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Abstract—We apply a Bayesian framework in which the ade-
quacy of natural science information used in setting environ-
mental regulations may be assessed. Informational adequacy is
defined as the extent to which the variability in agricultural
yield response information affects the probabilities of over-
estimating ultimately realized economic surplus and thereby
failing to plan for a more lax ambient pollution standard, or by
underestimating the realized surplus and thereby failing to plan
for a stricter ambient standard. For linear and for quadratic
yield response functions, the framework is applied to four
major U.S. field crops having dissimilar growing requirements
and diverse market relations.

I. Introduction

ONSIDERABLE Federal research resources

have been expended to quantify the biologi-
cal and economic effects of air pollutants, includ-
ing the effects of ozone and other photochemical
oxidants on agriculture. The acquisition of such
information is motivated by the U.S. Environmen-
tal Protection Agency’s legislative mandate to
establish secondary national ambient air quality
standards for these pollutants. Nevertheless, un-
certainty still exists with respect to crop yield
responses to various levels of ambient ozone con-
trol (Jacobson and Millen (1982)). Limited re-
search budgets and the need to comply with
mandated revisions of ambient standards force
regulators to ask how much this uncertainty might
be reduced prior to control decisions. If economic
considerations have a role to play in control deci-
sions, knowledge of the extent to which improved
yield response information will affect estimates of
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control benefits takes on interest.! Our purpose in
this paper is to show how this knowledge might be
provided and to present an example application
for the responses of U.S. corn, cotton, soybean,
and wheat yields to ambient ozone.

Uncertainties in yield response research arise
from three sources: (1) natural uncertainty, or
uncertainty about a physical process such as the
exact manner in which a plant metabolizes each
molecule of a toxin; (2) statistical uncertainty, or
the doubts due to limited data, about the parame-
ter values for a model of a physiological process;
and (3) model uncertainty, or the misgivings about
whether a model of a biological process is the
“true” model. The discussion of this paper is
limited to statistical uncertainty and model uncer-
tainty, where the former refers to imprecision in
biological estimates of yield response and the latter
to the effects of alternative functional forms on
these same estimates.

The analytical framework that we employ is set
forth in the next section. An empirical application
to the above-mentioned four crops follows. The
application uses biological yield response data
drawn from USEPA’s National Crop Loss Assess-
ment Network (NCLAN).? A concluding section
summarizes our findings and offers suggestions for
future research.

II. The Framework

Incomplete yield response information is as-
sumed to be the source of the regulator’s uncer-
tainty about the net benefits of alternative ozone
control policies. For each plausible form of the
yield response function, his basic problem, then, is
to decide how many yield response observations to

! The importance of economic information in this setting was
recently enhanced by President Reagan’s Executive Order
12291, which specifically requires the application of benefit-cost
procedures to any regulation a Federal agency wishes to
promulgate.

2 NCLAN is a coordinated, multiple site program of research
experiments explicitly aimed at providing estimates of biologi-
cal yield responses for use in economic assessments of air
pollution control (Heck et al. (1982)).
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acquire. To capture the regulator’s problem, we
adopt a Bayesian approach, thereby allowing him
to revise his probability distribution of net benefits
whenever he acquires additional yield response
information.

Consider a finite number, say I, of feasible
regulatory actions, a,, i =0,1,..., ] — 1. Action
a, maintains the current ambient standard, in
which case the mean ambient ozone is X,. Action
a,;, i > 1, results in a new standard, causing mean
ozone to be Xy where X, # X,. The expected
payoft, E[R(i)], from a, is

E[R(i)] = E[W(i)] = c(1), (1)

where E is the expectations operator, the random
variable W(i), i > 1, is the gross economic benefit
to society, and c(i) is costs. Because c(i) is as-
sumed known, knowledge of E[R(i)] requires the
derivation of an explicit expression for E[W(i)].

Let Q,, be the quantity of the j" commodity
(j=1,2,...,J) produced under ozone level X,
Then,

Q,; = Y,Q0, (2)

where the random variable v,; denotes the yield of
the ;™ commodity under ozone level X, as a
fraction of its yield under the current standard.
Relative rather than absolute yield adjustments are
used because homogeneity tests of the data em-
ployed in the example application of section III
indicated that proportionate yield responses for
each crop were similar across experiment sites but
that absolute yield responses differed. The use of
relative adjustments also served to standardize the
units in which responses were measured.

Now consider the following inverse demand and
supply functions:

()"

D __
P7=r—bg,
P =d; + eg,

(3)
4)

where P” and P® are, respectively, the demand
and supply prlces for quantity g of the ;™ com-
modity, and r, and d, are constants incorporating
the effects of other variables in the demand and
supply structure. While assuming that all markets
clear, let the social benefit, w(Q), obtained from
the agricultural system when quantity Q is pro-
duced be measured in terms of the Marshallian
surplus of the mean level of realized consumption.
The economic benefits when Q of the j commod-
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ity is produced can then be expressed as

W,’(Q) = %(bj + ej)Qz’ (5)
where b, is the absolute slope of (3) and e; is the
slope of (4). Applying (2) and (5), the total ex-
pected economic benefit for all J commodities
when action q; is taken is given by

a1 o 1
EW()] =5 X (b + e)OLE(Y).  (6)
=

To obtain the distribution of the total economic
benefit, W(i), including its expected value,
E[W(i)], in (6), one must derive the distribution of
Y;;- Assume that the yield response experiments

are generated by a “simple normal linear” regres-
sion model (Zellner (1971)); that is,

Y, =a,+ BX,, + ¢, (7)

k=12 00 with the errors, €, being inde-
pendently normally distributed with zero mean
and variance 012 Here X, denotes the pollutant
level applied to the k' plot of the experiment, and
Y, , is the corresponding observed yield for the j®
crop. If no prior information is available on the
parameters, then a;, f3;, and o; have the prior joint
probability density function:

;B0 a0

- <a; < o, —o00 < f; <00, 0 <g; < o0.

(8)
The yield ratio, v, can be expressed as
Yij =1 +IB'(X(1)_X(0))/E(Y0‘)~ (9)

In (9), the current mean yield, E(Y,,) is assumed
known, so that v, is simply a linear transforma-
tion of the slope B; of the yield response function.
Since the posterior distribution of B, is of the
Student ¢ form with n; — 2 degrees of freedom, it
follows that

'?’,'j)/s(i’ij) (10)

is a random variable having the Student ¢ distribu-
tion with n; — 2 degrees of freedom. Here

¥, =1+ B( X, — X)) /E(Y;)
5(?11') = (B')lX(i) - (O)I/E(Y )
where ,B is the estimated slope of the regression
line, and s(,B) is the standard error of ,B This

assumes that the yield response function is llnear
However, if the mean pollution level X, is re-

Yij = (Yij_

(11)
(12)
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placed by its square, then all these expressions also
hold for a quadratic yield response function.

As in Lindgren (1968, p. 381), the substitution
into (6) of the expression for the second moment
of a Student ¢ distribution with n; — 2 degrees of
freedom produces

X [("j - 2)/(nj - 4)152(?,‘1'),
(13)

where by convention, ¥, =1, and s%(%,,) = 0.
Note, as is well known, that the naive approach of
substituting ¥,; for v;; in (6) yields only the first
term on the right-hand-side of (13) and would
result in a negatively biased benefit value.

The above expression is based only on maximi-
zation of expected benefits. As Klein et al. (1978)
demonstrate, other criteria may be more ap-
propriate for some decision problems. It is there-
fore of interest to obtain the entire posterior
probability distribution of the benefits, W (i), when
action a; is taken, not just the expected benefits
E[W(i)]. The imprecision in the benefits estimates
for which imperfect information about the param-
eters of the yield response function is responsible
is then made explicit. In order to show this, first
derive an expression for the posterior probability
density function (p.d.f.) of the benefits, W(i, j),
for the j** commodity attributable to action i. Let

w(i,j) = %(bj + ej)(YijQOj)z’

i=1,2,..., I — 1. Using change of variable tech-
niques set forth in Lindgren (1968, p.353), the
posterior benefits p.d.f., fy; ;. is related to the it
action, j® commodity posterior yield ratio p.d.f.,

f,» by
Fwan(0) = $apw) 1, [ = (/)]
+fy[(w/q/')l/2]},

(14)

w>0 (15)
where
qj=%(bj+ ej)Q(%j’ (16)

and where w is a particular benefit value.
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To evaluate (15), note that f, is given by

() = e fe = )75 ()
s ( Y: j)

where x is a particular pollution level, and, from
(10), f,« is of the Student ¢ form with n; — 2
degrees of freedom.

The total benefits attributable to all J crops can
now be written as

J
w(i)= 3 W(i,j). (18)
j=1

Since (18) expresses W(i) as a sum of independent
random variables, its p.d.f., f,,, say, is a J-fold
convolution of the p.d.f’s fy; ., j=12,...,J
(Feller (1971), pp. 143-148). Although it is difficult
to obtain an analytical expression for f,,,), it can
be evaluated by numerical methods, as demon-
strated in the following empirical example.

IIL

Heck et al. (1982) concluded that ozone has the
greatest crop production impact of the various air
pollutants. Further, ozone in potentially damaging
concentrations is thought to be the most
widespread of these pollutants. We now. apply the
framework of the preceding section in order to
assess the adequacy of the precision of existing
yield response information for making estimates of
the impacts of alternative ambient ozone stan-
dards upon the economic value of U.S. production
of corn, cotton, soybeans, and wheat.? By evaluat-
ing alternative yield response functional forms, we
extend the analysis to model uncertainty.

One must know the values of specific parame-
ters in order to implement the framework of
section II. Calculation of the benefits functions
requires estimates of the crop supply and demand
relationships. Parameter values of the yield re-
sponse functions are necessary to determine how
alternative ambient ozone concentrations alter
benefits.

An Application

Supply and Demand Relations

We employ changes in Marshallian surpluses to
measure the differences in benefits across alterna-

3 The 1980 combined production of these crops comprised
64% of crop acreage, 70% of total crop value, and 65% of the
value of agricultural exports for the United States (USDA
(1981)).


















	University of Wyoming
	Wyoming Scholars Repository
	1-1-1984

	Assessing the Adequacy of Natural Science Information : A Bayesian Approach
	R. M. Adams

	Assessing the Adequacy of Natural Science Information: A Bayesian Approach

