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ABSTRACT

In spite of an enornous amount of literature on the phytotoxic effects of
air pollution, few research efforts have been directed at the inplications of
these effects for agricultural markets. O those few studies that do exist,
nearly all do no more than multiply the results of a field survey or
experinmental study of yield reductions by an invariant price in order to
estimate the econonmic losses attributable to air pollution. The adjustnents
in output and input prices and cropping and |ocation patterns that
agricultural markets and growers make in response to altered levels of air
pol lution have been neglected. The three essays in this volunme weigh some of
the economc inplications of these air pollution-induced adjustnents for
southern California agriculture.

The initial essay enploys a nmathematical progranmng technique to assess
1976 air pollution-induced |losses to fourteen of southern California's nost
hi ghly val ued annual vegetable and field crops. A nmeasure of the
di stributional consequences of these losses is also provided. Resul ts
indicate that 1976 benefits of air pollution control for the fourteen included
crops woul d have been about 3.7 percent of their gross farmvalue, or $46
mllion. About three- quarters of these benefits would have accrued to the
crop producers, with the rest being acquired by consuners

A second essay provides estimates of the |osses in earnings that workers
incitrus groves bear fromthe oxidant air pollution to which they are exposed
in their work environnents. Fourteen of the seventeen workers studied
suffered losses. O these fourteen, there were order-of-magnitude differences
in |losses among them  The average daily earnings of all seventeen workers

were reduced by two percent.

A final essay provides enpirical evidence of a noderately strong positive
associ ati on between a frequently enployed neasure of the risks faced by
agriculturists and increases across space and tine in southern California air
pol lution. No pecuniary measure of the burdens this association might inply
for agriculturists is provided.



On the basis of the above three sets of results, our informed yet con-
servative judgment is that the levels of anbient oxidants prevailing in
southern California in the md-1970"s were responsible for at least a four
percent reduction in the total econom c surpluses generated by the area's
agricultural activities.
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CHAPTER |
| NTRCDUCT! ON

The Probl em Setting

Even in the wealthiest countries, agricultural production is strongly
i nfluenced by factors beyond the control of producers. Despite a trenmendous
increase in agricultural yields during the past three decades due, in part, to
successful breeding of high yield and di sease resistant varieties of plants,
favorabl e weather conditions, and heavy usages of fertilizers, insecticides,
and nodern farm machi nery, aggregate world food production has often not kept
pace with world population growth. Further, in the nmore wealthy countries,
yi el d pl at eaus appear to have been reached for sonme crops. For specific
sites, this leveling of yields may be partially attributable to human-induced
changes in environnental factors, such as the shifting of production to soils
of lower inherent productivity and the general degradation of environnenta
guality, including worsened anbient air quality caused by encroachment of urban
and industrial growth upon agricultural lands. Perhaps the nost vivid exanple
of the conflict between urban and industrial activities and agriculture
through the internediary of air pollution is to be found in southern
California.

The fact that air pollf}ion poses problems for southern California agri-
culture is well documented.= Injury to vegetation from photochential
oxidants in the immediate vicinity of Los Angeles was first characterized in
1944 [Mddleton, et al. (1950)], but was soon recognized to exist over a large
part of southern California [Mddleton, et al. (1958)]. Potentially
phytotoxic |evels of photochem cal oxidants are now generally acknow edged to
extend fromthe Los Angel es Basin eastward into the Mjave Desert and the
Inperial Valley and northward into the Ventura-Oxnard Plain. In addition,
areas of previously |ow pollution concentrations, such as the San Joaquin
Valley and the Central Coast Valley, have recently been experiencing |ocally
generated anbient oxidant concentrations that are potentially damaging.

The Scope of the Analysis

In spite of an enornous literature on the phytotoxic effects of air
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pollution, few research efforts have been directed at the inplications of
these effects for agricultural markets. O those few studies that do exist,
nearly all do no nore than nultiply the results of field surveys or
experinental studies of yield reduction by an invariant current price in order
to estimate the value of air pollution-induced |osses, e.g., Thonpson and
Tayl or (1969), Benedict, et al. (1973), Mllecan (1976). The adjustnments in
output and input prices and cropping and |location patterns that agricultura
markets and growers nake in response to altered levels of air pollution have
been neglected. The three essays in this volunme weigh sone of the economc
implications of these air pollution-induced adjustments for southern
California agriculture.

The initial essay uses a mathenatical progranm ng technique to assess air
pol | ution-induced | osses to fourteen of southern California s nost highly
val ued annual vegetable and field crops. This technique allows us to estimte
the |l osses in consunmer surpluses and grower rents occurring after growers have
been permitted to alter cropping patterns and |ocations in response to changes
i n ambi ent concentrations of photochenical oxidants. As we have used it,
however, the technique falls somewhat short of capturing all econonmically rel-
evant features of the inpacts of air pollution upon agricultural narkets.
Anong ot her things, such as the inmpact of air pollution on intertenpora
agricultural investment patterns, it forces us to disregard | osses that inputs
enpl oyed but not owned by the grower may suffer. In addition, as we have used
it, the technique enbodies an assunption that air pollution has no influence
upon the uncertainties that growers and the inputs they enploy face.

The second essay provides estimates of the |osses in earnings that
workers in citrus groves bear fromthe oxidant air pollution to which they are
exposed in their work environnents. Although citrus is not anobng the fourteen
crops to which the mathenmatical programm ng technique is applied, the greater
than two percent earnings losses that air pollution inposes upon citrus grove
wor kers gives cause to wonder whether |abor for other agricultural crops m ght
suffer simlarly. |If so, these |losses would be in addition to those wei ghing
upon consumers and growers

The final essay is the only one of the three which does not present
pecuni ary equival ents of sone facet of the |osses that the air pollution
originating from southern California urban and industrial activities forces
upon the areas’ agriculture. Instead, after a brief discussion of why un-
certainty is costly to the agricultural sector, we provide enpirical evidence
of a noderately strong positive association between a frequently enployed
neasure of the risks faced by agriculturists and increases across space and
time in southern California oxidant air pollution.
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The research efforts displayed in these three essays neither enbrace al
oxi dant air pollution inmpacted crops grown in southern California nor do they
capture all plausible facets of the inpacts of oxidants upon the input and
output narkets for these crops. For exanple, |osses in consumer surpluses and
producer rents fromreductions in citrus yields are not included and economi c
| osses generated by any yield uncertainties that oxidants cause are absent.
Despite these blanks, and assuming that the crops and inputs we have studied
have a reasonably representative distribution of air pollution sensitivities,
our informed yet conservative judgment is that the levels of anbient oxidants
prevailing in southern California in the md 1970's were responsible for at
| east a four percent reduction in the total econom c surpluses generated by
the area’s agricultural activities.
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CHAPTER 1|

AN ECONOM C ASSESSMENT OF Al R POLLUTI ON DAMAGES
TO SELECTED ANNUAL CROPS | N SOUTHERN CALI FORNI A

Agricultural production is strongly influenced by many factors beyond the
control of individual producers. In agricultural regions within or
surroundi ng urban areas, air pollution has in recent decades become one of
these exogenous influential factors. \Wen these agricultural regions, perhaps
because of wunique climtological requirenents, dom nate the national
marketing for selected crops, output price increases may occur due to air
pol lution induced reductions in crop vyields. These price increases wll
reduce the well-being of consumers. In addition, if increases in narket price
are insufficient to offset reductions in marketing, producers may al so be
made worse of f.

On a seasonal basis (mainly winter and spring) southern California
produces a major share of the nation's vegetables and fruits. Mreover, l|arge
vol umes of field crops such as cotton and sugar beets are also produced within
the region. The adverse biological effects on many of these crops fromthe
oxidant air E?llution that intermttently spreads through the region are wel

documented. = Attenpts to assess the econonmic inpacts of these effects have
been few. Moreover, those attenpts that have been nmade sinply nultiply the
estimated reductions in yields by an invariant price. — This nethod is

i nappropriate for crops having geographically concentrated production patterns
since their market prices may vary with the quantity supplied from the region.
Moreover, the nmethod is unable to account for nitigative changes in cropping
patterns and | ocations

In this paper we enploy a nore general methodol ogy to assess the economc
i npact in 1976 of air pollution upon fourteen annual vegetable and field crops
in four agricultural subregions of central and southern California. The study
is best characterized as an exercise in the analysis of changes in comparative
econom ¢ advant age between and anobng crops and growi ng locations. In
addition, we are able to distinguish between the inpacts upon consuners and
producers of these air pollution-induced changes



While our results are linmted in scope and are sonetines based upon
sparse air pollution data and unsettled dose-response relations, they suggest
that nore conprehensive anal yses then have been traditional are desirable for
the econonic assessnent of fairly large-scale ecosysteminpacts of human
activities. That is, at least for the case we report here, the enmpirica
results appear to be quite sensitive to the anal ytical conprehensiveness of
t he nodel one adopts.

THE PROBLEM

W assune that nmarkets for each of the included fourteen crops operate so
as to solve the followi ng quadratic programmng problem

Max: 7= C'Q+ 12 JDQ HQ
Subject to: AQ<Db
Q>0

The symretric matrix D in the objective function is negative definite
and the constraints are convex. The terms of (1) are defined as follows.

Ais an mx n matrix of production coefficients indicating the
i nvariant amount of each of a variety of inputs required to produce any
single unit of a particular output.

Qis an x 1 colum vector of crop outputs

Dis amx mmatrix representing slope values of the |inear denand
structure for the fourteen included crops

His an x 1colum vector of invariant unit costs of production for the
i ncluded crops.

Cis an x 1 colum vector of constants
bis amx 1colum vector of inputs.
As advocated by Harberger (1971), = is the sum of ordinary consuner sur-

pl uses and producer quasi-rents. The supply functions for all producer inputs
purchased in the current period (seeds, labor, fertilizer, etc.) are assuned

to be perfectly price-elastic. In addition, we invoke WIlig's (1976) results
and presune any differences between ordinary and conpensated consuner
surpluses to be trivial. Since neither inconme elasticities nor ordinary

consuner surpluses or expenditures as a percentage of incomes are likely to
large for the crops being studied, this invocation seens reasonabl e.
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The | eft-hand-side of the objective function in (1) can be stated in
ternms of observable by introducing a price forecasting expression:

P=C+1/2 DQ (2)

where Pis an x 1 vector of farm level crop prices. In matrix form the
obj ective function may then be expressed as:

Plo= CQ.1/2Q'm. H'Q )

In order to capture the inmpact of air pollution upon crop yields, we
define a variable Z*(0<Z*<1) for each included crop. The Qterns in (I), (2)
and (3) can then be stated as:

Q* - (I - Z) L, (4)
wher e

Q@ is anx 1 colum vector of yields of the n crops in the presence of
air pollution.

Z* is anx 1 colum vector of indicies of yield reduction for the n
Crops.

' is anx 1colum vector of unity.

Lisanx 1colum vector of the land acreage used for cultivating the
n crops. The total land area available for all crops is assumed fixed

Yis an x 1colum vector of yields per acre of the n crops in the
absence of air pollution.

Gven L and Y constant, the value of Q varies inversely with the value
of Zz*. Thus regions with higher ambient oxidant concentrations will have
hi gher values for Z* and consequently lower values for Q. The yield price
effects of these reductions in @ are then predicted by (3), the price fore-
casting expression. I mpacts of these predicted price changes upon consumner
surpl uses, producer quasi-rents, and cropping patterns can then be cal cul ated
by solving the quadratic programming problem

Yl ELD REDUCTI ON RELATI ONS

The first requirement for enpirical inplementation of the above nobdel is
the establishment of Z* in (4) for each crop. To acconplish this, we adopted



two approximation procedures, and then tested the robustness of the appr,-
i mati ons by comp%i}ng themto the results obtained by a totally different

third procedure. — Nevertheless, sone fairly speculative leaps froma quite
limted base of hard data relating to photochem cal oxidant dose-response
relations for the fourteen crops were required

Except for cotton, a fornulation of Larsen and Heck’s (1976) was conbi ned
with a general rule-of-thunmb of Mllecan’s (1971) to estimate yield
reductions. After reviewing a large nunber of studies on ozone damages to
plants,= 1larsen and Heck (1976) fornmulated a general expression relating the

intensity and duration of ozone exposures to |eaf dammges. They al so
publi shed the coefficients of the parameters of the expression for a variety
of crops. Leaf damages may not be linearly related to yield reductions,

however. W, therefore, used a “rule-of-thunb” suggested by MIllecan (1971)
to translate percentage |eaf danage to percentage yield reduction for the
study crops. This perhaps rather questionable but unavoi dable procedure was
unnecessary for cotton given that Gshima (1973) has related cunul ative ozone
exposures directly to percentage yield reductions

By region, Table 1 presents estimated air pollution-induced percentage
yield reductions averaged over the 1972-76 period and for 1976 for the
fourteen crops, given the actual 1976 cropping patterns and |ocations. Four
vegetable crops, broccoli, cantal oupes, carrots, and caulifl ower, displayed no
yield effects. Reductions in lettuce yields occurred only in the South Coast
and these effects were slight. However, |ina beans, celery, and cotton appear
to have suffered substantial yield reductions, while potatoes, tomatoes, and
onions exhibit noderate |osses at observed oxidant |evels. Regi onal | y,
percentage yield reductions are by far the greatest in the South Coast,
followed by the Southern San Joaquin, the Southern Desert, and the Centra
Coast regions. This ordering of regions by yield reductions corresponds to an
ordering by anbient oxidant concentrations. Percentage yield reductions for
sonme crops in some regions do not differ between 1972-76, and 1976, because of
t he discontinuous dose-response functions posited by Larsen and Heck (1976)
and Oshima (1973). Those dissimilar crops such as potatoes and tomatoes in
Table 1 said to have identical estinmated percentage yield reductions were, on
the basis of a review of the relevant literature, treated as having identical
dose-response functions.

In order to provide an independent check of the estimates in Table 1,
production functions for nost crops were estimated by individual counties from

annual time-series data extending from 1957 through 1976.= Usi ng ordinary-
| east-squares, individual crop yields were assumed to be sinple |inear
functions of exogenously determined |evels of harvested acreage of the crop
annual average 24-hour maxi ma of oxidants, and a county agricultura



Table 2.1

Estimated Percentage Yield Reductions by Crop and Region
Due to Arithmetic Mean 1972-76 and 1976 Ambient Oxidants
Given Existing Cropping Patterns and Locations*

Region**
Southern South Central Southern
Crop Desert Coast Coast San Joaquin
1972-76 1976 1972-76 1976 1972-76 1976 1972-76 1976
Vegetables
*kx
Beans, processing 22.26 15.71 1.57 1.57 9.45 9.45
green lima
Broccoli 0.00 0.00 0.00 0.00
Cantaloupes 0.00 0.00 0.00 0.00 n.a. n.a. 0.00 0.00
Carrots 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cauliflower 0.00 0.00 0.00 0.00
Celery 18.11 12.57 1.23 1.23
Lettuce, head 0.00 0.00 0.27 0.03 0.00 0.00 0.00 0.00
Onions, fresh 1.00 0.00 6.80 1.99 0.40 0.40
Onions, processing 1.00 0.00 6.80 1.99 0.40 0.40 1.35 1.35
Potatoes 11.24 4.20 0.43 0.43 1.95 1.95
Tomatoes, fresh 1.10 0.00 11.24 4.20 0.43 0.43 1.95 1.95
Tomatoes, processing 1.10 0.00 11.24 4.20 0.43 0.43 1.95 1.95
Field
Cotton 9.40 9.4(1 19.70 18.70 n.a. n.a. 6.90 6.90
Sugar beets 0.80 0.00 5.66 1.63 0.33 0.33 1.10 1.10
Notes to Table
*  Ambient oxidants are the arithmetic means of the 24-hour hourly maxima in
parts per hundred million by volume as reported in California A r Resources
Board (undated). Monitoring station locations were selected so as to be
as close to crop production areas as possible. Exact locations of monit-
oring stations and crop production areas are depicted in Thanav Ibuchai

(1979, p.

132).

** The Southern Desert is Imperial County; the South Coast is Los Angeles,

Orange,

10

Riverside, San Bernardino, Santa Barbara, San Diego, and Ventura



Tabl e 2.1 (continued)

Counties; the Central Coast is Monterey, San Benito, San Luis Obispo,
and Santa Cruz Counties; and the Southern San Joaquin is Kern and
Tulare Counties.

“

*** A line indicates
the region.

not app licable” because the crop is not produced in

11



productivity ipdex. The latter is a composite nmeasure of input productivities
for all crops.— Cotton, cantal oupes, and carrots in Kern County; processing
tomatoes, |lima beans, and celery in Orange County; and fresh onions, |inm
beans, and fresh tomatoes in Riverside County had coefficients inplying yield
reductions simlar to those predicted by the Larsen-Heck (1976) and Oshinm
(1973) nethodol ogies. Gven the tinme-series nature of the production function
estimates, some discrepancies are not surprising. Nevert hel ess, the ordering
of oxidant sensitivities by crop obtained for the latter nethodol ogies
corresponded to the ordering obtained by the production function estinates and
can lend plausibility to the range of effects incorporated in the nodel

PRI CE FORECASTI NG RELATI ONS

In order to capture air pollution-induced price changes and their conse-
guent welfare effects, the problemin (1) incorporates a system of |inear
demand functions for the study crops in the quadratic objective function.
Since interest here is in prediction of these price changes, an inverse
function _or price-forecasting expression for estinmation purposes is
employed.—' Wth certain exceptions, the current quantities of the study
crops produced can be treated as predetermned. Planting decisions for annua
crops, once nmade and acted upon, are not readily altered. However, where a
crop is widely grown under contract, as with processing tomatoes, or is
general |y acknow edged to be strongly influenced by governnent subsidy and
quota programs, as Wwith cotton and sugar beets, we enployed the
qguantity-endogenous studies of others to establish a quantity coefficient. In
addition, if the estimated quantity coefficient for any crop was statistically
insignificant at the five percent level of the one-tailed t-test, we derived
the incorporated coefficient fromthe price flexibilities of other seasons
(e.g., spring, summer, fall) for the same crop at relevant price and quantity
| evel s.

Table 2 gives the quantity coeffg?ients as estimated from tine-series

data extending from 1955 through 1976.— Price flexibilities are included to
faCilitafe conparisons Wwth other studies, particularly King, et al.
(1978).=— Initially for each seasonal crop, the average price received by

California farners was regressed by ordinary-| east-squares upon quantity
produced in California, quantity produced in the rest of the United States,
hol dover stocks, and United States aggregate disposable income. To ease the
conput ational burden involved in solving (l), an adjusted intercept term was
then cal culated by evaluating all independent variables, except for the
quantity produced in California, at arithnmetic nmean (1955-1976) |evels,
sunming, and adding the result to the initially estimited intercept term The
general price forecasting equation used in solving (1) was then

12



Table 2.2
PRICE FLEXIBILITIES FOR THE SELECTED CROPS

Quantity Price
Adjusted Coef fi ci ent Flexibility
Crop and Season Intercept?’ with Respect with Respect
(1976) to California to California
Productiongj Producti on,
(1972-76)
Veget abl e
Beans, gr. lima 333.29 -0. 1543 -0.02' 0.91
Br occol
Early spring 15. 85 -0.7247 -0.11 0.93
Fal | 20. 85 -2.9696 -0.34 0. 96
Cantal oupes
Spring 14. 62 -1.6286 -0.18 0.89
Summer 12. 40 -0.5355 -0.40 0.90
Carrots
W nt er 9.22 -1.4781 -0.83 0.56
Early summer 7.94 -0. 1467 -0.10 0. 47
Late fall 8.32 -0.1803 -0.10 0.68
Caul'i fl ower
Early sprin 25.51 - 6. 3986, -0.30 0.93
Lat eyfallol ) 11.57 —2-4036-‘31 d/ 0.96
Cel ery
W nt er 10. 83 -1. 3500 -0.48 0.69
Spring 11.43 -1.7608 -0.69 0.68
Early summer 8.09 -0.622s -0.20 0.65
Late fall 13.97 -1.6232 -0.88 0.69
Lettuce </
W nt er 6. 36 -0. 5857 df 0.53
Early spring 16.72 -1. 2690 -1.50 0.52
Sunmmer 17.75 -0.8376 -1.30 0.75
Fal | 12. 57 -0. 5047 -0.55 0.79
Oni ons
Late spring 8. 97 -0.5951 -0.14 0. 36
Late sunmer 4.27 -0. 0053 -0.01 0.71
Pot at oes
W nt er 6.50 -0.8493 -0.18 0.71
Late spring 9.95 -0.2997 -0. 69 0.62
Early sunmmer 5.32 -1.2863 -0.23 0.65
Late sunmer 5.27 -0.1512 -0.05 0. 66
Fal | 4.00 -0. (3377 -0.05 0.77
Tonmat oes, fresh /
Early spring 26. 04 -5.4366% d/ 0.70
Early summer 29. 41 -1.0698 -0.19 0.93
Early fall /29.81 -1. 2692 -0.18 0.93
Tomat oes, processing§-68.00 -2.4300
Field ¢/
Cotton 70. 17 -0. 0296
Sugar beets &/ 32. 46 -0. 2655

13



Table 2.2 (continued)

-a-/lndependant variables, other than California production, were evaluated at
mean (1955-76) levels and added to the intercept term. Units of the adjusted
intercept terms are in dollars per hundredweight for all crops except proces-
sing tomatoes, lima beans and sugar beets (dollars per ton) and cotton (cents
per pound).

E/Units in the slope coefficients are million hundredweight for all crops
except processing tomatoes and sugar beets which are in million tons, lima
beans in thousand tons, and cotton in million 500-Ib bales.

E/Due to the statistical insignificance of the estimated slope coefficients,
the incorporated slope coefficient is derived from price flexiblities of
other seasons for the same crop at relevant price and quantity levels.

i/Not: applicable due to reasons given in footnote c.

S/Slope coefficient is derived from King, et.al. (1973, Tables 5.2-5.6)

i/Slope coefficient is derived from Blakley (1962).

S-/SIope coefficient is derived from Bates and Schmitz (1969).
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P=(a+ ? bi xi) +cQ, i+l (5)
where P is the average seasonal price for the crop in question, b is the
initially estimated coefficient for the ith explanatory variable, X1 iS the
arithnmetic nean value of the ith explanatory variable over the 1$55-1976
interval, and c is the initially estimated coefficient for the quantity Q of
the crop produced in California.

TECHNI CAL CCEFFI CI ENTS AND | NPUT CONSTRAI NTS

On the presunption that the annual crops being studied require given

i nput conbinations, a linear technology is adopted for each crop and region
Once planting has taken place, input conbinations for these annual crops are
not easily altered. Mreover, since the estimated input-output coefficients
represent grower and county averages within a region, najor shifts in relative
i nput usages within a single season woul d have to occur tf ?ring about a dis-

. ) . s 0
cernible change in the overall input-output coefficients.—

I nput -out put coefficients for soil type, water, fertilizer, pesticides,
and | abor were estimated by crop within the individual regions. Units were
defined so as to be consistent with those enployed for the price-forecasting

expressi ons. Finally, in order to constriig the progranming problem avail -
abl e input stocks were set at 1976 levels.

BASE PERI CD RESULTS

Using the price-forecasting intercepts and quantity coefficients of Table
2, the estimated input-output coefficients and resource constraints, and 1976
air pollution levels, the programming problem was solved by crop and region
for the 1976 crop year. The solution results are presented in Table 3

Even though the programmng problemis normative, a conparison of these
estimated 1976 results with what actually occurred in the sane year provides
an inpression of the credibility of the adopted fornmnulation. Since the
estimated econonmic losses fromair pollution will be the difference between
t hese base results obtained in the presence of 1976 air pollution and what
these results would have been in the absence of any oxidant air pollution in
1976, a check on the accuracy of the base results seems warranted

The estimated 1976 production for nmpbst of the study crops in the four
regi ons appears reasonably close to the actual 1976 production. For nost
crops, the differences between estimated and actual |evels of crop production
are substantially less then + 10 percent. Exceptions are processing tomatoes
(18 percent) in the Southern Desert region and fresh onions (-16 percent) in

15
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the South Coast region. These differences are partially due to the tendency
of the nodel to overestimate production of the relatively nore profitable
crops. Overall, however, the results in Table 3 suggest that the nodel and
its price forecasting expressions provide a quite accurate prediction of
actual 1976 production patterns for the study crops

Al'R POLLUTI ON DANAGES

Potential Production in a Regional Context

To determne the extent to which air pollution reduced crop production in
the individual study regions, the estimated 1976 percentage yield reductions
in Table 1 were used to calculate what per acre yields for each crop in each
regi on woul d have been in the absence of air pollution. Gven these new per
acre yields, the input-output coefficients for each input used were then
recal culated, presuming that the absolute |evels of input usage were
unchanged.  The programm ng nodel was then recast in ternms of these altered
production coefficients and solved separately for each region. Table 4
presents the results of this recasting and conpares themwith the estimated
yields in Table 3, where 1976 air pollution levels were present.

The results of Table 4 show that the Southern Desert region would exper-
ience a slight increase in production of npbst crops susceptible to air
pol lution damages, wth significant increases in the production of processing
onions and cotton. Those crops nore resistant to air pollution damages, such
as carrots and lettuce, exhibit slight declines in production

For the other three regions, some crops such as cauliflower, lettuce, and
broccoli, that are rather tolerant of oxidant air pollution record mnina
changes in production levels. However, broccoli and cantal oupes in the South
Coast region are two exceptions. The very significant decrease in the
production of these air pollution tolerant crops is due to their substantially
reduced profitability relative to crops that are nore sensitive to air
pol lution. Production of these air pollution sensitive crops, such as lim
beans, potatoes, tomatoes, cotton and onions, generally tends to increase in
each region. Exceptions are lettuce in the South Coast region and processing
onions in the San Joaquin Valley region. Even though these two crops are
fairly intolerant of oxidant air pollution, their estimted production in the
absence of air pollution is actually lower than in its presence. These
results appear to stem fromthe significant and domi nating increases in
production of fresh onions, |inma beans, processing tomatoes, and cotton in the
South Coast region, and |inma beans and cotton in the Southern San Joaquin. As
expected, there are only miniml changes in crop production in the Centra
Coast region since 1976 air pollution levels were relatively small

17
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Table 2.4

Crop Production Patterns in the Absence of Air Pollution
Regional Anatysistor 976

Southern sert S J h Coast Central _Coast Sout hem San Joaguin l Tots
Crop Potential DIfferences® Potent fal Differences” Potential Dif ferences® Potent ial Differences_ Potent lalDifferences®
‘oductlon santity T Produc t ion Quantity = Productiol wantity T Product ion p-art T Production

:getable
Beans, Lim 17,164 3,164 22.6¢ 2,550 50 2.00 10,567 710 | 7.20] 30,284 3,924
Broccoli 1,018,129 -111,364 . 9.8( 2,072,893 | -14,376 - 0.69 - - 3,091,02 25,740
Cantaloupes | 1,120,010 0.00 416,675 -18,924 - 434 503,892]- 7,324 | 1.43] 2,040,577 -26,238
Carrots 2,216,658 2,1% - 0.10 2,924,409 -24,569 - 0.8 1,473,525 | - 3,360 - 0.23] 3,480,131 | 23,134 | 0.67§10,094,72 -6,965
Cauliflowe: 863.853 - 147 -0.02 1,121,352 829 0.07 - - 1,985,20 682
Celery 6,613,678 336,424 5.36 4,482,108 27,178 0.61 - - ]11.095,78¢ 363,602
lettuce 1,709,770 15,220 - 0.13 4,838,876 -57,407 -1.17 20,624,005 17,725 0.08] 1,428,242] -9,956 | 0.69{38,600,89% -64,938
On lons,

fresh 377,200 3,831 1.03 414.900 182,906 78.84 585.776 -435 - 0.07 - ‘ 77,8794186,302
Onions,

processis 373.550 | 19,550 5.52 1,493,326 95,076 6.70 4)9,882| -4,103 | - 0.97| 2,520,444} 1h6,910] 5 50 407,207 -36,387
Potatoes 3,248,317 211,320 6.96 1,430,512 7,012 0.49] 10,897,512 | 236,024 | 2:27,15,576,3414 25k, 356
Tomatoes,

fresh 381,533 4,108 1.09 5.177,999 180,029 3.53 80s ,505 130 0.02 405,298 16,628 .28 6,870,334 200,895
Tomatoes

process ir 35,363 351 1.00 273,750 94,619 52.82 204,338 5,878 2.96) 210,756 4,3150 2.09 724,204 105,163
ield

Cotton 154,354 13,354 9.47 60,150 9,510 18.78 - - 1,037,822 67,062] 6.91 { 1,252,32 89,926
Sugar Beet: | 1,486,812 11,802 0.80 271,500 14,500 5.64 868,850 2,650 0.31 868,324 19,324|2‘28 3,495, 4 48,276

%ifference from the estimated production with air pollution effects of Table 3.

NOTE: Quanti ty is tons for 1 Imabeans, processing tomatoes ¢ nd sugar beets; bales for cottonand hundredweight for all othercrops.



COVBI NED REG ONAL ANALYSI S

The above analysis treats the air pollution-induced changes in price

production levels, and input usages for the crops within a region as being

i ndependent of simlar changes in other regions. In this section, we obtain
the optimal |evels of production for each crop within each region by max-
imzing the- objective function over the combined four regions. Al inputs
except land were aggregated over the regions to arrive at a total resource
constraint. Since land is inmmobile, a maximm constraint based on the actual
1976 regional acreage planted for all crops was inposed separately in each
region. The base input-output coefficients and price forecasting expressions
enpl oyed are identical to those used to establish the results of Table 3.

Table 5 serves as a check on the creditability of the combined regiona
analysis. As was true for Table 3, the estimated yields for npbst crops are
quite close to actual yields, although the correspondences are not as good as
in Table 3. Substantial discrepancies between estinmated and actual yields
occur with fresh tomatoes in the Southern Desert region, with carrots and
fresh tomatoes in the Central Coast, with carrots and processing onions in the
Sout hern San Joaquin region, and with broccoli in the South Coast region.
Since close correspondences were present in the regional analysis sunmarized
in Table 3 between the actual and estimated yields for these crops,

di screpancies in Table 5 are perhaps due to the inplicit assunption of the
programm ng nodel that |ocational adjustments across regions take place
i nst ant aneously and costlessly

Table 6 shows how the estimted 1976 yields of Table 5 would be altered
in the absence of air pollution. The Southern Desert region experiences
increases in the production of all crops except |ettuce. Carrots, fresh
tomatoes, and cotton exhibit major increases. Only plants of the latter group
are sensitive to air pollution damages. Wth the exception of carrots, there
are no major changes in crop yields in the Central Coast region. Carrots show
a nearly 30 percent decline, with nmost of the production apparently shifting
to the Southern Desert region

In the South Coast and Sout hern San Joaquin regions, crops whose plants
are sensitive to air pollution damages (linma beans, celery, onions, tonatoes,
cotton, and sugar beets) generally have increases in production when air

pollution is not present. Crops resistant to oxidant air pollution, such as
broccoli, cantal oupes, and carrots, show a reduction or no ngjor change in
producti on.

The last colum of Table 6 shows estimated increases and decreases in
conmbi ned regional 1976 production in the absence of oxidant air pollution.
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Table 2.5

Estimated e nd Actual Crop Production in Presence of Alr Pollution
Combined Regional Analysis for 1976

Southern San Josauin

S —_ t alley
Crop Unit seaso | Actual Estimated easc Actual Estimate{ | Seasc Actual stimated paso | Actual | [St imated | Actual stimated
| egetable
Beans, pmt.
green 1 ima | Tons 141 141 2.5 2.5 9.0 9.0. 25.592 25.538
Broccoli list ES ,074.1 1,616.3 F 2,009 .4 1,833.9 3,160.530 | 3,4%$0.250
« Cwt S 1.128.0 1,127.4 S 461.3 482.5 - Su 468.0 524.6 2,057.332 | 2,134.452
Carrots Cwt u 2,215.0 2,207.6 LF ,908.0 2,643.6 ESU | 1,476.4 646 .7 Esu § 1,500.0 | 4.531.9 0,099.412 | 0,029.752
Cauliflower | Cwt LF 864.3 876.1 ES 1,144.1 1,399.5 2,008.380 | 2,275.631
Celery Cwt S 4,588.5
LF 1,313.9 .
4781 5,902.4 W | k,529.8 4.456.6 1,007.900 | 0,358.955
Let tuce Cwt - ES N.A. 7,018.2
Su N.A, 15,262.5
) 1,720.0 [ 12,076.6 ES 1950.1 4.800.2 Totai | 0,535.2 22,280.7 s 1,490.0] 1,536.0 8,695.300 | 0,693.571
onions,
fresh Cwt LS 374.0 373.9 LS 277.3 275.3 LS 596.6 595.4 - 1,247.928 | 1,244.530
Onions,
processing J Cwt LSu 300.0 286.4 LSt | ,400.0 1,398.1 LSy 393.3 393.5 Ls | :,580.0] 3,615.2 4,673.260 | 5,693.130
Pot e toes Cwt W ,980.2 3,390.0 LSu ] 1,428.6 1,425.7 1§ ),630.9 ] 12,178.7 5,039.700 | 6,.988.379
Tomatoes
fresh ' Cwt ES 384.0 148.3 ES' | 0204 4,583.8 ESu 872.0 628.7 ES 403.5 457.2 6,679.896 | 5.818.097
Tomatoes,
process | ng | Tons 36.0 35.4 178.5 165.8 189.0 190.2 195.0 233.1 598.518 624.537
ield
Cotton Bate .5 Vhi.2 F1R) 51.3 972.8 935.4 1,165.382 | 1,127.973
Sugar Beets | Tons 1.476.0 1,475.3 256.6 256. 1 867.0 866.4 849.6 850.1 3,449.292 | 3.447.962

*Al | f igures are in1,000 units for each crop.

NOTE :

Season Is abreviatede s fol lows:

U - Winter.

ES - Ear’ 3pS ring; ESU - EarlySummer; F Fall;LS L ate SPring;
Su - Late Summer; S - Spring; Su - Summer; an
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Table 2.6

Crop Production Patterns in the Absence of Air Pollution

Combined Regional Analysis for 1976
Southern Desert South Coast Central Coast >outhern San Joaquin Total
Crop stential Differences Potent i al Differences tential Differences ctential Differences Potenti al Differences
reduction =2 ty 3 Product i or F5anes ty I3 reduc tion I ant ty [ roduction antity 3 P roductiton uantTty] ¥ |
egetable
Beans, 1 i ma 17,226 3,126 | 22.1 2,553 67] 2.10 9,912 960 0.7{ 29,691 4,153 14.00
Broccoli 1,461,084 1ss,246 [ -9.6(8 1,927,896 93,976 5.12 - - - 3,388,980 -6 | 270f~1.81
Cantaloupes 1,128,103 736 | 0.06 466,976 -15,539 | -3.2 - : Sk, 826 9,744 | 1.84 2,109,905 -24,547 ] 1.16
Carrots 2,907,11! § $99,551 1.69 | 1,451,579 191,980 | -7.2 456,724 -190> 010]-29.38] #4,217,063] -314,833 | 6.9910,032,480 2,728] .00
Cauliflower 863,523 -12,605 | -1.4/¢1,368,086 -31,467 | -2.25 - - - 2,231,609 -44,072]-1.97
Celery $,286,905 384,544 6.524 4,489,592 32,998 0.74 - - - 0,776,497 417,542 ] 3.87
Let tuce 1,575,267 | 501,335 | 4.15 | 4,790,808 - 9,425 [ -0.20822,146,294 -134,407 | -0.60] 1,551,698 15,663 | 1.0340,064,067] 629,504)-1.57
On lons,
fresh 377,360 3,504 | 0.94 296,182 20,860 75 598,300 2,948 0.50 ‘ - - 1,271,842 27,312 2.15
Onions,
process fn¢ 289,461 3,10 1.09 [ 1,494,126 96,023 6.8 395,054 1,582 0.40 3,500,347 |-t14,857 3.!1)35,678,989 -14,141 f- .02!
Potatoes 3,499,088 110, 132 3.2 431,523 5,841 0.41 12,399,950 226,209 1. 17,330,561 | 342,182 1.97
Tome toes,
fresh 162,02( 13,688 | 9.23 | 4,822,777 238,937 52 634,210 5,535 0.88 502,629 45,383 9.9 6,121,64(] 303,543] 4.96
Tomatoes,
process | m 35, 44¢ 7 ] 0.02 202,650 36,899 [ 22.2 197,826 7.610] 4.00 248,595 15,464 | 6.6 684>51; | 59,980 8.76
‘ield
Cotton 154,75! 13,523 | 9.58 60,246 8,918 § 17.3 1,001,03 65,616 | 7.0§0206085] 88,057] 7.24
Sugar Beets 1,486, 99! | 11,669 | 0.79 272,123 15,988 6.2 868,653 2,284 0.26 868,41 18,284 | 2.1933409 187 48,225] 1.38

‘Difference from

NOTE: quanti ty

the e stimated production with air pollution effects of Table 5.

is tons for 1 ima beans, processing tomatoes and sugar beets, bales for cotton

and hundredweight for al |

other crops.




Maj or percentage increases are estimated to occur in the production of lina
beans, tomatoes, cotton, and celery. Rel atively small estimated declines in
the production of broccoli, cantaloupes, cauliflower, and lettuce are seen
Furthernore, consistent with changes in conparative advantage anong regions,
sonme increases in the production of air pollution-resistant crops are observed
in regions that have always had relatively low levels of air pollution.

WELFARE EFFECTS

In this section, we present for both the separate and conbi ned regiona
anal yses estinated differences in the value of the objective function “wth”
and “without” 1976 levels of oxidant air pollution, as well as the
di stributional consequences of these differences for producers and consuners.
Table 7 displays these estimated differences by region for the separate
regi onal analyses. Total 1976 air pollution-induced |osses for the fourteen
study crops are estimated to be $43.6 nillion, with 32.2 mllion of this tota
being | osses in producer quasi-rents. Although it is not the npbst heavily
polluted location, nmore than half of the total |osses are suffered by the
Sout hern San Joaquin region. This is mainly due to estinmated reductions in
cotton vyields.

Differences in the objective function with and without 1976 air pollution
for the conbined regional analysis are presented in Table 8  The elimnation
of 1976 oxidant air pollution and attendant net increases in aggregate prod-
uction would have increased 1976 producer quasi-rents by $35.1 million and
ordinary consuner surpluses by $10.1 million, resulting in an increase of
$45.2 mllion in the objective function total. This latter figure represents
about 3.7 percent of the $1.22 billion total on gross farm value of the
fourteen crops produced in the four regions in 1976. About $30.0 nillion of
the estimated potential increase in the total is due to an inprovenent in
cotton vyields.

CONCLUSI ONS

Aside fromattenpts to resolve the data linmitation issues inherent in any
study of this sort, there are several feasible avenues avail abl e whereby one
mght nmake the study nmore analytically conplete. For exanple, non-zero cross-
price effects across crops nmight be allowed, variable marginal costs of
production might be introduced, and risk neasured as historical yield
variability mght be incorporated. Any declines inlffil fertility induced by
oxi dant air pollution could be taken into account. Finally, in order to
recogni ze a broader set of adjustnents, the set of crops and regions con-
sidered coul d be expanded. These el aborations would, however, require sub-
stantial additional effort. It is, therefore, worthwhile to consider whether
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Table 2.7

A Summary of (hj ective Function Values by Region Wth and Wthout 1976 Air Pollution

Regi onal Analysis for 1976
Sout hern Sout h Central Sout hern
. Tot al
Desert Coast coast San Joaquin
($000) ($000) ($000) ($0Q0) ($0Q0)
objective total [Wth air pollution 216,213.5| 299,904.5 | 413,870.3 520,998.7 | 1,450,987.0
Wthout air pollution| 221,6305.7| 313,431.6| 416, 263.9 545,557.0 | 1,494,563.2
Estinated loss due
to air pollution 5,092.2| 13,527.1 399.6 24,558. 3 43,576. 2
Producer surplus{Wth air pollution 206,605.6 | 163,896.1 | 255,553.5 469,787.9 | 1,095,843.1
Wthout air pollution| 211,590.0| 168,560.3 | 255,S31.5 | 492,081.9 (1,128,063.7
Estinated loss due
to air pollution 4,984, 4 4,664. 2 278.0 22,294.0 32,220.6
Consurer surplus|Wth air pollution 9,607.8 | 136,008.4 | 158, 316.8 51, 210.8 355, 143. 8
Wthout air pollution 9,715.7 | 144,871.3 | 158, 437.4 53,475.1 366, 499. 5
Estimated |oss due
to air pollution 107.9 8,862.9 120.6 2,264.3 11, 355.7




we

A Sunmmary Result of

Table 2.8

Esti mated Objective Function and Wth and Wthout 1976 Air Pollution

Combi ned Regi onal

Anal ysis for 1976

(%)

bj ective Total

Producer Surpl us

Wth air pollution
effects

Wthout air pollution
effects

Esti mat ed | osses due
to air pollution

1,457,733,227

1,503, 024, 714

45, 291, 487

Consuner Sur pl us

1, 036, 788, 371

1,122, 024, 497

35, 236, 126

370, 944, 856

381, 000, 217

10, 055, 361




the additional information acquired would nerit this effort. Although it is
inpossible to resolve this question here, some insight can be gained fromthe
material presented in the preceding pages

Until this study, efforts to assess the value of crop |osses due to air
pollution sinmply multiplied air pollution-induced yield reductions by existing
mar ket prices. Shifts in cropping patterns and |ocations were inplicitly
assumed away. Any accounting of the losses suffered by consunmers was
unattai nabl e since the response of market price to quantity variations was
di sregar ded. The present study does not neglect these phenonena. If
di stributional consequences are of policy interest, neasures of the different-
ial effects of yield reductions upon producers and consuners are of
consequence. One night reasonably doubt, neverthel ess, whether sinilar
estimates of crop |osses might have been obtained by enploying the traditiona
and easy course of nultiplying yield reductions associated with the existing
cropping and location pattern by an invariant price.

For the set of crops being studied, the traditional course consists of
mul tiplying the actual 1976 yields of Table 6 by unity plus the percentage
yield reductions of Table 1, and then multiplying again by the 1976 market
prices. Upon doing so, a total loss estinmate of $43.0 nillion is obtained
This total is not significantly different fromthe estinated | osses obtained
from the previous separate regional ($43.6 nillion) or conbined regiona
($45.2 mllion) analyses.l— Gven this result, the effort expended in doing
the nmore elaborate analysis may appear unjustified

Further inspection of Tables 6 and 1 soon negates the above concl usion,
however. The traditional and the nore el aborate estinmates of reductions in
cotton yields are nearly identical, apparently because air pollution had only
trivial effects upon the amounts or the |ocations of |ands devoted to cotton
production. This conbined with the low flexibility (-0.0296 in Table 2) of
farmlevel cotton prices with respect to variations in cotton yields,
elimnated all possible sources of difference in the estimates of the val ue of
cotton | osses provided by the two types of analyses. \When cotton is renoved
an examnation of the estinated percentage changes in production in Tables 1
and 6 makes evident that the two anal yses provide quite different results in
terns of total losses as well as with the crops and regions where these |osses
are thought to occur. Total estimated |osses by the traditional analysis are
then only $12.5 nmillion, as opposed to the $15.6 mllion obtained using the
nmore elaborate analysis. Moreover, such crops as broccoli, carrots, |ettuce,
fresh tomatoes, processing tonmatoes, and sugar beets, which exhibit snall or
no percentage declines in Table 1, show |arge percentage increases or
decreases in Table 6. These shifts in cropping patterns within and across
regions as well as distributional as sequences of environmental degradations,

25



seemlikely to be of considerable interest to local and state policymakers.
The traditional analysis is incapable of capturing them

The econoni ¢ nodeling and assessment of perturbations to a conpl ex
ecosystem renmi ns an inpreci se exerci se plagued by conceptual as well as data
problems. While agriculture may be viewed as a nanaged system difficult
anal ytical issues nust still be recognized. This study has suggested a
partial equilibrium approach featuring elenments of general equilibrium
analysis to assess the effects of one aspect of environmental change on the
agricultural system of Southern California. We believe that the nodel
results, while conditional, appear sufficiently secure to suggest that this
nore conprehensi ve approach to econonic danage assessnent is capable of
providing a theoretically consistent framework yielding policy rel evant
i nformation.
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from annual reports of the various County Agricultural Conmi ssioners, and
publications of the California Departnent of Agriculture, and the
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CHAPTER |11

HOURS OF WORK, LABOR PRODUCTI VI TY, AND ENVI RONVENTAL
CONDITIONS: A CASE STUDY

Li vel i hood neasures of foregone and conpensating earnings are frequently
used as measures of economic |osses due to realized or potential damages to

the health of |abor inputs. Both measures as they have been used are
i nconpl ete, though for quite different reasons. l/The narrowness of the
foregone earnings nmeasure is widely acknow edged. = As set forth in Snith

(1974), Thaler and Rosen (1976), and Viscusi (1979), the conpensating earnings
neasure, with its enphasis upon the earnings premia workers require to be
willing to be exposed to job hazards they perceive, certainly has broader
anal ytical appeal. However, as enpirically inplenmented, these latter studies
too are inconplete: they deal with worker and tinme aggregates allow ng only
crude measures of differences in reward structures, mixes of conplenentary

i nputs, work-day |engths, risk aversions, worker effort, and other dissimlar
factors across individuals, firnms, and industries

In this paper, the productivity changes and consequent earnings adjust-
ments that occur under differing work conditions for 17 individual citrus
pi ckers in southern California are assessed. Interest is centered upon the
acute effects of two environnental factors, anbient ozone (Cé) apd anbi ent
tenmperature, upon the daily work performances of these indivi ha%s.; Si ne
each individual is separately analyzed, the host of plausible confounding
influences (e.g. , experience, biological endowrents, health histories, etc.)
to which one nust devote attention when dealing with the fictional “represent-
ative” individual are relevant here only insofar as they change within the
short tine periods being considered

THE PICKER S SUPPLY OF EFFORT

The occupation of citrus harvesting has that ease of entry and exit,
geogr aphi cal and nunerical scope, and absence of idiosyncratic (i.e., hetero-
geneous, highly-differentiated, task-specific skills enabling the current
occupant to possess a degree of nonopolistic advantage) characteristics that
Doeringer and Piore (1971) term the secondary | abor narket. Har vesting
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operations in citrus groves are highly |abor-intensive. Except for
standardi zed | adders, cutting shears, and bags in which to deposit picked
fruit, conplementary capital inputs exercise no influence on the individua

pi cker’'s output. Moreover, there are no good economc or even technica
substitutes for the picker. Hi s output, boxes of fruit picked, is readily
defined, measured, and nonitored, d is independent of the activities of

ot her menbers of hié'picking crew. — Picking procedures, which are
standardi zed from one grove to another, do not require the picker to take
involuntary |eisure. In each grove, he is paid a predeternined piecewrk wage

rate that varies directly with the difficulty of the picking opportunity, as
determined by fruit type, size, and density, and tree height. A picker’s
earnings in a grove are the nunber of boxes of fruit he picks nultiplied by
t he per box wage rate. Since all fruit meeting prespecified conditions for
ri peness and size is to be picked, pickers have little, if any, incentive on a
particular day to urge each other to slow the rate of pick, given that all
pickers are at |east earning the mninmm wage. To do so would reduce the
earnings of the better pickers w thout enhancing the earnings or reducing
required work effort of the slower pickers. Since there are several thousand
pi ckers enployed in any one crop season, we view the picker as a wage-taker.—

The Lagrangian for the utility naxim zation problemthe picker faces
daily is:

L= UlI,H + A[I-w(G) *B(E,G,H(E,G))-M], (1)

where U(o) is concave and all partial derivatives are tw ce continuously
differentiable. W assume that U >0, Ug0, Y,<0, Uy<0, and U ;<0 Thi s
formul ation states that the picker’'s level of utility varies positively each
day with his consunption expenditures and savings, |, for that day, and
negatively with the nunber of hours, H he harvests fruit that same day. His
dai ly consunption expenditures and savings are equal to his daily earnings
from harvesting fruit plus whatever nonharvesting inconeg, M, he obtains. Non-
harvesting income is fixed for the day in question. The amount of fruit, B,
the picker harvests depends on the hours he practices harvesting, with both
the anobunt and the hours depending on environmental, E, and grove
conditions, G The wage, w, for each box of fruit he harvests varies only with
grove conditions. Finally, inco?7 taxes and mninum wages are assuned to have
no effect upon his work effort. =

The necessary conditions for an interior utility maxi mum of (1) are:

u +A=O, (2)

u. - AwB = 0, . (3)
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and the constraint.

Expressions (2) and (3) are, respectively, the marginal utility of
earnings and the marginal disutility of work-hours, presumng that the op-
portunity to acquire earnings by harvesting fruit exists, Taken together (2)

and (3) inply:

u
aﬂ:' w8, (4)
I
which is the value of work to the picker and the rate at which he is willing
to substitute leisure for earnings. Sinultaneous individual fruit grower and

i ndi vidual picker utility maximzation requires that:

CB -WBH (5)
wher e Cg is the rate at which the grower’é7 expected incone changes in response

to changes in boxes of fruit harvested. —

From the picker’s perspective, wis predetermned. Tenporarily assune
that all groves are identical, except that they differ in size and therefore
require differing nunbers of hours for the picker's crew to harvest. This
inmplies that the piece work wage rate will bs constant acros groves and that
the picker’'s earnings opportunities in fruit harvesting will differ only
according to the number of hours it will take his crew to harvest each grove.

At the beginning of any given day, the picker faces the situation
depicted in Figure 1. Each point in the figure represents an hours-earnings
opportunity, one point to an opportunity. The opportunities need not involve
citrus picking. Presume that U, which passes through point A is the highest
i ndi fference curve passingthrough any of these points. Point A, where the
pi cker expects to earn I* dollars for H" hours of work, is therefore the
earni ngs opportunity the picker will select for the day in question. On sone
days the opportunity set may not have any points lying on an indifference
curve above that intersecting M,the daily incone the picker receives when he
does not work. Gven that the picker’s hours-earnings opportunities differ
fromday to day, the level of utility he expects to attain will also differ
daily.

The above reasoning is not altered by the fact that grove attributes are
dissimlar across groves. Gowers attenpt to adjust per box wage rates so
that for any particular expenditure of his hours over the picking day, the
pi cker expects his earnings, for given environnental conditions, to be
(nearly) equal from one grove to another.
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Figure 3.1 HOURS - EARNI NGS CPPCRTUNI TI ES
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Once the picker is in a grove, he may discover that his initial per-
ception of the hours-earnings opportunity was nistaken. For exanple, he may
find that his earnings are distressingly | ow because unexpectedly severe
environmental conditions are reducing his picking prowess. Similarly, he my
find that the per box wage rate being paid is inperfectly adjusted to grove
attributes so that his earnings for a given time expenditure are different
than he had been led to expect. As a result, the level of utility he achieves
may only be U, rather than U. |f the cause of this is air pollution and if
the picker has disregarded air pollution in his original assessment of the
earni ngs opportunity, the additional earnings while working H" hours he nust
receive in order to renmain on ;, his expected levels of utility, are AC. AC
thus represents a neasure of the Hicksian conpensating surplus. It is the
econom ¢ | oss caused by poor environmental conditions that attaches to the
pi cker. In our enpirical results, we obtain a neasure of AC for air pollution
and tenperature differences. Assuming that crew work-hours on the day in
guestion do not change, AC overstates the required conpensation since the
picker is constrained to work the sane hours as the crew

THE DATA

Data on the daily work performances and working conditions in 1973 and/ or
1974 for nore than 200 individual pickers mere770IIected from citrus packing
houses and | abor canmps in southern California. "Daily or hour-by- hour air
pollution and tenperature data were obtained for the single nmonitoring sites
closest to picking locations from records naintained by the Statewide Ar
Pollution Research Center at the University of California, Riverside. Severa
possible sources of mneasurement error are present in the environnental
conditions data as well as the work performance data. These errors seem nost
inportant in the environnental conditions data, particularly the air pollution
dat a. For exanple, it is not known whether the levels of air pollution
recorded at the monitoring sites have a positive or negative bias, or even if
they are biased at all. Furthernmore, nost of the nonitoring stations used to
determine air pollution and tenperature levels for the grove locations are
five to eight mles away. The stations are typically in downtown areas and at
somewhat | ower el evations than the groves

In the work performance data, only the daily nunber of hours worked by a
pi cker seens a possible nontrivial source of error. This nunber of hours is
rounded off to the nearest hal f-hour in the picking records. I'n circumstances
where the work-day has been rather short, this could lead to some bias in
estimates, although it seens likely there is no systematic bias with respect
to the sign of the error.
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ESTI MATI ON

In order to estimate the nodel of Section 2, it is convenient to use the
picker’s inverse supply function, the function in which earnings are
determ ned by hours worked and exogenous factors, such as air pollution, that
can be responsible for discrepancies between expected and realized earnings.—/
After some experinmentation with the picking histories of four experienced
pi ckers who worked nore-or-less continuously harvesting | enmons over an entire
year, a nunber of enpirically inspired restrictions were placed upon the
separate earnings expressions finally estimated for seventeen other pickers.
The basic specification selected for estination was nmultiplicative. Thi s
daily earnings expression can be estimated by ordinary-I|east-squares since
val ues of the dependent variable are fairly evenly distributed over a w de
interval for each picker and since, as explained in the next section, all the
i ndependent variables, including work hours, are exogenously deternmn ned.

Table 1 gives the variable descriptions, while Table 2 gives ordinary-
| east-squares estinmates of the earnings extessions for 17 pickers. The four
prelimnary test pickers are not included. =

O the 17 pickers for whom earnings expressions are presented in Table 2,
nine (1,3,5,7,9,10,15,16,17) have statistically significant air pollution
coefficients at the 0.10 level or better of the one-tailed t-test. si X
(3,5,6,8,10,12) of the tenperature coefficients are significant, but only
three (3,5,10) pickers have both coefficients significant. Wth but one
exception (daily ozone for 12), air pollution and tenperature have the
negative signs consistent with the maintained hypothi87s that higher |evels of
each have detrinental effects upon picker earnings. — The standard errors of
both coefficients are probably somewhat inflated since the sinple correlation
coefficients between the two are typically between 0.5 and 0.8, with the bulk
bei ng around 0. 6. Since air pollution appears to be sonmewhat nore
statistically robust, subsequent discussion concentrates upon it.

A substantial literature now exists dennnstrat€}3§ declining nmargina
productivity of increased hours within the work-day. — The cases studied in
this paper are not representative of nost jobs. Nevertheless, the individuals
in Table 2 do engage in strenuous physical activity over work- days that can
vary from2 to 12 hours. In spite of the strenuousness of their activity, the
mar gi nal val ue product of hours for nearly all the pickers in Table 2 is very
close to being a constant.

In spite of the near-unitary elasticity of earnings with respect to hours
in Table 2, it is possible that poor environmental conditions and hours
interact to result in a declining margi nal value product. The hypothesis is
t hat picker responsiveness to air pollution increases with the length of the
work-day. Rather than arbitrarily specifying the formof the interaction
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Table 3.1 - VAR ABLE DESCRI PTI ONS

Daily Earnings = the picker’s daily gross earnings from picking
activities for each grove worked.

Boxes per tree = the nean nunber of field boxes picked per tree during
the work-day by the picker's crewin a specific grove. The fewer the boxes
per tree, the greater the difficulty of the picking opportunity and,
therefore, the fewer the boxes the individual will be able to harvest.
However, the wage rate per box picked is adjusted with crew boxes per tree,
fruit size, and tree height according to a standard forrmula in order to keep
the representative picker's earnings simlar across groves. The regression
coefficients attached to this and the other two grove attribute variables
therefore represent the deviation in the individual picker's adjustnent to the
change in the variables from the adjustnment of the representative picker. If
the picker were the representative picker, the variables would have zero
coefficients since his earnings (the product of boxes he picks and the pay per
box) would be identical across groves.

Fruit size = the nunber of fruit required to fill a field box. Si nce
picking is reputed to be easier with larger fruit, the pay per box declines
with increases in the variable.

Tree height = an index which nonotonically increases with tree height.
The respective tree heights assigned, one to a grove, are 4.5 feet, 7.0 feet,
10.5 feet, and 15.0 feet.

Hours worked = the nunmber of hours worked by the crew and the picker
during the day. Al days in which the picker worked fewer hours harvesting
fruit than did the crew were excised fromthe sanple. No days in which the
crew worked less than 2 hours were included in any picker’s sanple.

Daily ozone = the arithnmetic mean 24-hour anbient concentration on the
wor k day of O3 in parts per million by volume as neasured by the CHEMLUM
nmet hod.

Hourly ozone = the arithmetic mean of the hourly anbient concentration of
occuring during the time interval the picker was engaged in citrus
harvesti ng.

Tenperature = the maxi mum hourly arithnetic mean ambient dry-bulb
tenmperature in F* on the work day.
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Table 3.2 1n(DAILY EARNINGS) ESTI MATES BY
ORDI NARY LEAST- SQUARES FOR SEVENTEEN Cl TRUS PI CKERS

=S |
Independen 1 2 3 4 5 6 7 8 9
Variables

1.671 1.908 1.460 0.243 1.343 0.155 0.221 1.213 0.745
Constant (0.679) (1.822) (0.675) (0.091) (3.177) (0.133) (0.163) (1.128) (0.871)
in (Boxes -0.289 0.045 0.016 0.147 -0.008 0.046 0.217 -0.071 -13.06?
per_tree) (-2.344) (1.876) (5. 108) (1.682) (-0.238) (2.318) (1.512) (-0.438) (-0.2186)
in (Fruit 0.223 -0.342 -0.025 0.089 -0.064 0.036 -0.221 -0.125 0.264
size) (0. 762) (-1. 198) (-O. 160) (0.921) (-0.329) (0.175) (-0.359) (-O. 764) (0.719)
in (Tree 0.055 -0.027 0.011 0.051 -0.337 0.208 0.036 0.018 0.029
heizht) (0.904) (-0.207) (N.149) (1.068) (-0.454) (2.008) (0.658) (0.461) (0.625)
1n (Hours 0. 982 1.137 1.119 1.343 0.885 1.032 1.083 1.024 1.001
worked) (10.063) (34.166) (30.343) (13.411) (4.184) (29.571) (22.133) (32.743) (25.696)
in (Daily ~0.243 -0.281
ozone) (-1.909) (1.042)
in (Hourly -0.010 -0.035 -0.038 -0.001 -0.047 -0.018 -0.029
ozone) (-0.640) (-1.342) (-1.583) (-0.801) (-1.624) (-0.683) (-1.611)
in (Tempec- -0.381 -0.183 -0.076 -0.269 -0.031 -0.076 -0.046 -0.361 -0.093
ature) (-0.895) (-1.1286) (-1.321) (-1.080) (-1.747) (-1.738) (0. 174) (-2.734) (-0.484)
&’ 0.636 0.372 0.859 0.760 0.661 0.883 0.792 0.814 0.849
S.E. 0. 288 0.273 0.315 0.179 0.295 0.195 0.251 0.212 0.219
F 17.314 257.607 200.959 45.539 22.776 235.023 98.736 117.439 125.364
D-W 1.732 1.668 2.226 2.314 1.607 1.898 1.830 1.870 1.917
R-pie
Size 57 189 208 57 112 162 143 156 136
Sample June 18 - March 17 - March 1 - “ne 18 - April 1 - pril 1l - pril 17 - pril 1 - March 17 -
veriod ept. 9, '73 pec. 1, 73 Pec . 17,'735ept. 9, '73 Nov. 2, 74 Qec. 12, '73 Jov. ?, '74 Hev. 2, '71. Dp C. 20, '73
Crop Orange. Lemons Lemons Oranges Lemons Lemons Lemons Lemons Lemons
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Table 3.3 AIR POLLUTI ON COEFFI Cl ENTS (AND SAMPLE SI ZE) FOR HOURS WORKED PARTI TI ONI NGS

Picker

Partitioning |a 2 3 4 5 63 7a 8
-0.074 1-0.063 | -0.022 | -0.189 | -0.012 [0.031 [0.008 [0.051
aw | a2 | Gy | @ | @) | doeoy | sy | o

2.0<Hours worked<7.0

-0.346%]|-0.075 | -0.097%| -0.263 | -0.038=]-0.087": | -0.081%]|-0.035

Hours worked>7.0 (43) 67 | (60) (35) (64) (62) (62) (55)
Picker
Partitioning 9? 10° 1?2 12° I3 14° 15 16a |7

]
-0.011 [-0.Th3%|~0.T00% [F0.171%[-0.0937] 0.032 FO- 263 | 0.003 |- 8;6
2.0<Hours worked<7.0[ (76) (53) (s1) (48) (74) G | (30) [(207) ?3

-0.096%| 0.080 | 0.027 Jo.16h [-0.03T [-0.06k+| -0.108%[-0.056%[-0. 294"
Hours worked>7.0 (60) (61) (64) | (66) (42) %) | @0 (90) (34)

Note:

a. . L R
indicates that the two coefficients are significantly different at the 0.10 level of the F-test.

*indicates that the coefficient is significant at least at the 0.10 level of the one-tailed t-test.



between hours and air pollution by adding a conbined variable to the
expressions of Table 2, we have partitioned the work-day for each picker by
the number of hours he worked. The specifications are identical to those of
Table 2. To test for statistically significant differences in the air
pollution coefficients across partitions, the covariance F-test for single
coefficients devel oped by Tiao and Col dberger (1962) was used. The results of
the test are presented in Table 3.

At best, the evidence in Table 3 for |onger hours worsening the negative
effects of air pollution upon picker productivity is mxed. Fourteen of the
pi ckers now have a significant air pollution coefficient, including five
(6,11,12,13,14) for whomthe Table 2 coefficient was not significant. Twelve
of the seventeen pickers have coefficients of greater negative nmagnitude for
days in which they worked 7 hours or nore. However, of the twelve, four
(2,4,5,8) do not have a significant difference between the coefficients.
Finally, four pickers (10,11, 12,13) have negative and significant coefficients
only for days when they worked less than 7 hours. These coefficients are
significantly different from those applying to work- days of 7 or nore hours

MEASURES OF REQUI RED COMPENSATI ON

Here we use the results of Table 3 to calculate the conpensation the
pi cker requires to make him indifferent between the presence or absence of
ozone air pollution. Assuming that the elasticity of the picker’s earnings
with respect to air pollution is a constant, his required incone conpensation
Vv, per grove he picked during the period of observation is:

P

i =l ith ozone observation

v =

3|U‘>

where b is the elasticity of earnings with respect to air pollution, nis the
nunber of earnings observations, | is earnings in a grove, and i indexes the
groves in which the picker harvested fruit.

Only “those partitionings of Table 3 yielding significant and negative air
pol lution coefficients are enployed to perform the cal cul ations enbodied in
Table 4. However, nV and (aV/(I+nV))100, which respectively represent the
total required compensation, and this required conpensation as a percentage of
what the picker’s harvest earnings would have been in the absence of air
pol lution, use earnings over all work-day lengths for the entire period of
observation as the basis for the calculations. The calculations reveal that
required picker conpensation ranges from zero percent to 7.4 percent of what
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Tabl e 3.4 REQUI RED PI CKER COVPENSATI ON

A - . -
Picker b r, i o —2¥__lro0
11+nv
1 -0.346 § ,213.50 $1.695 $ 96.62 7.4%
2a
3 -0.097 ,5686.13 0,496 103.17 2.9%
42
5 -0.038 1,134.59 0.127 16.22 1.1%
6 -0.087 3,16 3.33 0.685 110.97 3.4%
7 -0.081 2,619.37 0.197 28.17 1.1%
g2
9 -0.096 1,821. 46 0.121 16.46 0.92
10 -0.143 2,063.40 0,685 78.09 3.6%
11 -0.100 2,313.10 0.418 48.07 2.0%
12 -0.171 2,650.36 0.877 99.98 3.6%
13 -0.093 1,239.08 0.080 9.28 0.7%
14 -0.064 3,529.50 0,173 26.30 0.7%
15 -0.108 1,033.85 0.527 35.31 3.3%
16 -0.056 4,861.93 0.408 121.18 2.4%
17 -0.294 1,174.40 0.742 47.49 3.9%
aOne can reject the hypothesis that this picker’s  earnings  were reduced

by

air

pollution.
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earnings would have been in the absence of air pollution. The arithnetic nean
required conpensation for the seventeen pickers is 2.2% with the nedian being
2.0% The weighted mean is 2.1% where the weights are the nunber of daily
earni ngs observations on each picker. Assuming that the representative picker
could earn approximately $5,000 in 1974 by working full-tinme, this inplies
that prevailing levels of air pollution in southern California in 1974 m ght
have cost himas nuch as the utility equivalent of $100-110. This is probably
an upper bound on his |osses since we have limted our inquiry to
circunstances where the picker never chose to substitute leisure for earnings

SUMVARY AND CONCLUSI ONS
The extent to which citrus harvesting has little or much in common with

ot her occupations is arguable. At a mininum it neverthel ess has those
attributes of strenuous physical activity and repetition found in a fairly

wi de variety of other sem-skilled jobs. It is in these jobs where one might
reasonably expect to find declining marginal value productivity as fatigue and
ennui set in with extensions of the work day. For the linmted but

wel | -defined case studied here, we found no evidence that the marginal val ue
product, as registered in daily earnings, declines as nore hours are worked
each day. W did find, however, that the ozone air pollution prevalent in
southern California does reduce daily earnings, perhaps by as much as 2.0
percent on the average. However, there exist order-of-magnitude differences
in the | osses anong pickers. These results have been obtained on the
presunption that air pollution and other environmental conditions influence
only the picker’s ability to harvest fruit. No account has been taken of the
possibility that he may sinply dislike the presence of a poor environnent and
thereby be induced to reduce his work effort.

Simlarly detailed data sets might allow nore anbitious applications to
ot her occupations of the basic nmpbdel used here to estimate the conpensating
surpluses or variations that workers require for changes in workplace
conditions. Though we have not attenpted to explain the w de differences in
conpensating surpluses for air pollution exposures that we obtained as between
and anong the workers in our sanple, the fact of these differences suggests
that studies which enploy worker and/or tine aggregates might err: it could be
that estimates derived from aggregated data represent the behavior of neither
sensitive nor insensitive individuals but rather a weighted sumof the two for
which it is inpossible to disentangle the distinct contribution of each type
of individual. For many policy questions involving workplace and
envi ronnental conditions, it is the sensitive individual, rather than the
“representative” individual, who must be identified
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oo REFERENCES

See Freeman (1979, Chapter 7) for a discussion.

In a laboratory experinment, Raven, et al. (1976) found that lung function
of nineteen adult nales had declined by four to seven percent follow ng
four hours of physical exertion in an environnent resenbling frequent
anbient air conditions in southern California. No interactions between
anbi ent tenperature, anbient pollutants, or snoking habits were evident.
Younger subjects appeared to be nore sensitive to pollution and
tenperature than did older subjects. Qualitatively simlar findings are
presented in Kagawa and Toyama (1975).

See Crocker and Horst (1977, pp. 9-12) for a description of the
procedures used to assign pickers to rows.

Rosendal e and Maner (1974, p. 19) state that in 1973, 3,335 pickers were
empl oyed by the Coastal G owers Association of Ventura County al one.

Al pickers studied regularly earned nore than the mni num wage, although
since they were in the | owest tax bracket, marginal incone tax rates seem
unlikely to have exercised a ngjor influence upon work effort.

See Crocker and Horst (1977, pp. 27-31) for a devel opment of the grower’s
harvest decision problem

Worker performance data were obtained fromthe San Gabriel Valley Labor
Associ ation of Fucunonga, the Lenpneira Ranch of Santa Paula, the River
Growers Association of East Hi ghlands, and Irvine Valencia G owers of

| rvine. G ove condition data were provided by Upland Lenon G owers of
Upl and, Lenoneira Ranch of Santa Paula, Wstern Fruit Gowers Packing

Conpany of Mentone, Irvine Valencia Gowers of Irvine and Corona College
Heights Citrus Conpany of Riverside.

This supply function is sinply the mrror image of the hours-earnings
indifference locus in Figure 1. Since the indifference | ocus has a
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negative slope throughout, the slope of the supply function if the
negative of the picker’'s marginal rate of substitution between earnings

and | eisure.

In addition to the independent variables of Table 2, several other
vari abl es were investigated for the four test pickers. The introduction
of nmpbst of these other variables was notivated by conversations wth

| abor canmp managers rather than from properties of our nodel of the

pi cker’'s decision problem For exanple, managers widely believe that,
because of planned and realized picker weekend activities, picker
performance decreases markedly on Fridays and Mndays. For the four test
wor kers, however, the estimated coefficient for Friday and Monday dunmy
variabl es were not significantly different fromzero. A second common
managers’ observation is that many pickers set an earnings goal and wl|
not work as productively once this goal is achieved. The validity of
this hypothesis was checked by including a neasure of the picker's tota
earnings in previous weeks. Again, statistically significant
coefficients were not obtained. Final ly, the nmanagers believe that
having multiple groves worked in a day seriously inpairs the picker’'s
productivity. It is thought that each nove to a different grove causes
the picker to go through another “warn-up” period, thus slow ng down his
pi cking output. Inclusion of a variable representing the daily number of
groves picked did not result in a significant coefficient for any test
pi cker.

Measure of the daily variances and maxi ma hourly ozone faced by the
four test pickers were also calculated. They were highly collinear with
the arithmetic nean neasures and, when included in the four pickers
earni ngs expressions, were not significant.

It is practically unheard of for daytinme tenperatures in the citrus
growi ng areas of southern California to approach freezing. In the
summertinme, daytime tenperatures exceeding one hundred degrees are
conmon.

See Feldstein (1967), Barzel (1973), and Rosen (1976), for exanple.
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CHAPTER |V
Y ELD VARIABILITY, AIR PCLLUTION, AND PRCDUCER RI SK:

SOVE OBSERVED ASSCCI ATI ONS

[ NTRODUCTI ON

It is well-known that air pollution has severe 7gative ef fects upon sone
crops while having only trivial effects upon others.= Hi gh concentrations of
oxi dants or other air pollutants weaken some plants and thus increase disease
incidence or otherwise decrease the plants’ abilities to withstand stress. As
a result, air pollution nmay affect both the absolute levels and the vari -
abilities of crop yields.

Qur purpose in this essay is limted to denonstrating the existence of a
noderately strong positive association between a frequently enpl oyed neasure of
the risks faced by agriculturists and increases across space and tine in
southern California air pollution. No attenpt is made to show that anbient
oxidants are the cause of the spatial and tenporal increases in the risk
neasure, nor to trying to assign pecuniary equivalents to variations in this
measure. W do, however, present a sinple nodel intended to show why air
pollution which increases the risks faced by agricultural producers is costly.

A SIMPLE MODEL

Assume that an agricultural producer nust nake all input conmtnents
prior to the growing season and that air pollution levels during the grow ng
season are his only source of uncertainty. If the prices for his outputs are

exogenously determ ned, the quantities of outputs and thus the net revenues,
T, he will obtain fromany particular conmtnent of inputs are uncertain and
will vary inversely with realized levels of air pollution. For sinmplicity, we
assume that net revenues are the sole argunent in the producer’s utility
function and that his marginal utility of noney is positive and a constant.

Thus, without |oss of generality, we can wite

T =1w(p), and 7' < 0 (1)

where p is the ambient concentration of pollutants. Expanding (1) in a Taylor
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series about a nean value, p, ignoring nonents above the third, and taking the
expected val ue gives:

Elr(p)] = () + (gD @m0 (n (2
2 -2 -2
op ap

where E is the expectation operator, and

2

-2
g E(p-p)

3
g

E(p-i;)3

. . . 2/
since p is a randomvariable for the producer.—

Taking the producer’s net revenues to be a function of the first three
nmonents of p's distribution about its nean is equivalent to assuming w(p) in
(1) to be cubic. Thus:

3
m(p) = p + bp2 togp (3)

Upon taking the expected value of (3), we obtain:

Elr(p)] = E(p) + bE(P)? + gE(p)° (4
wher e

Ep? = o + [Ep)]° (5)
and

Ep)3 = o - 2Ep)] 3 + 3Ep? Ep) (6)
Substitution of (5) and (6) into (4) gives

2 3 2 3
E[m(p)] = E(p) + b[E(p)]” + g[E(p)]~ + [3gE(p) + blo * go (7)

Taking the derivative of (7) with respect to E(p), we have

1 + 2bE(p) + 3g[E(p)]2 + 3gc2 (8)

2 ¢ 39(E(m? - [EMI1D

3E[m(p)]
3E(p)

1 + 2bE(p) + 3g[E(p)]
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= 1 + 2bE(p) + 3gE(p)>
This is a quadratic having roots:

1

- 2b + [2b°- 4(3g)] °
69

Thus if the expected marginal effect of dirtier air on net revenues is to be
negative, then:

2
h™ < 6g (10)

Since b* is always positive, g must also be.pgsitlye if (10) is to hold
Gven that g nust be positive, the sign for 3 " n/3p  cones from (2) and (7)
wher e:

BE[m(p)] _ 2 /35"

303 2

= 3gE(p) + b (11)

= 3gp + b

. ‘- 2 -2 . . . . :
Qearly in (11), if p < -b/3g, then 3 n/3p < 0, which inplies that increasing
uncertainty, as neasured by the variance of air pollution dosages, decreases
the producer’s net revenues.

. 3,.- . .
The correct sign for 3w /ap3 can also be obtained from (2) and (7) since

3 -3
3E[m(p)] _ 3 m/3p _
3 " 6 -8 (12)
1o}

The requirement from (10) that g be positive therefore assures that 33w/653<
0. Thus, given simlar expected values and variances anpbng air pollution
frequency distributions, the producer will prefer those distributions skewed
toward the |ower ranges.

A SCENARI O I N WHI CH | NCREASI NG Al R POLLUTI ON | NCREASES YI ELD VARI ABI LI TY

The preceding section denpnstrates under reasonable assunptions that air
pol l ution which increases the variability of the outputs to be obtained froma
preselected mx and nmagnitude of inputs is costly to the producer. No
justification is provided, however, as to why air pollution increases the
variability. In fact, it is certainly possible that increased air pollution
m ght reduce expected yields while also conpressing the range of
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physi ol ogically possible yields. Air pollution could thus reduce rather than
increase one facet of producer costs. There are at least two related factors
whi ch nmake a conpression unlikely, however.

As Larsen and Heck (1976) note, air pollution danages to plants are
functions of both the magnitude of instantaneous exposures and the duration of
any particular nmagnitude. Young plant tissues are thought to be particularly
sensitive to high instantaneous exposures

H gh instantaneous exposures of young plants to air pollution can occur
in a location, but one would expect the frequency of these high exposures to
be greater in areas with relatively high average anbient pollution
concentrations. Neverthel ess, because of tenporarily favorable neteorol ogica
conditions, even these generally high pollution areas nay experience periods,
when anbient pollution concentrations are no higher than in the nore favored
| ocations. If one of these | ow pollution periods happened to coincide with a
time in the growing season when plants are highly sensitive to air pollution
then an otherwi se polluted area may exhibit little plant damage over one
grow ng season. I n anot her year when pollution was high at the times of
greatest plant sensitivity, major damages may appear. Since nmeteorol ogica
conditions will provide even the nmpbst highly polluted areas with occasiona
periods of relief, areas growing crops sensitive to instantaneously higher
anbient pollution levels are likely to exhibit greater variability in their
yields from year to year.

The greater year-to-year variability in yields which the above scenario
generates for nmore polluted areas can be exacerbated by the preplant and cul -
tural managenent decisions the producers, make on the basis of their expect-
ations about amnbient pollution behavior.— Figure 1lillustrates the relevant
reasoning. As before, we assume that the marginal utility of noney is
constant for the producer and that net revenues is the sole argument in his
utility function.

Assunme that the producer nust nake all input commitments before the
actual start of the grow ng season and that air pollution is his only source
of uncertainty. For sinplicity, further assume that air pollution over the
growi ng season is expected to be either “high” (a) or “low (B). |If air
pollution is “high”, the marginal cost of supplying various yields, given the
input commitnents already nade, will be represented by the curve (MC|a) in
Figure 1. This curve is the highest of the three marginal cost curves in
Figure 1 because the actual occurrence of the a level of air pollution wll
reduce the narginal product of the preselected mix of inputs, and thereby
increase the marginal cost of producing any particular yield. On the other
hand, if realized air pollution Ilevels during the growi ng season were B, then
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Figure 4.1

EFFECT OF Al R POLLUTI ON RI SK UPON YI ELDS

(MC|a)

(Mc®)

(MC|B)

marginal
revenue
yield (X)

P
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in accordance with the (MC|B) curve, the mar gi nal cost of producing various
yields would be reduced. The MCcurve is the graphical representation of the
probability wei ghted average of (MC|a) and (MC|B).

Let the producer regard the occurrence of either aor 8 air pollution as
equally likely. The MC’is the marginal cost curve associated with the input
m x meximzing hi’s expected profits. Al'though this technology will, on
average, yield X' over several growi ng seasons, it wll result in yields of
either x~ or x during any one season. Thus if a%{ pollution is high during
one season, X W Il result, while if it is low, x  wll result. In effect,
the variability across seasons in levels of air pollution causes yields to be
nore variable than in areas where air pollution never affects yields or where

it is stable.

If maximumair pollution levels during the sensitive parts of the grow ng
seasons have been increasing over tine, while low | evels of pollution stil
occasionally occur on sone years during these sensitive parts, then yield
variabilities for crops susceptible to being damaged by instantaneously high
l evel s of pollution would increase. This is because the higher pollution
level s cause the (MC|a) tune to shift upward. Unless the producer constantly
lives in the darkest depths of despair about the air pollution problem the
MC’curve, which is the probability weighteda average of the other two curves,
will never shift upward as nuch as the MC curve. The result will be
increasing yield variability over tinme in the progressively nore polluted
ar eas.

SCOPE OF THE EMPIRI CAL ANALYSI S

The precedi ng section suggests that increasing levels could readily
increase crop yield variabilities. In the next section, we enpirically test
whether or not locations with high air pollution levels relative to other
| ocations or other times are associated with higher variabilities of crop
yi el ds. We do not disniss other factors exogenous to the individua
producer’s decision problem such as urban encroachnent upon agricultura
land, from being sources of any differences in yield variability we observe

G ven its docunented history of high pollutant |evels coupled with sign-
ificant agricultural activity, southern California seens a suitable region for

study . Because of a favorable nmix of climate, soils, and irrigation water,
southern California has assumed national inportance in the production of a
nunber of specialty crops, including citrus, fresh vegetables, and nursery

crops. Thus any changes in yields and production patterns within the region
may have inplications for national commodity narkets, and hence consuner’s
wel fare. In addition, if a region produces a large share of nationa
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production, then significant fluctuations in yield will usually result in
variations in market price and thus the gross and net earnings realized by
producers and factory owners

The crops included in the analysis are mjor vegetable and field crops,
each having a 1974 gross value of production of over fourteen mllion dollars
The crops are: Lima beans, broccoli, cantal oupes, carrots, cauliflower,
celery, lettuce, onions (fresh and processed), potatoes, tonmatoes (fresh and
processed) and cotton and sugar beets. Yield variability neasures for each
crop are presented for Santa Barbara, Ventura, Los Angeles, Orange, and San
Diego Counties on the coast, and Riverside and San Bernardino Counties in the
hi gh desert. Al though these counties, with the exception of San Bernardino,
constitute a relatively small proportion of the total acreage in the state,
they produce nost of the supplies, of California |im beans, carrots, celery,
fresh onions and fresh tomatoes.—

Anong the counties in the region, a rank-ordering, from highest to
| owest, of oxidant/ozone anmbient air pollution (the overwhel mngly dom nant
pol lutant class throughout the region), is: LOS Angeles, Riverside, San
Bernardino, and Orange Counties, followed by San Diego, Santa Barbara, and
Ventura Counties. The ranges of anbient air pollution for fairly represent-
ative agricultural locations in each county are presented in Table 1. Figure
2 shows the location of the oxidant/ozone nonitoring stations used for this
study relative to the major agricultural areas of each county.

YI ELD VARI ABI LI TY | NDI CES

For any given conbination of narket-purchased inputs, variations in crop
yields are caused by a set of factors beyond the individual producer’s
control. In terms of the producer’s decision problem one can discrimnate
between the portion of the total yield variation attributable to
“unpredi ctable” or “randonf factors and the portion that is “predictable,”
based on past experience and infornmation. It is often assunmed that producers
will regard any deviation of crop yield fromthe |ong-run nean as an
unpredictable event. However, nost nodels of rational expectations [Mith
(1961)] as well as practical observations of agricultural producer behavior
[see, e.g., Cooley and De Canio (1977)] inply that the unpredictable elenent
is that portion of the total variation that deviated fromthe “current” |evel
(say, over the past few seasons) rather than the long-run nean. In effect,
producers are generally depicted as giving nore weight to nore recent
observati ons.

Carter and Dean (1960), suggest several alternative enpirical procedures
for determining the current level of a specific set of time series data and
the deviations fromthis current level. An often used nethod is to approximte
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County
and Period

Los Angel es
(1.957-1976)

Ri versi de
(1957-1976)

San Bernardi no
(1958-1976)

Orange
(1957-1976)

San D ego
(1957-1976)

Vent ur a
(1963-66, 1969-70,
1974-76)

Santa Barbara
(1959-66, 1971-76)

Table 4.1

Sel ect ed Measures of Anbient Air

Pol lution for

Annual

Average Concentration

Sout h Coast al
1.957-1976

(oxi dant s/ ozone)

53

44

40

35

30

22

21

pphm

pphm

pphm

pphm

pphm

pphm

pphm

56

M ni mum Maxi num

27

35

30 -

17

15

11 -

11

Counti es,

Range

117 pphm

62 pphm

59 pphm

62 pphm

80 pphm

31 pphm

40 pphm

3 year period

of maxi mum

concentration

1957-59

1968- 70

1959-61

1965- 67

1963- 65

1963- 65

1959-61



Figure 4.2

Locations of Air Pollution Monitoring Stations and
Agricultural Producing Areas of Study Crops in Southern California

FACLNO

agricultural pro-
ducing areas of
study crops (Source
Johnston and Dean,

Py 55).

air pollution
monitoring stations

Region/County

Southern Desert
Imperial
South Coast
Los Angeles
Orange
Riverside
San Bernardino
Santa Barbara
San Diego
Ventura
Central Coast
Monterey
San Benito
San Luis Obispo
Santa Cruz
Southern San Joaquin
Kern
Tulare

SAN LUE OBISNO(

SaN CERNAROING

El Centro

Pasadena
Anaheim
Indio-Oasis
San Bernardino
Santa Maria
San Diego

Ventura-Telegraph Road

Sal inas
Hollister

San Luis Obispo
Sal inas

Delano
Visalia-0ld Jail
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the current level of the tine series data by fitting a trend line, and then

to assune that a “randonf conponent is any deviation fromthat trend |ine

A second nmethod is to assume that there is no difference between the “current
level” and that in the previous year so that the “randonf elenent is identica
with first differences in the data. A third procedure consists of approx-
imating the “current level” by a noving average, and then assuming that any
crop yield deviations’ fromthe noving average are the “randonf elenent. Finally
time series data might be deflated by sone general index to arrive at “real”
val ues of the series, with any crop yield deviations fromthe |onRrg run

mean of the deflated data series classified as the “randoni element.=

In the absence of detailed information about production functions, the
| earning reactions of producers, and other factors, any statistical nethod
not requiring a priori specification of rigid functions should be preferable
to alternative nethods. Since the trend renoval nethod assunes that the
systematic conponent of time-series data can be characterized by any type of
function, that version of the trend renoval nethod (the variate difference
technique) originally formulated by Tintner (1940) seens appropriate

The basic assunption of the variate difference method is that tine-series
data consist of two additive parts: The mathenatical expectation (or systematic
conponent) of the time series in which consecutive observations are nmutually
and positively correlated; and a random conmponent where consecutive itemns
are assuned to be nonautocorrelated or uncorrelated with the systenmatic
component.  The procedure separates the systematic fromthe random conponent.
Initially, the mean and variance for the original series of data and for each
of a series of successive finite differences is calculated. Following this
the random standard deviations are calculated for each finite difference and
fromthese, using procedures outlined in Tinter (1952), one selects that finite
di fference which has been purged of the systematic conponent. Total (sys-
tematic plus random) and random variability indices may then be cal cul ated
as:

(Total variance)”
Mean

Total wvariability x 100

(Random vari ance)”
Mean

x 100,

Random variability

where the denom nator refers to the first nmoment of the data during some pre-
selected tine period. In this study, this preselected period will be 1972-

1976.
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The sinple nodels presented in previous sections are consistent with the
presence of systematic as well as random variability. If, for a particular
annual crop, input commitments are irreversible once the crop has been planted
and/or input conbinations are invariant, then the observed variability would be
random assuming that the producer is unable to forecast accurately fluctuations
in exogenous variables. However, if over time the producer |earns about the
behavi or of-the exogenous variables and is thereby able to inprove his
forecasts, if he is able to make input adjustnents during the grow ng season
or if he adopts less pollution susceptible varieties of the sane crop in
response to learning, then the data will enbody a systematic conponent that
reflects the producer’s optinizing adaptation to altered val ues of the
exogenous vari abl e. Since we do not know whi ch conponent, if either, dom nated
for the region being studied, enpirical results for both neasures are presented.

EMPI RI CAL RESULTS

In this section, yield variability indices in high pgllution counties
are conpared for the same crop with |ow pollution counties.,— To determ ne
whether yield variabilities have increased over tine as anbient |evels of
oxi dants have increased, our results will also be conpared with the variability
i ndi ces obtained by Carter and Dean (1960) for the entire southern California
regi on.

Estimated by crop and county of variability indices are presented in
Table 2. Because of lack of data, not all crops have indices calculated for
each county. Conparisons of the randomindices for the same crop across
counties indicate that they are generally higher for those counties with
hi gher air pollution levels. This association is, in fact, quite strong for
those crops (processed green |ima beans, lettuce, fresh tomatoes, and sugar
beets) for which npbst varieties are generally a$ nowledged to be quite sus-
ceptible to oxidant/ozone air pollution damages.— The association is sub-
stantially less strong for the total variability indices, but they never-

t hel ess do not contradict the rank-orderings of the random indices. If,

in fact, the frequency greater values of the randomindices in Los Angel es,
San Bernardino, and Riverside Counties are caused by their generally higher
maxi num air pollution levels, then those discrepancies which do exist between
the rank-orderings of the variable and the total indices are consistent with
an inability of producers in these counties to adapt fully by using |ess
susceptible crop varieties and input conbinations

Whet her the differences in indices anbng counties are caused by variations
in air pollution levels, other environmental factors, or sinply chance is
i npossible to deternine with the data used for this study. However, annua
crop yield data reported by the separate county conmi ssioners show t hat
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Table 4.2

Yield Variability Indicies for Selected Annual Vegetable and Field Cops
Southern California, 1957-76

Yield Variability

Producti on I ndi ces
Crop County Season Random Tot al
Veget abl es Per Cent
Geen Lima Beans
(processed)
Orange - 18,7 36.0
Sant a Barbara - 10.7 26.7
Cant al oupes
San Bernardino Spring 23.7 35.3
Los Angel es Sumrer 18.1 25.0
Ri versi de Spring 8.8 15.2
Carrots
Los Angel es Late Fall 13,8 16.3
Sant a Barbara Late Fall 11.9 22.0
Ri versi de W nt er 11.0 24.6
Caul i f | ower
Ri versi de Early Sprhg 35.3 98.8
Orange Early Spring 14.7 19.6
Ventura Early Spring 11.8 36.8
Los Angel es Early Spring 11.2 20.6
Santa Barbara Early Spring 11.0 39.5
San Bernardino Early Spring 3.8 317
San Di ego Early Spring 5.0 33.9
Celery
San Di ego W nter 10.0 15.4
Orange Spring 7.3 12.0
Santa Barbara Early Summer 5.9 8.7
Lettuce
San Bernardino Early Summer 26.6 39.2
Riverside Early Summer 13.4 18.2
Los Angel es Early Summer 12.8 45.0
Orange Early Summer 10.8 19.9
Vent ura Early Spring 6.4 12.5
Santa Barbara Early Spring 5.0 20.3
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Table 4.2

(continued)

vield Vari ability

Producti on I ndi ces
Crop County Season Random Tot al
Per Cent
Veget abl es
Oni on, Fresh
Los Angel es Late Spring 12.5 28.8
Ri verside Late Spring 10.9 27.2
Pot at oes
Ri versi de Early Summrer 8.4 10.5
Santa Barbara Late Sumer 8.2 10.6
Tomat o, Fresh
Ri versi de Early Spring 35.1 49.0
Los Angel es Early Spring 23.1 29.3
Orange Early Spring 17.5 24.8
Santa Barbara Early Fal | 14.0 34.8
San Di ego Early Summer 10.1 22.4
Vent ura Early Summer 9.9 14.0
Tomat o, Processed
O ange - 12.0 17.3
Vent ura - 11.5 13.6
Santa Barbara - 10.6 30. 04
Field Crops
Cotton
San Bernardino -- 15.7 44.5
Ri versi de - 13.0 21.4
Sugar Beets
Los Angel es - 18.7 23.7
San Bernardino - 16.4 20.
Ri versi de - 15.4 23.7
Santa Barbara e 10.0 --
Vent ura - 5.2
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during 1972-76, the annual average crop yields for fresh tomatoes, potatoes,
and | ettuce have been much lower in Riverside, San Bernardino, and Los Angel es
Counties than in the other counties. This obviously increases the variability
i ndi ces, cet.par. It is possible that some portion of these |esser yields

is caused by air pollution. The anbi guousness of the results in Table 2
can be reduced by ascertaining whether there has been an associati on between
higher variability’ 'indices and increasing |levels of oxidant/ozone air pollution
over time. We, therefore, conpare the values of our randomvariability

i ndi ces, which cover the 1955-76 period for the southern California region,
with those obtained in two earlier efforts by Carter and Dean (1960, 1968).
Allthree sets of indices are estinmated by the sane technique. The earlier
Carter and Dean study enbodies estimates of inconeg, pric%/and yield variability
indices for principal California crops from 1918 to 1957.— Estimation of the
variability indices on vegetable crops is on a statewi de and seasonal basis.
Conpari sons between selected counties and the entire State of California are
possible only for sone field crops. In the later study (1968), data for the
sane crops were extended through 1965. Aso, the 1968 study has variability
neasures on both a state and county level for selected crops. The data used
in these two studies span a period of relatively |ow anbient air pollution
concentrations (1918-1957, 1918-1965). Only for the |ast decade of the data
period (1947-1957) for the earlier study did air pollution become a significant
problemin the study area. Thus , any variability measures estimated by
Carter and Dean should be relatively free fromthe influence of air pollution
effects.

Table 3 pernmits a conparison of our ranadm Variability indices for a
variety of crops with those of Carter and Dean,=  Any conparison tends to
support an association between tenporal increases in the random variability
indices and temporal increases in oxidant air pollution throughout southern
California.”™ |In fact, one or nore of all the vegetable and field crops
(green lim beans, lettuce, fresh tomatoes, and sugar beets) that in Table 2
consistently exhibited higher randomyield variabilities in high air pollution
counties also exhibited higher variabilities in the 1955-1976 period than in
the Carter and Dean periods. Cotton, another crop known to be very susceptible
to oxidant air pollution danages, also appears to have suffered increased
yield variability during the 1955-1976 period. However, because Table 2
does not contain a low pollution county for cotton, we do not know whether
this type of county has experienced a sinilar increase in yield variability.
O those crops displaying a lower yield variability during 1955-1976, only
celery is widely thought to be sensitive to air pollution damages. Neverthe-
less, that single variety of celery (winter) that is alnost entirely grown
in southern California does exhibit an increase in yield variability. Gven
t hese observations, the plausibility of our second hypothesis cannot reason-
ably be rejected, i.e., increasing levels of air pollution over tinme, are
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Table 4.3

Random Yield Variability Coefficients: Comparison
between Carter and Dean and Present Study Results

Crop/Season Carter and Dean Current Study
1918 - 1957 1918 - 1965 1955 - 1976

Vegetables

Tomatoes, early fall 2 5 14 (10)
Beans, green lima 4 4 15 (11)
Celery, winter 5 7 10 (7)
Tomatoes, processing 5 5 12 (9)
Onions, late summer 6 6 11 (8)
Celery, late fall 6 5 6 (4
Celery, spring 6 16 7 (5
Cauliflower, late spring 7 7 15 (11)
Onions, late spring 7 13 11 (8)
Lettuce, summer 9 12 15 (11)
Carrots, winter 9 10 11 (8)
Tomatoes, early summer 1 9 11 (8)
Tomatoes, early spring 1 13 23 (16)
Cantaloupes, summer 12 10 18 (13)
Broccoli, early spring 12 15 8 (8)
Carrots, late fall 13 7 12 (9)
Lettuce, early spring 15 9 6 ()
Cantaloupes, spring 16 16 23 (16)
Field Crops

Sugar Beets 9 11 16 (11)
Cotton Lint 7 5 13 (9

Sources: Carter and Dean (1960, Tables 1 and 2; 1968, Tables 1 and 2).
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associ ated, whether causally or otherwise, with increased yield variabilities
for a nunber of crops.

SUMVARY AND CONCLUSI ONS

Variability in agricultural yields is one neasure of the risk faced hy
producers. This Variability can be a manifestation of numerous factors,
i ncl udi ng weat her, disease and other environmental perturbations. Alr
pol lution may be another factor which contributes to yield variability
t hrough the weakening of the plant at times in the growing season when it is
particularly susceptible to stresses

This paper is an exploratory attenpt to deal with the effects of air
pol lution on producer behavior and the yield variability of selected crops

within a nmajor production region. The enpirical anal ysis suggests that
regional and tenporal differences in air pollution are associated, though
perhaps not causally related, with increased yield variability. Rel ative

ri sk rankings across crops and regions nay, therefore, be changed by spatia
and tenporal differences in air pollution, especially when there exists a
lack of alternative econonic strategies to mitigate for air pollution
effects within crop groups and/or production region. Qur anal ysis raises
the possibility then that, in the absence of conpensating adjustnents in
expected incone, producers of several crops in southern California have
been forced to bear increased risks due to the intensification in the |ast
two decades of the region’s oxidant air pollution.
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| ettuce and cotton in San Diego County. Only Santa Barbara and Ventura
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e.g., prices are usually deflated by sonme neasure of the genera
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Al crop yield data were obtained fromthe respective County Agricultura
Conmi ssi oner annual reports.

For a detailed review of literature on the relative susceptibilities of
various crops to oxidant/ozone air pollution, see Adams, et al. (1979) ,
Chapters 11 and IV.

The variability indices in the 1960 study were estimated fromthe 1918-
1957 period if there was no statistically significant difference between
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the variances in the 1918-1937 and the 1938-1957 periods, or the 1938-
1957 period if there was such a difference. Moreover, in the case of
nonhonogenous vari ances, the variance of the nost recent period was

then taken as the best estimate of future variance (Carter and Dean,
1969, p. 180). The nean yield used in the study was the average from
1953 to 1957.

To the list of obvious but unconsidered factors which could influence
the values of the indices nust now be added shifts in relative input
prices across periods that differentially affect crop varieties and input
conbi nations and productivities across counties. New crop varieties
with greater yield variabilities may also have been introduced

Most of the variability measures for vegetable crops reported in Carter
and Dean represent average variability (across all producing counties)
for a specific crop in a specific season; e.g., the random variability
for winter celery is the average of variabilities for all counties
producing winter celery. The results fromthe present study as reported
in Table 3 are the average variabilities for that crop and season for
southern California only. Conparisons between Carter and Dean results
and those of this study appear enpirically valid, given that the crops
and seasons cited in Table 3 are primarily grown within southern Calif-
orni a. Hence, the underlying geographical production areas should be
consi stent across the two sets of results

For field crops (cotton and sugar beets), the Carter and Dean results
are provided for selected counties, including Inmperial County in the
desert region of southern California. The Inperial County variabilities
from Cater and Dean are conpared with those of Riverside and San Bernar-
dino Counties fromthe current study, since these latter counties
enconpass a sizable crop area within the sane desert environmental zone
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