diffi-
cult to obtain or even to maintain “spe-
cial-interest” policies for water, other
resources, or, for that matter, agricultural
commodities themselves.

Transfers of resources from agriculture
clearly will continue in the next two dec-
ades and beyond. Indeed, water transfers
could be much larger than those of the
sixties and seventies because of the ex-
panding market for groundwater rights and
institutional interbasin transfers. How-
ever, the rate of converting agricultural
land to nonagricultural purposes may de-
cline as a result of several factors: national
population growth rates are slowing; the
dramatic migration from metropolitan to
nonmetro areas seen in the seventies will
diminish; the rate of housechold formation
probably will decline in the Iate 1980s.

Construction rates for new airports, water

and highway transport systems, dams and

reservoirs—all significant claimants on
cropland in the past—already have slowed,
and recision or deferral of plans for con-
tinuation of several major synfuels plants
have lowered projections for conversion
of coal- and shale-endowed agricultural
land in the next decade or two.

Thus, competition and demand for re-
sources will continue to increase into the
twenty-first century even if the “demand-
pull” thesis, which suggested the more ex-
treme food- and resource-scarcity scena-
rios of the 1970s, now seems overstated.
Still, perhaps as much as 20 to 25 million
acres of agricultural land (8 to 10 million
acres in cropland) will be converted to
nonagricultural uses by 2000. Considering
that demand and the infrastructure needed
to accommodate domestic and export de-
mand for agricultural commodities, a
plausible guess is that total additional de-
mand for c¢ropland from the current
“cropland reserve” (about 127 million
acres) might reach 35 to 50 million acres
in the next century.

Does this mean that real cost for both
food and resources will continue to rise
into the twenty-first century? It is tempt-
ing to say yes. After all, land and water
are finite. But resource fixity is meaning-
ful only in a physical context. Resource
use is determined by human choice and
is influenced greatly by socioeconomic
criteria. As a given resource becomes more
scarce and consequently more socially
valuable, users conserve it by substituting
other resources and by adopting resource-
saving technologies and management
practices. This principle of substitution has
been dramatically evident in the perform-
ance of U.S. agriculture during the past
century.

The availability and price of water, not
fand, appear to be the more critical var-
iables for agriculture through the remain-

der of the century, particularly in the West.
In the absence of subsidized, large inter-
basin water transfers it seems clear that
water will be increasingly costly in the
southern Great Plains, and this could force
conversion of substantial amounts of land
from irrigated to dryland farming sys-
tems, Transferring water from agriculture
to meet demands in growing urban cen-
ters in the West and Southwest almost
surely will induce major adjustments in
agriculture in those areas. Native Amer-
ican and federal claims to the waters of
the Colorado River and other sources in
the West raise potentially unsettling is-

. sues for agriculture. And it seems evident

that in the next few decades the federal
government will be unwilling to invest in
large-scale water-development projects.
Today, western water policy emphasizes
efficient management of this increasingly
valuable resource rather than developing
additional supplies.

What seems likely to ensue over the
next several decades is a series of mar-
ginal agricultural adjustments to higher-
priced water—more efficient water ap-
plication, reduced rates of application,
shifts from lower- to higher-valued crops,
and shifts in resource use and production
patterns throughout the country. Such ad-
justments have the potential to conserve
substantial amounts of water; for exam-
ple, estimates are that current water ap-
plication efficiencies of about 50 percent
could be boosted to 85 percent by chang-
ing application techniques—a 70 percent
gain. In the context of the West as a whole,
the physical requirements for water to meet
projected urban and other nonagricul-
toral pses up to 2000 are small relative to
the total quantities now being used in ag-
riculture. Nevertheless, the water issue will
generate many difficult, controversial
choices in the decades ahead. The task is
to develop more effective institutions for

reducing the distortions caused by policies -

that assume an abundant, low-priced nat-
ural resource.

Agricultural adjustrizents to the higher en-
ergy prices of the 1970s have been sub-
stantial—conservation in use of energy-
based products through such technologies
as minimum till, integrated pest manage-
ment, and others. RFF’s Pierre Crosson
predicts that by 2010 as much as 50 to 60
percent of the nation’s cropland might be
farmed by means of conservation tillage.!
Although agriculture is vulnerable to any
major interruption of energy supplies,
moderate, gradual increases in energy
prices apparently can be accommodated
without major impacts on the nation’s food
supply by 2000.

When the so-called cropland crisis of
the 1970s is viewed in light of the principle
of resource substitution it presents a Jess
foreboding prospect than the popular press
reported at the time. Although the annual
net conversion to nonagricultural uses of
875,000 acres of cropland during 1967-75
has been highly dramatized (and possibly
overstated), it constituted only slightly
more than one-tenth of 1 percent of the
540-million-acre cropland base. Even if
conversions were to continue at that rate—
which seems highly unlikely——the cumu-
lative losses by 2000 would be only 3 to
4 percent of the 540 million acres. Never-
theléss, cropland is a valuable national
asset, and its future use deserves careful
attention.

“But all land is not created equal! Soil
characteristics differ and, when combined
with climate and management variables,
offer unique opportunities for the pro-
duction of high-value crops. Thus, the fact
that the cropland base probably will not
physically or economically limit the ex-
pansion of U.$. aggregate food produc-
tion does not suggest that actions to con-
serve and maintain its quality or to regulate
its rational, economic use at the local level
are either irrelevant or unnecessary. In-
deed, the issues and choices of land use
planning to serve multiple demands are
likely to have great local importance as
this century gives way to the next.

Scientists suggest that vields for major
crops probably could be increased 40 to
50 percent by 2000, by using either cur-
rent technologies or those available “‘on
the shelf.” Impressive gains in livestock
productivity also are possible within the
next ten to twenty years. And many sug-
gest that additional investment in basic
research could produce major break-

1 Pierve R. Crosson, Conservation Tillage and
Conventional Tillage: A Comparative Assess-
ment (Washington, D.C., Soil Conservation
Society of America, 1981).




throughs to enhance both crop and live-
stock yields, perhaps even before 2000.

Agriculture’s relationship to the quality
of the natural environment poses another
set of controversial issues and crucial
choices. :

Some critics argue that the current “high-
tech” agricuttural production systern is a
major source of environmental degrada-
tion in the United States. In this view, the
system simply is not sustainable in the long
run because it impairs the quality of the
natural resources on which it depends. But
the system’s defenders emphasize that
current technology and improved man-
agement regimes (and others can be de-
veloped) can ameliorate, if not eliminate,
the worst of the environmental abuses at-
tributed to such a high-tech agriculture.
Contending that no practical alternative
1s possible unless Americans are prepared
to pay much higher prices for food, they
point out that life consists of a series of
tradeoffs between the optimum and the
attainable.

Resolving these issues is complicated by
the lack of scientific evidence on the basic
relationships involved in the controversy.
For example, no one knows with much
precision what happens to pesticides when
they leave the farmer’s field. Also, it is
difficult to value the social cost of the en-
virenmental externalities—soil erosion,
sedimentation, and salinity—deriving from
agricultural production. Indeed, existing
institutional mechanisms are incapable of
internalizing the social costs of environ-
mental degradation.

Pierre Crosson and Sterling Brubaker
have speculated on the resource and en-
vironmental effects of U.S. agriculture to
20102 Among the troublesome envicon-
mental problems associated with agricul-
tural production—pesticide, insecticide,
and herbicide pollution, soil erosion, eu-
trophication, salinity of seils and water—
they conclode that soil erosion is the most
impaortant, both through its effects on water
quality and because of potential produc-
tivity losses on cropland.

Air pollution, which is generated mostly
by nonagricultural sources, is of growing
concern not only because of its immediate
effects on agricultural production in highty
urbamzed areas, but also because of its

2 Pierre R. Crosson and Steiling Brubaker,
Resource and Environmerntal Effects of U.S.
Agriculture (Washington, D.C., Resources for
the Fature, 19382).

potential longer-run effects on global cli-
mate and life-support systems. Acid dep-
osition and increasing temperatures be-
cause of the greenhouse effect are two
prime examples. Reliable assessments of
the impacts of such phenomena depend
on more scientific research but, looking
far into the next century, such issues read-
ily could provoke sharp social concern and
require difficult public choices in the
Umnited States and around the world.

The questions surrounding agriculture
and the quality of the natural environ-
ment are neither fransitory or ephemeral,
nor are their solutions simple or absolute.
Perhaps the only certainty is that it is im-
possible to reduce the environmental risks
of high-tech agriculture to zero: tradeoffs
between food production and the quality
of the environment are inevitable. And
just as clearly, the choices by the twenty-
first century wiil be even more complex,
difficult, and far-reaching.

My scenario of U.S. agriculture in the year
2000 is based on a cautiously optirnistic
view of the sector’s capacity to adjust to
what is clearly an uncertain and poten-
tially highly unstable economic and polit-
ical environment--one in which any fore-
cast is subject to a wide range of error. It
may be that the best strategy is to hope
for the best and to be prepared for some-
thing less,

Nothing I see suggests an approaching
crisis in U.S. agriculture or in the avail-
ability of natural resources for future ag-
riculture development. But no crisis does
not imply no cause for concern. To the
contrary: the concerns are many and the
individual and collective choices involved
are critical. One such is the development
of institutions to encourage more efficient
use and the socially desirable allocation
of water. Others concern policies and in-
stitutions to guide rational, more orderly,
and farsighted use of land, based on long-
term needs to serve multiple uses and to
protect the quality of an ever-more val-

uable resource. Some of the most difficult
and critical choices will turn not on the
quantity of natural resources per se, but
on their quality and their relationship to
agriculture, Common property re-
sources—those such as clean air and water
that lie outside the operation of commer-
cial markets—increasingly will be central
topics of concern in this regard. The na-
tion is ill-prepared to address scientificaily
or quantitatively the tradeoff between en-
vironmental quality and food and fiber
production.

And choices also must be made about
public and private investments in research
to maintain or broaden options in the use
and conservation of nataral resources and
the environment. In the past, society made
substantial investments in agricultural re-
search based on the premise that they were
a form of social insurance against long-
term food and resource shortages and on
the merits of rising productivity. This was
so even when current technology was con-
tributing to an economic surplus. Will we
choose to do so again? If so, what strat-
egies will be most appropriate?

For all our scientific advances, expand-
ing knowledge of nature and the environ-
ment, and larger, more sophisticated
models of technological, economic, and
social systems, the future remains uncer-
tain and enigmatic.

Author Kenneth R. Farrell is director of
RFFs Food and Agricultural Policy Pro-
gram. This article is based on a speech he
presented at the April 1983 symposium on
Agriculture in the Twenty-First Century,
sponsored by the Colgate Darden Grad-
uate School of Business Administration,
University of Virginia, funded by Philip
Morris, Incorporated. A proceedings vol-
ume, Agriculture in the Twenty-First
Century, edited by John W. Rosenblum,
was published by John Wiley & Sons, Inc.
in 1953

Nos, 72 through 75 (Fall 1982-Winter 1984)
For g cumuiative indsx including Mos. 84 trough 71, see Mo, 72, March 1983}

Acid ramm, 75:6-12
Adars, Samuel b, 748
Africa. See spevific couniries.
Agricultural land
diversion of, 72:17-1%
runolf from, 73:20-21
Agricultural products, demand for, 75:14
Agriculrre in an Unsiable Economy, 7218
AgRISTARS, 73:11-12
Ahearne, lohn F., 743
Adr gurality
effect on agricwitoral produciivity, 75016
health effeuts, 72:6-7
Sez also Clean Alr Act,
Alsrm models, for crop estimates, 73:12
Alcomao, Joseph, 748
Alier, Harvey, 75:4-3, 13
American Public Power Association, 721516
Arrow, Kenneih §,, 72:24
Asia, See specific conniries.

Baden, Joha AL, 75:31-32
Bauxite exports, i Suriname, 75:24
Biochemical oxygen demand (BOD), 7525
Bohi, Douglas B., 72225 748
Books from REF
The Comparative Economics of Plantation
Forestry: A Global Assessmeni {Sedjo),
74:14
Carvent Issues in Natwral Resource Policy
(Poriney, with Haas), 72:24
The Development of the 1.8, Urban Svstem.
Volumne 5 Industrial Shifis, fmplications
{Eummy, 7315
Discounting for Time and Hisk in Energy
FPolicy (Lind, 1 al), 72:24
The Feonomics of Managing Chiorofluors-
carbors {Comberlard, Hibbs, and Hoch,
editors), 72:9
Energy Today and Tomorrow-—Living With
Unceriainty{Darmstadier, Landsberg,
Morion, with Coda), 72:15
The Federal Landy Revisited (Clawson} 74:14-
15
Freshwater Recreational Fishing: The Mo
tional Benefity of Water Pollution Con-
trol {Vaughan and Russellj, 72:25
Clovermmenial Taterventions, Sociyd Needs,
and the Management of (1.5, Foresis
(Sedjo, editor), 73:15
Watural Gas Markers Afeer Deregidation:
Methods of Analysis and Besearch Needs
(Broadman and Montgomery, with
Zimmerman), 7415
{3l Prices, Energy Secivity, and Fmpore Fol-
ey (Bohi and Montgomery), 72:23
Regional Conflict and National Policy (Price,
editor), 7225
.8, Inverests and Global Narral Kesources:
Energy, Minerals, Food (Castle and
Price, editors), 7415
Bouhdili, Caroline, 74:8
Bowes, Michacl, T4:14
Broadman, Harry G, 74:9-12

Buving A Better Environment: Cost Effective
Regulation Through Permit Trading (Loeres
and David. eds.), 741314

Bureau of Land Management, 72:5

Carbon dioxide emussions, ihreat 1o forosts,

74:4.6
Carter, Jimmy, 72:2
Castle, Emery N, 72:3, 6, Th6-7; T46-7
Celis U, Rafasl, 748
Chafes, Sen. iohn, 72:12
Chemicais, production and pollution, 73:6-7
Chiles, Hunter, 72:15
China. See People’s Bepublic of Chins.
Chivrefluorocashons (CFCs), 72:8-9
Clawson, Mariog, 72:4; 74:6
Clean Adr Act, 75:5, ¢
Clean Air Act, reawthorizanon of, 72:6
Clean Air Act Amendments (19703, 72:6
Clean Water Act (1972), 72:12; 75:25-26
Clean Waler Act Amendments (1977), 7212
and agricaiiaral ranofl, 75:20, 21, 26
Clouds, role o acid rain, 75:7-8
Coal
burning, emssions from, 75:7-8, 9, 10, 11
tederally owned, leasing of, 75:16-18
gasification, 72:13
liquefaciion, 72:13
for sypihetic fuels production, 72:13

Colorado, 72:13

Colorado River Safinity Projest, 75:27
Corey, Gordon, 72:24

Crossom, Plerre, 75:15, 16, 26-21
Cumbertand, Jokn H., 729

Draniels, Farnpgton, 73:13

Dareastadier, Joel, 73:15, 74:15

Drasgupia, Partha, 72:24

Dravid, Martin H. 74:13-14

Pravies, I Clarence, 75:4-5, 13

Dreforestation, 74:4-58

“Preregulation of Natural Gas-—Foous on con-
tract carvlages,” 74:9-12

Developing countries

increased oil prices and, T421
wopical forests and scononmsc development,

74:5

hlkon Reservoir study, 75:26-27

Diirect Use af the Sun’s Fuergy (Dapiels), 73:13

Directory of Envirommental Asset Duia Bases
annd Valuation Swedies, 72:20

scases. See specific diseases.

Dominge B.. Rosario, 74:8

Daerksen, Christopher 1., 73:6

Thmkeriey, oy, 74:8

Pung, Edgar 8., Jr., 7315

Foksicin, Fvi. 748

Eicheabaum Martin 5., 748

Effluent standards, 737

Electric Consumers Resoures Coungil, 72:15
Electric utibities, 73:5

Electricity Policy Project, 72:14-16, 19
Ellis, Harry B., 72:3

Energy. See specific sowrees.
Energy, An Information Guide, 731314
Energy Discussion Papers
“Alcohol Fucls and the Agricultaral 3ec-
tor,” D73-1 (Rawmsuy and Jankowski),
74:8
“The Dynarsics of Iniernational Energy Pol-
icy Coordinagion,” D-82F (Toman), 744

“Energy Policy Alllances and Cooperative
Crames: A Survey of Issues snd Solution
Coneepts,” 82K (Toman), 74:8

“Fhe Econometncos of Exhavstible Resource
Supply: A Theory and an Application,”
[-52R (Epple), 74:3

*An BEconomic Analvss of Egergy Demand
Resteaint Measures,” T3-82T {Noll}, 748

“Encrgy Conservation in Kenya’s Modern
Rector: Progress, Potential and Prob-
igms,” £ 731 (3chipper, Hollander, bi-
fakas, et al.}, 748

“The Forgign Trade Defick and the Food
Crisis: Anticipated Resulis of ap Ag-
gressive Program of Alcohol Fuel Pro-
duction in Costa Rica,” B-73H (Celis,
Doininge, Hervera, Vedova, and Vil-
fasusod, T48

“Ioventories, Arbitrage, and Public-Private
Interacing,” D-821 (Monigomery and
Toman), 74:8

“Issues in Urapiam Avatlabilivy ) D-54
(Schanz, Adams, Gordon, and Lands-
berg), 745

Ol Supply Disruptions znd the Optimal
Tariff 11 a Dynamic Stochastic Equilib-
riwm Maodel,™ D-82F {Eckstein and Bi-
chepbaunm), 748

“Fask Analysis of the Strategic Peitrolzum
Beserve: Theory snd Preliminary Esiz-
mates,” D-82U (Boohdili and Mont-
gomery), 74:8

“Rural Blectrification and the Commersial
Secter in Indoaesia,” 3-73L (Brod-
man}, 748

“Two Hinstrations of the Isnposiance of Ty
nammics for Modeling Energy-Capital
Substitutability,”” D-820 (Bain and
Whiteman). 748

“What Canses (il Price Shocks?” D-BZY
{Bohi), 74:8

“Why People Don’t Flant Trees—The 5o
cloeconomic Impacts of Existing Wood-
fyel Programs: Village Case Studies,
Tauzania,” 13-73P (Skutsch), 74:8

Energy Security Act (1980, 72:12

“Faergy: Ten yeass after,” 7504

Entropy: A New World View (Rifkiny, 74:13

EPA. See U5 ¥avironmental Proteciion
Agency.

Environmental quality, effect of agricaliure on,
753:16

“The EPA today and yestorday,” 753:4-5, 13

Epple, Dennis, 74:5

“Erosion: How big a threat?™”, 75:20-23

Burope. See specific coundries.

Ewvtrophication, 75:23

Farmiand. See Agricubiural land.

Federal Energy Regulatory Conmission, 7218,
22,7411

Federal lands, public versas private manage-
ment, 72:4-0

Foderal Lands Polioy and Management Act
(1976), T4

Federal Power Cominission See Federal En-
ergy Regulatory Commission.




Federal Republic of Gormany
approach to hazardops wastes, 75 3-31
geonogc growth, 7202
Federal Reserve Boapd, 75:3
Fluorocsrbons, Sre Chiorofluorocarbons.
FOOUE vadio series, 72:3: 75:4-3, 13
*Food and agnealney policy: Old wine m new
bottles,” 72:17-19
Food and Agriculiues Act (1981), 72:17
Food supply
farsign policy and, 74:2-3 12
global crop estimates, 73:11-12
w1982, Y2718
paymenis-in-kind, 72:18-19
Foreign Agricubeural Service {(USDA)S, 7311
Forest Service, 72:3
Forests, 4:4-8
i China, 72:10-11
plantation, 74:14
See also Fuelwood: Timber suppiy.
Free rider, 72:2
Foclwood, 72:10-11
“Fuelwood for China,” 72:10--11
“Funding R&D” 72:21

Crasoline ranoniag, 732

“Global deforestation,” 74:4-8

Goodland, RBobert, 74:8

Gordon, Richayd £, 74:8

Ciyeat Britain. See United Kingdom,

“Green’ -technology option, in Suriname,
T58:24-25

Graenhotse éffect, 72:8-9

Grenada, 75:25

Crrowth in resl outpat, 735

Cmyana, 75:23, 25

Haas, Ruth B, 72:24; 73:11-12; 74:4-8; 75:12-
i3
Harrington, Winston, 72:20; 74:13-14
Hazardous substances, 73:0-7; 755, 37-28
discharged into water bodies, 75:28
gronndwater comanination by, 75:27-31
See glso specific subsiances; Superfund.
“Health 2ad air quality-In search of missing
tinks,” 72:6-7
Healy, Robert G, 73:5-7
Herrera F., Luis F., 74:8
Hibbs, James R, 72:9
“The high cost of contaminated groundwater,”
F5:27-31
High-technology plants, 73:3,4,7
Hobart, Larry, 72:16
Hoch, Irving, 72:9
Hollander, Jack, 74:3
Houschold energy consusption, in China, 72:10
Hufschmidt, Maynard M., 74:i4
Hydrosmelters, in Swriname, 75:22-74
Hyman, Bric L., 74:14

“Industiial sting and the envivonment,” 73:5-
7
laternational Encrgy Agoncy {(IEA), 75:2

Jaksch, Joho AL, 752527
Yankeywski, John E., Jr., 74:8
Japan
economic growth, 72:2, 3
=115 trade, 72:3
Joerss, Exhard, 74:13-14
Johpson, Lyndor B,, 72:2

Kabalebo River irrigation project, 75:22-24
Kaysen, Carl, 74:1-3.12

Kneose, Allen V., 72:12, 25, 74:15; 75:27-31
Kolstad, Charles, 74:15

Krupnick, Alan §., 72:20

Laconie, Pierre, 7417

Sand, kots of land,” 7246

Land use. See Agriculivral fand,

Vandsar, 7311

Yandsberg, Hans H., 72:12-14, 25, 7315, 748

f.arean, Thomas I, 74:13

Latin America. See specific counsriss.

“Leasing of federal cosl resourcss—A4 contine
uing problem,” 75:17-19

Lemap, Ohristopher, 75:31-32

Lind, Bobert C., 72:24-25

Locally unwanied land uses. See LULUs.

SLULUs,” 7324

Lyons, Mark, 72:14--16, 19

Mexico, 753

Milakas, Matthew, 7418

“Minds, money, and markets,” 72:20-21
Minerals. See specific minerals.
Mhichell, Robert Cameron, 733
Momtgomery, W, Dawnd, 72:25: 9-12
Morton, Herbert ., 72:20-21; 73:13
dMullahy, John, 72:6-7

Multiple use of foderal tands, 72:4-6
tyers, Nomman, 74h4-5

Blyers, Stephen, 748

Mationzl Academy of Sciences, 72:9

Mational Forest System, 72:3

Matiopal Governors” Assogiation Electric Util-
ity Task Foree, 72:19

Mational Oceanic and Atmospheric Adminis-
traton, 73:11; 75:12-13

Fatural Gas, 72:22-24; 74:9-12

Magural Gas Policy Act {1978), 72:22.-23; 75:2

“The nateral gas price puzzle,” 72:22-24

Maturai gas prices, 72:22-24; 74:9-12

Natural resources, 74;1-3.12

zgriculiure and, 75:16
availability and, 75:14-16
Bee alse specific resoarces.

Natural Resources: Bureaucratic Myihs and
Environmental Management (Stroup and
Baden), 75:31-32

Matural Resources Defense Council, 72:16

The Netherlands, 75.22

Mevada, 73:3

Newsday, 72:3

Mofl, Seott A, 74:8

“Nonpoint-source water pollution,” 75:23-27

Morse, Elliot, 74:7

North Dakota, 74:12

Nuclear-magaetic resonance (NME), 73112

il
demand and oil price, 72:23-24; 75:14
embargo of 1973, 75:1
Olson, Mancur, 72:2-3
Organization of Oil Exporting Countries
(OPEC), 7522
Czone depletion, 72:8-9

Pacilic Morthwest, 725
Pauisen, Charles, 72:25
Payments-in-kind, for farmers, 72:3
Peat-io-methanol, 72:13
People's Republic of China

forest sector, 72:10-11

rusal eaergy soctor, 72:10-11
Porry, Harry, 75:17-1%9
Peskin, Heney M., 72:12, 20; 75:25-27
Phosphorus, discharges inte watex, 75:25, 26~

27

Popper, Frank J., 73:2-4; 74:15
Fortney, Paul R., 72:6-7, 24: 75:4-5, 13
“Power politics,” 72:14-16, 19

“Presepving Husions
afler ten ye

Price, Kenmt AL 7T A S i

Prige’s Lapddfig, 7527731

Public choice, 75:31-32

Public Land Law Review Commission, 72:3

Puly and paper wansfacihuring, 73:5

The Clean Water Agt
32

Ramsay, William, 74:8
Raven, Poier, 74:6
Reagan, Ronald, 72:2, 3
Refngeration systems, and CFUs, 7208
Rediduals management. See Huzardous sub-
stances.
Resources, See specific resource.
RFEs Reoring Sertes
Agriculuire and Natural Resource Adequacy
{Castle), 74:16
Alternaiive Alr Quality Policy Gperations in
the Four Corners Region {Roach, Xol-
stad, Kneese, Tobin, and Wilkams),
T4:i5
Energy and Conswner Expendiivre Pasterns.
Modeling Approaches and Frojections
{Larcan and Darmstadies), 74:15
Key Elewenis Conmon to Critical f3sues on
Engineering Materials and Minerals
(Landsberg), 74:16
The Measuremeni of Froductive Efficiency:
A Recownsideration (Kopp), 74:15-18
The Nadional Recreational Fishing Benefits
of Wazer Pollution Conirel (Russell and
Yaughan), 74:16
REF Water Metwork Model, 75:25, 27
Rhoads, Pean, 73:3
Rifkin, Jeremy, 74:13
The Rise and Decline of Nutions, T2:3
Hoach, Fred, 74:15
Rosenberg, Mathan, 72:23
Backelshaus, William, 75:4, 5. 13
Russell, Clifford 5., 72:25; 74:16
Russell, Milion, 72,2224

Sagebrusk Rebeliion, 72:4, 5
Schanz, Joho 1., T4R
Schipper, Lee, 74:8
Schualiz, Theodore W., 72:18
Scrubbers, 75:11
Sedjo, Roger A, 73:15; 74:.4-3, T-8
Sen, Amartya, 72:24
Sharefkin, Mark, 75:27-31
Shechter, Mordechai, 75:27-31
Simon, Julias, 745-6
Skutsch, Margaret McCall, 748
SGHID, 72:13; 713:5
Sail erosien, 73.20-21
Soil maisture models, 73:12
Solar cnergy. See Daniels, Farriagton.
Southern Oscillation, 75:12-13
Species preservation, 74:4-5
Stauffer, Thomas, 72:24
Steel production and pollation, 735
Stewart, Richard B, 72:25
Suiglitz, Joseph, 72:24
Stockfisch, Jack, 72:24
Btrategic Petroleam Reserve, 73:2
Stroop, Bichard L., 75:31-32
Superfund, 75:5
Suriname, 75:22-23
“Byofucls—Back to basics,” 72:12-14
Synthetic tuels, 72:12-14

processes and pollation, 73:5
Synthetic Fucls Corporation, T72:12-14; 753~

4

Tar sands, 72:13-14
Tavlor, Bobert P, 72:10-11

R

sags,

Thbor supply, federal versus private matago-
ment,

Tobin, Richard, 74:15

Todtier, Alvin, 73546

TOGA study. See Tropical Ooean Clobal A
mosphere stady.

Toman, Michae! A, 748

Towic substances, See Hazardous substances,

Trade barriers, 723

Tropicai Oecan Global Atmosphere sindy, 75:13

Tsongas, Paul E., 72:23

T values, 75:28-22

“Tweaty-{irst century agricuiture: Critical
choices for natural resources,” 75:14-14

Union Cil Company, 72:13

Umied Kingdom, 72:23

United States
agricultare, 73:14-16
Carter’s cnergy policy, 72:8-9
and CFC emissions, 72:8-9
eoonomic growth, 72:2, 3
energy consumption, 75:2-3
forcign policy apd global natural resourees,

T41-3.12

Reagan’s energy policy, 72:12-14

U5, Conferenoe on the Homan Envitonmosi.
TEH
415, Deparmment of I Ay B I
Gifice of Polioy Plagning and Anslysis, 72114
U5, Dapariment of Labor, 7352
U5, Energy Scourity Act {1980), 72:12
.5, BEnvironmental Profection Agency
air quality standards, 72:7
future of, 75:4-5, 13
ponpint-source water pollution, 75:25-27
“E. foreign policy and global natural re-
soupces,” 74083, 12
(3.5, Strategic Petrolewn Heserve, 75:2
“Using land and water,” 7311
USSR, 74:2
Lhah, 73:3

Yaughan, William 1., 72:25; 74:16
Vedova W.. Maris, 74:8

Yepotative index numbers (VINSY, 73:12
Yillasuso B, Juas M., 748

Yirgmia, 73:4

Waiker, Linda 1., 73:13-14
The Washington Posi, 732

diocaton, 73
rop water ndex, 7312
38 T515

interbasin transfers, 7309
nonpeint-source polluion, 752507
policy for the 1980, 73:10
guality problems, 73:8-9

“Water svailability—The crists of the sighties? "

73:E-10

Waty, fames G, 75:4, 18, i¥

Weather data via satellite, 7311

Weber, B David, 73:13-14

Whiie, Gilbert F., 72033

Whiteman, Chardes H., 748

“Why both the Right and the Left have failed,”

T2:2-3

Williams, bichasl, 74:15

Wilson. Robert, 72:24

World Bank, 75:24

Wyoming, 72:13

Vardas, David, 72:20
“Ths year of the EL Nifio,” 73:12-13

Fimmerman, Mary Beth, 7415
Zwerding, Danwel, 75:4-5, 13




e et B2

THE BASIC LEGISLATION authorizing leas-
ing of federal coal lands is the Minerals
Leasing Act. Enacted on February 23,
1920, it gives a lessee exclusive rights to
mine coal subject only to the terms of the
lease and to federal and state laws. Be-
cause nearly all of the federal coal is found
west of the Mississippi River, where past
demand was low, for the first forty years
{1920 to 1960) only 166 leases covering
143,000 acres were granted. As a result,
neither potential policy issues nor the
administration of the leases by the De-
partment of the Interior received much
public or congressional attention.

About 1960 the character and owner-
ship patterns of the coal industry changed
rapidly as coal production started to re-
cover from the depressed state it was in
during the 1950s. A large share of pro-
duction came from surface mining opetr-
ations, and mines became increasingly
mechanized, with a resulting rapid rise in
productivity. Mechanization required
much larger capital investments, and pro-
ductive capacity became concentrated in
larger companies. In addition, while in
the past the industry had been character-
ized by many companies engaged only in
coal production (and a few steel compa-
nies with captive mines), it came to con-
sist mainly of energy companies heavily
involved in oil and gas production and of
conglomerates engaged in a variety of in-
dustrial activities.

These larger firms had much greater
capital resources, a wider interest than
coal, and were faced with declining do-
mestic reserves of oil and natural gas. They
actively sought to acquire western coal
resources for eventual use in synthetic fuel
production and -as a fuel source for the
rapidly expanding western utility indus-
try. This meant acquiring federal leases
as 50 to 60 percent of western coal re-
sources are on federal lands. As a result,
from 1960 to 1970 the number of federal
coal leases increased nearly threefold and
the leased acreage by fivefold.

Those federal leases were acquired at
relatively low cost and with minimum dif-
ficulty. Under terms of the Mineral Leas-
ing Act, by exploring for and discovering
coal on land where no deposits previously
had been known, a prospector could ob-
tain a lease under a procedure known as
a Preference Rights Lease Application.
On federal lands with known coal depos-
its, a competitive lease sale was required.
Most sales attracted only one bidder and

acquisition costs also were low under this
“competitive’” means of attaining a fed-
eral lease. In all, nearly three-quarters of
the leases were acquired under essentially
noncompetitive conditions. A third methed
of acquiring a lease was by assignment
(sales of existing leases); by 1970 a large
number of leases had been assigned to
new owners—often more than one time.

The rapid expansion in new leases and the
increased rate at which leases were being
assigned demonstrated clearly that fed-
eral coal resources had acquired an im-
portant economic value. With this change,
a new method of lease disposal was needed
that was fairer to prospective lessees and
to the public—owners of the resource. To
provide time to devise a new method, In-
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terior Secretary Rogers Morton created
an informal moratorium on leasing in 1971,
a formal moratorium was adopted in Feb-
ruary 1973.

Congress also recognized the need for
changes and, after considerable debate,
provided a new legislative basisfor a com-
prehensive leasing program through the
Federal Coal Leasing Amendments Act
of 1976. This was designed to provide a
more orderly procedure and “less-spec-
vlative” means for development of fed-
erally owned coal with its newly enhanced
economic value. The major provisions
were:

2 All leasing was to be by competitive
bidding and at fair market value.

& The Preference Rights Lease Appli-
cation procedure was abolished.

% All new leases were to be in com-
mercial production within ten years or
the lease was to be terminated.




# Holders of old leases not in produc-
tion in ten years were to be penalized
in other ways.

o Higher royalty fees were to be col-
lected.

Nearly all of these and other provisions
were directed at preventing what Con-
gress considered the greatest threat—
“speculation” on federal coal leases.
Even before leasing was resumed in
January 1981, it had become obvious that
efficient and fair management of the fed-
eral coal resources would be more diffi-
cult in the future because of their greater
value. Further complicating the admin-
istration of these lands were about twenty
other new legislative actions that would
affect the coal leasing program once it was
resumed. Two of the most important were
the Federal Land Policy and Management
Act of 1976 and the Surface Mining Con-
trol Act of 1977. The first introduced a
much more extensive land vse planning
requirement as an integral part of the
leasing process and the second greatiy
strengthened the environmental regula-
tions controlling surface mining, the
method used nearly universally on fed-
erally owned coal deposits. Other evi-

dence that increased difficulties were to -

be expected in the leasing and effective
management of these resources was Jiti-
gation over various provisions of these new
legislative acts and over the regulations
issued to implement them.

After much, sometimes acrimonious,
discussion, the Department of the Inte-
rior issued regulations in 1979 to imple-
ment the new legislative requirements and
court decisions, particularly provisions re-
lating to fair market valze, competition,
and diligent development. The new leas-
ing procedure included detailed land use
planning, a method for selecting tracts to
be offered, and a “minimum acceptable
bid”’ concept for each tract, which became
the official estimate of fair market value.
The minimum bids were to be published
before the sale and a sealed cash-bonus
fized-royalty bidding method was to be
used, followed by oral bidding where more
than one bid was received. As with nearly
everything else involving coal leasing in
that period, the regulations were chal-
lenged in the courts.

These problems did not prevent lifting the
moratorium in January 1981 and Interior
conducted a number of sales under the
provisions of these new regulations that
resulted in the leasing of 0.5 billion tens
of coal that year. In March 1982, just about
one month before the Powder River Basin
coal lease sale (the largest ever con-

ducted) was to be held, the first of two
changes in the 1979 regulations was is-
sued. A number of procedural and sub-
stantive modifications were made, with
the major one shifting the determination
of fair market value from before the bid-
ding to after it. The “minimum acceptable
bid” concept was replaced with an “entry
level bid” procedure. This set a minimum
acceptable bid below the department’s
evaluation of the estimated tract value in
the hope that the oral competition at the
sale, following the opening of the sealed
bids, would establish a “true” value for
the tract or a fair market value. With the
apparent failure of the earlier presale
evaluation procedures to establish a sat-
isfactory fair market value, it was thought
that a postsale evaluation method would
overcome the difficuities.

Unfortunately, the Powder River Basin
sale was marred by allegations that pro-
prietary and lease valuation data had been
disclosed prior to the sale. Moreover,
strong disagreement was voiced about
whether the new bidding system had re-
sulted in more or less competition and a
more realistic approach to reaching a fair
market value. There was general agree-
ment, however, that competition was weak
at the Powder River Basin sale. Of the
thirteen tracts offered, two received no
bids and eight received only one bid.

If the sale did not generate strong com-
petition, it did create what coal leasing
has been best at—vigorous controversy.
The March 1982 notice of sale was chal-
lenged in the courts for the standards and
procedures that had been adopted. In ad-
dition, two court actions were initiated
with respect to the sale itself—one by the
Cheyenne tribe and the other by various
environmental groups, both charging vi-
olations of various federal laws. These suits
have not yet been adjudicated.

The allegations of unauthorized disclo-
sure of valuation data also resulted in two
separate investigations of the sale—one
by the General Accounting Office (re-
quested by the House Interior and Insulax
Affairs Committee) and another by the
Surveys and Investigations staff of the
House Appropriations Committee. Both
reports went much beyond the question
of unauthorized disclosure. They dis-
cussed the wide range of problems and
conflicting goals that coal leasing was ex-
pected to satisfy and recommended new
changes in regulations and procedures to
ensure competition and bids that reflected
fair market value. The General Account-
ing Office (GAO) report recommended a

“postponement”” of leasing until some of
these policy issues, standards, and pro-
cedures could be reviewed carefully.

As these studies were proceeding, a
second Powder River Basin lease sale was
held on October 15, 1982, at which only
two tracts were offered (one of which had
been previously offered), using still an-
other bidding procedure. In this sale a
participating bidder was allowed only one
sealed bid, with no oral bidding. The “en-
try level” bid system used in the first Pow-
der River Basin sale was abandoned and
minimum bidding was used. Although
these minimum bids were floors below
which bids would not be considered, they
did not officially represent a fair market
value. As in the first Powder River Basin
sale, emphasis was placed on postsale
evaluation. Only one bid was received on
each of the two tracts offered, so that the
effectiveness of this third leasing method
in achieving competition and reaching fair
market value cannot be judged.

At least part of the complexity and the
frequent changes in the leasing proce-
dures and program resulted from the large
nmumber of interested parties to the de-
bate—the coal industry, environmental
groups, representatives of several levels
of government, ranchers, and Indian tribes.
To add further confusion, in November
1982, Secretary of the Interior James Watt
met with nine Western governors who were
seeking further modifications in the leas-
ing regulations and procedures to meet
the special desires of their states. After
the meeting the governors submitted ex-
tensive written suggestions on a large
number of issues, but “concessions’” were
made on only a few minor points.

No general lease sales were scheduled
during the early part of 1983, but Interi-
or’s intention to offer for lease large ton-
nages of federaily owned coal remained
unchanged. The department continued to
defend its policy vigorously despite
congressional and public concerns and di-
rectly challenged those who gquestioned
the adequacy of the competition and re-
ceipt of fair market value for the leases
already offered. The Interior appropria-
tions hearing before the House in late April
brought into focus the policy, economic,
and procedural issues that had been raised.
The committee’s investigative report had
been released and Interior’s comments on
the report were available, as were the re-
sponses of the House committee staff. The
hearings can best be described as “heated.”

Shortly afterward, hearings were held
on the GAO report on coal leasing by a
subcommittee of the House Interior and
Insular Affairs Committee. In the Fiscal

Year 1983 supplemental appropriations
the House recommended a leasing mor-
atorium. The Conference Committee ree-
ommended the creation of a Commission
on Fair Market Value for Federal Coal
Leasing in place of the House morato-
rium. The Senate rejected a moratorinm
in June but by September had adopted it.
The final bill adopted by the Congress in
fate October mandated a partial mora-
torium on coal leasing until the commis-
sion had reported.

The switch in sentiment in the Senate
and a hardening of the resolution on the
morcatorium in the House probably re-
sulted from several factors. One was the
continuing confrontation between Secre-
tary Watt and a number of critics over a
multitude of environmental and resource
administration policies, of which coal was
only one. The other was the department’s
resolve to carry out its large coal leasing
program as originally planned. The sec-
retary insisted on holding the Fort Union
leasing sale in September 1983, even
though the newly appeinted Comimission
on Fair Market Value to study ways of
improving the leasing process had not
started to function. The position of the
department was reflected by Watt’s state-
ment that “I’ve leased more coal than was
leased during the previous ten years, but
I'm a piker compared to Secretary Udall—
he’s six secretaries ago. I've leased 50 per-
cent of what he did.” By October, when
the moratorium was under active consid-
eration, the secretary had come under se-
vere criticism for his comments on the
membership of the commisson.

Tying the moratorium to the commis-
sion’s work increased the potential im-
portance of its final report. The commis-
sion’s charter is very broad: it was directed
“to review the Department of the Inte-
rior’s coal leasing statutes, policies, and
procedures to ensure receipt of fair mar-
ket value.” Composed of five members
appointed by the secretary, the commis-
sion was sworn in at the end of August
and hearings started in September. A fi-
nal report is due January 29, 1984.

g

Given the tortuous bistory, and the many
interest groups with different agendas for
coal leasing, the commussion faces an
enormously diverse and complicated set
of problems that even a superb report will
not “solve.”” The issues range from pro-
cedural matters (how to offer and value
a lease) and establishment of standards
(how to manage them) to a host of major
public pelicy objectives relating to leasing
of any federal resource. At one level, the
commission must examine the impact of
various methods of bidding and leasing
terms on federal and state income com-

pared with other leasing objectives that
might be achieved. At another level, it
must study the question of whether emer-
gency leases, production maintenance
Ieases, small business tracts and public body
set-asides should be treated differentiy
from ‘each other and from general lease
sales. If so, how? What is the justification
for treating them differently?

To illustrate, consider only two major
issues. The commission has been directed
to examine methodologies for determin-
ing fair market value and for increasing
competition. Fair market value seems to
be an easily understandable economic
concept but, as ¢videnced by the debate
over the issue, in practice it can be inter-
preted in a variety of ways. Even the eco-
nomic questions can be difficult. What
evaluation method results in the “best”
estimates of fair market value? A number

- of different methods already have been

used, with disagreement over their effec-
tiveness. Even leaving aside what prob-
ably is the most important economic con-
sideration—the existing market for coal
and its uncertainty and variability over
time—a large number of other factors must
be considered. They include the quality
of the coal (with respect to a number of
physical and chemical characteristics), the
differing geologic conditions {coal and
overburden thickness, overburden type,
and slope of coal seam), ease of environ-
mental controls, water conditions at the
site, and availability of transportation. Fi-
nally, there is the key question, To re-
ceive fair market value, how much coal
should be offered and at what rate?

It is no easier to determine the ade-
quacy of competition for leases. It too is
tied to coal [easing rates and tonnage, but
in a different way. Because of the large
size of the leases required to produce
competitively in western coal markets and
the large capital investments and long de-
velopment time before any economic re-
turn can be expected, there will be com-
paratively few lease bidders. But the major
coal consumers, the electric utility indus-
try, which uses vast tonnages over long
periods, need a large number of suppliers
if they and their customers are not to be
at the mercy of the suppliers—the coal
lessees. Thus, to maintain competition in

the coal market, large blocks of uncom-
mitted reserves have to be available at any
time. Unless the federal government wants
to play the role of “speculator,” it should
lease so as to be certain that coal buyers
are in a competitive market to assure that
electricity consumers are not penalized.

The commission cannot provide an-
swers to these and many other questions
without some agreement on the social as
well as the economic goals of leasing. Coal-
leasing history leaves no room for opti-
mism that any reasonable compromise will
beé possible, let alone durable.

In early December the commission re-
leased thirty-nine tentative draft recom-
mendations with requests for public com-
ment by December 18, but with no
accompanying report showing how the
recommendations were reached. If
adopted, the recommendations would
make major modifications in the federal
coal-leasing program, including repeal of
the requirement for commercial coal pro-
duction on pre-1976 leases by 1986 and of
the restrictions on railroads holding fed-
eral coal leases. Other recommendations
included endorsement of accelerated coal
leasing to ensure adequate competition
among mining companies, providing for
the right of eminent domain for coal-slurry
pipelines and a number of changes in leas-
ing procedures.

The recommendations were generally
well received by industry, but several en-
vironmental groups that commented on
the recommendations believed the com-
mission had avoided addressing its as-
signment and had only further aggravated
the existing leasing controversy.

The political process will gnaw at the
commission report when it is completed,
and long delays in developing any new
leasing program are probable since 1o sin-
gle solution will be best for all the parties
at interest. Once “‘settled,’” the room for
further detaying actions is enormous and
some of those unsatisfied with the out-
come will be certain to reopen the ques-
tion at the political level or in the courts,
or both.

Author Harry Perry is consultant in resi-
dence in RFF’s Center for Energy Policy
Research.




SPURRED BY RISING CROP DEMAND, €S-
pecially for export, and relatively slow
growth in crop yields, American farmers
brought an additional 60 million acres
under crops between 1972 and 1982. Ac-
cording to the U.S. Soil Conservation
Service, this added land suffers more ero-
sion than does already-producing land.
Moreover, under the pressure of rising
demand, many farmers sought to squeeze
more production out of the land by aban-
doning such soil-conservation practices as
strip cropping and windbreaks. The com-
bination of additional, more erosive land
and fewer conservation practices con-
vinced many in the conservation com-
munity that soil erosion poses a major
threat to the productivity of the nation’s
cropland. Anticipating a steadily increas-
ing demand for crops, both at home and
abroad, many conclude that the nation’s
ability to feed future generatjons at rea-
sonable cost is at serious risk.

Concern about erosion, of course, is
not new, but in the 1970s and early 1980s
it acquired an intensity not felt since the
Dust Bowl years of the mid-thirties. Re-
acting to this concern, RFF researchers
undertook a major study of the erosion
problem in the United States, and the first
results were published late in 1983.

wWhat do we know?

Curiously, until recently little has been
known about U.S. soil erosion. Tens of
billions of dollars (in 1980 prices) were
spent on soil-conservation programs over
the last five decades, but reliable infor-
mation about the extent of erosion was
not compiled until the National Re-
sources Inventory (NRI) of 1977. Nor was
much known about erosion’s effects on
soil productivity. Soil science demon-
strated that sustained erosion could re-
duce productivity by carrying away soil
nutrients, lessening the capacity of the soil
to make water and air available to plants,
and diminishing the space in which crop
roots could spread. And studies on ex-
perimental plots showed that stripping
away topsoil would reduce crop vields by
amounts varying from 10 to 40 percent,
depending primarily on characteristics of
the subsoil. But because these studies were
on a small scale and highly specific to par-
ticular soils and climates, they provided
no useful information about erosion ef-
fects on average U.S. crop vields—the kind
of information needed for judgments about
the threat of erosion to future capacity
for crop production.
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For these judgments soil conservationists
depend on measures of “tolerable” soil
loss——T values—defined as the maximum
amount of annual soil loss per acre con-
sistent with indefinite maintenance of the
productivity of the soil. T values vary from
5 tons per acre per year on deep soils to
1 ton on shallow soils.

The 1977 NRI indicated that erosion
exceeded 5 tons per acre on about one-
third of the nation’s cropland, with ero-
sion by water exceeding the limit on 23
percent and wind erosion on an additional
10 percent. These numbers were taken as
a measure of erosion’s threat to the pro-
ductivity of the land and a challenge, both
to individual farmers and to those re-
sponsible for soil-conservation policy.

But T values are a faulty guide to farm-
ers and to policymakers. Little scientific
backing exists for the 5-ton limit, a fact
widely recognized by soil scientists. Ex-
perience shows that on deep soils with
favorable subsoils—for example, those in
western Lowa—erosion may exceed 5 tons
per year for many years with no percep-
tible effect on productivity. T values also
are misleading because they ignore the
vital issue of the timing of erosion-control
efforts. For the farmer, the proper time
is when the present value of future pro-
ductivity losses exceeds the present value
of erosion contrel costs. On deep soils the
present value of the losses is likely to be
low for a long time, even though annual
erosion is well in excess of 5 tons per acre.
Eventually the present value of the losses
will begin to rise, perhaps because erosion
threatens to shrink the crop-rooting zone,

and when that happens farmers will begin
to pay serious attention to erosion con-
trol. By contrast, the T-value criterion re-
quires the farmer to bring erosion down
to T “now,” even though the present value
of the productivity losses may be well under
the present value of erosion control costs.
Not surprisingly, conservationists often
express frustration at the refusal of many
farmers to follow the T-value criterion.

Erosion in excess of T often is taken as
a measure of the amount of soil perma-
nently lost to agriculture. It is the basis
for dramatic statements picturing billions
of tons of topsoil being washed each year
down the nation’s rivers to the sea. Yet
most eroded soil is deposited somewhere
on land, not in waterways; and therefore
it is not necessarily lost forever to agn-
cuiture. A key question concerns the ef-
fect of the eroded soil on productivity
where it is deposited. It is astonishing how
little is known about this, considering its
importance for judging net productivity
effects of erosion. Clearly, depositing nu-
trient-poor material on fertile soil will di-
minish productivity; but just as clearly,
productivity may be increased by nu-
trient-rich silt and clay particles. Apart
from effects on fertility, deposition builds
soil depth, thus putting off the day when
diminishing crop-rooting zones begin to
limit productivity.

Another implication of T values is that
erosion in excess of T permanently re-
duces productivity, Yet the soil science
literature leaves no doubt that farmers can
repair part—and on some soils all—of the
damage to productivity. On deep soils with
favorable subsoils simple replacement of
soil nutrients with fertilizer often will re-
store productivity completely. Where
subsoils are unfavorable, especially in
water-holding capacity, fertilizers typi-
cally will not suffice. Even on these soils,
however, practices that put back some of
the lost soil organic matter will improve
soil structure and often restore much of
the productivity loss.

Adding fertilizer and adopting prac-
tices to build organic matter increase pro-
duction costs; but so does controlling ero-
sion. For the farmer, therefore, the issue
is whether control costs are more or less
than the costs of repairing damage to pro-
ductivity. This “real world” choice, of
crucial importance to the farmer, is ig-
nored by strict application of the T-value
criterion.

The rationale for T values is fairness to
the future—intergenerational equity. And
for soil conservationists, intergenera-
tional equity requires that land should be
managed to avoid imposing higher costs

of food and fiber on future generations.
But the T-value criterion is unnecessarily
restrictive for achieving this objective. It
implicitly assumes that any loss of soil
productivity means higher future produc-
tion costs, despite the fact that it may be
Jess costly for farmers—and for society—
to accept some productivity loss now and
repair 1t later. Beyond this, investing in
research to develop new technology can
more than offset erosion-induced losses
of productivity. At the margin, technol-
ogy is a substitute for land in the produc-
tion process.

One may accept the imperative of inter-
generational equity, therefore, but reject
the T-value criterion as a guide to achiev-
ing it: allowing for technological advance
broadens the options. To be sure, tech-
nological advance should not be taken for
granted, and achieving it inevitably im-
poses costs. In general, the slower the ex-
pected development of new technology
and the more it depends on costly factors,
such as fossil fuels, the greater the value
of the soil as a productive resource and
the more important its preservation to
achieving intergenerational equity. This
way of viewing obligations to the future
clearly retains a place for soil conserva-
tion policies. But it puts them in the con-
text of a broader set of policies, all aimed
at avoiding rising costs of producing food
and fiber.

A part of the RFF study examined the
relationship between erosion, as meas-
ured in the NRI, and the growth of yields
of corn, soybeans, and wheat between 1950
and 1980. Data were for counties in the
Corn Belt, Northern Plains, and the Pa-
louse region of the Pacific Northwest. The
results showed that erosion had no effect
on the growth of wheat yields. For corn

and soybeans the effect was small but sig-
nificant: for both crops, vields between
1950 and 1980 increased about 4 percent
less because of erosion than they would
have otherwise.

Despite the effect of erosion on yields
of corn and soybeans, the prices of both
crops, adjusted for inflation, were less at
the end of the 1970s than at the beginning
of the 1950s. The decline reflected the fast
pace of technological advance over the
period, and was all the more impressive
because demand for both crops increased
substantially and real prices of farm inputs
also rose. The cost-increasing tendencies
of erosion-induced productivity loss, ris-
ing demand, and higher inputs prices were
more than offset by the cost-decreasing
tendency of technological progress. Com-
pared to the cost effects of technology and
demand growth, those of erosion were
small. -

Work by others, reviewed in the RFF
study, indicates that continuation of 1977
rates of erosion for one hundred years
would reduce national average crop yields
by 5 to 10 percent. Even a modest rate of
technological advance—say, half that
achieved since the 1930s—would far out-
weigh the erosion effect on productivity,
suggesting that current erosion presents
ne serious threat to intergenerational
equity. But no one really understands the
process of technological change, so that

" even a modest rate of advance should not

be taken for granted, especially where the
interests of future generations are at stake.
Moreover, - the prospective erosion-in-
duced productivity loss, although small,
is not negligible.

To illustrate, assume that erosion re-
duces corn and soybean yields by 10 per-
cent over one hundred years in equal an-
nual increments, that “normal” yields are
110 bushels per acre for corn and 32 bush-
els for soybeans, that corn is priced at $3
per bushel and soybeans at $7, that there
are 72 million acres of land in corn and
70 million acres in soybeans, and that the
rate of discounting future productivity

losses is 10 percent. Under these assump-
tions, the productivity loss in the first year
is 33 cents per acre for corn and 22 cents
per acre for soybeans, apparently trivial
sums, For the 142 million acres in the two
crops the first-year loss is somewhat more
impressive—almost $40 million—but still
small relative to the total value of corn
and soybean production.

This way of calculating the cost of ero-
sion-induced productivity loss understates
the true cost of erosion because it does
not account for costs farmers may incur
in order to restore some of the lost pro-
ductivity, for example, by putting on more
fertilizer. The amount of these uncounted
costs may be significant.

Moreover, the cost of lost productivity
is cumulative, each year’s cost being added
to that of the previous year. Even if the
incremental loss were no more than $40
million annually, the undiscounted value
of the loss would be §4 billion in the hun-
dredth year. Of course, discounting at 10
percent annually greatly reduces the pres-
ent value of the more distant losses. But
even so, the sum of the discounted Josses
over one hundred years is about $4.3 bil-
lion at 10 percent, assuming the annual
incremental loss is $40 million. Dis-
counted at 5 percent, its present value is
almost $17 billion.

Thus, the cumulative loss of productiv-
ity is more impressive than the first-year
loss would suggest. Whether the loss would

" be consistent with intergenerational equity

is uncertain. It probably would be, unless
the nation enjoys markedly less techno-
logical progress in the next one hundred
years than the record documents for the
last fifty. Until this is settled, erosion-in-
duced productivity loss, while perhaps not
a major threat, deserves a place on the
nation’s policy agenda.

Author Pierre Crosson, a senior fellow in
RFF’s Renewable Resources Division, re-
cently coauthored, with Anthony T. Stout,
Productivity Effects of Cropland Erosion
in the United States.




THE TWO OIL SHOCKS of 1973-74 and 1979~
80 boosted the real price of energy five-
fold; each transferred around 2 percent
of gross world product to-the oil-exporting
developing countries. For the oil-import-
ing developing countries, oil jumped from
one-twelith to one-quarter of their total
imports from 1973-80, requiring either the
expansion of competitive exports to ab-
sorb the cost or the reduction of other
imports and consequent loss in economic
growth. In the developing countries as a
whole, the rate of growth of gross do-
mestic product fell from 6 percent per an-
num during 1960-73 to 5.3 percent for
1973-79 and 2.3 percent for 1980--82 (table
1).
The slowdown in the developing coun-
tries was significantly less than that in the
industrial countries, which failed to react
decisively to the oil cost realignment.
However, the aggregate figure for the de-
veloping countries masks important re-
gional differences: most Asian countries
successfully rode out both oil shocks; the
Latin American nations scarcely faltered
until the 1979-80 shock; while many
countries of sub-Saharan Africa were ad-
versely affected on both occasions (see
table 1). These regional differences are
linked to fundamental domestie policy de-
cisions.

The developing countries that fared best
were those that followed domestic poli-
cies that did not unduly favor import sub-
stitution industries at the expense of do-
mestic agriculture and competitive labor-
intensive exports. Such countries, like the
newly industrializing countries of south-
east Asia and other middle-income com-
modity exporters in that region, diversi-
fied their economies more quickly, so that
they were better able to switch from slower-
growing to faster-growing economic ac-
tivities as it became necessary to do so.
Many Latin American countries, which
borrowed heavily to ease the implemen-
tation of economic change, were caught
by the unexpectedly sharp rise in intefest
rates and the associated fall in export op-
portunities that followed the second oil
shock. Other countries, including many
in sub-Saharan Africa, which pursued in-
ward-looking domestic policies and were
considered high credit risks, were forced
to resort to growth-curbing import restric-
tions; for some, development has been set
back two decades.

However, the shift to high-cost energy
created the opportunity for some oil-im-
porting countries to exploit hitherto mar-

ginal domestic gas and hydroelectric re-
sources, not simply to substitute for
imported oil, but also to generate energy
exports. These exports might be direct,
such as liquefied natural gas or electricity,
or they might be indirect, in the form of
energy-intensive industrial products, such
as aluminum or $teel, or gas-based petro-
chemicals, such as ammonia and metha-
nol. The latter stratégy carried the added
attraciion of accelerating economic di-
versification through resource-based in-
dustrialization. However, the technical and
economic difficulties in launching such
energy-intensive industrial complexes are
formidable and place severe strains on the
pelitical fabric of the developing coun-
tries. The attempts of Suriname to estab-
lish a hydro-based alominum project il-
lustrate the technical and political problems
involved.

Suriname, a country of 160,000 square
kilometers and 400,000 people on the
northern coast of South America, de-
pended heavily on bauxite exports and
sought to develop a large hydroclectric
project to substitute for oil-generated
electricity and expand its aluminum ex-
ports. The hydrosmelter project was de-
signed to stimulate development in the
empty western region of the country. Re-
lated aspects of the project called for reg-
ulation of river flow in oxder to triple the
irrigated acreage and expand rice pro-
duction on the coastal lowland in the ex-
treme northwest of the country.

In the early 1960s, Suriname had suc-
cessfully Jaunched a hydrosmelter com-
plex at Paranam, south of the capital city
of Paramaribo. The second hydrosmelter
complex formed the core of the country’s
Multi-Annual Development Plan. This was
initiated when Suriname became inde-
pendent of the Netherlands in 1975, and
was backed by a $1.5 billion grant from
the Dutch government. As implementa-
tion of the plan proceeded, the initially
complementary development of the hy-
drosmelter complex and agricultural ex-
pansion increasingly were portrayed as
competing projects that represented
“hard”-technology and “green”-technol-
ogy options and became linked to an
emerging right-left political struggle within
the newly independent nation.

Suriname’s Kabalebo River hydrosmelter
scheme had greater flexibility than a sim-
ilar project under consideration in neigh-
boring Guyana since it could be executed
in three discrete stages rather than a large
single stage. These comprised a first stage
of 300 megawatts (MW) for oil substitu-
tion; a second stage of 200 MW for the
new smelter; and 'a 300-MW final stage
for long-term power needs. The Multi-
Annual Development Plan envisaged the
construction of the first stages for a total
of 500-MW capacity. The first stage, which
included much of the basic infrastructure,
carried a disproportionately high share of
the total costs. It required the construc-
tion of a dam with three 100-MW turbines
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and a diversion dam to double the flow
of Kabalebo water through the turbines.

The 1980 cost was estimated at $460
million, vielding just over 80¥) gigawatts
(GW) of base-load power and a further
400 GW of seasonal power. At an average
price around 6.5 cents per kilowatt hour,
the dependable power from stage one was
relatively expensive for hydroelectricity
generated on such a scale, though it still
would be half the cost of power produced
in the country’s existing small, oil-fired
power station, Jocated in the capital city.

The economics of stage two were more
attractive: two additional turbines could
be installed at the original dam fed by
waters from the Corantijn River, which
flows.along Suriname’s western border with
Guyana, raising the Kabalebo flow and
providing an additional 1,300 GW of de-
pendable power for one-third of the in-
vestment required by the first stage. This
would reduce the average cost of power
from the first two stages combined to be-
low 4 cents per kilowatt hour, while the
marginal cost of power from the second

stage would be only 1.5 cents per kilowatt
hour. This was 0.5 cents below the av-
erage power cost for the global aluminum
industry and comfortably within the range
required to justify new capacity.
 Negotiations were begun in 1975 with
potential equity pariners to develop a
70,000-ton smelter, together with a refin-
ery to process ores from new bauxite mines
in the western Bakhuis mountain range.
A railroad was built from the ore range
to the proposed refinery site on the Cor-
antijn River and a sawmill was built to




provide railroad ties as well as construc-
tion materials for the planned new town
of Apoera.

Large capital-intensive projects such as
Suriname’s proposed hydrosmelter .com-
plex take many years to execute and are,
therefore, very vulnerable to inflation.
Suriname’s first such project, the Afo-
baka dam and Paranam smelter south of
Paramaribo, had taken fourteen years to
complete, with five years spent on firming
up the technical and economic aspects,
two years on negotiating the financial terms
and electricity tariff, and seven years on
construction. The final Afobaka power cost
of 0.25 cents per kilowatt hour in 1966
was little changed from the original esti-
mate and testifies to the low inflation rates
of the 1950s and 1960s.

In contrast, the second hydrosmelter
complex was being launched in the face
of high inflation and market uncertain-
ties. As feasibility studies and negotia-
tions dragged on, inflation pushed up the
cost of the project and individual ele-
ments in the scheme were jettisoned one
by one. In 1977 the alumina refinery was
costed out at 30 percent above the cost of
competing facilities, and by 1979 it be-
came clear that the proposed 70,000-ton
smelter would be half the size of efficient
new smelters under consideration else-
where. Unfortunately, the power avail-
able from stage two of Kabalebo was in-
sufficient for a larger smelter and even if
stage three were immediately con-
structed, the average power cost from the

- combined second and third stages would
be above the level needed to ensure vi-
ability.

Worse still, it became clear that the new
Bakhuis bauxite deposits were much
smaller, more difficult to reach, and of
lower quality than those of Australia,
Brazil, and Guinea, and required pro-
cessing prior to export in order to offset
the resulting high mining costs. While the
new western ores could be processed at
the existing Paranam complex, even that
would be a somewhat risky venture.

Other aspects of the Multi-Annual De-
velopment Plan also were falling behind
schedule and being unfavorably affected
by inflation. By 1980, three agricultural
schemes, of which the northwest irriga-
tion project linked to the Kabalebo River
was by far the largest, were requiring twice
the capital allocated only five years ear-
lier. The additional sum required to com-
plete the agricultural projects was almost
equat to what Suriname would contribute
from the Dutch-established Indepen-

dence Fund to the Kabalebo project. At
this juncture a military coup destabilized
the domestic political sitwation and set the
scene for confrontation between propo-
nents of the hard-technology Kabalebo
project and supporters of the green-tech-
nology agricultural schemes. The two
components of the original development
plan, which had appeared complemen-
tary, increasingly were presented as al-
ternatives,

The final cost of Kabalebo stage one, as
proposed by the World Bank and after
allowing for inflation, was estimated to
be around $740 million, of which'the Sur-
inamese government would meet one-
third; the rest would be secured from
overseas sources at low rates of interest.
The average cost of power would be around
10 cents per kilowatt hour and a straight
substitution for existing tariffs was pro-
posed at 17 cents for public users and 5
cents for replacement of diesel power
generators at Suralco’s Paranam com-
plex. Plans were for the aluminum com-
pany to gradually turn over its power al-
location to the public system as domestic
demand outside the bauxite-aluminum in-
dustry expanded. Estimates projected that
all the foreign debt would be retired within
a decade, providing an expanded cash flow
to the government as the owner of the
hydro facility. Meanwhile, the power
available to the bauxite industry could be
used to extend the small existing alumi-
num smelter, expand the large alumina
refinery, and boost domestic production
of higher-valued calcined exports. These
changes were required to offset falling ex-
ports of unprocessed bauxite, which were
becoming uneconomic as the Paranam
mines went deeper and the extraction cost
grew. The higher value commanded by
processed bauxite can better absorb the
higher mining costs.

At first the military coup of 1980 did
not appear to affect the implementation
of Kabalebo stage one. The objectives of
the coup were not immediately clear, be-
yond a desire to overthrow a parliamen-
tary government that had refused to im-
prove pay and conditions in the army and
was considered to be corrupt. The new
Military Council had nationalistic over-
tones and resentment of the two large for-
eign bauxite companies—Suralco, a sub-
sidiary of Alcoa, and Billiton, a Royal
Putch Shell subsidiary—became more
open. In addition, there was a desire to
assist the poorer citizens of the new coun-
try, but a clear-cut political platform did
not emerge because internal power strug-
gles frequently changed the complexion
of the government. However, as the World

Bank neared the successful conclusion of
its long effort to finance the Kabalebo
project, the ascendancy of the proagri-
culture lobby in Suriname, supported by
sympathizers within the central planning
bureau, created a powerful opposition to
the hard-technology scheme. In Novem-
ber 1981, an appealing green argument in
favor of small-scale, essentially rural de-
velopment was skillfully deployed in re-
jecting the World Bank proposals for iro-
plementation of Kabalebo stage one and
its associated long-term development
strategy.

The green-technology option revolved
around the diversion of investment funds
from Kabalebo to the three agricultural
schemes, with oil imports substituted by
extracting small heavy oil resources,
backfitting small turbines to the existing
Afobaka hydro system to increase its out-
put, and in the late 1980s harnessing small
hydro schemes elsewhere. The successful
expansion of rice cultivation in the north-
western lowlands during the 1970s was the
inspiration for the agroindustry schemes.
State-owned lands, rented by yeoman
farmers in 20-hectare plots, would gen-
erate adequate rural incomes to help stem
the drift to the capital city. The initial rate
of return for the proposed large north-
western extension originally was esti-
mated at twice the 8 percent return sought
on public investments. Although highly
mechanized, the proposed rice farms and
other agricultural projects in the center
and east of the country were expected to
make a significant contribution to gen-
erating new employment. Emigration had
caused the population to decline slightly
during the 1970s, but new immigration
restrictions in the Netherlands were ex-
pected to produce a sharp increase in the
demand for jobs during the 1980s.

The opponents of Kabalebo advanced
five pragmatic arguments in support of
the agricultural strategy, backed by a phi-
losophy favoring small-scale, rural, lo-
cally controlled developments. First, in-
flation and currency depreciation had
shrunk the real value of the Netherlands
Independence Fund so that hitherto com-
plementary projects now were competi-
tors. Second, with the loss of the western
aluminum complex and with no alterna-
tive large energy user to permit imple-
mentation of stage two, Kabalebo had be-
come unattractive. Third, inflation had
doubled the cost of the three job-provid-
ing agricultural schemes launched under
the Multi-Annnal Development Plan, so
that they required a much larger share of
the Independence Fund. Fourth, reliance
on slow-moving overseas agencies for

funding was seen as responsible for the
costly delays in the Multi-Annual Devel-
opment Plan: small-scale schemes, di-
rected by Surinamese nationals were ex-
pected to speed implementation, And fifth,
the proposed power tariff for Kabalebo
stage one unduly favored the country’s
very large multinational corporation at the
expense of other power consumers, in-
cluding the urban poor. The green-tech-
nology arguments promised maximum seli-
reliance in developing the country, im-
mediate and equitable distribution of ben-
efits throughout society, greater job pro-
vision per unit of investment, and
ecologically benign agroindustry devel-
opment powered by small hydro and ang-
mented by biomass and the small heavy
oil deposits.

As the Military Council drifted politically
leftward and sought closer links with the
Cuban-backed Bishop government in

Grenada, it became increasingly clear that
the green-technology arguments had been
marshaled to support left-of-center ob-
jectives at the expense of a viable devei-
opment strategy. The green philosophy
suited the central planning bureau and the
agricultural labor unions because it gave
their projects the main role in future na-
tional development. The military rulers
seized the green case as a coherent and
respectable justification for retaining po-
litical power, though the army’s initial
move sprang from discontent over pay
levels.

The alternative development plan that
integrated the green schemes and was to
replace the one built around Kabalebo's
stage one was promised for mid-1982. Tt
never materialized, and it became ever
more clear that firm proposals for har-
nessing small hydro schemes on the Afo-
baka system and elsewhere never had been
formulated, while revised rates of return
on the agricultural projects had declined
to half the targeted rate for the invest-
ment of public sector funds, and around
one-quarter of the original estimates.

Unlike its neighbor Guyana, which could

not raise the capital to implement its hy-
drosmelier scheme, Suriname had come
within an ace of executing a long-term
development strategy for oil import sub-
stitution, the upgrading of bauxite exports
to maintain viability of that industry, and
the scaled-down expansion of the agri-
cultural schemes. Instead, a decade after
the first oil shock, the country has still to
formulate a coherent response to the oil
import challenge. In that respect, Suri-
name is not unlike many other small and
undiversified developing countries. The
technical and economic solutions to the
oil shocks may be difficult, but they are
known. The political problems associated
with implementation are the most difficult
to resolve.

Author Richard M. Auty, on the faculty
of Lancaster University, is a 1983-84 Gil-
bert F. White Fellow in RFF's Center for
Energy Policy Research, where he is
studying prospects for hydro- and gas-based
complexes as a development strategy for
small mineral economies.

A RECENT INTERNAL report from the U.S.
Environmental Protection Agency states
that, in six of the ten EPA regions, pol-
lution from such nonpoint sources as farms
and urban streets is the principal cause of
their water quality problems. Yet EPA
policy has focused mainly on point-source
pollution, while nonpoint sources so far
have been largely uncontrolled.

This assessment came as no surprise to
RFF researchers (and others} who, for the
past five years, have been developing data
and models that distinguish the causes of
water pollution from point and nenpoint
sources. According to RFF data, about
half of the biochemical oxygen demand
(BOD) pollutants and nearly all the dis-
charges of suspended solids, phosphorus,
and nitrogen originate from rural non-
point sources. In certain urban areas—
even some which are highly industrial-
ized—nonpoint sources can account for
the majority of certain toxics, including
cadmium and lead.

Of course, nonpoint source residuals
usually are accompanied by large amounts
of runoff water, so their effect on ambient
water quality is much less than what might
be expected considering the discharge
tonnages alone. Nevertheless, RFF models
suggest that the nonpoint contribution to
degraded water quality is very significant
for most pollution problems, with the pos-

sible exception of those due to coliform
bacteria and low levels of dissolved oxy-
gen, both of which are associated with
BOD loadings in warm summer months
under low stream flow and, hence, low
nonpoint-source runoff conditions. Im-
portantly, nonpoint pollution may be the
principal cause of excessive nutrient prob-
lems (eutrophication} in lakes or slowly
moving bodies of water.

The federal government’s attitude toward
nonpoint pollution control is character-
ized by dn implicit belief that the problem
is best approached with. state and local
policy initiatives. Thus, in its 1972 ver-
sion, the Clean Water Act’s Section 208
relegated nonpoint pollution to state and
local arcawide planning processes. But
while Section 208 required planning agen-
cies to address nonpoint sources of pol-
lution, it did not mandate specific imple-
menting steps. As a result, this approach
certainly was far weaker than that adopted
for point sources—mandated discharge
permits drawn up under EPA guidelines.

Perhaps in response to insufficient at-
tention to agriculturally related poliution,
the 1977 amendments to the Clean Water
Act established a new demonstration pro-

gram in cooperation with the Department
of Agriculture, Under this program, the
EPA and USDA could contract with
farmers to implement “best management
practices” designed to minimize agricul-
tural runoff, with the federal government
picking up as much as 50 percent of the
capital costs. Of course, such incentive
programs are successful in reducing pol-
lution only to the extent that farmers per-
cetve that their own self-interests are worth
the other 50 percent, plus operation and
maintenance expenses not funded as part
of the original grant. This may be the case
if the farmer is motivated by a desire to
preserve topscil, save on plowing and ir-
rigation costs, conform with state laws, or
be a good citizen.

Despite this new provision, the 1977
version of the Clean Water Act failed to
secure increased pollution control from
nonpoint sources. Indeed, on balance the
1977 amendments may have lessened con-
trol. For example, prior to 1977, agricul-
tural pollution originating from irrigation
retin flows was considered a point source




and was subject to mandatory permitting
processes. However, in 1977, Sections 208,
402, and 502 were amended to-specificaily
exclude irrigated agriculture as a point
source. ‘

Little in the legislative history explains
the relatively small attention paid to non-
point sources. Obvious possibilities are that
it is techmically too difficult to control
nonpoint sources; that nonpoint pollution
is less harmful than that from point sources;
or that Congress found it more expedient
to focus attention and control efforts at
industrial and municipal sources than ag-
ricultural and other nonpoint sources.

Although the first two possibilities might
appear to have merit, in our opinion the
first oversimplifies the true state of af-
fairs. For example, while some nonpoint
sources, such as runoff from urban streets,
may present severe technical challenges,
evidence drawn from EPA demonstration
projects and from the experience of farm-
ers using limited-till plowing techniques
suggests that large quantities of nonpoint
pollution can be controlied fairly easily at
relatively low cost. Monitoring the effec-
tiveness of control practices may be more
difficult for nonpoint than point sources.
Yet, since accurate monitoring has not
been an essential feature of current ap-
proaches, it is a mistake to ignore non-
point sources for this reason.

Stmilarly, even if it were true that point-
source pollution contained more harmful
constituents than nonpoint sources, that
still would not explain the relative neglect
of nonpoint pollution: the conventional
poliutants targeted in the first few years
of the Clean Water Act are common to
both sources. In addition, RFF data in-
dicate that often nonpoint sources, es-
pecially urban runoff, are the chief source
of highly toxic substances in many loca-
tions.

On the other hand, the third possibil-
ity-—that the influence of the agricultural
sector on the Congress may account for
its relative neglect of nonpoint-source
pollution—appears confirmed by recent
events. For example, Sen. John Chafee
(R.—R.1.) was persuaded by farmers to
eliminate language from his suggested
amendment to the Clean Water Act that

would have mandated nounpoint agricul-

tural controls if voluntary actions proved
inadequate.! In addition, Chafee dropped
language that would have tied other ag-
ricultural programs to compliance with
EPA agricultural runoff control objec-
tives.

Similar factors, combined with a re-
Iuctance to support new {and possibly very
expensive) regulatory initiatives may ex-
plain the lack of enthusiasm for nonpoint-
source pollution pelicy on the part of the
Office of Management and Budget

LiInside EPA, July 1, 1983.

(OMB). Caught between disparate view-
points, the agency has opted (at the pres-
ent time) for a cautious approach to non-
point pollution that will not require new
legislative initiatives and would limit the
EPA’s role to providing technical assist-
ance to state and local governments.

During 1982, however, the EPA did be-
gin a small effort focusing on nonpeint-
source issues. The effort’s developers held
several common thoughts and viewpoints
that have shaped it to date and that could
provide a basis for different approaches
to controlling nonpoint sources in the fu-
ture.

¢ In many instances, control of point
sources has been pushed to the limit of
economic feasibility.

% Substantial cost savings may result
from looking at point- and nonpoint-
source problems together to meet water
quality goals.

% Nonpoint-source water pollution is
largely a local or regional (for example,
river basin} problem for which a na-
tional mandatory control program may
not be well suited.

= Millions of dollars have been spent
under different federal programs on
nonpoint-source research over the last
few years. The time may have come to
begin using that knowledge.

% However, many unanswered ques-
tions remain about the nature and ex-
tent of nonpoint-source pollution. For
example, environmental effects of
chemically similar pollutants from point
and nonpeint sources are not fully
understood; and the stochastic nature
and geographic dispersion of nonpoint-
source pollution make it conceptually
and practically more difficult to con-
trol.

The EPA has begun a number of co-
operative studies and demonstration proj-

ects to study these aspects of nonpoint-
source pollution. Built largely on existing
information, these studies are regionally
dispersed and designed to provide both
geographically representative results and
examples of where trades between point
and nonpoint sources can be imple-
mented. They also will identify unan-
swered research issues and suggest spe-
cific studies to resolve them. These efforts
may identify alternatives to traditional
regulatory approaches, such as trading
between point and nonpoint sources to
achieve water quality standards.

A typical example is a case study of the
Dillon Reservoir being conducted jointly
by the EPA and state and local govern-
ments. This reservoir is located in Summit
County in the Colorado Rockies, the fast-
est growing county in the nation according
to the 1980 census. Recreation is the basis
of the local economy, centered on water-
based sports in the summer and skiing in
the winter. Completed in the early 1960s
and supplying half of Denver’s water sup-
ply, the reservoir’s water quality is limited
with respect to phosphorus and is in dan-
ger of becoming eutrophic; algal blooms
N summer are cOMINon.

Municipal sewers discharging into the
reservoir are its only major point sources
of pollution. The sewage undergoes ad-
vanced wastewater treaiment, but be-
cause the reservoir is approaching the lim-
its of its waste-load allocation, the
community either must control for more
phosphorus at the peint sources or take
steps to control nonpoint-source pollu-
tion—the single biggest contributor of
phosphorus to Dillon.

The purpose of the Dillon Project—an
actual demonstration of a combination of

detention ponds and infiltration pits—is
to examine the economic and environ-
mental effects of controlling nonpoint
sources of phosphorus in lieu of point
sources. Preliminary test results show that,
should such nonpoint devices be more
widely applied in the Dillon watershed,
they would be 85 percent effective in re-
moving total phosphorus at an estimated
annual cost savings of several million dol-
lars compared to additional point-source
control, The project also aims to develop
a model permit that might allow pollution
trades between point and nonpoint sources
of phosphorus to realize these potential
savings.

Another example, just getting under way,
is the Colorado Salinity Project, a coop-
erative effort between the EPA and var-
ious state agencies. Excessive salinity in
the Colorado River affects more than 12
million users of the river in both the United
States and Mexico. This project will use
the RFF Water Network Model and as-
sociated data bases to identify sources of
salinity, much of which is thought to orig-
inate from nonpoint sources. The cost ef-
fectiveness of existing salinity control
mechanisms will be critically evaluated,
and the possibility of instituting selected
potential innovations—bubbies, offsets,
and others—to achieve better results on
the Colorado at less cost will be analyzed.
The Network Model then will be used to
evaluate the effectiveness of selected pol-
icies in controlling salinity.

It is, of course, difficult to predict the
implications of these and other studies of
the nonpoint pollution problem at the
EPA. At minimum, they may befter sen-
sitize agency decision makers to the ex-
tent of the problem. More tangibie results
may follow if these efforts reinforce the
findings of other EPA-funded research
undertaken at RFF. In a survey of the
extent of nonpoint scurce pollution and
possible policy responses, REF research-
ers concluded that, while the problem has
unique features, it is not nearly so intract-
able to policy solutions as many have
believed. EPA and RFF research may show
that nonpoint-source pollution is more a
problem of implementation than of
technology.

Authors John A. Jaksch and Henry M.
Peskin are, respectively, senior economist
with the Regulatory Reform Staff at the
U.S. Environmental Protection Agency and
senior fellow in RFF's Quality of the En-
virorment Division. Consistent with Re-
sources policy, the views expressed in their
article are the authors’ own and not those
of RFF, the EPA, or any other private or
federal agency.

PRICE’S LANDFILL GCCUPIES some 22 acres
about 5 miles west of Atlantic City, New
Jersey. Once a sand and gravel quarry,
the pit was excavated to within 2 feet of
the water table in 1968 and people from
the surrounding area began to dump trash
into it with the permission of the owner,
Charles Price.

In 1969 Price began commercial landfill
operations, and in 1970 he applied to the
New Jersey Department of Environmen-
tal Protection (NJDEP) for a license to
run a sanitary landfill; the application spe-
cifically excluded ““Chemicals (Liguid or
Solid).” The department issued a certif-
icate authorizing operation of a solid waste
disposal facility.

The New Jersey State Sanitary Code
requires every landfill operator to submit
a detailed sanitary design so the NJDEP
may determine whether planned opera-
tions pose a threat to health or the en-
vironment. Price’s plan—not submitted
until late 1971—did not mention chemi-
cals, despite the fact that the landfill al-
ready was beginning to fill with chemical
wastes.

QOunly in 1972 did Price seek authori-
zation to accept and dispose of liquid and
chemical wastes. In its response, the

| NJDEP granted him a certificate, subject

to the condition that “no liquid or soluble
industrial wastes, petrochemicals, waste
oils, sewage sludge, or septic tank wastes
shall be received for disposal at this site.”
But Price continued to accept significant
quantities of chemical and liquid wastes.
Minimal precautions were taken: wastes
often were poured into the landfill from
an open spigot on a tank truck, and drums
of chemicals were buried under piles of
refose.

In July 1972, the NJDEP inspected the
landfill, cited Price for accepting chemical
wastes, and formally advised him of the
violation. Nonetheless, he continued to
handle chemical wastes until November
1972. After that date, no chemical wastes
were disposed of at the landfill, although
it continued in operation. In 1976 Price
terminated the landfill operation and cov-
ered the site with fill material. It has not
been used since.

During the period from May 1971 to
November 1972, Price accepted some 9
million gallons of the following toxic and
flammable chemical and liquid wastes,
either in drums or directly into the ground:
acetone, acids (glycolic, nitric, and sul-
furic) and spent acid wastes, acryloid, ac-
ryloid monomer and poly acryloid, cautk-
ing and spent caulking solvent, caustics
and spent caustic wastes, cesspool waste,
chemical resins and other waste chemi-

cals, chloroform, cleaning soivents, ether
and spent ether wastes, ethyl acetate, eth-
ylene dichloride, fatty acids, giue wastes,
grease and spent grease solvents, hep-
tane, hexane, inks and waste ink residues,
isopropanol, isopropyl alcohol, isopropyl
ether, lacquer thinner, manganese diox-
ide, methanel, methyl ethyl ketone, methyl
isobutyl ketone, methyl vinyl ketone, mis-
cellaneous chemical laboratory wastes,
mineral spitits, oil and waste oil products
(No. 6 waste oil), paint, paint sludge, paint
thinner and spent paint wastes, perfume
wastes, phenols, phenolics and phenolic
solvents, resins, septic waste and sludge,
still bottoms, styrene and styrene wastes,
tar, titanium wastes, xylene, and xyiol.
And this is only a partial list; there were
many more.

Extensive water level measurements
show that the hydraulic gradient near
Price’s Landfill slopes generally east and
cast-northeast from the landfill. The
groundwater in the area, and contami-
nants in that groundwater, therefore tend
to flow east and east-northeast. The Jand-
fill sits roughly 1 mile west of the sites
from which the Atlantic City Municipal
Water Authority pumps most of its drink-
ing water. A leachate plume has been de-
fined near the landfill, although its precise
contours have not been determined.

Price’s Landfill is not an aberration. Ac-
cording to the U.S. Water Resources
Council, “Every region in the country ex-
periences groundwater pollution prob-
lems, both point and non-point. . . . Their
widespread nature supports concern with
degradation of groundwater supplies
throughout the Nation.”* The Congres-
sional Research Service identifies more
than 100 incidents in which 1,363 wells
were closed.? The Council on Environ-
mental Quality claims, on the basis of evi-
dence gathered from numerous case stud-
ies across the nation, that “hundreds of
wells supplying drinking water to millions
of people have been closed because of
toxic organic chemicals in high concen-

trations. . . .73

1U.S. Water Resowrces Council, A Sununary
of Groundwater Problems {(Washington, D.C_,
September 1981).

2 Congressional Research Service, Resource
Losses from Surface Water, Groundwater, and
Atmospheric Contamination: A Catalog
(Washington, D.C., 1980).

3 Council on Environmental Quality, Con-
tarination of Groundwater by Toxic Organic
Chemicals (Washington, D.C., January 1981).




Moreover, it is impossible to know
whether the available data reflect the en-
tire range of water quality problems. In
almost every case studied to date, only a
few of several hundred possible com-
pounds actually were tested for, and then
only after contamination was suspected.
Tn many of the cases, well water was found
to contain concentrations above—and
often several orders of magnitude higher
than—those commonly encountered in
drinking water drawn from badly coritam-
inated surface water sources, Even at ex-
tremely low concentrations, ‘many toxic
organic chemicals pose serious; irrever-
sible, health risks.

Among the principal sources of ground-
water contamination are waste disposal
landfills and impounduments, accidental
spills, and abandoned oil and gas wells.
In the fall of 1983 the U.S. Environmental
Protection Agency warned of an addi-
tional and wubiquitous source-—urnder-
ground gasoline storage tanks at thou-
sands of service stations across the country.
But most groundwater contamination can
be traced to chemicals leaching into the
aquifer from poorly constructed and man-
aged industrial or municipal landfills, sur-
face impoundments, or outright illegal
dumps. Contatnination from stich sources
often has been in process for years—
sometimes for decades—and most con-
tamination incidents are discovered only
after a drinking water source has been
affected.

By the time suspected aquifer contam-
ination is verified in samples drawn from
drinking water wells, the problem may be
irreversible. Stricter regulation of the dis-
posal of potential contaminarits in other
environmental media, particularly air and
surface waters, and the consequent rising
cost of such disposal, is likely to increase
the flow of wastes to land disposal. But
groundwater use has grown faster, over
the past twenty-five years, than popula-
tion: from 12.4 trillion gallons per year in

1950 to almost 30 trillion gallons per year |
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m 1975. It is thus likely that a growing
portion of the population is being exposed
to contaminants in groundwater. Because
cleanup is a formidable task, often pro-
hibitively expensive or technically infeas-
ible, preventive measutes may be the only
effective means of protecting ground-
water resources.

Asresearchers, we are particularly con-
cerned with assessing the benefits (costs
avoided) of controlling groundwater con-
tamination. But benefit—cost analyses of
groundwater contamination require
quantification of several links between
sources and receptors. We must know the
location and strength of actual or poten-
tial sourtes of contamination. We .must
be able to model the spread of the con-
taminart plame in the aquifer. We must
know the numbers of persons exposed to
contaminated groundwater and the extent
and timing of their exposures. We must
know the “dose-response relationship™—
the nature and extent of health effects on
the population at nsk. And finally, we
need a way of converting health effects
mto monetary, or doflar, values.

This is a very tall order, and we are far
from being able to quantify these links
with precision. In gach case, we need sub-
stantially improved méthods and data. For
the purposes of this aiticle, therefore, we
conceritrate on a few less ambiguous as-
pects of the problem.

In conteémplating the future of hazardous
waste disposal and the protéction of
groundwater, the main task for piblic
policy is providing appropriate institu-
tions and incentives for énvironmental
protection. But for a case like Price’s
Landfill, a faif accompli, the choices are
narrow: either to bear the risk or take
remedial action.

Groundwater contamination can be

contained using various techniques. Di-
rect methods are designed to prevent con-
taminated fluids from an impoundment,
or leachates from a landfill, from coming
into contact with uncontaminated
groundwater, These include instaliation
of impermeable material below the site
(applicable chiefly to new sites), collec-
tion and treatment of contaminated
groundwater and recharge to the aquifer
or to a surface stream, construction of a
groundwater cutoff wall, and capping the
surface of an impoundment or a landfill
to prevent leaching induced by precipi-
tation. Indirect methods involve devel-
oping or providing substitute sources of
water or treating contaminated water just
before use.

In almost all actual groundwater con-
tamination episodes, only the least ex-
pensive of the direct methods have been
employed, such as covering the site to
prevent leaching. Cleaning an aquifer is
an extremely costly, complicated, and
lengthy undertaking, with success uncer-
tain, and authorities usually resort to in-
direct methods.

Here we consider two alternative re-
medial schemes for cleaning the Cohan-
sey aquifer, the principal source of At-
lantic City’s water supply. Both involve
indirect cleaning operations: pumping
contaminated water, treating it, and then
recharging the aquifer with the treated
water. The two schemes are:

% Cessation of pumping at the shallow
Atlantic City Municipal Authority wells;
pumping 30 million gallons per month
from the upper Cohansey at three spec-
ified locations in the well field; and de-
contaminating the water and injecting
it at three locations near the landfill.

2 The first two steps are identical to
those in the first alternative, with the
addition of three wells downgradient,
buit near the [andfill. The treated water
is reinjected at four locations between
the landfill and the well field at a rate

of 8§ million gatlons per month.

For both schemes we assume that con-
tamination of the Cohansey aquifer by
leachate from the landfill has been in
progress for ten years when remedial
measures are initlated and that leachate
infiltration is halted at that time. Both
alternatives involve flushing poilutants
from the aquifer with the help of a hy-
draulic gradient created by pumping and
réinjection.

Analyses of the first alternative indicate
that, after ten additional years, the con-
taminant plume has moved eastward and
been halted just short of the production
well field. At the cost of pumping, treat-
ing, and injecting 30 million gallons per
month for ten years, we still are far from
effective decontamination of the aquifer.

The second scheme attempts removal
of the contaminant at the landfill itself.
Here only 8 million gallons per month
{out of the total 30} are reinjected at points
downstream, with the rest disposed of
outside the aquifer through sales to in-
dustrial users or discharges into streams.
This scems much mote effective. The
leading contour of the contaminant plume
Temains stationary during the first five years
and contracts during the second five years.
This is achieved by pumping the mass of
the contaminant near its source, and then
containing ‘the plume and diluting it by
the injection of treated water downstream
from the landfill. But even under this sec-
ond alternative, which is about as costly
as the first, effective cleanup is achieved
only after twenty-five years of continuous
operation. '

The cost estimates for cleanup tech-
niques presented in table 1 are “average-
site” costs; actual costs will depend on the
situation at the particular site. Within each
method category one or more of the listed
activities may be required in any given
case. Some actions are complementary,
such as those listed under groundwater
flow control and plume management.
Groundwater flow control must be ac-
companied by pumping to prevent over-
flow conditions at the landfill.

If contaminated water removed is rein-
jected or discharged to a surface water
conduit, it must beé treated to some extent
beforehand (in fact, it is difficult 1o en-
visage a situation where it would not).
That cost of treatment does not appear in
table 1, and must be added to the cost of
remedial actions. A recent study esti-
mates the annual cost of such treatment
at $500,000.* The Cohansey aquifer would
require about twenty years of treatment
and reinjéction. At a discount rate of 10

* Camp Dresser & McKee, Inc., “Tmmedi-
ate Action and Remedial Investigation, Price’s
Landfill, N.J.,” Draft report prepared for U.S.
Environmental Protection Agency {(Boston,
Mass., March 1982).
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percent, the present value cost of treat-
ment would be some $4.25 million.

Excavation and reburial cannot elimi-
nate the need for remedial measures de-
signed to remove contaminants already
leached into the aquifer. Those additional
costs must be added to whatever other
costs are incurred in cleaning the aquifer.
Using the table as a rough guide, the cost
of plume containment and management,
including water treatment but excluding
excavation and reburial, may be in the
range of $5 to $8 million in present value.
With excavation and reburial, the period
of plume management and groundwater
flow control probably could be shortened,
but total costs could rise to $15 to $18
million in present value,

Other unofficial estimates have focused
on securing alternative sources of supply
to meet Atlantic City’s water demand. If
that requires a new well field to replace
the four threatened wells (one already was
shut down in 1981}, estimates vary from
$6.5 to $9.3 million. But since growth in
demand would have required developing
a new supply source in the late 1980s in
any case, only part of the cost of the new
well field should be attributed to the con-
tamination episode, namely, the addi-
tional cost incurred by pushing forward
the date of construction.

All this leaves open the question of
whether cleanup costs should be excluded
from the cost of damage avoidance, since
providing an alternative supply source
seems to be the efficient remedial alter-
native. By not including cleanup costs we
are effectively scrapping the upper Co-
hansey aquifer as a groundwater source,
until such time as it cleanses itself by nat-
ural processes. Recall that the more ef-
fective cleanup scheme did not resuit in
complete decontamination even after
twenty-five years of simulated discharge,
treatment, and reinjection operations (al-
though it did halt the spread of the plume).
Natural processes take much longer to ac-
complish the same task. And acquies-
cence in indefinite resource degradation
is rational only if water in the aquifer is
a free good with zero scarcity rent in afl
the periods along an optimal management
path. Given trends in groundwater use,
this seems unlikely. Uncontaminated
groundwater almost surely has some pos-
itive present worth that would justify some
decontamination steps,

Finally, there is the question of assign-
ing property rights. As a matter of prin-
ciple, and in connection with the deter-
mination of damages and liability, it would
seem imperative to assume that the right
to pollute does not reside with the owner
of the landfill. Whether or not compen-
sation for damages can be achieved through
_the courts, remedial measures are taken,
and the perpetrator of the incident bears

the full cost of those measures, the cost
of reverting to the status quo ante must
be determined. Questions of liability for
damages and its effect on future behavior
are an important part of the research
agenda.

The general principle drawn from eco-
nomics is that the producer of toxic wastes
should pay the cost of disposal plus any
additional “external” costs that may be
associated with them. This provides an
incentive for “optimum” generation of
wastes. But illegal disposal already is a
large problem, and effective imposition of
the “polluter pays” principle presumably
would aggravate it. Thus, what is needed
is a way to impose some—or all—of the
costs of safe disposal on the generator and
to provide an incentive to actually deliver
the toxic residuals to a suitable disposal
site. This invites consideration of what have
come to be called deposit-refund systems.

In particular, a system that was put into
effect for waste oil in Germany in the early
1970s may held some lessons for other
types of toxic chemicals. Waste oil almost
always is contaminated with such toxins
as carcinogenic hydrocarbons and heavy
metals and, if improperly discharged, can
become an important source of ground-
water contamination. Improper disposal
appears to be a problem in all industrial-
ized countries.

Richard Irwin describes the German
approach as follows:® The German law
both encourages recycling and ensures that
recycled il is properly disposed of, through
a system of reporting requirements and
program-funded, nationally coordinated
collection and disposal contracts. All per-
sons who import or produce certain lu-
bricating oils (including rerefiners) pay,
in addifion to an existing tax on mineral
oils, a compensation fee of 9.00 DM (about
$3.60) per 100 kilograms of product. This

3 Ecology Law Quarterly vol. 6, no. 699.

money goes into a special fund reserved
for the support of the disposal of used oils
by controlled burning or recycling, the two
methods deemed safe from environmen-
tal and public health viewpoints. The fund
also supports the program-related admin-
istrative expenses of the Federal Office
for Trade and Industry.

The enterprises that contract with the
Federal Republic are reimbursed for the
costs of collection, transportation, and
disposal to the extent that these are not
covered by the revenues from selling re-
refined products. These reimbursements
are made at standard rates subject to some
flexibility.

In return, the disposal firm has obli-
gations, described by Irwin:® The disposal
firms’ contracts obligate them to (1) pick
up all amounts of used oils over 200 liters
in the district assigned to them; (2) do so
at no charge to the user unless the oils
contain more than 10 percent foreign mat-
ter; (3) provide suitable containers for
lesser amounts so they can be collected
later; (4) keep records of their costs, mak-
ing their books and other relevant infor-
mation available to the Federal Office or
to appointed auditors; (5) file their ap-
plications for payments monthly; (6) in-
stall equipment specified by the Federal
Office for purposes of checking their out-
put; (7) give notice of any rerefined prod-
ucts shipped to other member nations of
the European Community and return any
payments received for producing these
products (this requirement is necessary to
avoid favoring German rerefiners in vi-
olation of the Treaty of Rome); and (8)
give receipts for used oils collected which
contain more than 10 percent foreign mat-
ters.

The German system is a deposit-refund
system where the refund is free disposal
of the generators’ waste oil. Irwin sums
up:” The German program is designed to
minimize program costs while encourag-
ing recycling. By placing the financial bur-

5 Tbid.
7 Ibid.

den of administrative costs and compen-
sation payments on those using the oil,
costs to the government are kept to a min-
imum. Further, since only lubricating ocils
subject to the existing mineral oil tax are
also subject to the disposal fund compen-
sation fee, the paperwork, procedures, and
personnel for levying the fee are inte-
grated almost completely with the collec-
tion of the mineral oil tax, resulting in
substantial administrative cost savings.
Finally, the compensation payments en-
courage collection and recycling of oils
that otherwise could not be handled eco-
nomically in the private sector.

Waste oil may be much more amenable
to a deposit-refund system than most toxic
wastes. Still, the functioning of the Ger-
man law deserves careful study, and it
would seem to be worth examining other
types of toxic waste (contaminated in-
dustrial acids and plating plant wastes, for
example) to see if an effective deposit-
refund system could be devised.
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In an expanded version of this article we
consider three kinds of issues that seem
particularly troublesome.® The first might
be called the need for casting ground-
water solute transport modeling in a suit-
able decision-theoretic framework. Each
of the existing models requires knowledge
of many geohydrological parameters and,
of course, of the solute source terms be-
fore ambient concentrations (and thus ex-
posures) can be predicted. But informa-
tion on those parameters, and on the source
terms, only can be gotien at substantial
cost—in drilling and sampling. Since costs
always will be constrained, there is an ob-
vious question, What is the best way to
allocate any such sum among drilling,
sampling, and modeling? “Best” should
mean something like “giving the most
precise exposure forecast.”

The second area of needed research is
valuation of the particular kind of risk
posed to human health by exposure to
groundwater contamination. A substan-
tial spread exists in the values individuals
attach to risks to life, a range open to at
least two interpretations: Individuals may
value different kinds of risks to life very
differently; or the descriptive realism of
expected utility theory is questionable.
Both interpretations warrant close inves-
tigation, but the latter is particularly im-
portant because it is risk perceptions that
matter to individuals and determine in-
dividual valuation of risk. Expected utility
theory grew up around the study of in-
surance and gambling behavior, both of
which have an actuarial basis for risk as-
sessment. Perceptions of the risks of ma-
jor hazardous episodes—Dby definition in-
frequent events—almost certainly work
very differently.

Natural Resources: Bureaucratic Myths and
Environmental Management, Richard L.
Stroup and John A. Baden, eds. (San
Francisco, Calif., Pacific Institute for Public
Policy Research, 1983). $20.00, cloth;
$9.93, paper.

This lively book is part of the growing
property rights and public choice litera-
ture that attempts to apply microeco-
nomic concepts to nonmarket behavior.
While resisting the excessive formaliza-
tion and jargon sometimes found in nec-
classical economics, and making an effort
to be more empirical, the authors heavily
rely on that field’s traditional assumption
that individuals and organizations seek to
maximize their self-interest. They argue
that the federal presence in land, water,

Third is the general area of institutional
arrangements forireducing risks from ma-
jor episodes, and for allocating the bur-
dens of those remaining risks society
chooses to bear. Our brief discussion of
the German waste oil program only sug-
gests how much remains to be done here.
In that case, there was an (implicit) de-
cision that the benefits of the program
cutweighed the considerable tramsaction
costs involved. For other hazardous sub-
stances, can similarly beneficial arrange-
ments be devised? Put another way, how
many Price’s Landfills can the nation af-
ford?

Authors Mark F. Sharefkin, Allen V.
Kneese, and Mordechai Shechter are, re-
spectively, fellow and senior fellow in RFF’s
Quality of the Environment Division and
associate professor of economics at the
University of Haifa, Israel. This article is
adapted from “Impacts, Costs, and Tech-
niques for Mitigation of Contaminated
Groundwater.” This longer paper, which
emphasizes benefit-cost considerations, is
available as RFF reprint 210.

wildlife, energy, and pollution policy has
harmed the public interest by making
public servants do the wrong thing, and
has led businesses astray as well. The au-
thors believe that well-defined and en-
forced property rights in an unfettered (and
idealized) market would handle these
matiers better, Thus they are able to ex-
coriate self-interest in government as the
cause of waste, inequity, and environ-
mental harm, while glorifying that same
self-interest in the private sector as the
best guarantee of an efficient, good, and
clean society. If it were only so simple.
Government and the market each have
their advantages and disadvantages as ways
to allocate resources, and the best solu-
tion is likely to be some combination of
the two. This book confuses the question
by portraying the choices as mutually ex-
clusive, and consistently stacking the deck
against government. Consider this typi-
cally breathtaking statement: “It is, after
all, obvious that despite reasonable in-
tentions, bureaucratic entrepreneurs in the
Forest Service, the BLM (Bureau of Land

Management), the Bureau of Reclama-

tion, the Army Corps of Engineers and
the Bureau of Indian Affairs have con-
sistently and systematically subsidized the
deterioration of environmental quality”
(page 102). The book shows nothing of
the kind. It does show that sometimes gov-
eroment has damaged the environment,
and sometimes the market has protected
it. But in their highly selective use of ex-
amples, the authors fail to weigh the fa-
vorable impacts of government and the
unfavorable impacts of the market. For
example, they repeatedly flay the BLM
for chaining pifion-juniper habitat, but do
not mention that private ranchers have
also engaged in this practice, or that the
BLM has drastically reduced this practice
in recent years. (Chaining is a process of
clearing brush by attaching a chain to two
tractors and driving them across the land. )

The notion of self-interest is undeniably
useful in studying bureaucracy, as politi-
cal scientists and sociologists long have
recognized. But it is also notoriously am-
biguous. Stroup and Baden find self-in-
terest in so many different situations that
it is difficult to envision many outcomes
that they would not attribute to it. The
fixation on this standard contrasts with
the growing acceptance by leading econ-
omists that other motivations such as habit,
loyalty, shame, pride, envy, altruism,
fraternity, and compassion are important
not only in nonmarket situations but often

- in the marketplace itself.

The book’s a priori approach leads to
assertions that, on the evidence, are sim-
ply false. Anyone familiar with the nat-
ural resources bureaus will recognize the
absurdity of claims that there is little ac-
countability in the public sector (page 64)




and that there is “no check” on bureau-
crats (page 45). One mechanism for gov-
ernment accountability is competition not
unlike that in the market. For example,
the various land and water agencies for
generations have competed against one
another, with sometimes beneficial te-
sults that Stroup and Baden unaccount-
ably ignore. However, the most charac-
teristic instrument of government
accountability is “regulation™ of the bur-
eaus by the president and his Office of
Management and Budget, Cabinet mem-
bers and their staffs, and the many units
of Congress, the courts, countless interest
groups, the news media, and others. The
fact that these external controls are nec-

essary is no more an indictment of bu-
reaus and government than the need for
economic and social regulation is an in-
dictment of businesses and the market.
These authors could have written, and
they are good writers, a thoughtful cri-
tique of dilemmas in the modern quest
for equality and democracy, but what
comes out is a reaction against these widely
shared ideals. The authors dernide as “rent-
seekers” the recipients of government
benefits, even where the public gencrally
regards this help as just. They regard de-
mocracy as at best a waste of time, even
where the public clearly cares more that
decisions be reached fairly than it cares
what those decisions are. In effect, Stroup

and Baden would prefer a constitutional
counterrevolution that would remove much
of today’s public life fiom the reach of
democratic politics. Few readers would
welcome such a move, and even fewer
would regard it as politically practical.
What we need today—and what this book
does not provide—is a more pragmatic
and balanced effort to recognize that gov-
ernments and markets alike have strengths
and weaknesses and that each has a role
to play.

Reviewer Christopher Leman is a visiting
scholar in RFF’s Renewable Resources Di-
vision.
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