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CHAPTER I

SOVE METHODOLOG CAL CONSI DERATIONS ON THE ASSESSMENT
OF AIR POLLUTION DAMAGES: A PROPOSED
MATHEMATI CAL  FRAMEVORK

3.1 Introduction

One inportant aspect of econonmic analysis concerns the definition of
met hods or procedures that may be used in addressing a problem or set of
problems at hand. Wen integrated with appropriate assunptions, mnethodol -
ogi es constitute the conceptual franmework within which to achieve possible
solution(s) or provide suggestions for sclving such problem(s). The pro-
bl em statement and justification for this study has been set forth in
Chapter 1. Gven these problem statements and objectives concerning the
rel ationship between air pollution and vegetation, the intent of the analy-
gis is to deternine the consequences and the magnitude of such air pollution
damage. This quantitative assessment of air pollution damage occurs within
t he nethodol ogical framework defined for this study. Thus, specification
of the appropriate technique is central to the success of the analysis.

A nunber of conceptual issues have been raised inplicitly concerning
a nethodology 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 sinultaneously. Further,
interregional conpetition and conparative advantage constructs are required
given that all regions considered conpete to some extent for shares of
nati onal commodity markets. In addition, substitution effects on the pro-
duction side need to be considered. Al of these relationships are depen-
dent to some degree on the physical environment surrounding crop production,
including anbient air quality. This section discusses these concepts or
conponents required for such an analysis. The concepts are then extended
into a tractible mat henatical nodel .

3,2 Met hodol ogi cal Franmework

The conceptual issues outlined above involve a wide range of econonic
rel ationshi ps suggested by theory. For the nethodology to be tractable in
terms of enmpirical analysis, these relationships nust be conbined in a |og-

i cal sequence and given a quantitative interpretation. This section provides
a nore detailed nethodological framework with which the concepts discussed
earlier may be quantified.
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1. Producti on Section

a. Production Functions

Assume that a specified area isdivided into r heterogeneous regions
wherer = 1,2, . %. R, Regions are differentiated by such factors as
climatological conditions, soil quality and levels of anbient air quality.
Climatological conditions and soil quality determine jointly or separately
type(s) of crop(s) suitable for each region, whereas anbient air quality is
assuned to have different effects (favorable or unfavorable) on crops. In
each region there are i(i =12,.. .,1) farmers (processes) producing
j 43 1,2, . . .,J) agricultural. crops. However, it is possible for a
region to produce one or nore crops and many regions to produce the sane
crop. Thus, two regions may be viewed as honbgeneous; each has identica
cropping alternatives, i.e. , the same set of crops. Perfect conpetition is
assuned to prevail in the sense that each producer and each consumer acting
al one cannot affect the market price of a commodity, regardless of the
anount each one supplies and demands; but aggregate supply put forth by all
farmers (processes) in the area, due to the nature or the commodity des-
cribed in the earlier section can affect the market price of that commodity.
Assume further that, in the short run, farners 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 |abor, seeds
fertilizer, and insecticide. These inputs are used in different anounts
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 avail able
at any time and thus has a perfectly elastic supply curve, whereas skilled
| abor 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 wculd appear reasonable to assune that if air
quality deteriorates, production (yield) nmay be reduced or the costs of
production increased. Sone of the crops produced are assumed to be perish-
able and thus have to be sold within a certain period of time, linmting the
use of carryover or buffer stocks across seasons. Transportation cost is
excluded under the assunption that it is treated as a fixed cost of conpar-
abl e magnitude for producers and regions within the analysis. Thus, its
exclusion from the nmodel may not significantly alter the result of the
anal ysi s.

Let |l ower case letters denote individual units and capital letters

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

of the current season by farmer i in region r using soil type mwhere m =
1,2, . . .,M Let 1, 1a, f, is, w, se, k and z be total l|and, |abor,
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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o =qrtn (l,la, f,iS,W,Se,k,Z) (31)

ji ji
If one assunes that the above production function is linear, one will,

by taking the first-order partial derivative of g with respect to each in-
put, obtain a constant marginal productivity of each input included in the

model. Such a result might be interpreted as the shadow price of each in-
put. This general'crass of production functions is said to be honbgeneous
of degree one, i.e. , a constant returns to scale production function in
whi ch output will be increased by the sane proportion as an increase in

i nput S.

Let P be the market price of conmodity j. Assume one narket price

across all regions. QJ X rm is the aggregate production of commodity j.
irm
S., Pand O,are stocks of commdity j, prices of all other commodities,
] 4
and all other factors such as income associated with the price of comodity
j. W can express the price forecasting equation for conmodity j as:
p - P (Q,S,,P ,0,), 1=12 .. . L (3.2)
1 S R I S|
For anal ytical purposes, assune that the effects of all variables ex-
cept Q in the price forecasting equation can be summed together into the
intercépt term (by using the nean value of each variable nultiplied by its
corresponding estimted paranmeters), yielding a new equation for the price
of commodity j:

P! = P!(Q,) = ¢ + dQ,, d <0 3.3
J J 1 i (3-3)
i.e., it is strictly a function of quantity. Such an equation can then be

used to estimate changes in compdity price associated with changes in the
| evel of production.

Assuming that each farmer in the area has the same objective of maxi-
m zing total revenue (above variable costs) subject to certain constraints,
the anal ytical problem then becomes a quadratic objective function with
linear constraints as follows:

mx TR = PQ= CQ+ dQJ?. (3. 4)
subj ect to:
=al +aN +aF +als, +alW +asSe + ak
“J 13 2] 34 7 j 6 j 7j
+a8ZJ (3.5)
Y, =Ly, =L, +W, (3.6)
J jg ] J
g
z, =L 3.7
; 3 (3.7)
o> Q (3.8)
QJ i



Equation (3.5) represents the production function for conmmodity j.
All variables in that equation are the aggregate of those defined earlier.
The expectation is that all the estimated paraneters wll be positive ex-
cept those for Zj (environnental quality--anbient air quality). The sign

of the estimted coeffigiept of Z;, as nentioned earlier, i S uncertain.
J4
Equation (3.6) states that the amount of fixed inputs available, Y, is

J
simply the summation of various fixed inputs (in this analysis only | and
and irrigation water) used by producing comodity j. FEquation (3.7) indi-
cates that environnental. quality (as measured by the degree of concentration
of specific air quality paraneters) is assumed to be given. Finally, Equa-
tion (3.8) states that the output of all compdities nmust be non-negative.

If each producer takes price as given, i.e., the econony is perfectly
conpetitive, the objective function nmust be nodified by the use of the sca-
l[er value of “1/2,” i.e.,

2
mx TR=c¢cQ+ 1/2 dQJ. (3.9)
which then yields the following first-order condition,
dTR
S =MR=c¢c +dQ, =P, 3.10
aQ ¢ Q ; (3.10)

as required for perfect conpetition.

The Lagrangi an equation is:

L=1cQ + 1/2 dQ% +A0Q, - (DY + wlY, -3y, 1+ 8lZ, - 2] (3.11)
J hi h| I g I8 3 3
Revenue maxim zation requires that the following first-order partial
derivatives

3

L = ¢ +4Q + =0 3.12
Q. - ¢ Qj (3.12)
J

Lo - () =0 3.13
L-q - () (3.13
Ly -1¥ =0 (3.14)
u J 1&g

g

aL

—_— = - = Q 3.15
r-, -7 (3.1

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 Mreover, it mght also be
possible to calculate changes in Q resulting from tradeoffs between or anong
inputs and Z, e.g., mtigative effects of fertilizer. Thus, air pollution
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damages, as measured by changes in output and price, may be assessed by
crop and region.

Anot her neans of neasuring damages of air pollution to an agricultura

crop is the use of a cost concept. In the presence of air pollution, farmers

may | NCrease sone other variable inputs such as fertilizer or labor to com
p.sate for the yield-depressing effect of some pollutants. Under such a
situation> marginal cost and thus total cost will increase, while total
yield mi ght decrease, remain constant, or increase, depending upon whether
such input adjustments are less than, equal to, or nore than offsetting in
ternms of the inpact of air pollution. Assune that the objective function of
producers is to maximze total profit, which is defined as the difference
bet ween total revenue and total cost where total “revenue renmains as defined
earlier, but total cost is a function of total production and different

| evel s of anbient 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.
Mat hematically, this again may be expressed as a non-linear objective

function with linear constraints, i.e.,
§ 2
mx w=TR-TC cQj+1/2de-C(Qj,Zj) (3.16)
subject to
=al +alN+ Hal +aW, +aSe, + alk,
Q5% 7 287 "% T T %y T %y
+ a_Z .
a8J (3.17)
Y, = ZY.g (3.18)
] gJ
. =bA +Db B, +bZ 3.19
TS U B 2SI ¥ (3.19
lez Q (3.20)

where C, = total cost of producing commdity j

A% " total fixed cost of producing conmodity j
B, " total variable cost of producing commodity j

z - level s of air pollution concentration (per unit of measurement)
J
b ,b_,b_are i r rs wher > 0, > O
1°29P, estimated paraneters ere P tP 0, b,> O
Al other variables and paraneters are as defined earlier.

The Lagrangi an equation is:

—_— 2 ' F
L =cQ+ 1/2.dQy - €@ppZy) + AQy - (@)L, * 3Ny 7 837

+ W + a Se + K + Z + Y - IY,
tagfs tg@ W fasy takyragZol e aly AT
+y[Cc, - (b,A_ +b B +Db Z)] (3.21)
[J 1] 2] 33
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The first-order conditions for profit maximzation require that the fol-
| owi ng partial derivatives:

3L oC
= =c+dQ -— +1r=0 (3.22)
2Q. i 3Q. '
QJ j QJ

o aL _ aC

T . - e =
az.J az.J a8 Yb3 0 (3.23)

and the constant maximzation equations stated above be fulfilled. The
second-order conditions for profit naximzation require that the Bordered

Hessian be either negative definite or negative sem-definite.

From the first-order partial derivatives obtained above, one wll then
be able to solve for Qj by varying the val ue of Z,J. After solving for the
val ue of Q.J, the values of cost, revenue, and profit can then be obtained.
Such results will provide a nmeasure of the damages of air pollution to
commodity j.

Ri sk and Uncertainty

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

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

1 2
distributed nornally with nean y and variance ¢, i.e., P I N(M,0 ).

Let the utility-of-incone function be exponential in the form

UM = « - Bexp(~AM) where =, 8, A > 0 (3.25)
«, 8 are estimated paraneters and X is an arbitrarily assigned degree of
ri sk aversion of the decisionmaker(s) toward commodity j. However, it is

possible to directly estimate the value of A. Wens (1976) has suggested
the followi ng procedure to estinate A:

Define a quadratic programming problem of maxim zing:

W=w'x - (M/2) X'IX = E(R) - (V/2)a(R)® (3.25)
subj ect to:
AX < C* (3. 26)

where X is a vector of activities; Ris net income; Ais the technol ogy
matrix relating units of inputs to one unit of output (activity); C is the

| evel of resource use; A is degree of risk aversion; and u is the nmean of
i ncone.

~ The Kuhn-Tucker conditions for an optimal sclution to the above quad-
ratic progranming problemrequire that:
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woo- ALK - Ai'.fb =0 (3.27)
[
for all non-zero activities i in the solution, where Z, My and A are, re-

i
spectively, the ith row of L, the ith elenent of u, and the ith colum of A

Substituting X*, the actual activity level, for X and r, the actual market
prices, for @, A caf.b@ estimated as:

A = Su, - A'r)/zxx (3.28)
1 1 i.

Wiile this should hold for each production activity if all assunptions are
exactly fulfilled, enpirically an average overall production activity wll

suffice.

Following the nethod suggested by Wens (1976), the expected val ue of
the utility of income function is:

EQUOD]T - Bexol-hg + (F/2)0°q]] (3.29)
To maximze equation (3.29) with respect to q. i's equivalent to maxinizing:
W= ba, (A/2) var (q) = E(M - (X/2) var () (3.30)

where 1 can be interpreted as the shadow price of g.. This is a conventional

E,V objective function. Applying Wins nethod described above, the val ues
of » can then be estimated. Hazell (1971) points out the follow ng advan-
tages of using the EV criterion for farm managenent 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 approximtely 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 Vis totally specified by the variance-covariance
coefficients; and when subjective values of these paraneters are
available or can be found, the variance is no longer estimated
fromthe sanple of observed gross margin outcones .

(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. 5556, expression in the parentheses is
added]

Due to the fact that use of EV nmethod requires a special conputer
al gorithm Thomson and Hazell (1972) suggest that it be replaced by the nmean
absol ute income deviation (MAD) and used to obtain a solution through
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standard |inear progranming codes with the parametric option. However, when

the sanple mean absolute deviation is used rather than the sanple variance, E
the reliability of the estimated efficient, EV, farm plans is necessarily

weakened [Thonson and Hazell, 1972, p. 5Q3]. Nevertheless, MAD is still a

best substitute when access to such a special conputer algorithm is not

possible and provided that certain adjustments are also used in order to re-

duce error due to thg use of sanple MAD rather than the sanple variance.

Such an adjustment has been suggested by Thonson and Hazell (1972) by using:

@ P ) -
i( 11 Tai) v

Z(1 - P )1 V)
i ll 1

X 100 percent (3.31)

wher e |51_ and |52i are the estimted &robabilities of the correct ranking of
1
the ith farmplan for the sanple MAJ)' and variance respectively and Vi is the

ithe variance ratio as a weight in the MAD nodel .

Consumner Sect or

In aggregate nodels of the consunming sector, it is convenient to assume
that there are n individuals with simlar taste and preferences. Each
individual has a utility function which is concave and is the function of

various goods and services consuned, i.e.,

U, “n(qnl’qnz’ o "an)’ n “1,2, . . .,N (3.32)
wher e unisthe utility of individual n and %J. e =12, . . .,J) is the
jth commodity or service consumed by individual n. qnj is, of course, a
function of the price of commodity j, prices of all other commdities or
services, and income associated with individual n, i.e.,

qnj = q,(P, P, M) o0=1,2, . . .,0 (3.33)
Total demand for commodity j is given by:
N
Q, nf| qnj(Pj’Po’Mn) (3.34)

Individual n then maximizes his utility subject to his budget constraint,
i.e.,

= b .y > 3-35
mx u (qnl - an) ( )
subj ect to:
+ P +...P =M 3.36
P11 ¥ o9 T i3 ~ ' (3.36)
The Lagrangian equation is:
= , o + u[M - (P + P +. . . P, 3.37
L=u e e a ) rulMe (g )+ Poa, 33q971 (3-37)
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The necessary conditions for utility maximzation require that:

%L/3q . =du /3q. - wP O 3.38
L, u /q, - M (3.38)
J
= =M 3.39
) 3L/ou = L Pq =M (3.39)

-

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

Wth changes in price due to effects of air pollution on crop produc-
tion, individual n's demand function will change. !f there is no change in

his incone level (i.e., unconpensated in the case of price increase or taxed
in the case of price decrease), his level of well-bei ng will be altered.

This alteration of consumer welfare may then be approximated by changes in
“consuner’s surplus” which will ke introduced in the next section

Consuner’'s and Producer’s Surpl uses

O the three concepts of economic rent the Marshallian concept of
consurmer’s and producer’s surpluses is nost applicable if one assumes that

all other prices and incomes of all individuals concerned are constant.
Let:

P =PF » 0, 3.40
j (qj J) (3.40)

be the demand function of commodity j denoted by d, in the follow ng dia-
gram where P and a, are the price and quantity respectively. GJ is the
shift parameter denoting changes in Price Of comuodity j due to, say, changes

in total supply arising fromair pollution. It is assumed that the demand
curve, dj, is downward sl oping.
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Let the supply function of commodity | be represented by:

G(q,, .
P, - 6la;n0,) (3. 41)

The supply curve, sj’ is assuned to be upward sl oping. It starts fromthe

origin under the assumption that farners will not supply any of commodity j
if its price is zero. e 'Fer sinplicity the subscript j will be dropped.

Market equilibrium for conmmodity j, as shown in the above diagram wll be
obtai ned when the quantity supplied and demanded is qO and the market price

[ sPO. Consumerrs surplus is then defined as the area under the demand

curve, d.», and above the equilibriumprice, P0 or the triangle Poab. Pro-

ducer's surplus or net return to factor owners is the area under the equil-
i briumprice but above the supply curve or the triangle OPob. The sum of

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

q
R(®) = /( ° [F(q,9) - G(q,8)]dq (3.42)
[¢]

= Oabqo - Obqo’Oab (3.43)

Frem the above equation one can conpare the value of R associated with
different values of 9, e.g., if we let 8 = 8(o) be the initial situation
(¢]

when there is no air pollution and el be the situation with sone |evel of

air pollution then the difference between R(el) - R(o) will neasure changes

in consuner’s and producer’s surpluses due to increase in level of air pol-
| ution.

This method when applied via the mathematical concepts devel oped earlier
in this report is anal ogous to Samuelson's (1952) “net social payoff” theory
in which he relates Enke's formulation [Enke, 1951] to a standard problemin
i near progranmng, 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 mnus the total transport costs of all shipments [Takayama and
Judge, 1964a, 1964b]. The objective is to artificially convert the descrip-
tive price behavior into a maximzation 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, 1964b, p. 510].
However, in the fornulation outlined in this section, quadratic progranmm ng
can be used to approxinmate (see the subsequent section on analytical model)
such a payoff.

3.3 An Analvytical Mdel for Measuring Inpacts of Air Pollution on Agricul-
tural Crops

The conceptual model and mathematical concepts devel oped earlier in
these sections can he used to construct a mathematical programing nodel
capabl e of achieving some of the goals set forth in this study. This nodel
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 nodel will, it is hoped, present a
realistic example of the agricultural sector within the constraints inposed
by data limtations. Data requirenents are extensive for such programing
techni ques and some of them such as quadratic programming, require special
conputer algorithms. Nevertheless, the incorporated nodel should be analy-
tically feasible and mgthematically tractable. The degree of sophistication

will be dependent on the availability of the required data and conputer
sof t war e.

In order to sinplify some of the notations given in the earlier sec-
tions, matrix notation will be used in the model s proposed below.  However,
all notations will remain as described earlier. It is assuned that air
pollution in the specified area adversely affects crop production, and
consequently, may affect producers and consumers. Mthematically, the ob-
jective of the nodel is to maximze 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 @DQ - ETQ (3. 44)
subject to
AQ = 3. 45)
Q>0 (3. 46)
wher e
ONSP = quasi-net social payoff (a scaler).
Q = izl colum vector of agricultural crop production, where pro-

duction equals yield per acre times acreage planted
= jxI colum vector of constants (intercepts in a |inear demand
structure).
D~ jxj negative diagonal matrix (negative definite of coefficients
representing slope values with the linear demand structure).
jx1 colum vector of wunit cost of production.
gxj technology matrix relating units of inputs to one unit of
output (g constraints and j variables).
b = gxl colum vector of fixed inputs (land, water).
and T denotes matrix transportation.

o
|

E
A

The summation of the first two terns on the right-hand side of equation
(3.44) is the total revenue for commmdities Q Wen integrated it represents
the area under the demand curve but shove the horizontal axis fromthe ori-
gin to the equilibrium amount demanded. The last termin 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 then be treated as the short-run supply curve. Therefore, tota
cost of production can be considered as the returns to factor owners. The
di fference between the sumof the first two terms and the third termis the
sum of producers' and consumers’ surpluses over all comodities. It is
equi valent to the quasi-net social payoff. Maximzing the objective func-
tion is analogous to maximizing a quadratic “quasi-net social payoff” sub-
ject to linear constraints.
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The above price endogenous nodel can be expressed as a quadratic pro-
grammi ng economic nodel. Such a model formulation will result in solution
values for price and quantity of each comodity which maxim ze the value of
QNSP.

In order to assgss, the inpacts of air pollution upon agricultural crops,
one may either introduce a variabl e, Z;?(O < Zf; < 1), defined as an index of

crop yield reduction (% of yield reduction divided by 100) associated with
crop j , into the production function (yield) or the cost function. [f z*

h]
enters directly into the production function, it nay affect crop yield but
not necessarily total cost. Alternatively, z; may be treated through the

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 inpact of air

pol lution? The latter can be achieved by conparing two nei ghboring areas,
one with and the other without air pollution, using the same technique of
measuring crop yield for sane type(s) of crop(s). If total yield in the
area with air pollution is lower than yields in adjacent areas, (keeping all
ot her factors constant) one mght suspect that such a reduction in yieldis
caused by air pollution. Thus, it mght be possible to conpare cost of re-
| ocation vs. investment in air pollution abatenent.

Consi der the case when Z’:f enters directly into the production function.
If one lets z, represent air pollution concentration, in parts per hundred

J
mllion, associated with agricultural crop j, Z, can then be cal cul ated,

by using the fornulas given by Larsen and Heck (1976), Oshima (1975), Oshim,
et. al. (1976, 1977) or others. Applying this nethod to all other crops
under study will provide a vector of Z* which is a jxl1 colum vector for |
crops. Then calculate total production of each crop by the follow ng

formul a:

Q@ = -zl (3.47)
wher e
Q* = jxl colum vector of total production of j crops with air pollution.
Z* = jx1 colum vector of yield reduction index.
I = jx1 vector of unity.
L = jx1 colum vector of acre of land used for cultivating j crops.
Y = jx1 columm vector of yield of j crops.

The model given under equations (.3.44) through (.3.46) will then be nodified
to be:

T r
Max  ONSP = C Q% + 1/2 qu'pqr - EQ (3.48)
subj ect to:
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<
AQ = b (3.53)
Q>0 (3.54)
As nmentioned earlier, agricultural production involves various degrees
orUncertainty. If farmers are assumed risk averse then their production

decisions will reflect the uncertainty of climatological conditions for the
com ng season, at#d Mence the total quantity supplied, and thus prices in the
next season. Thus, production risks are nultiplicative in nature, meaning
that it is the slope of the supply curve which contains the inportant stoch-
astics [Hazell and Scandi zzo, 1975, p. 641]. Therefore, the traditional

met hod of treating the risky conponent of supply as a constant added to the
intercept term may not be appropriate. Hazell and Scandizzo (1974) use
linear progranming nodels with nmultiplicative supply function. Oher methods
frequently used in the enpirical supply analysis are the econonetric estina-
tion of constant elasticity of substitution and Cobb-Douglas functions.

Another nmethod that is widely used in farm nanagement is the EV criter-
ion described earlier. The analytical nodel may be further nodified to be
the following form

T T
Max QNSP = CQ* + 1/2 Q*po*x - EQ - A(Q*TQQ*) (3.55)
subj ect to:
AQ 2 (3.56)
Q* > 0 (3.57)
wher e
A a constant value of risk aversion coefficient.

Q = jxj matrix of variance-covariance of incone associated with each
type of crop.

if Z* enters only into the yield function.

If Z* enters directly into the cost function, then the fornulation be-
cones:

Mix  ONSP “CQ + 1/2 QDO - E'Q - a(qtaq) (3.58)

subj ect to:
AQ < b (3.59)
Q20 (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 fornulations all hut X can be observed. However, the values of X
can be as-signed arbitrarily or can also be estimated by using the nethod
suggested earlier.
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CHAPTER |V
AR PCLLUTION YIELD RESPONSE RELATI ONSHI PS

4.1 |ntroduction

Effects of air pollution on agricultural crops, such as vegetables and
field crops, have been well documented, as discussed in Chapter I1. Al though
results obtained by various researchers are mixed, depending in part upon
different methodol ogies 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
consi stent adversary effects of air pollution on crop yield. However, Sim -
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 inmpossible to control and are capable of npbderating inpacts of air pol-
lution on yield. Gven the inportance of selected vegetable and field crops
to the agricultural sector of the study region and the significant share of
the national narket held by the region, the relationship between ozone and
vegetable yields is a critical conponent of this analysis.

This chapter discusses the devel opnment of aset 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 sone specific concepts presented in this chapter. The fol-
| owi ng subsection presents a hypothetical relationship between air pollution
and yield. A quantitative relationship is obtained by using methods which
will be nore 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
pollution concentration |levels and yield reduction have been linmited. Cb-
viously, such a relationship is inmportant in econonmc analysis of the inpact
of air pollution, given the need to directly estimate a market value or |o0ss
associated with air pollution.

Based on research discussed above, one may hypothesize that a negative
rel ationship exists between ozone concentration and crop yields. A sinple
met hod 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. par. an

42



increase in the level of air pollution concentration will |ower yield. In
other words the correlation coefficient between air pollution and yield
shoul d be negati ve. 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 obtai n cdorrslation 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
major vegetable growi ng regioms.l/ The yield per acre was then correlated
agai nst the maxinum | evel of oxidant/ozone concentration taken from the
publication “California Air Quality Data” for each county for the sanme
period. However, due to a lack of conplete data on ozone concentration and
crop yields, only three counties (Oange, Riverside and Kern) and some crops
were included in the correlation analysis. Oange and Riverside counties
represent an area of nore severe air pollution, whereas Kern County, a mgjor
agricultural county, was selected to represent an area of relatively |ow
ozone concentration. The correlation coefficients between air pollution
concentration (annual maxinmm |evel of oxidant/ozone concentration in parts
per hundred mllion) and yield for these three counties are given in Table
4.1,

The correlation coefficients presented in Table 4.1 tend to conformto
a priori expectations; that is, nost of the coefficients have the expected
sign 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-
[ution.

In order to further test the effects of air pollution on yield a sinple
production function relationship between yield per acre, the hourly maximmm
of oxidant/ozone concentrations and the crop acreage harvested for the three
counties frem 1957 to 1976 was estimated for some crops. The relationship
was estimated via ordinary least squares, assumng 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 nost equations. The coefficients of
determination (R2) are very low with insignificant F-statistics. The Durbin-
Watson in some equations are inconclusive. This neans that variations in
crop yield per acre can only be slightly explained by changes in the levels
of oxidant/ozone concentration. As expected, the nultiple regression had
slightly higher levels of significance than the sinple 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 nore precisely the effect
of air pollution on yield, the Larsen and Heck and the Oshinma equations as
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Correl ation Values between Level

Table 4.1

of Oxi dant

and Yield

Crops

¢ =

Oxi dant

average of hourly maxi mum (pphmn

Orange County

Beans, Lima

Cant al oupes
Carrots

Caul i fl ower

Cel ery

Lettuce

Onion, G een
Pot at oes

Tomat oes, Fresh
Tomat oes, Process
Cotton

Sugar beet s

-0. 13626

0. 62585*

- 0. 29654*

-0.19098*

-0. 13500

-0.30188*

Ri verside County Kern County

0. 05014

-0.23151* -0. 16470*
O 42106* - 0. 33044*
0.10914
0.01628
0.01481 -0.39337*
-0.28838*

-0.23089* -0. 05636
0. 19790* -0.30327*

*Denot es those

coefficients significant
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Table 4. 2a

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

I ndependent Vari abl es Summary Statistics
xi dant (pphm) Acr eage
Dependent Vari abl es Const ant Est. Coef. T- Val ue Est. Coef. T- Val ue ﬁz F DW

- I

Beans, Lim s !
Yield (Tons/acre) 4.614 -0. 0187 -0. 58 0.0186 0.34 , 0.59
5.018 -0. 0012 -1.38 0.0954 | 1.0 | 0.72
5.159 -0. 0052 -0.15 -0. 0011 -1.21 0. 0966 0.91 0.71

Caul i f | over |
Yi el d (CWT/acre) 144. 119 2. 1054 3.40 0.3917 | 11.59 l 1.51
235. 003 -0. 0150 -0.77 0. 0321 0.60 i 1.37
155. 092 2.0625 3.24 -0. 0087 -0.55 0.4023 5.72 1.53

ol
Y Celery
Yi el d (CWT/acre) 589. 803 -1. 6592 -1.32 0. 0879 1.74 1.00
499. 655 0. 0189 0.03 0. 0299 0.55 1. 05
557. 367 -1.7191 -1.35 0. 0208 0. 84 0. 1240 1.20 | 1.14
Lettuce, Head
Yi el d (CWT/acre) 295. 236 -1.2048 -0.83 0. 0365 0.68 | 0.88
231. 671 0.0325 1.18 0.0713 1.38 | 0.74
283. 851 -1.5784 -1.09 0. 0383 1.37 0. 1317 1.29 | 0.99
Tomat o, Fresh
yi el d (CWT/acre) 524. 710 -1. 5756 -0.58 0.0182 0.33 1.25
740. 489 - 0. 4807 -4.78 0. 5592 22.84 1.15
744.570 -0. 1349 -0. 07 -0. 4794 -4.57 0. 5594 10.79 1.15
Tomat oe, Processing

Yield (Tons/acre) 24. 838 -0. 1205 -1.34 0. 0911 1.80 | 1.26
19. 928 | 0.0002 0.22 | 0.0028 | 0.05 | 0.89
24.085 -0. 1215 -1.32 0. 0003 0,28 0. 0953 0.90 | 1.25

| -




Table 4.2b

Regression Coefficients for Selected Crops, Riverside County, 1957-76
“. I ndependent Variables
Oxi dant  (pphm) Acreage
Dependent Variables | Constant | Eet. coef. T-Vallue | Est. Coef.  T-Valu« R2 F DW
Beans, Green Lina
Yield (Tonelacre) 2.4161 0.0159 0.21 0.0025 | 0.0454 | 2.30
5.0358 -0.0078 1.65 0.1320 | 2.74 2.42
5. 6386 -0.0126 -0.17 -0. 0080 1.60 0.1335 | 1.31 2.49
Cantalope
" Yield (CWT/acre) 164.457 -0.5960 -1.01 0.0536 | 1.02 1.56
163. 975 -0. 0069 3.13 0.3529 | 9.82 2.03
213.048 -1. 0226 -2.25 -0. 0080 3.91 0.5016 | 8.55 2.53
Carrots
Yielrd (Cwr/acre) 122,741 3.6983 1.97 0.1773 | 3.88 1.62
212. 491 0.0137 1.92 0.1706 3.70 1.07
45,298 3.7706 2.20 0.0140 2.16 0.3548 | 4.67 1.95
Lettuce, Head
Yiel d (CWT/acre) 185. 394 0. 4628 0.47 0.0119 | 0.22 1.18
211.929 -0.0009 0.13 0.0009 | 0.02 | 1.16
189. 710 0.4541 0.44 -0, 0006 0.08 0.0123 | 0.11 " 1.16
Onion, Green |
Yield (CWT/acre) 251. 105 0.1616 0.07 0.0003 [ 0.01 ,0.56
119. 844 0. 1657 7.03 0.7330 | 49.41 | 2.00
110. 930 0.2024 0.16 0. 1657 6. 84 0.7334 | 23.38 ! 2.02
Pot at oes ‘
Y el d (CWI/acre) 270.514 0. 0575 0.06 0.0002 | o0.01 1.06
332. 465 -0.0061 3.27 0.3728 0.70 1.74
366. 201 -0. 6614 -0.87 -0. 0066 3. 36 0.3995 | 5.66 1.91
Tonat 0, Fresh
Yield (CWl/acre) 340. 654 -2.6267 -1.28 0.0832 | 1.63 1.10
162. 343 0.1470 4,62 0.5430 | 1. 38 2.18
195. 421 -0.7081 -0. 46 0. 1424 4.19 0. 5485 | 10.32 2.12
Cotton
Yield (1bs/acre) .316.92 -5, 9587 -1.01 0.0533 | 1.01 1.65
478.02 0.0310 3.02 0.3362 | 9.12 1.58
392. 62 1. 3758 0.24 0.0323 2.71 0.3384 | 4.35 1.56
Sugarbeets
%led (Tons/ acre) 16. 1126 0. 1604 0. 86 0.0392 | 0.73 1.63
22. 3874 - 0.0003 0.36 0.0072 | 0.13 1.58
16. 1528 0. 1579 0.75 0.00003 0.03 0.0392 | 0.35 1.64
46
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Table 4. 2c

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

i
| ndependent Vari abl es !
Oxi dant (pphm) Acr eage s
Dependent Vari abl e Const ant Est. Coef. T-Value | Est. Coef. T-Value R® Yy DW
Cant al ope
Yield (CWT/acre) 189. 936 -1. 2713 -0.71 0.0271 0.50 i 1.91
225.148 -0. 0149 -1.63 0.1290 2. 67 1.97
247.578 -1.2876 -0.75 -0. 0149 -1.62 0.1568 1.58 2.14
Carrots
Yield (CWI/acre) 415. 033 -4.9290 -1.49 0.1092 2.21 1.43
303. 150 0.0067 1.45 0. 1050 2.11 i.3b
370. 558 -3.3722 -0.88 0.0044 0.83 0.1439 1.43 1.44
Pot at o
Yiel d (CWT/acre) 396. 505 -3.9781 -1.82 0. 1547 3.30 | 0.73
515. 002 -0.0042 -4. 44 0.5225( 19.70 | 0.94
518. 229 -0. 6357 -0.33 -0. 0040 -3.65 0.5255 9.42 0.94
Cotton
Yield (1bs/acre) 1122. 86 -1.5612 -0.24 0.0032| 0.06 1.02
1146. 15 -0. 0002 -0.35 0.0069 | 0.13 1.08
1189. 35 -2.0374 -0.30 -0. 0003 -0.39 0.0121 0.10 | 1.03
Sugar beet s
Yield (Tons/acre) 25. 827 -0. 1965 -1.35 0. 0920 1.82 | 0.82
19. 102 0.0002 2. 40 0.2428| 5.77 1.03
19. 823 -0.0314 -0.19 0.0002 1.85 0.2445( 2.75 1.03




described in Section 4.2 are used. The Larsen and Heck relationships neasure
percentage |eaf danage associated with different levels of air pollution
concentration (ozone) and hours of exposure. They thus take into account

the intuitively obvious fact that |eaf danages nay be nore serious if a
given plant is exposed to either higher levels of air pollution or a constant
level for longer durapiop. There is one difficulty attendant to the use of
the Larsen and Heck relationship, that being |eaf damage may not correspond
to yield reduction, especially for fruit or root crops. Thus, certain ad-
justments nmust then be made to translate |eaf damage to yield reduction.
Based on enpirical results reported by Millecan, a general “rule-of-thunb”
can be used to relate |eaf 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 nethod-
ology is that only a limted set of equations has been estimated. O these,
very few correspond to the set of crops included in the study. To circum
vent this problemcertain equations have been sel ected from the Larsen and
Heck set to serve as “proxies” for general classes of crops. This assign-
nment 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 bel ow.

Larsen and Heck equation Study Crops
1. Pinto Beans approxi mtes  Geen Lim Beans

Celery (times 0.8)

2. Radish " Onion, Fresh (times 1.2)

Onion, Processing (times 1.2)
Sugar beet s

3. Spinach " Head Lettuce (tinmes O0.6)
4. Summer Squash " Broccol

Cant al oupes

Carrots

Caul i f | ower

Tomat 0, Fresh
Tomat o, Processing
Pot at o

5. Tomat o

After the selection of a specific equation to serve as a proxy for a
particular study crop, a table of |eaf damage (percent) associated with
actual levels of air pollution concentration (ozone) as neasured at repre-
sentative air nmonitoring stations for each county and hours of exposure (8
10, 12 hours) are cal cul at ed. For the purposes of this study, the |evel of
air pollution concentration is classified into three categories: (1) Air
pollution concentration level A represents the annual hourly nmaxi num re-
corded at the county monitoring station. It is thus the highest |evel of
oxi dant/ozone concentration in each year; (2) Level B is the annual average
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Table 4.3

A “Rul e-of -Thunb”* Rel ating Leaf
Damage to Yield Reduction

-
a a

% of Leaf Dammage % of Yield Reduction

1 2 3 4 5 corresponds to 0 0.1 0.4 0.8 1

6 7 8 9 10 1.1 1.2 1.5 1.7 2.
11 12 13 14 15 2.3 2.7 3.0 3.5 4,
16 17 18 19 20 4.5 5.1 6.0 7.0 8.
21 22 23 24 25 9.0 10.1 11.2 12.5 14.
26 27 28 29 30 15.0 16.0 17.0 18.0 19.
31 32 33 34 35 19.9 20.9 21.7 22.5 23.
36 37 38 39 40 23.8 24.7 25.5 26.3 27.
41 42 43 44 45 27.6 28.2 28.8 29.4 30.
46 47 48 49 50 30,6 31.2 31.7 32.3 33.
51 52 53 54 55 33.6 34.2 34.8 35.4 36.
%6 57 58 59 60 36.6 37.2 37.8 38.4 39.

*It should be noted that Millecan's “rule-of-thunmb,” as cited, applies
only to 20% | eaf damage. For dammge in excess of 20% vyield reduction was
derived from secondary sources concerning general crop sensitivity as well
as information relating to yield reduction at high levels of physical damage.
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of the hourly maximum;2/ (3) Level Cis the annual average of the average
hour|ly maximum.3/ 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 nentioned above

The second type af equation used in the yield response analysis is
that devel oped by Oshimaj et. al. This equational structure is used to
nmeasure yield reductions in cotton, California’s major field crop. The
Gshima, et. al. equations, unlike those of Larsen and Heck, relate ozone
doses directly to percentage of yield reduction. To date, this type of
equation has been estinmated for only three crops; alfalfa, cotton and tona-
to. In order to obtain an estimted percentage yield reduction, a cumla-
tive ozone dose greater than 10 parts per hundred mllion (the required
California standard) over the grow ng season in each year for each county
is needed. Such data for 1976 were not available at the tine of this study.
However, the cunulative 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 |evels neasured at air nmonitoring stations in or close to the grow ng
regions for cotton. The stations include Indio-0asis for Riverside and San
Bernardi no Counties; half the |evel of ozone doses observed in Indio-Oasis
for Inperial County;4/ and Delano for Kern and Tulare Counties. The cunu-
| ative ozone dose is obtained by adding up total doses exceeding 8 pphm
from March to September 1976 (representing the growi ng season) for each
station, as reported in Table 1in “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 nost conservative level of the
three, thus perhaps representing a |ower bound on yield damage. In the
South Coast region, the Pasadena, Anaheim Indio-0Oasis, San Ber nardi no,
Santa Maria, San Diego, and Ventura air nonitoring stations are used to cal-
culate air pollution concentration for their respective counties. The Mon-
terey station in the Central Coast was elimnated, as was the Bakerfield
station in the Southern San Joaquin Valley on the assunption that |evels at
these stations are not representative of the levels in the actual grow ng
ar eas.

In calculating the effect of air pollution on yield, two values of air
pollution concentration (both representing level "C") are used. (ne is the
average of 1972-1976 and the other is the 1976 |evel (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 estimte
Table 4.9, the production or yield per acre in the absence of air pollution
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Table 4.4

Level s of Oxidant/Ozone Concentration (pphm)

Level A Level B Level C
Area/Station County 72 73 74 75 16 Av. | 72 13 74 75 76 Av. 72 13 74 5. 76 Av.

| nperial valle 11
E Centro Imperial 17 13 8 13 11 9 6 7 6 6 3 5

South Crast

S Downt ovn Los Angeles %5 52 25 25 3% 3 |18 20 17 18 22 19 7 1 8 8 8 8
Pasedena Los Angeles 38 45 34 32 34 3B 23 23 24 2 24 23 0 10 12 10 11 10
Anahc i Orange 3% 32 25 17 30 28 18 19 16 13 16 16 5 b 6 5 b 6
Riverside-Robidourr Riverside 50 39 39 35 36 40 21 24 26 24 23 25 2 11 13 10 10 n
Indio-Oasis Riverside 25 22 2 20 16 2 16 18 14 12 11 14 8 1 7 7 6 7
San Bernardino San Bernardino 42 42 33 38 30 37 18 22 2 2 16 2 8 11 9 10 1 9
Santa 8Sarbara Sanra Barbara 13 24 21 25 17 20 9 13 12 12 10 11 4 6 6 6 5 4
Santa karia San La Barbara 15 13 15 b 12 12 8 1 7 5 9 1 4 4 4 3 5 4
San Dic go San Die go 17 2% 18 15 16 18 1z 11 12 11 13 12 4 5 6 6 6 5
VenLura-Telegraph Rd. | Ventura 20 16 19 18 14 1 13 13 7 5 5 6

Central Coast

" Montcrey Monterey 11 14 14 8 1 11 7 9 7 6 5 7 3 4 4 3 3 3
Salinas Monterey 9 15 12 8 11 11 7 9 8 5 6 1 4 4 4 3 4 4
Hollision San Benito 13 14 13 15 14 10 10 9 9 10 5 5 5 5 5
San Luis Obispo San Luis Obispe |12 11 16 11 11 12 8 8 9 7 8 8 4 4 5 4 4 4

Southeru San Joaquin
Bakerfield Kern 8 1w 17 12 12 15 0 1 1 8 g 10 6 6 7 5 5 6
Delano Kern 2 1 1 10 10 10 4 6 5
Visalia-0ld Jail Tulare 20 19 20 13 13 17 3 11 12 10 10 1 7 J 8 5 5 6

A - Max fmuem value for the year.

repregent each month (]2 values).

B = Averane of the maximum of hourly max.

It is the MAXi MUM _of themonthand alsothe maximum of each day.

It is obtained by first obtaining
the bourly maximum for cachday (24 values) then pickthe maximumtorepresent the maximum for eachday and pick the maximum to

Then pick the maximum to represent eachyear (5 values) and the average over a S-year period.

It s obtained by the same procedure as In A but the final value for each year ts obtained

by avevaglng the moathly maximum and then the average cver a 5-year period.

C = Average of rhe average of hourly wmaxlmum. It 1s obrained by averaging the average of the hourly-maximum. Thenaverage OVEer a

S-vear period.




Table 4.5

Percentage Yield Reduction for 12 Hour Exposure,
Using the Average value of xidant/Czone

[AS

Concentration from 1972-1976, “C' Level .
4
iy
crop
Oxidant/Ozc.ne
Content rat ton Creen Head
Reglon/Station County (ppha) Lima Beang Broccoli Cantalopes Carrot Cauliflower Celery Lettuce Onions Potato Tomato Cottoa Sugarbears

jacertal
A e Iuperial 5 3.1 0 0 o 0 2.5 0 1.0 1.1 1.1 9.4 0.8
$auth £onag 10 49.9 a 0 0 o 39.9 1.1 23.9 34.3 34.3 - 19.9

e Los Angeles 6 15.8 0 c 0 0 12.6 0 17 2.8 2.8 ; 1.4

s iy e 1 28.2 0 0 0 0 22.6 0.1 3.4 9.4 9.4 18.7 2.8

ot con dine 9 45.0 a 0 0 0 36.0 0.7 15.8 28.2 28.2 18.7 3.2

. “‘:: o S e 4 0.8 0 0 0 0 0.6 0 0.1 0.1 0.1 - 0.1

sJ:'D : San Dicgo H 3.1 8 0 8 0 2.s 0 1.0 1.1 1.1 0.8

en Doy

Ver qora-Telegraph k. Ventura 6 15.8 0 0 12.6 0 1.7 2.8 2.8 1.4

. 4 0.8 0 0 0 0 0.6 0 0.1 0.1 0.1 0.1

. o 5 3.1 0 0 0 0 2.5 0 10 1 11 - 08

San Lluls Oblape San Luls Obispo 4 0.8 0 0 0 0 0.6 0 0.1 0.1 0.1 - 01
Soytiwra $an Jugcuin Kero s 31 0 0 0 0 2.5 0 1.0 11 11 6.9 0.8

i

. 0 .
e an01d Jatl Tulare 6 15.8 0 0 0 12.6 0 1.7 2.8 2.8 6.9 1.4
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Table 4.6

Percentage Yield Reduction for 12 Hour Exposure.

el TEett . -
Using the "C" Level of Oxidant/Ozone Concentration for 1976
Crop
Oxldant/Ozone
Concentration Creen . Hesd
Regicn/Station County {pphm) Lima Beans Broccoli Cantalopes Carrots Cauliflower Celery Lettuce Onion Potato Tomsto Cotton  Sugarbeets
!Lrarx:{

1 Centro Imperial 3 0 0 0 0 0 0 0 0 0 0 9.4 0
Passlena los Angeles 7 ?8.2 s} 0 0 0 22.6 0.i 3.4 9.4 9.4 2.8
Anat ein Orange 6 15.8 0 0 0 0 12.6 0 1.7 2.8 2.8 1.4
Iadto-vasis Riverside 6 15.8 0 0 0 0 12.6 0 1.7 2.8 2.8 18.7 1.4
San Scrnardine San Bernardino 7 28.2 0 0 0 0 22.6 0.1 3.4 9.4 9.4 18.7 2.8
Sanca Marla Santa Barbara s 3.1 9 0 0 0 2.5 0 1.0 1.1 1.1 0.8
San Diego San Diego 6 1$.8 0 0 0 0 12.6 0 1.7 2.8 2.8 1.4
Ventura-Telegraph Rd. Ventura 5 3.1 0 0 0 0 2.5 0 1.0 1.1 1.1 0.8

Monterey 4 0.8 0 0 0 0 0.6 0 0.1 0.1 0.1 0.1
Holilater San Benito J 3.1 0 0 0 0 2.5 0 1.0 1.1 1.1 0.8
San Luls Obispo San Luis Oblspo 4 0.8 0 0 0 0 0.6 0 0.1 0.1 0.1 0.1
SsuttcrnS. " Jonqutn
T Bateno Kern 6 15.8 0 0 0 0 12,6 0 1.1 2.8 2.8 6.9 1.4
Visulia-0!d Jail Tulare 5 3 0 0 0 0 2.5 0 1.0 1.1 1.1 6.9 0.8

Note: The 53linss Statton 1s also used for Santa Cruz County.
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Table 4.7

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

Sout hern

Sout hern Desert Sout h Coast Central Coast San Joaquin Tot al
Crop 1972- 76 1972-76 197276 1972-76 972-76
Average | 1976 | Average | 1976 | Average 1976 | average | 1976 | ,v&rage 1976
Vegetable Crop
Beans 22. 66 15.71 1.57 1.57 9.45 9.45 11.23 8.91
Broccol i 0 0 0 0 0 0
Cant al oupes 0 0 0 0 0 0 0 0
Carrots 0 0 0 0 0 0 0 0 0 0
Caul i f1 ower 0 0 0 0 0 0
Cel ery 18. 11 12. 57 1.23 1.23 9.67 6.90
Lettuce 0 Q 0.27 0.03 0 0 0 0 0. 068 0.01
Onion, Fresh 1.00 0 6. 80 1.99 0.40 0.40 3.60 0.60
Onion, Process 1.00 0 6. 80 1.99 0.40 0.40 1.35 1.35 2. 387 0.94
Pot at 0 11. 24 4. 20 0.43 0.43 ,1.95 1.95 k.5% 2.19
Tomat o, Fresh 1.10 0 11. 24 4.20 0.43 0.43 1. 95 1. 95 3.68 1. 65
Tomat 0, Process 1.10 0 11.24 4.20 0.43 0.43 1.95 1.95 3.68 1. 65
Field Crop
Cott on 9.40 9.40 18.70 18.70 6.90 | 6.90 | 11.67 11. 67
Sugar beet s 0. 80 0 5.66 1.63 0.33 0.33 1.10 | 1.10 1.97 0.77
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Act ual

Table 4.8

Yield Per Acre (in the Presence of Alr Pollution)

Southern Desert Southern Coast Central Coast Southern San Joaqui, Study Region
. 1972-76 1972-76 1972-76 1972-76 1972-76
Crop Unit | Average 1976 Average 1976 Average | 1976 [ Average 1976 Average 1976
Vegetable Crops
beans, Creen Lime | Tons 2.16 2.04 2.23 2,52 2.96 3.00 2.29 2.35
Broccoli CWT 81.62 83.72 54.09 60. 67 57.81 64.12
Cantalopes CuT 129.57 | 127.46 139.85 150. 42 - 188. 12 180. 00 145.12 141. 72
Carrots CNT 333.87 | 402.00 312,12 257.30 | 292.03 303.12 341.10 350. 00 321.86 318.87
Cauliflover CWT 127.68 114.02 99.28 97.68 103.66 103. 43
Celury CwT 568.65 546,58 | 561.88 549, 73 565.94 547. 87
Lettuce, Head CWT 250.65 | 266.97 253.57 261.37 | 265.14 279.14 259. 95 292.16 258.73 273. 46
Onion, Creen CWT 274.37 | 208.94 322.54 291, 31 | 302.55 285. 45 300.05 258. 26
Onion, behydrated | CUT 273.04 | 324.32 318.66 350.00 | 335.05 314.61 340. 03 396. 92 323.70 368.70
PoLatoes CWT 319.47 5,77 | 327.12 326. 46 275. 34 295. 11 28a. 50 301.78
Tomato, Fresh cur 217.72 | 217.44 469.96 505.89 | 307.67 201. 29 288.12 199. 45 372.81 370. 18
Tomato, |'recess Tnns ‘21,66 25.17 24.83 20. 34 25.52 19. 89 20.29 24.53 22.11 21.64
Field Crops
“Cotron Lbs 1,144. 98 | 996.48 | 1,019.12 | 1,084.84 1,026.16 ] 1,088.10 | 1,039.19 | 1,075.95
Sugarbeets Tons 25.53 25.45 27.86 28.47 32.87 35.55 26.50 28.42 27,08 28.44
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Table 4.9

Potential Yield Per Acre (without Air Pollution Effects)
Southern Desert Southern Coast Central Coast Southern San Joaquir Study région
. 1972-76 1972-76 1972-76 1972-76 1972-76 I
Crop uni t Average 1976 Average 1976 Average 1976 | Average 1976 Average 1976
Vegerable Crops
Beans, Green Lima | Tons 2.65 2.36 2.26 2.56 3.24 3.28 2.55 2.56
Broccoli CWT 81.62 83.72 54.09 60.67 -. 57.81 64.12
Cantalopes CWT 128.57 127.66 139.85 150.42 188.12 180.00 145.12 141.72
Carrots CHT 333.87 402.00 312.12 257.30 | 292.03 303.12 341.10 350.00 321.86 318.87
Cauliflower owr 127.68 114.02 99.28 97.68 108.66 103.43
Celery CWT 671.63 615.28 | 568.79 556.49 620.67 585.67
Letcuce, Head cur 250. 65 266,97 254.25 261.45 | 265.14 279.14 259.95 292.16 258.91 273.49
onion, Green owr 277.11 208.94 344.47 297.11 | 303.76 286. S9 310.85 259.81
Onion, Dehydrated | cwT 275.77 32,12 340.33 356.96 | 330.39 315.07 344.62 402.28 331.43 370.91
Potutocs CwT 355.33 329.03 | 326.53 327.86 280.71 300.86 301.60 308 .39
Tumat o, Fresh cuT 220.11 217,44 522,78 527.14 | 308.99 202.16 293.74 203.34 386.53 376.29
Tomato, Procass Tons 21.90 25.17 27.62 21.19 25.63 19.98 20.69 25.01 23,55 22.00
Field Crvops
Cot ton Lbs 1,252.55 | 1,090.15 | 1,209.70 | 1,287.70 1,096.97 | 1,163.18 | 1,160.46 | 1,201.51
Sugarbeets Tons 25.73 25.45 29.44 28.93 32.98 35.67 26.79 28.73 27.61 28.66

Southern Desert includes Imperial County

Southern Coast includes Los Angeles,Orange, Riverside, SanBernardiuo, Santa Barbara, San Diego, rind Ventura Counties

Central Coast includes Monterey, San ELenito, San Luis Obispo, and Santa Cruz Counties
Southern San Joaquin Includes Kern aand Tulare Counties

Sources: County Agricultural Commlssioncr Annual Crop Reports




effects in the study area. Table 4.9 thus represents the potential or hy-
po:hecical yield that could be realized if the negative effects of air p51-
1ution were renmoved from the crop environnent.
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FOOINOTES :  CHAPTER |V

1 . : . , .
—/The counties in each region as well as included crops in this
study are discussed in Chapter 1.

2 .
—/See the explanation on these levels at the bottom of Table 4.4.

~/ibid

i‘/EI Centro, the nmonitoring station for Inperial County, typically
has approximately one-half the ozone |evel observed at Indio-Oasis. Hence,
the one-half value for cunulative doses.
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