ACID PRECIPITATION:
CONTROVERSY OVER POLICY OPTIONS

ABSTRACT

Acid precipitation is a complex and
controversial issue. Its potential long-
term adverse effects on the environment
are not fully understood nor scientific-
ally documented. This has resulted in
disagreement on the choice of appropri-
ate policy options. This paper develops
a systematic and structured framework to
analyze the consequences of following
alternative strategies. It focuses at-
tention on the major points of conten-
tion in the debate and specifically con-
siders the uncertainties involved in the
policymaking process. The methodology
developed can serve as a tool in evaluat-
ing alternative policies and to test the
roboustness of alternative assumptions.

1. INTRODUCTION

Acid precipitation (AP) has become
one of the most controversial, yet least
understood, environmental issues of the
80s. [3] [18] Many ecologists, environ-
mentalists and conservationists contend
that AP is "one of the most serious glob-
al pollution problems associated with
fossil fuel combustion," rivaled only by
the buildup of carbon dioxide in the
atmosphere. [14, p. 140] AP refers to
all forms of precipitation that has a
pH! of less than 5.6. The 5.6 pH is
used as a reference point to represent
"matural” or "background" precipitation
in an atmosphere removed from anthropo-
genic emissions.

AP became the subject of extensive
scientific research since the 1960s when
Scandinavian scientists detected a pat-
tern of increasing acidity in their soils
and lakes. They hypothesized a link be-
tween an increase in the acidity of pre-
cipitation over time and sources of sul-
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fur and nitrogen oxide in industrial
Europe. Allegations of the adverse im-
pacts of AP include acidification of sen-
sitive lakes and streams, reductien in
the yield of susceptible crops and for-
ests, damage to man-made material and
potential human health threat [11] [12]
[171 [18].

While it is clear that fossil fuel
combustion in the heavily industrialized
and urbanized areas has contributed to
increased acidity of precipitation, the
casual relationship between emissions and
alleged adverse impacts of AP are subject
to interpretation. [1] [3] [5] [10] Al-
legations that rain has become more acid-
ic in recent times cannot be substanti-
ated based on the available scientific
evidence [8] [9].

The crux of the AP problem is dis-
agreement over three fundamental issues:
(1) Whether acid precipitation consti-
tutes a "serious" environmental problem
requiring immediate action; (ii) what
are the causes of the alleged problem;
and (iii) what, if anything, should be
done about it given the lack of consensus
on (i) and (ii). The policy implications
of the AP debate on environmental quality
and national -- some would say global --
energy policy are profound, particularly
in view of the emphasis placed on in-
creased coal use as a substitute for im-
ported oil. The debate on the choice of
appropriate policy options is confused by
inaccurate, sometimes misleading, state-
ments made by both opponents and propon-
ents of more stringent regulations. A
more detailed version of this paper may
be found in [16].

2. POSITIONS AND POLICY OPTIONS

Depending on one's predisposition



and partlcular point of view, AP may ap-
pear as a critical environmental hazard
with potentially significant --possibly
irreversible -- adverse consequences or
as a non-issue -- blown out of propor-
tion and greatly exaggerated by doomsday
environmentalists -- and everything in
between these two extremes.

Since it is not possible to consid-
er many different points of view, in the
remainder of this paper we have chpsen
to focus on two: extreéme and a moderate,
middle-of-the-road position. These pos-
itions and the corresponding policies,
outlined below, are selected to approxi-
mate or simulate three representative
points of view, Other positions fall
between these extremes and can be ana-
lyzed in a similar fashion. A more de-
tailed discussion of these positions may
be found in [16J

The "Rush to Judgment" Position
This position is based on three premlses.
(i) AP constitutes a "serious" environ-
mental hazard requiring immediate action;
(ii) we know enough about the problem to
make sound decisions and; (iii) the op-
portunity cost of inaction could be so
large as to make any control costs justi-
fied. Advocates of this approach are in
favor of more stringent regulations that
would reduce emissions significantly over
a short period of time. [15] [18] [19]

The "Acid Pfecipitation is“a' Non-

Issue’ Position This position is based on
the belief that there is no scientific
basis for alarm and no justification for
immediate drastic action. Altogether,
those who subscribe to this position con-
tend that there is no reason to conclude
that acidity of precipitation has been
increasing over the past two decades, and
no reason to believe that a reduction in
emissions from power plants would have a
measureable impact, hence, no need to im-
pose additional regulations at this time

based on the information currently avail-

able.[1] [3] [5] [10]

The "Wait and See" Position This
position is based on the presumption that
(i) we simply don't know enough about the
problem at the present time to confirm or
deny that AP constitutes a serious envi-
ronmental hazard; (ii) we cannot be sure
that any controls/regulations would be
effective in reducing or reversing the
impact of the alleged problem; and

(iii) in the absence of such evidence, |
there 'is no justification for imposing
stricter emission control regulations.
Proponents of this approach are in favor
of an accelerated research effort de-
31gned to determine if acid precipita-
tion is indeed a serious problems, and
if so what is causing it and what is the
most effective way to.deal with it. ~[4]

[71 [17]
3. STRUCTURING THE DECISION PROBLEM

A primary factor contributing to the
confusion surroundlng the acid precipita-
tion controversy 1is that much of the de-

-bate is based on emotional arguments and

‘ pure rhetoric.
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To analyze the problem
in an objective way, and to help focus
attention on the key points of disagree-~
ment, it is helpful to structure the
problem and follow a systematic approach.

While there is no single best way to
structure the problem, we have organized
the furidamental issues facing the policy-
makers in terms of two questions (Figure
1Y: (i) Whether acid precipitation is a
serious problem; and what, if anything,

18 ACID PRECIPITATION
A PROBLEM ?
STAGE 1
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BEST WAY TO
DEAL WITH
THE PROBLEN T I
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MOPOSE
APPROPRIATE POLICY
FIGURE 1 STRUCTURE OF THE PROBLEM




should be done about it. To help arrive
at a rational and defensible answer, we
have redefined the first question in
terms of three hierachical sub-questions
(Figure 2).

QUESTION 1

ARE SIGNIFICANT ADVERSE CONSEQUENCES
QCCURRING AS A RESULT OF ECOSYSTEM
ACIDIFICATION ? .

» 1 mns

. |

IS PRECIPITATION ACIDITY A MAJOR
CONTRIBUTOR TO THE PROBLEM ?

1 ns

QUESTION 3 l

WOULD REDUCTIONS 1N ANTHROPOGENIC J
CE|

5 =

EMISSIONS—- PARTICULARLY FROM FOSSIL FUEL
BURNING POWER PLANTS--SIGNIFICANTLY REDU
OR ELIMINATE THE ADVERSE EFFECTS ?

I 1

1 s

WHAT 1S THE OPTIMAL EMISSION CONTROL
REDUCTION POLICY ?

FIGURE 2.

SYSTEMATIC FRAMEWORK FOR DECISION MAKING

Since the answers to questions 1, 2
and 3 (hereafter Qi, Q2 and Q3) are not
unequivocally known (e.g., because the
available data is insufficient, of poor
quality, or 1is subject to interpreta-
tion), Figure 2 allows for a "qualified
no" answer .in addition to definite yes
and no. A "qualified no" answer is in-
terpreted as "inconclusive," implying
that additional research is needed prior
to proceeding to the next question [16].
it follows from. the above discussion that
a proposal to impose emission controls
cannot be logically defended unless one
can present reasonable evidence that the
answers to Q1, Q2 and Q3 are all posi-
“tive.
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4. ANALYSIS

Following Figure 1, we shall proceed
to analyze the problem in two stages.

4,1 Stage One - "Does AP Constitute a

Serious Environmental Problem?”

This question may be paraphrased as
"how likely is it that one could proceed
from Q1 to Q4?" Since the available in-
formation is (assumed to be) inconclusive
or subject to interpretation, we have to
supplement it with intuitive judgment to
confirm or reject the "Q Link" -- evi-
dence supporting the Q1, Q2 and Q3 se-
quence [16].

Following our discussion of Sectiom
2, we shall continue with the two extreme
and one moderate positions. Naturally,
an overwhelming number of those who favor
the "Rush-to-Judgment™ position would
take the path that leads to Q4. Oppon-
ents of stricter emission control poli-
cies, on the other hand, would paint an
entirely different picture. According
to this school of thought, acid precip-
itation, for all practical purposes, is
a nonissue. The "moderates” are a bit
more cautious in their assessment in the
sense that they maintain a certain degree
of neutrality. This is represented by
the high probabilities assigned to the
"qualified no" paths in Figure 2., Space
limitations do not permit an illustration
of this approach, simulating the diver-
sity of opinions in the AP debate. The
interested reader is referred to [16].

4,2 Stage Two - "What,
Should be Done About it?"

if Anything,

Given the lack of a clear-cut con-
sensus in Stage One and the complicating
factors mentioned above, it would be wise
to evaluate the consequences of all three
positions. Since it is mnot clear what
strategy should be followed, it is neces-
sary to compare the expected costs, po-
tential benefits and the opportunity
costs of each strategy. This is the ap-
proach followed in Stage Two and schemat-
ically shown in Figure 3.

Initially, one must decide whether
to act immediately or to postpone a de-
cision until some future time. This is
shown as the two branches emanating from
the box in the extreme left hand side of
the figure. If the top branch is fol-
lowed, one must immediately decide (or
proceed with the presumption) that either
AP is or is not a problem. These two de-



ACTS (Possible policy options)
A-1: Assume state S1 is true

impose emission controls immediately
A2: Assume state S2 is true

impose no controls

S1: *Q link” is confirmed

82: "Q link" is rejected
Acid precipitation

'O DECISION NODE " JA1: Assume S1is. true stated,
impose emission controls immediate!

O chance NODE

Investment cost: $C1

ACT IMMEDIATELY

A2: Assume. S2 is true state.S
Impose no controls

Tnvestment cost: O

Postpone decision for five years pending
further research results

Potential damage cost
IF $1 IS TRUE STATE: D2

Investinent
cost: O

A

1982 1987

STATES (Possible outcomes)

Acid precipitation is a problem

isnot a problem p

COST CONSEQUENCE

E: Imposed controls
are effective

s1: q @ $C1 No damage
51 is true state
I:'Imposed controls
are ineffective
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- $Ct No damage * *
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S2
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FIGURE 3 Decision Analysis Formalization of the Policy Options & Their Consequences

cision options are referred to as Al and
A2, respectively., If option Al is ac-
cepted, then it follows that appropriate
emission controls should be imposed im-
mediately. Choosing option A2 suggests
that no contrels should be imposed. It
is assumed that the true state of nature
will become known over time, i.e., AP is
either confirmed or rejected as a serious
environmental problem. S1 denotes the
state "Q Link" is confirmed and S2 refers
to the state "Q Link" is rejected. ([16]

The bottom part of Figure -3 repre-
sents the case where judgment is witheld
until further -- presumably more conclu-
sive evidence becomes available. We.
cannot, however, postpone decision making
forever because some issues may remain
unresolved and some -disagreements may
persist no matter how long the decision
is postponed. In deciding how long to
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procrastinate, one must balance the ex-
pected costs and the expected benefits
of waiting. In Figure 3, we have assumed
that a period of five years is a reason-
able time to wait prior to making a com-
mitment. [4] The entire time frame of
the problem is assumed to be ten years.

Following action Al and outcome SI
(that is, assuming that AP is a problenm,
and being confirmed) brings us to another
chance node, namely whether the imposed
emission controls/regulations turn out
to be effective or ineffective. [16]

Data Assumptions - To analyze the prob-
lem, we have to make assumptions about
the probabilities of particular states
occurring, the expected costs of pur-
suing particular policies and the esti-
mated costs of potential damage to the
environment should we decide to postpone




a decision and state S1 occurs. We also
have to estimate the potential cost of
damage should we opt for a no-control
policy and prove to be wrong (i.e., if
we choose A2 and S! occurs). Finally,
we have to consider the possibility that
any imposed regulations/controls may turn
out to be either totally or partially in-
effective. [2] [6] [14] Analysis as-
sumptions are presented and qualified
with appropriate caveats in Table 1., In
all cases, the numbers shown are based on
what is believed to be the best informa-
tion currently available, as discussed in
[16, Appendices B, C and D]. :

Table 1. Input Assumptions
(See [16] for explanation and details)

Sympol Assunmed

(Figure 3) Description Value

$C1 Cost of Complisnce §3 billion/yr
with imposed emis-
mandated now.

§D2 Potential cost of §5 billion/yr
damage due to five
year delay in de-
cision-making should
state S1 occur.

sD1 Potential cost of $75 billion
damage over a 10 (Dg + $10/yr
year period if no for 2nd five
action is taken yrs)

§c2 Cost of compliance §3 billion/yr
with imposed emis-
sion controls/re-
gulations following
& five year delay.

P.p'+ Probability that 0.81 high*
state 51 will 0.21 low
occur, based on 0.448 middle
the information
available at the
time.

q Probability that 0.7 high*
controls/regulations 0.2 low
presently imposed 0.4 middle
would be effective

q' Probability that high*

0.9
controls/regulations 0.7 low
imposed five years 0.8 middle
from now would be
effective.

5. RESULTS AND DISCUSSION

Since Table 1 assumptions are only
representative, and not based on a thor-
ough survey of acid rain experts, it
would be premature to draw firm conclu-
sions from the analysis on the optimal
policy regarding AP. Nevertheless, some
useful insights can be gained from the
results obtained and these are discussed
below.
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Let us, for the time being, assume
that the expected monetary wvalue (EMV)
of the consequences forms the basis for
decision making.[13] This assumption,
which can be relaxed [16], implies risk
neutrality on the part of the decision
makers. :

If we were to act immediately, i.e.,
ruling out the option to postpone deci-
sion making pending further research re-
sults, what strategy should be followed?
This subset of the decision problem is
shown in Figure 4. An examination of the
EMVs indicate that the optimum strategy

depends on the particular position (or
scenario) assumed. According to the
"rush-to-judgment" scenario, emission

controls should be mandated immediately
because the expected cost of Act Al
($48.225b) is less than the corresponding
figure for Act A2 ($60.75b). 1If, on the
other hand, one subscribes to the view
that acid precipitation is a "non-issue,"
then it follows that no controls should
be imposed (compare EMV = §$15.75b wvs.
$42.60b). Following the moderate posi-
tion would also favor the no control op-
tion. These results correspond to the
policies advocated by these groups and
come as no surprise.

Now, let us include the option to
postpone decision making for five years
(Figure 4). Comparing the expected con-
sequence of the four available strategies
produces some interesting results. Under
the "rush-to-judgment" scenario, the op-
timal policy changes from [Act Now, Al]
to [Postpone Decision, A1] because the
EMV of the former ($48.225b) exceeds the
latter ($39.30b). The implications of
this result are significant. It suggests
that even those who subscribe to this
position and favor the imposition of im~
mediate emission controls could benefit
from improved information that becomes
available over time -~ despite the cost
of the environmental damage that could
potentially take place while the deci-
sion is postponed.

This conclusion, a key point in the
AP controversy, follows from the assump-
tion that as time goes on and .emission
control technologies improve, more effec-
tive standards could be mandated. The
difference between the expected cost of
the two strategies ($48.225 - $39.30 =
$8.925b) may be thought of as the value
of improved information. . Needless to
say, this result is sensitively dependent
on assumptions regarding the cost of po-~
tential environmental damage and the ex-



EXPECTED MONETARY VALUES (EMV)

Rush-to Non-issue Wait & See
~judgement Posgition Position
Position .
NotE:l This analysis sssumes p=p’ ' a E }
| , I
| 48.225 42.60 50.16 1‘7
!‘ l Reduced problem
[*] l without option to
1 postpone decision
) . : making
60.75 18.75 33.60 '
. ]

POSTPONE
DECISION

60.75

23.40

33.60

18.76

Figure 4. Resuits summary corresponding to the three positions considered.

pected improvements in the effectiveness
of a delayed control policy.

The optimal strategy does not change
under the. "non-issue" scenario in the
sense that the EMV of [Act Now, Al] and
[Postpone Decision, Al] are 1identical.
Those who subscribe to this position do

net gain by postponing the decision.
Under the assumptions of the present
analysis, it may be said that -there is

no value to the additional information
in this case because it does not change
the optimal strategy (A1) nor does it
lower the EMV of the policy.

Interestingly, the optimum strategy
changes under the "wait and see" scenar-
io. While those subscribing to this
scenario would be against the imposition
of any controls if they were to act im-
mediately, five years from now they would
switch alliance in favor of imposing
emission controls. Once again, this con-
clusion, a significant point, is based
on the assumption that more effective
reguldtions and more efficient emission
control technologies would become avail-
able if one is willing to postpone deci-
sion making for a finite length of time.
In this case, additional information is
valuable not only because it reduces the
EMV of the optimal strategy ($33.60 -
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$30.68 = $2.92b), but also because it
results in a policy switchover.

Altogether, postponing decision
making results in less costly (or more
cost effective) policy under the "rush-
to-judgment" scenario, and leads to a
switchover under the "wait and see" scen-
ario (which is also more cost effective).
In no case does it result in a more cost-
ly policy given the particular assump-
tions of the present analysis. Alterna-
tive assumptions can be substituted to
test the robustness of these results,

It may be argued that the subjective
basis of some of the key assumptions and
using the EMVs as the basis for decision
making limits the useful implications of
the above results., Both criticisms are
valid and pose serious problems for any-
one trying to use Figure 4 results too
literally.

For a discussion of these and an
examination of decision rules other than
the expected value hypothesis, the inter-
ested reader is referred to [16]. . It
suffices to say, however, that in using
other decision rules and not relying on
the -state/outcome probabilities does not
change the overall results of the analy-.
sis. Similarly, performing sensitivity




analysis on the input assumptions does
not change the overall thrust of the
above results. These results and a dis-
cussion of their policy implications may
be found in [16].

6. CONCLUSIONS

AP is a complex and controversial
issue. Its long-term adverse effects on
the environment are not fully understood
nor scientifically documented. Some sci-
entists and policymakers believe that the
poténtial risks could be so great that
immediate action is warranted. Policies
advocated include mandating strict regu-
lations on SOp and NOy emissions
from coal burning power plants and more
stringent air quality standards.

Other scientists and policymakers
believe that such drastic measures are
premature given our lack of understanding
of the casual relationships between emis-
sions and alleged adverse impacts of AP.
They argue that there is no convincing
evidence to suggest that the proposed
measures would be effective, while it is
reasonably clear that they would be cost-
ly. Postponing decision making, they be-
lieve, would result in more effective,
less costly policies.

The methodology illustrated in this
paper provides a systematic and struc-
tured framework to analyze the conse-
quences of following alternative poli-
cies. The main strength of the method-
ology is that it rocuses attention on
the main points of contention in the AP
debate. The methodology does mnot "re-
solve" the controversies but is useful
in two ways: (i) it illustrates a logi-
cal approach to decision making if agree-
ment is reached on some of the key is-
sues; and (ii) it indicates that the pol-
icy to impose controls immediately is
dominated by other options under a wide
range of assumptions. The latter conclu-
sion supports the position advocated by
those politicians and scientists who fav-
or an accelerated program of research
specifically intended to resolve some of
the key uncertainties prior to mandating
any emission control regulations.

Although the numerical analysis pre-
sented in this paper is illustrative and
cannot be taken literally, we believe
that the general results obtained are in-
sightful and can serve as a tool in ar-
riving at rational policy decisions. The
approach can be used to evaluate the con-
sequences of following different policies
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and to test the robustness of the results
under alternative assumptions.

NOTES

1. Acidity of a solution is determined
by the concentration oef hydrogen
ions present and is measured in pH
units, The pH scale ranges from 0
to 14 with pH of 7 representing
pure (distilled) water. Anything
with a pH less than 7 is considered
acidic; the more acidic, the lower
the pH number. Since the scale is
logarithmic, pH 4 is 10 times more
acidic than pH 5.

2. This natural or background acidity
is attributed to the presence of
carbon dioxide in the air, combin-
in% with the water to form a weak
solution of carbonic acid. The
problem with this definition 1is
that many natural and manmade pheén-
omena can affect the pH level,
causing it to deviate £from this
arbitrary point.
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