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CHAPTER III

SOME METHODOLOGICAL CONSIDERATIONS ON THE ASSESSMENT
OF AIR POLLUTION DAMAGES: A PROPOSED

MATHEMATICAL FRAMEWORK

3.1 Introduction

One important aspect of economic analysis concerns the definition of
methods or procedures that may be used in addressing a problem or set of
problems at hand. When integrated with appropriate assumptions, methodol-
ogies constitute the conceptual framework within which to achieve possible
solution(s) or provide suggestions for sclving such problem(s). The pro-
blem statement and justification for this study has been set forth in
Chapter 1. Given these problem statements and objectives concerning the
relationship between air pollution and vegetation, the intent of the analy-
sis is to determine the consequences and the magnitude of such air pollution
damage. This quantitative assessment of air pollution damage occurs within
the methodological framework defined for this study. Thus , specification
of the appropriate technique is central to the success of the analysis.

A number of conceptual issues have been raised implicitly concerning
a methodology for estimating agricultural damages associated with air pol-
lution. The approach should have a general equilibrium flavor, in that
both producing and consuming sectors are assessed simultaneously. Further,
interregional competition and comparative advantage constructs are required,
given that all regions considered compete to some extent for shares of
national commodity markets. In addition, substitution effects on the pro-
duction side need to be considered. All of these relationships are depen-
dent to some degree on the physical environment surrounding crop production,
including ambient air quality. This section discusses these concepts or
components required for such an analysis. The concepts are then extended
into a tractfble mathematical model.

3,2 Methodological Framework

t
i

The conceptual issues outlined above involve a wide range of economic
relationships suggested by theory. For the methodology to be tractable in
terms of empirical analysis, these relationships must be combined in a log-
ical sequence and given a quantitative interpretation. This section provides
a more detailed methodological framework with which the concepts discussed
earlier may be quantified.
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1. Production Section

a. Production Functions

Assume that a specified area is divided into r heterogeneous regions
where r = 1,2, . .%’. . s. Regions are differentiated by such factors as
climatological conditions, soil quality and levels of ambient air quality.
Climatological conditions and soil quality deteruine jointly or separately
type(s) of crop(s) suitable for each region, whereas ambient air quality is
assumed to have different effects (favorable or unfavorable) on crops. In
each region there are i(i = 1,2, . . .,1) farmers (processes) producing

j (j
= 1,2, . . .,J) agricultural. crops. However, it is possible for a

region to produce one or more crops and many regions to produce the same
crop. Thus, two regions may be viewed as homogeneous; each has identical
cropping alternatives, i.e. , the same set of crops. Perfect competition is
assumed to prevail in the sense that each producer and each consumer acting
alone cannot affect the market price of a commodity, regardless of the
amount each one supplies and demands; but aggregate supply put forth by all
farmers (processes) in the area, due to the nature of the commodity des-
cribed in the earlier section can affect the market price of that commodity.
Assume further that, in the short run, farmers use both fixed and variable
inputs. Fixed inputs are land (measured in acreage used in cultivation)
and irrigation water. The factor supply function for such inputs may be
assumed to be perfectly inelastic. Variable inputs include labor, seeds,
fertilizer, and insecticide. These inputs are used in different amounts
from one stage of production to another. The factor supply functions for
these inputs may be assumed to be perfectly elastic for some (e.g., seed).
Labor is a special case, since unskilled labor is assumed to be available
at any time and thus has a perfectly elastic supply curve, whereas skilled
labor required for some processes of production is relatively scarce. Con-
sequently, its factor supply curve is rather inelastic.

There is another type of input, ambient air quality, which enters into
the production function. It wc,uld appear reasonable to assume that if air
quality deteriorates, production (yield) may be reduced or the costs of
production increased. Some of the crops produced are assumed to be perish-
able and thus have to be sold within a certain period of time> limiting the
use of carryover or buffer stocks across seasons. Transportation cost is
excluded under the assumption that it is treated as a fixed cost of compar-
able magnitude for producers and regions within the analysis. Thus, its
exclusion from the model may not significantly alter the result of the
analysis.

Let lower case letters denote individual units and capital letters

aggregate units. Thus, q: denotes total production of crop j at the end

of the current season by farmer i in region r using soil type m where m =
1,2, . . .,M. Let 1, la, f, is, w, se, k and z be total land, labor,
fertilizer, insecticide, irrigation water, seed, capital, and environmental
quality, respectively, associated with the production of crop j. The pro-

duction function of crop j can then be expressed as:
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m = q; (l,la, f,is,w,se,k,z)‘j i (3.1)

If one assumes that the above production function is linear, one will,
by taking the first-order Partial derivative of q with respect to each in-
put, obtain a constant marginal productivity of each input included in the
model. Such a re$ult might be interpreted as the shadow price of each in-
put. This general””c~ss  of production functions is said to be homogeneous
of degree one, i.e. , a constant returns to scale production function in
which output will be increased by the same proportion as an increase in
inputS.

Let Pj be the market price of commodity j. Assume one market price

across all regions. Q. = ZXIq. . is the aggregate production of commodity
J irm :

s,, 1’,, ;and O are stocks of commodity j, prices of all other commodities,

j.

JL J
and all other factors such as income associated with the price of commodity
j. We can express the price forecasting equation for commodity j as:

P =  pj(Qj~sjJpl~oj~> 1 = 1,2, . . .,L. (3.2)
j

For analytical purposes, assume that the effects of all variables ex-
cept Q. in the price forecasting equation can be summed together into the
interc~pt term (by using the mean value of each variable multiplied by its
corresponding estimated parameters), yielding a new equation for the price
of commodity j:

Pj=p:(Q)=c+dQ, d<o (3.3)
3j j

i.e., it is strictly a function of quantity. Such an equation can then be
used to estimate changes in commodity price associated with changes in the
level of production.

,
Assuming that each farmer in the area has the same objective of maxi-

mizing total revenue (above variable costs) subject to certain constraints,
the analytical problem then becomes a quadratic objective function with
linear constraints as follows:

max TR = PQ = CQ +dQ;.
j

subject to:

=aL+aN+aF. + aIs+aW. +aSe.+ aK
‘j lj 2j 33 4 j 5J 6J 7j

+aZ
8j

Y. = Ey =L,+WO
J gjg 3 J

(3.4)

(3.5) .

(3.6)

(3.7)

(3.8)
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Equation (3.5) represents the production function for commodity j.
All variables in that equation are the aggregate of those defined earlier.
The expectation is that all the estimated parameters will be positive ex-
cept those for Zj (environmental quality--ambient air quality). The sign

e. ..!
of the estimated coeff~iept  of Z ~ as mentioned earlier) is uncertain.i
Equation (3.6) states that the am~unt of fixed inputs available, yi, is

simply the summation of various fixed inputs (in this analysis onl~ land
and irrigation water) used by producing commodity j. Equation (3.7) indi-
cates that environmental. quality (as measured by the degree of concentration
of specific air quality parameters) is assumed to be given. Finally, Equa-
tion (3.8) states that the output of all commodities must be non-negative.

If each producer takes price as given, i.e., the economy is perfectly
competitive, the objective function must be modified by the use of the sca-
ler value of “1/2,” i.e.,

max TR = cQj + 1/2 dQ; (3.9)

which then yields the following first-order condition,

dTR_~=c+dQ=p
dQj jj

(3.10)

as required for perfect competition.

The Lagrangian equation is:

L = CQ + 1/2 dQ; + A[Qj - (o)] + P[yj - ZYjgl + dzj - ~jl (3.11)
j

g

Revenue maximization requires that the following first-order partial
derivatives

3L-Y -ZY=OX- j g jg
aL -Z=Q
TF=zj j

(3.12)

(3.13)

(3.14)

(3.15)

be fulfilled and the Bordered Hessian be negative definite or negative semi-
definite.

Using the above procedure, variations in the level of Z should trans-
late into different levels of Q and thus changes in TR, as a result of
changes in prices due to such changes in Q. Moreover, it might also be
possible to calculate changes in Q resulting from tradeoffs between or among
inputs and Z, e.g., mitigative effects of fertilizer. Thus, air pollution
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damages, as measured by changes

crop and region.

Another means of measuring

in output and price, may be assessed by

damages of air pollution to an agricultural
crop is the use of a cost concept. In the presence of air pollu~ion, farmers
may increase some @hex variable inputs such as fertilizer or labor to com-
pensate for the yield-depressing effect of some pollutants. Under such a
situation> marginal cost and thus total cost will increase, while total
yield might decrease, remain constant, or increase, depending upon wh~ther
such input adjustments are less than, equal to, or more than offsetting in
terms of the impact of air pollution. Assume that the objective function of
producers is to maximize total profit, which is defined as the difference
between total revenue and total cost where total “revenue remains as defined
earlier, but total cost is a function of total production and different
levels of ambient air pollution concentration in the specified area. In
other words, the higher such concentrations, the greater the additional
costs producers must bear, in addition to the “normal” cost of production.
Mathematically, this again may be expressed as a non-linear objective
function with linear constraints, i.e.,

max Tr = T R - T C= cQj + 1/2 dQ; - C(Qj,Zj) (3.16)

subject to:

+a N +a FQ j ~ j ~ j s j ‘a41sj ‘a5wj ‘a6sej ‘a~Kj=aL

+aZ
8 j

c. =bA+b2Bj+bZ
J lj 3j

(3.17)

(3.18)

(3.19)

(3.20)

where C+ = total cost of producing commodity j

A’ = total fixed cost of producing commodity j4
B; = total variable cost of producing commodity j

z’ = levels of air pollution concentration (per unit of measurement)
i

b~,b2,b3 are estimated parameters where b ,b > 0, b3 J O.1 2
All other variables and parameters are as defined earlier.

The Lagrangian equation is:

L = cQj + 1/2 dQ; - C(Qj

+aIs +aW+aSe
4j 5j 6 j

,Zj) + A[Qj - (alLj + a2Nj + a3Fj

+ a7Kj +a8Zj)] + P[Y - ZY. ]
j g Jg

+ Y[cj - (blAj +b2Bj +b3Zj)]
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The first-order conditions for profit maximization require that the fol-
lowing partial derivatives:

~L
~.

=c+dQ -~+A=o

J
j ~Qj

+. - aL ac
● * .— = - — - Aa

az. az. 8
-yb3=0

J J

(3.22)

(3.23)

and the constant maximization equations stated above be fulfilled. The
second-order conditions for profit maximization require that the Bordered
Hessian be either negative definite or negative semi-definite.

From the first-order partial derivatives obtained above, one will then
be able to solve for Qj by varying the value of Z,. After solving for the

J
value of Q., the values of cost, revenue, and profit can then be obtained.

J
Such results will provide a measure of the damages of air pollution to
commodity j.

Risk and Uncertainty

Quadratic risk programming is usually regarded as a theoretically
appealing technique for analyzing impacts of risk aversion on farm planning.

Let M be the gross income associated with agricultural crop j. Then
M = P.q. where P is the market price of commodity j and it is assumed to be

1 .1 ~ ? 7
distr~b~ted normally with mean

Let the utility-of-income

U(M) = = -

p and variance u’, i.e., P I N(P,U&).

function be exponential in the form:

i3exp(-~M) where =, 6, A > 0 (3.25)

=, 0 are estimated parameters and A is an arbitrarily assigned degree of
risk aversion of the decisionmaker(s) toward commodity j. However, it is
possible to directly estimate the value of A. Wiens (1976) has suggested
the following procedure to estimate A:

Define a quadratic programming problem of maximizing:

w=!-l’x - (}/2) X’ZX= E(R) - (A/2)a(R)2 (3.25)

subject to:

Ax<c* (3.26)—

where X is a vector of activities; R is net income; A is the technology
matrix relating units of inputs to one unit of output (activity); C* is the
level of resource use; A is degree of risk aversion; and B is the mean of
income.

The Kuhn-Tucker conditions for an optimal sc.lution to the above quad-
ratic programming problem require that:
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P - A’zx - A’@ = (J (3.27)i i
i

for all non-zero activities i in the solution, where ~, vi and Ai are, re-
i

spectively,  the ith row of Z, the ith element of V, and the ith column of A.
Substituting X*, the actual activity level, for X and r, the actual market
prices, for 0, A cafi.ba estimated as:

A* = ‘(!Ji - A~r)/ZX* (3.28)
i

While this should hold for each production activity if all assumptions are
exactly fulfilled, empirically an average overall production activity will
suffice.

Following the method suggested by Wiens (1976), the expected value of
the utility of income function is:

E(U(M)]  = = - 6exp[-~Pq + (~2/2)a2q~] (3.29)
j

TO maximize equation (3.29) with respect to q. is equivalent to maximizing:
J

W=l.lq - (A/2) var (qj) = E(M) - (A/2) var (M) (3.30)
j

where B can be interpreted as the shadow price of q.. This is a conventional
J

E,V objective function. Applying Weins’ method described above, th~ values
of A can then be estimated. Hazell (1971) points out the following advan-
tages of using the EV criterion for farm management research:

“(a) The criterion is consistent with probability statements with re-
spect to the likelihood of occurrence of different levels of in-
come for any given farm plan. If total gross margins can be ex-
pected to be approximately normally distributed, and if the var-
iance-covariance coefficients used can be regarded as non-stoch-
astic or subjective parameters, then such probability statements
are easily derived by using tables for the normal deviate statis-
tic . . .

(b) The variance V is totally specified by the variance-covariance
coefficients; and when subjective values of these parameters are
available or can be found, the variance is no longer estimated
from the sample of observed gross margin outcomes . . .

(c) The criterion is consistent with the Separation Theorem (see
Johnson, 1967, pp. 614-620) and allows more general solution to
the farm diversification problem given a riskless option (for the
decisionmakers)  .“ [pp. 55-56, expression in the parentheses is
added]

Due to the fact that use of EV method requires a special computer
algorithm, Thomson and Hazell (1972) suggest that it be replaced by the
absolute income deviation (MAD) and used to obtain a solution through
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standard linear programming codes with the parametric option. However, when
the sample mean absolute deviation is used rather than the sample variance,
the reliability of the estimated efficient, EV, farm plans is necessarily
weakened [Thomson and Hazell, 1972, p. 503]. Nevertheless, MAD is still a
best substitute when access to such a special computer algorithm is not
possible and provided that certain adjustments are also used in order to re-
duce error due to t~,~~e of sample MAD rather than the sample variance.
Such an adjustment has been suggested by Thomson and Hazell (1972) by using:

z (;
i Ii

- ~2i)(l - vi)

x 100 percent (3.31)
Z(l - A

Pli)(l -  vi)
i. .

where P and P
Ii 2i

are the estimated &obabilities  of the correct ranking of

the ith farm plan for the sample MAJ)’and variance respectively and V is the
i

ithe variance ratio as a weight in the MAD model.

Consumer Sector

In aggregate models of the consuming sector, it is convenient to assume
that there are n individuals with similar taste and preferences. Each
individual has a utility function which is concave and is the function of
various goods and services consumed, i.e.,

u =  Un(q
n n1,qn2, . . .,qn~), n = 1,2, . . .,N (3.32)

where u n, “
is the utility of individual n and q . “ = 1,2, . . .,J) is the

n
jth commodity or service consumed by individual n. q is, of course, a

nj
function of the price of commodity j, prices of all other commodities or
services, and income associated with individual n, i.e.,

q = qnj(Pj,Po,Mn) o =1,2, . . .,0 (3.33)
nj

Total demand for commodity j is given by:

N

Q j 

=

Individual n then maximizes his
i.e.,

max u
n

subject to:

Z qnj(Pj,Po,Mn)
n=l

(3.34)

utility subject to his budget constraint,

= (qnl, . . .Anj)

Plqnl +Pq
2n2+”””

P.q = M
Jnjn

The Lagrangian equation is:

(3.35)

(3.36)

L = Un(q
nl’ “ “

.,qnj) + lJIM - (Plqnl + P2qn2 + . . . pjqnj)] (3.37)
n
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The necessary conditions for utility maximization require that:

3L/ aq = aunlaq - pP. = o
nj nj J

.J
aL/a~ = z p.q = M

+. -.
j=l
Jnjn

● . -

(3.38)

(3.39)

and the associated sufficient conditions will be fulfilled if the Bordered
Hessian is either negative definite or negative semi-definite.

With changes in price due to effects of air pollution on crop produc-
tion, individual n’s demand function will change. If there is no change in

his income level (i.e., uncompensated in the case of price increase or taxed
in the case of price decrease), his level of well-being will be altered.
This alteration of consumer welfare may then be approximated by changes in
“consumer’s surplus” which will be introduced in the next section.

Consumer’s and Producer’s Surpluses

Of the three concepts of economic rent the Marshallian concept of
consumer’s and producer’s surpluses is most applicable if one assumes that
all other prices and incomes of all individuals concerned are constant.
Let:

P = F(qj,f3j)
j

(3.40)

be the demand function of commodity j denoted by dj in the following dia-

gram where P and q, are the price and quantity re~pectively. 0. is the
j J J

shift parameter denoting changes in Price of commodity j due to, say, changes

in total supply arising from air pollution. It is assumed that the demand

curve, d , is downward sloping.4J

P
j

a

P
o

0

s

- - -  - - -  - -

q.
‘j
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Let the supply function of commodity j be represented by:

P.
J =  ‘(”qj’ej)

(3.41)

supply curve, Sq, is assumed to be upward sloping. It starts from the

origin under the as~umptian that farmers will not supply any of commodity j
if its price is zero. ● ’Fer simplicity the subscript j will be dropped.
Market equilibrium for commodity j, as shown in the above diagram, will be
obtained when the quantity supplied and demanded is q and the market price

o
i s P . Consumerrs surplus is then defined as the area under the demand

o
curve, d., and above the equilibrium price, P , or the triangle P ab. Pro-

J 0 0
ducer’s surplus or net return to factor owners is the area under the equil-
ibrium price but above the supply curve or the triangle OPob. The sum of

consumer’s and producer’s surpluses is given by:

(
q.

R(e) = [F(.q,e)  - G(q,e)ldq (3.42)
0}

= oabqo - Obqo = Oab (3.43)

Frcm the above equation one can compare the value of R associated with
different values of 9, e.g., if we let e = 9(o) be the initial situation

when there is no air pollution and f3 ~ be”the situation with some level of

air pollution then the difference between R(t)l) - R(o) will measure changes

in consumer’s and producer’s surpluses due to increase in level of air pol-
lution.

This method when applied via the mathematical concepts developed earlier
in this report is analogous to Samuelson’s (1952] “net social payoff” theory
in which he relates Enke’s formulation [Enke, 1951] to a standard problem in
linear programming, the so-called Koopmans-Hitchcock  (1941, 1949) minimum
transport cost problem. Basically, the Samuelson’s  net social payoff is
defined as the sum of the algebraic area under the excess demand curves of
n individuals minus the total transport costs of all shipments [Takayama and
Judge, l!364a, 1964b]. The objective is to artificially convert the descrip-
tive price behavior into a maximization problem which can then be solved by
using trial and error or a systematic procedure of varying shipments in the
direction of increasing social payoff [Takayama and Judge, 1964h, p. 510].
However, in the formulation outlined in this section, quadratic programming
can be used to approximate (see the subsequent section on analytical model)
such,a payoff.

3.3 An Analytical Model for Measuring Impacts of Air Pollution on Agricul-
tural Crops

The conceptual model and mathematical concepts developed earlier in
these sections can he used to construct a mathematical programming model
capable of achieving some of the goals set forth in this study. This model
can be explanded further by incorporating into it some additional concepts
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such as technical substitution possibilities, endogenous air pollution re-
sponse functions and risk. The derived model will, it is hoped, present a

realistic examPle of the agricultural sector within the constraints imposed
by data limitations. Data requirements are extensive for such programming
techniques and some of them, such as quadratic programming, require special
computer algorithms. Nevertheless, the incorporated model should be analy-
tically feasible and mtktbmatically tractable. The degree of sophistication
will be dependent on the availability of the required data and computer
software.

In order to simplify some of the notations given in the earlier sec-
tions, matrix notation will be used in the models proposed below. However,
all notations will remain as described earlier. It is assumed that air
pollution in the specified area adversely affects crop production, and,
consequently, may affect producers and consumers. Mathematically, the ob-
jective of the model is to maximize a “quasi-net social payoff” which is
defined as the summation of consumers’ and producers’ surpluses and subject
to certain constraints, i.e.,

Max QNSP = CTQ + 1/2 QTDQ - ETQ (3.44)

subject to:

AQ ~b (3.45)

Q~Q (3.46)

where

QNSP = quasi-net social payoff (a scaler).
Q = jxl column vector of agricultural crop production, where pro-

duction equals yield per acre times acreage planted.
c = jxl column vector of constants (intercepts in a linear demand

structure).
D = jxj negative diagonal matrix (negative definite of coefficients

representing slope values with the linear demand structure).
E = jxl column vector of unit cost of production.
A = gxj technology matrix relating units of inputs to one unit of

output (g constraints and j variables).
b = gxl column vector of fixed inputs (land, water).

and T denotes matrix transportation.

The summation of the first two terms on the right-hand side of equation
(3.44) is the total revenue for commodities Q. When integrated it represents
the area under the demand curve but shove the horizontal axis from the ori-
gin to the equilibrium amount demanded. The last term in the right-hand
side of equation (3.44) is the total cost of production whose first-order
derivative is the marginal cost. The rising portion of the marginal cost
curve can Chen be treated as the short-run supply curve. Therefore, total
cost of production can be considered as the returns to factor owners. The
difference between the sum of the first two terms and the third term is the
sum of producers~ and consumers’ surpluses over all commodities. It iS
equivalent to the quasi-net social payoff. Maximizing the objective func-
tion is analogous to maximizing a quadratic “quasi-net social payoff” sub-
ject to linear constraints.
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r.  The above price endogenous model can be expressed as a quadratic pro-
gramming economic model. Such a model formulation will result in solution
values for price and quantity of each commodity which maximize the value of
QNSP.

In order to ass@~ the impacts of air pollution upon agricultural crops, f
one may either intro”duc-e  a variable, Z~[O & Z! ~ 1), defined as an index of i

crop yield reduction (% of yield reduc~ion di~ided by 100) associated with
;

crop j , into the production function (yield) or the cost function. If z*;
enters directly into the production function, it may affect crop yield bit
not necessarily total cost. Alternatively, Z; may be treated through the

4

cost function as an investment in ameliorating air pollution effects on
agricultural crops by means of either increasing use of other variable in-
puts or relocating the site of production. The former involves the problem
of technical substitution possibilities. For example, can fertilizer appli-
cation rates be increased to partially offset the negative impact of air
pollution? The latter can be achieved by comparing two neighboring areas,
one with and the other without air pollution, using the same technique of
measuring crop yield for same type(s]  of crop(s). If total yield in the
area with air pollution is lower than yields in adjacent areas, (keeping all
other factors constant) one might suspect that such a reduction in yield is
caused by air pollution. Thus, it might be possible to compare cost of re-
location vs. investment in air pollution abatement.

Consider the case when Z~ enters directly into the production function.
-J

If one lets Z+ represent air pollution concentration, in parts per hundred
J

million, associated with agricultural crop j, Z+ can then be calculated,

by using the formulas given by Larsen and Heck ~1976), Oshima (1975), Oshima,
et. al. (1976, 1977) or others. Applying this method to all other crops
~de~stuciy will provide a vector of Z* which is a jxl column vector for j
crops. Then calculate total production of each crop by the following
formula:

Q* = (I - Z*)LTy (3.47)

where

Q* = jxl column vector of total production of j crops with air pollution.
Z* = jxl column vector of yield reduction index.
I = jxl vector of unity.
L = jxl column vector of acre of land used for cultivating j crops.
Y = jxl column vector of yield of j crops.

The model given under equations (.3.44) through (.3.46) wfl~ then be modified
to be:

Max QNSP = CTQ* + 1/2 Q*TDQ* - ETQ* (3.48) ‘

subject to:
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AQ~b (3.53)

Q~O (3.54)

As mentioned earlier, agricultural production involves various degrees
Of uncertainty. If farmers are assumed risk averse then their production
decisions will reflect the uncertainty of climatological conditions for the
coming season, afld Rence the total quantity supplied, and thus prices in the
next season. Thus, production risks are multiplicative in nature, meaning
that it is the slope of the supply curve which contains the important stoch-
astic [Hazell and Scandizzo, 1975: p. 641]. Therefore, the traditional
method of treating the risky component of supply as a constant added to the
intercept term may not be appropriate. Hazell and Scandizzo (1974) use
linear programming models with multiplicative supply function. Other methods
frequently used in the empirical supply analysis are the econometric estima-
tion of constant elasticity of substitution and Cobb-Douglas functions.

Another method that is widely used in farm management is the EV criter-
ion described earlier. The analytical model may be further modified to be
the following form:

Max QNSP = CTQ* + 1/2 Q*TDQ* - ETQ* _ A(Q*T!2Q*) (3.55)

subject to:

AQ* ~b (3.56)

Q*2O (3.57)

where

1 = a constant value of risk aversion coefficient.
2= jxj matrix of variance-covariance of income associated with each

type of crop.

if Z* enters only into the yield function.

If Z* enters directly into the cost function,
comes:

Max QNSP = CTQ + 1/2 QTDQ - E*TQ

subject to:

AQ~b

Q~O

then the formulation be-

- A(QTf2Qj (3.58)

(3.59)

(3.60)

Thus, the quasi-net social payoff will be lower for higher values of
the risk aversion coefficient given no change in income and vice versa. In
the above formulations all hut A can be observed. However, the values of A
can be as-signed arbitrarily or can also be estimated by using the method
suggested earlier.
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CHAPTER IV

AIR POLLUTION YIELD RESPONSE RELATIONSHIPS

4.1 Introduction

Effects of air pollution on agricultural crops, such as vegetables and
field crops, have been well documented, as discussed in Chapter II. Although
results obtained by various researchers are mixed, depending in part upon
different methodologies and varieties of crops chosen for each study, the
effects on some vegetable crops appear to be particularly acute. Controlled
experiments performed in laboratories and greenhouse tests tend to indicate
consistent adversary effects of air pollution on crop yield. However, simi-
lar results may not always be obtained in actual field tests due to the fact
that various factors such as climatological conditions are either difficult
or impossible to control and are capable of moderating impacts of air pol-
lution on yield. Given the importance of selected vegetable and field crops
to the agricultural sector of the study region and the significant share of
the national market held by the region, the relationship between ozone and
vegetable yields is a critical component of this analysis.

This chapter discusses the development of a set of yield-ozone rela-
tionships for the study area in general and the four production regions in
particular. These relationships are derived from research discussed in
Chapter 11 and some specific concepts presented in this chapter. The fol-
lowing subsection presents a hypothetical relationship between air pollution
and yield. A quantitative relationship is obtained by using methods which
will be more fully described in another subsection. The last subsection in
this chapter provides estimated yield effects by crop and production region.

4.2 A Hypothetical Relationship Between Air Pollution and Yield

Most studies concerning the effects of air pollution on agricultural
crops concentrate largely on physical damages such as leaf-drop and growth
retardation of plants. Analyses of the specific relationship between air
poIlution concentration levels and yield reduction have been limited. Ob-
viously, such a relationship is important in economic analysis of the impact
of air pollution, given the need to directly estimate a market value or loss
associated with air pollution.

Based on research discussed above, one may hypothesize that a negative
relationship exists between ozone concentration and crop yields. A simple
method for testing such a relationship is to examine the correlation coef-
ficient between the level of air pollution and yield over a certain period
of time for each crop. Again, one would hypothesize that cet. ~. an
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increase in the level of air pollution concentration will lower yield. In
other words the correlation coefficient between air pollution and yield

should be negative. Further, the higher the coefficient the greater is the
degree of relationship between air pollution and the crop, assuming the re-
lationship is statistically significant.

TO obtain c&.r~ation coefficients for the entire set of crops and re-
gions, data on yield per acre for the 12 vegetable and 2 field crops were
collected, covering the period from 1957 to 1976 for each county in the 4
~jor vegetable growing regions.~/ The yield per acre was then correlated
against the maximum level of oxidant/ozone concentration taken from the
publication “California Air Quality Data” for each county for the same
period. However, due to a lack of complete data on ozone concentration and
crop yields, only three counties (Orange, Riverside and Kern) and some crops
were included in the correlation analysis. Orange and Riverside counties
represent an area of more severe air pollution, whereas Kern County, a major
agricultural county, was selected to represent an area of relatively low
ozone concentration. The correlation coefficients between air pollution
concentration (annual maximum level of oxidant/ozone concentration in parts
per hundred million) and yield for these three counties are given in Table
4.1.

The correlation coefficients presented in Table 4.1 tend to conform to
a yriori expectations; that is, most of the coefficients have the expected
~ign although not all are statistically significant. This tends to suggest
that air pollution in these areas has had some adverse effects on yield.
However, correlation analysis does not imply causality, thus these results
only lend support to the earlier supposition concerning yield and air pol-
lution.

In order to further test the effects of air pollution on yield a simple
production function relationship between yield per acre, the hourly maximum
of oxidant/ozone concentrations and the crop acreage harvested for the three
counties frcm 1957 to 1976 was estimated for some crops. The relationship
was estimated via ordinary least squares, assuming a linear functional rela-
tionship. The production relationship was first estimated as strictly a
function of ozone concentration, then acreage only and finally as a function
of both variables.

Results obtained, as shown in Tables 4.2a, 4.2b, and 4.2c were gener-
ally not statistically significant, although the estimated coefficients for
ozone had the expected negative sign in most equations. The coefficients of
determination (~2) are very low with insignificant F-statistics. The Durbin-
Watson in some equations are inconclusive. This means that variations in
crop yield per acre can only be slightly explained by changes in the levels
of oxidant/ozone concentration. As expected, the multiple regression had
slightly higher levels of significance than the simple regressions.

4.3 Methods of Estimating Effects of Air Pollution Concentration on Yield

Earlier analysis suggests that air pollution (ozone) does indeed have
a negative effect on yield. In order to estimate more precisely the effect
of air pollution on yield, the Larsen and Heck and the Oshima equations as
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Table 4.1

Correlation Values between Level of Oxidant and Yield

Crops

Beans, Lima

Cantaloupes

Carrots

Cauliflower

Celery

Lettuce

Onion, Green

Potatoes

Tomatoes, Fresh

Tomatoes, Process

Cotton

Sugarbeets

+. -!

Oxidant, average of hourly maximum (pphm)

Orange County

-0.13626

0.62585*

-0.29654*

-0.19098*

-0.13500

-0.30188*

Riverside County Kern County

0.05014

-0.23151*

O.421O6* I

0.10914

0.01628

0.01481

-0.28838*

-0.23089*

0.19790*

-0.16470*

-0.33044*

-0.3933?*

-0.05636

-0.30327*

*Denotes those coefficients significant at the 20% level.
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Dependent Variables
—

Beans, Lima
Yield (Tons/acre)

Cauliflower
Yield (CWT/acre)

*
“’ Celery

Yield (CWT/acre)

Lettuce, Head
Yield (CWT/acre)

Tomato, Fresh
yield (CWT/acre)

Tomatoe, Processing
Yield (Tons/acre)

Table 4.2a

Regression Coefficients for Selected Crops, Orange County, 1957-76

Constant

4.614
5.018
5.159

144.119
235.003
155.092

589.803
499.655
557.367

295.236
231.671
283.851

524.710
740.489
744.570

24.838
19.928
24.085

Independent Variables

Oxidant (pphm)

Est. Coef. T-Value

-0.0187

-0.0052

2.1054

2.0625

-1.6592

-1.7191

-1.2048

-1.5784

-1.5756

-0.1349

-(l. 1205

-0.1215

-0.58

-0.15

3.40

3.24

-1.32

-1.35

-0.83

-1.09

-0.58

-0.07

Acreage

Est. Coef. T-Value

-0.0012
-c!. 0011

-0.0150
-0.0087

0.0189
0.0208

0.0325
0.0383

-0.4807
-0.4794

-1.34
I 0.0002

-1.32 ~ 0.0003
I

-1.38
-1.21

-0.77
-0.55

0.03
0.84

1.18
1.37

-4.78
-4.57

0.22
0,28

Summary Statistics

T

0.0186
0.0954
0.0966

0.3917
0.0321
0.4023

0.0879
0.0299
0.1240

0.0365
0.0713
0.1317

0.0182
0.5592
0.5594

0.0911
0.0028
0.0953

t I

0.,3P ~ 059
44. .

.
~ 1.90 I 0.72

0.91 0.71

I

5.72

1.74
0.55
1.20

0.68
1.38
1.29

0.33
22.84
10.79

1.80
0.05
0.90

I _

1.53

1.00
1.05
1.14

0.88
0.74
0.99

1.25
1.15
1.15

1.26
0.89
1.25
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Table 4.2b >

Regression Coefficients for Selected Crops, Riverside County, 1957-76

Dependent Variablee

Beans, Green Lima
Yield (Tone/acre)

~~CWT/acre)

Carrots
Yield (CW/acre)

Lettuce, Head
Yield (CWT~acre)

Onion, Green
Yield (CWT/acre)

Potatoes
Yield (CWT/acre)

Tomato, Fresh
Yie~acre)

Cotton
=d (lbs/acre)

Sugarbeets
Yield (Tons/acre)

%“.

Constant

2.4161
5.0358
5.6386

164.&57
163.975
213.048

122,741
212.491
45.298

185.394
211.929
189.710

251.105
119.844
110.930

270.514
332.465
366.201

340.654
162.343
195.421

Independent Variablee

Oxidant (pphm)

Eet. Coef. T-Va 1 ue

0.0159 0.21

-0.0126 -0.17

-0.5960 -1.01

-1.0226 -2.2s

3.6983 1.97

3.7706 2.20

0.4628 0.47

0.4541 0.44

0.1616 0.07

0.2024 0.16

0.0575 0.06

-0.6614 -0.87

-2.6267 -1.28

-0.7081 -0.46

.316.92 -5.9587 -1.01
478.02
392.62 1.3758 0.24

16.1126 0.1604 0.86
22.3874 -
16.1528 0.1579 0.75

Acreege

Est. Coef. T-Valu{

-0.0078
-0.0080

-0.0069
-0.0080

0.0137
0.0140

-0.0009
-0,0006

0.1657
0.1657

-0.0061
-0.0066

0.1470
0.1424

0.0310
0.0323

0.0003
0.00003

-1.65
-1.60

-3.13
-3.91

1.92
2.16

-0.13
-0.08

7.03
6.84

-3.27
-3.36

4.62
4.19

3.02
2.71

0.36
0.03

~2

0.0025
0.1320
0.1335

0.0536
0.3529
0.5016

0.1773
0.1706
0.3548

0.0119
0.0009
0.0123

0.0003
0.7330
0.7334

0.0002
0.3728
0.3995

0.0832
0.5430
(). 5485

0.0533
0.3362
0.3384

0.0392
0.0072
0.0392

F

0.0454
2.74
1.31

1.02
9.82
8.55

3.88
3.70
4.67

0.22
0.02

DW

2.30
2.42
2.49

1.56
2.03
2.53

1.62
1.07
1.95

1.18
1.16

0.11 : 1.16
!

0.01 ~ 0.56
49.41 ~ ;::3
23.38 ~

0.01 ‘ 1.06
.0.70 1.74
5.66 1.91

1.63 1.10
!1. 38 2.18
10.32 2.12

1.01 1.65
9.12 1.58
4.35 1.56

0.73 1.63
0.13 1.58
0.35 1.64
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Dependent Variable

Cantalope
Yield (CWT/acre)

.s
4 Carrots

Yield (CWT/acre)

Potato
Yield (CWT/acre)

Cotton
Yield (lbs/acre)

Sugarbeets
Yield (Tons/acre)

Table 4.2c

Regression Coefficients for Selected Crops, Kern County, 1957-76

Constant

189.936
225.148
247.578

415.033
303.150
370.558

396.505
515.002
518.229

1122.86
1146.15
1189.35

25.827
19.102
19.823

Independent Variables

Oxidant (pphm)

Est. Coef. T-Value

-1.2713

-1.2876

-4.9290

-3.3722

-3.9781

-0.6357

-1.5612

-2.0374

-0.1965

-0.0314

-0.71

-0.75

-1.49

-0.88

-1.82

-0.33

-0.24

-0.30

-1.35

-0.19

Acreage

Est. Coef. T-Value

-0.0149 -1.63
-0.0149 -1.62

0.0067 1.45
0.0044 0.83

-0.0042 -4.44
-0.0040 -3.65

-0.0002 -0.35
-0.0003 -0.39

0.0002 2.40
0.0002 1.85

0.0271
0.1290
0.1568

0.1092
0.1050
0.1439

0.1547
0.5225
0.5255

0.0032
0.0069
0.0121

0.0920
0.2428
0.2445

I

0.50 : 1.91
2.67 1.97
1.58 2.14

2.21 1.43
2.11 - ‘ -

1.43

3.30
19.70
9.42

0.06
0.13
0.10

1.82
5.77
2.75

l.Jb
1.44

0.73
0.94
0.94

1.02
1.08
1.03

0.82
1.03
1.03
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described in Section 4.2 are used. The Larsen and Heck relationships measure
percentage leaf damage associated with different levels of air pollution
concentration (ozone) and hours of exposure. They thus take into account
the intuitively obvious fact that leaf damages may be more serious if a
given plant is exposed to either higher levels of air pollution or a constant
level for longer dura{~o~. There is one difficulty attendant to the use of
the Larsen and Heck rela~ionship,  that being leaf damage may not correspond
to yield reduction, especially for fruit or root crops. Thus, certain ad-
justments must then be made to translate leaf damage to yield reduction.
Based on empirical results reported by Millecan, a general “rule-of-thumb”
can be used to relate leaf damage to percentage of yield reduction. These
translations are presented in Table 4.3.

An additional problem concerning the use of the Larsen and Heck method-
ology is that only a limited set of equations has been estimated. Of these,
very few correspond to the set of crops included in the study. To circum-
vent this problem certain equations have been selected from the Larsen and
Heck set to serve as “proxies” for general classes of crops. This assign-
ment of equations to represent groups of included crops is based on a review
of secondary information concerning degree of susceptibility of each plant
or plant group to air pollution to establish some consistency of response.
The representative crop equations used in this study are presented below.

Larsen and Heck equation Study Crops

1. Pinto Beans approximates Green Lima Beans
Celery (times 0.8)

2. Radish 11 Onion, Fresh (times 1.2)

. Onion, Processing (times 1.2)
Sugarbeets

3. Spinach 11 Head Lettuce (times 0.6)

4. Summer Squash II Broccoli
Cantaloupes
Carrots
Cauliflower

5. Tomato 11 Tomato, Fresh
Tomato, Processing
Potato

After the selection of a specific equation to serve as a proxy for a
particular study crop, a table of leaf damage (percent) associated with
actual levels of air pollution concentration (ozone) as measured at repre-
sentative air monitoring stations for each county and hours of exposure (8,
10, 12 hours) are calculated. For the purposes of this study, the level of
air pollution concentration is classified into three categories: (1) Air
pollution concentration level A represents the annual hourly maximum re-
corded at the county monitoring station. It is thus the highest level of
oxidant/ozone concentration in each year; (2) Level B is the annual average
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I

I
I

I % of Leaf Damage
1

1 2 3 4 5
6 7 8 9 10
11 12 13 14 15
16 17 18 19 20
21 22 23 24 25
26 27 28 29 30
31 32 33 34 35
36 37 38 39 40
41 42 43 44 45
46 47 48 49 50
51 52 53 54 55
56 57 58 59 60

I

Table 4.3

A “Rule-of-Thumb”* Relating Leaf
Damage to Yield Reduction

% of Yield Reduction

corresponds to o 0.1 0.4 0.8
1.1 1.2 1.5 1.7
2.3 2.7 3.0 3.5
4.5 5.1 6.0 7.0
9.0

15.0
19.9
23.8
27.6
30.6
33.6
36.6

1.0
2.0
4.0
8.0

10.1 11.2 12.5 14.0
16.0 17.0 18.0 19.0
20.9 21.7 22.5 23.0
24.7 25.5 26.3 27.0
28.2 28.8 29.4 30.0
31.2 31.7 32.3 33.0
34.2 34.8 35.4 36.0
37.2 37.8 38.4 39.0

I *It should be noted that Millecanls “rule-of-thumb,” as cited, aPPlies

only to 20% leaf damage. For damage in excess of 20%, yield reduction was
derived from secondary sources concerning general crop sensitivity as well
as information relating to yield reduction at high levels of physical damage.

I
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of the hourly maximum;~/ (3) Level C is the annual average of the average
hourly msximum.~/ Table 4.4 contains the levels of oxidant/ozone concen-
tration by station and region for the period 1972 to 1976 and the average
of that period classified according to the three levels mentioned above.

The second type af~quation  used in the yield response analysis is
that developed by 0shfha7 et. al. This equational structure is used to
measure yield reductions i~co~on, California’s major field crop. The
Oshima, et. al. equations, unlike those of Larsen and Heck, relate ozone
doses di~ctfi to percentage of yield reduction. To date, this type of
equation has been estimated for only three crops; alfalfa, cotton and toma-
to. In order to obtain an estimated percentage yield reduction, a cumula-
tive ozone dose greater than 10 parts per hundred million (the required
California standard) over the growing season in each year for each county
is needed. Such data for 1976 were not available at the time of this study.
However, the cumulative dose can be calculated for alternative levels (e.g.,
8 and 20 parts per hundred million). The 8 pphm level was selected for use,
with levels measured at air monitoring stations in or close to the growing
regions for cotton. The stations include Indio-Oasis for Riverside and San
Bernardino Counties; half the level of ozone doses observed in Indio-Oasis
for Imperial County;~/ and Delano for Kern and Tulare Counties. The cumu-
lative ozone dose is obtained by adding up total doses exceeding 8 pphm
from March to September 1976 (representing the growing season) for each
station, as reported in Table 1 in “California Air Quality Data, Summary of
1976 Air Quality Data Gaseous Pollutants.” The average value of yield re-
duction across county is then used for each region producing cotton.

4.4 Estimated Results of Yield Reduction Due to Air Pollution

From the three levels of concentration in Table 4.4, concentration
level C was selected for use in estimating the degree of yield reduction to
be used in the study. Such a level is the most conservative level of the
three, thus perhaps representing a lower bound on yield damage. In the
South Coast region, the Pasadena, Anaheim, Indio-Oasis,  San Bernardino,
Santa Maria, San Diego, and Ventura air monitoring stations are used to cal-
culate air pollution concentration for their respective counties. The Mon-
terey station in the Central Coast was eliminated, as was the Bakerfield
station in the Southern San Joaquin Valley on the assumption that levels at
these stations are not representative of the levels in the actual growing
areas.

In calculating the effect of air pollution on yield, two values of air
ppllution concentration (both representing level “C”) are USed” One is the
average of 1972-1976 and the other is the 1976 level (for level C). The
estimated yield reduction for a 12 hour exposure for the study crops is
given in Tables 4.5 and 4.6. Table 4.7 is the average percentage of yield
reduction across county in each region attributed to the presence of air
pollution. Table 4.8 gives the actual yield per acre for the average of
1972-1976 and the 1976 crop year derived from Tables 1.2, 1.3 and 1.4 of
Chapter 1. These yield figures thus represent actual yields, i.e., yields
in the presence of air pollution. Finally, Table 4.7 is used to estimate
Table 4.9, the production or yield per acre in the absence of air pollution
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1-

Area /S ta t ion

Imperial V*lley
El Certtro

South Cgast
Downt ovn
Pctsqdcna
Anahc im
Riverside-Robidourr
lndio-Oosis
San lkrwrdino
Smrca  !hrbara
Santa I.;.lrin
San I)ic, go
VenLura-Telegraph Rd.

Centrnl Codsc.  —
Nontcrey
Sali:las
Hollis:on
San L.is Obispo

~;;;~;.;j .Joaquin

flclarm
Visali~-Old  Jail

County

Imperial

Los Angelee
Los Angeles
Orange
Riverside
Riverside
San Bernardino
SJnra Barbara
San La Barbara
S.111 IJl,., go
Ven Lur C1

M,, nterey
bt0Llt12r~y

Son nenito
San Luis Obispo

Kern
Kc rn
Tulare

Levels of

Table

Oxidant/Ozone

.—__ —— —..— ._ _ _

~

4.4

Concentration (pphm)

Level A

72 73 74 75 76 Av .

25
38
35
:0
25
42
13
15
17

11
9

12

18

20

52
45
32
39
22
42
24
13
2 f,

14
15
13
11

17

19

17

25
34
25
39
22
33
21
15
18
20

14
12
14
15

17

20

13

25
32
17
35
20
38
25
6

15
16

8
8

13
11

12
12
13

8

34
34
30
36
16
30
17
12
16
19

7
11
15
11

12
11
13

13

32
36
28
40
21
37
20
12
18
18

11
11
14
12

15
11
17

Level B

72 73 74 75 76 Av.

18
23
18
21
16
18

9
8

12

7
7

9

10

13

20
23
19
24
18
22
13
7

11

9
9

10
8

11

11

11

17
24
16
26
14
22
12

7
12
14

7
8

10
9

12

12

9

18
22
13
24
12
22
12

5
11
11

6
5
9
7

8
10
10

6

22
24
16
23
11
16
10

9
13
13

5
6
9
8

8
10
10

7

19
23
16
25
14
20
11
7

12
13

7
7

10
8

10
10
11

Level C

72 73 74 7S 76 Av.
44

ii

7
10

5
12

8
8
4
4
4

3
4

4

6

7

7
10”
6

11
7

11
6
4
5

4
4
5
4

6

J

6

8
11

6
13

7
9
6
4
6
7

4
4
5
5

7

8

6

8
10
5

10
7

10
6
3
6
5

3
3
5
4

5
4
5

3

8
11
6

10
6
7
5
5
6
5

3
4
5
4

5
6
5

5

8
10
6

11
7
9
4
4
5
6

3
4
5
4

6
5
6

A -  !I.j:; l:num value f o r  t h e  year. It is the maximum of the month and also ti)e  mnximum  of each day. It i s  ob t a ined  by  f i r s t  ob t a in ing
the I,uurly maximum for  eacli  day (24 values) then p~~k ttlc mmimnr  to rcprescnc  the maximum for  each  day and pick the maximum to
rcpresc:it  each month (]2 VaILLCS). Tl]cn pick tile m~ximum t o  r e p r e s e n t  each  year (5 values)  and the average over  a  5-year p e r i o d .

same procedure as  In  A but the final value for each year is ob ta ined
5-yc.lr  period.

Jvcr’;tgln$  L])L’ Avcroge  of Lhc huurly-nuxlmum. Then fiverdge over a

i —.. —--=--—”---



Table 4.5

b-l
IQ

r

Percentage Yield Reduction for 12 Hour Exposure,
Using the Average Value of Oxidant/Ozone
Concentration from 1972-1976, “C” Level :4

Ii

crop

Oxidant/Ozc.ne
Content rat ion Creen

B,810n/SCaLIOn Co!my
Wad

(pphm) I.lma 6eane Broccoli C’mltalopca Carr’ac Cauliflower Celery LeCLUCe onions Pocaco Tomato Coccoa Sugarbedra

;>-eri  Jl-——
ri c.>(c. Impcrlal 5 3.1 0 0 0 0 2.5 0 1.0 1!1 1.1 9.4

Sau!> ,:. !1:

0.8

————
ta:. ?..lm bw MIgelc* 10 49.9 a o 0 0 39.9 1.1

6
23.9 34.3 34.3 - 19.9

15.8 0 c o
A,. *:,. la Crangc o 12.6 0 1.7 2.8 2.8 -

?r.21a-O.tsl* Rivers  idc 1 28.2 0 0 0 0 22.6 0.1
9

3.4 9.4 9.4 18.1 ;::
45.0 a o

52T E.ernardlno San Ber.ardtno
o 0 36.0 0.7 15.8 28.2

4
26.2 la.1

0.8 0 0
11.2

5*. :.,  ?,.. ria S~nrs U.?rbars
o 0 0.6 0 0.1

5.:1 i)!.’; o

0.1 0.1 -
5 3.1  o

0.1

SSZI  DICGU o 0 0 2 . s o 1.0 1.1 1.1 - 0.8

t’..  tu~w:dwaphwaph  Rd. Vc,l[ur.1 6 15.8 0 0 0 0 12.6 0 1.? 2.8 1.8 - 1.4

p:;:,.,.  v.lac
hncertiy 4 0.8 0 0 0 0 0.6 0

5
0.1 0. I

3.1 0
0.1 - 0.1

0E.:ll$.l.  r 9nn D, UIIO o 0 2.s o
4

1.0 1.1
0.8 0 0

1.1 - 0.8

SW LtIlu OIIL*p* San  i.utu Ublsvo o 0 0.6 0 0.1 0.1 0.1 - 0.1

S.t,thera  S.. Ja.cuin
2.:*II3 Kc co s 3.1 0 0 0 2.5 0 1.0 1.1 1.1 6 . 9 0.8

Vi. J;la-old  J-11 Tulara 6 15.5 0 0 : 0 12.6 0 1.7 2.8 2.8 6 . 9 1.4

. . .—--

-



Retirdscacien

s.,”:,  ,.:: $., ” ~_ _ _  . — .
Dal..>
Vis.11.-o!d  Jail

county

Los Aneeleo
Orang*
Rlverslda
San Bcrnardtno
Santa Barbara
San  Diego
V.nc” r.,

$bncerey
San B.nico
Sa:I Luis Obl,?o

S.crn
Tulare

—..

Table 4.6

Percentage Yield Reduction for 12 Hour Exposure.
using L1lL!
*.-,-- .L- “c’’-Level  of Oxidant/Ozone Concentration for 1976 *.

lJ

Daldant/Ozone
COncmcraciOm

(PPm

3

7
6
6

;
6
5

4
J
4

6
5

-- - . . . . .

Crop

Creen Hesd
.lu Beans Broccoli Cantnlope* Carrotm  Cauliflower Celery f.e[tum Onion Potato TOucO cot  coo Sugarbeecm

o 0 0 0 0 0 0 0 0 0 9.4 0

?8.2 o 0 0 0 22.6 0. i 3.4 9.4 9.4 . 2.8
15.8 0 0 0 0 12.6 0 1.7 2.8 2.8 1.4
15.8 0 0 0 0 12.6 0 1.7 2.8 2.8 18.7 1.4
28.2 0 0 0 0 22.6 0.1 3.4 9.4 9.4 18.7 2.8

3.1 9 0 0 0 2.5 0 1.0 1.1 1.1 0.8
1$.8 0 0 0 0 12.6 0 1.7 2.8 2.8 1.4

3.1 0 0 0 0 2.5 0 1.0 1.1 1.1 0.s

0.8 0 0 0 0 0.6 0 0.1 0.1 0.1 0.1
3.1 0 0 0 0 2.5 0 1.0 1.1 1.1 0.8
0.8 0 0 0 0 0 . 6 0 0.1 0.1 0.1 . 0 . 1

15.8 0 0 0 0 12.6 0 1.1 2.8 2.8 6.9 1.4
3.1 0 0 0 0 2.5 0 1.0 1.1 1.1 6.9 0.8



Crop

Vegetable Crop
Beans
Broccoli
Cantaloupes
Carrotsu-l

* Cauliflower
Celery
Lettuce
Onion, Fresh
Onion, Process
Potato
Tomato, Fresh
Tomato, Process

Field Crop
Cotton
Sugarbeets

Table 4.7

Percentage Yield Reduction Averaged Over County,
for each Region, by Time Period

Southern Desert

1972-76
Average
— -—

0
0

0
1.00
1.00

1.10
1.10

9.40
0.80

1976

0
0

(1
0
0

0
0

9.40
0

South Coast Central Coast

1972-76
Average

22.66
0
0
0
0

18.11
0.27
6.80
6.80

11.24
11.24
11.24

18.70
5.66

T1972-76
1976 Average

15.71
0
0
0
0

12.57
0.03
1.99
1.99
4.20
4.20
4.20

18.70
1.63

1.57
0

0
0

1.23
0

0.40
0.40
0.43
0.43
0.43

0.33

1976

1.57
0

0
0

1.23
0

0.40
0.40
0.43
0.43
0.43

0.33

S o u t h e r n
San Joaquin

1972-76
Average

9.45

0
0

0

1.35
,1.95
1.95
1.95

6.90
1.10 ~

1976

9.45

0
0

0

1.35
1.95
1.95
1.95

6.90
1.10I

Total

11.23
0
0
0
0

9.67
0.068
3.60
2.387
&.54
3.68
3.68

11.67
1.97

1976

8.91
0
0
0
0

6.90
0.01
0.60
0.94
2.19
1.65
1.65

11.67
0.77

r -.
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Crop

V e g e t a b l e  C r o p s
E

Gems, C:een LiuIu
B r o c c o l i

Cmtalopcs

C a r r o t s
(hul Iflower

Culury
Letcucc, Head
Onion, Crccn
Onion,  Uchydrated
pOL3t0.2S

l’otxILO,  Fresh
Tom:! co,  l’recess

Field Q+—7—
LuLron

Sugdrbc6ts

Unit

Tons
CWT
c,.JT
CL’T
CWT
cw
Cl#’r
CWT
C!:T
CKT
CIIT
Tnns

Lbs
‘l’tins

Table 4.8

Actual Yield Per Acre (in the Presence of Air Pollution)

Southern Desert

1972-76
Average

.

129.57
333.87

250.65
274.37
273.04

2JJ.72
‘21.66

1,14[+ .98
25.53

1976

127.46
402.00

266.97
208.94
324.32

217.44
25.17

996.48
25.45

Southern Coast

1972-76
A v e r a g e
——

2.16
81.62

139.85
312.12
127.68
568.65
253.57
322.54
318. (s6
319.  L7
469.96

24.83

1,019.12
27.86

——

1976

2.04
83.72

150.42
257.30
llfb.02
546,58
261.37
291, 31
350.00
3i 5.77
505.89
20.34

1,084.84
28.47

Central Coast

1972-76
Average

— -

2.23
54.09
-

292.03
99.28

561.88
265.14
302.55
335.05
327.12
307.67

25.52

32.87

1976

2,52
60.67

303.12
97.68

549.73
279.14
285.45
314.61
326.46
201.29
19.89

35.55

Southern San .loaqul)

1972-76
Average

2.96

188.12
341.10

259.95

340.03
275.34
288.12
20.29

1,026.16
26.50

1976

3.00

180.00
350.00

292.16

396.92
295.11
199.45
24.53

1,088.10
28.42

.4
. .

,f

Study Region

1972-76
Average
-

2.29
57.81

145.12
321.86
loa.66
565.94
258.73
300.05
323.70
28a. 50
372.81

22.71

1,039.19
27,08

1976

2.35
64.12

141.72
318.87
103.43
547.87
273.46
258.26
368.70
301.78
370.18
21.64

1,075.95
28.44



Crop

Vcgcmble  Crops
Beans, Crccn  Lima
Broccoli
Cantalopcs

U1 Carro ts
m Cauliflower

Celery
l.~tcucc. Hc.ad
O n i o n ,  Crccn

Onion, Dehydrated
Po:dtoes

TUIIM  L o, I:rcs!)

TtmIto,  l’roceas

F ie ld  CIOPS
C.)t con
Su~arbcets

unit

Tons
CWT
CL-T
Ch-r
CWT
CWT
Cw’r
CWT
CWT
cwr
cwr
l’ons

Lb s
Tons

Table 4.9

Potential Yield Per Acre (without Air Pollution Effects)

Southern Desert

1972-76
Average

128.57
333.87

250.65
277.11
275.77

220.11
21.90

1,252.55
25.73

1976

127.66
402.00

266,97
208.94
32/,. ]2

217.  t,4
25.17

1,090.15
25.45

Southern Coast

1972-76
Average

2.65
81.62

139.85
312.12
127.68
671.63
254.25
344.47
340.33
355.33
522.78

27.62

1,209.70
29.44

1976

2.36
83.72

15!3.42
257.30
114.02
615.28
261.45
297.11
356.96
329.03
527.14

21.19

1,287.70
28.93

Central Coast

1972-76
Average

2.26
54.09

292.03
!/9.28

568.79
265.14
303.76
330.39
328.53
308.99

25.63

32.98

1976

2.S6
60.67

303.12
97.68

556.49
279.14
286. S9
315.07
327.86
202.16

19.98

35.67

Southern San Joaquir

1972-76
Average

3.24
- .

188.12
341.10

259.95

344.62
280.71
293.74

20.69

1,096.97
26.79

1976

3.28

180.00
350.00

292.16

402.28
300.86
203.34

25.01

1,163.18
28.73

Study ~egion

1972-76
Averaga

2.55
57.81

145.12
321.86
109.66
620.67
258.91
310.85
331,43
301.60
386.53
23,55

1,160.46
27.61

Southern Desert  includes Imperial  County
S o u t h e r n  Coast i n c l u d e s  L O S  tmg~les,  orange,  R ive r s i de ,  San Bernard it,o, Santa B a r b a r a , San Diego, rind Ventura Counties
Centrol Co.rst  i n c l u d e s  I.toncerey,  San Emito, San Luis Obispo, and Sant* C r u z  C o u n t i e s
S o u t h e r n  San JoaqufrI  Includes Kern and Tularc C o u n t i e s

Sources: Co(lnty  Agricultural  CommLssioncr  Annual  C r o p  R e p o r t s

I
1976

2.56
64.12

141.72
318.87
1o3.43
585.67
273.49
259.81

370.91
3C18 .39
376.29

22.00

1,201.51
28.66

. .
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I

effects in the study area. Table 4.9 thus represents the potential or
~othetical yield that could be realized if the negative effects of air
~usion were removed from the crop environment.

hy-
pol-

1

*1 .
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FOOTNOTES : CHAFTER IV

II
“The counties in each region as well as included crops in this

study are discussed in Chapter 1.

~’see the explanation on these levels at the bottom of Table 4.4.

~/ibid
.

4/
– El Centro,  the monitoring station for Imperial County, typically

has approximately one-half the ozone level observed at Indio-Oasis. Hence,
the one-half value for cumulative doses.
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