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ABSTRACT

This study investigates the economic benefits that would accrue from re-
ductions in oxidant/ozone air pollution-induced damages to 14 annual vegetable
and field crops in southern California. Southern California production of
many of these crops constitutes the bulk of national production.

Using the analytical perspective of economics., the study provides an up-
to-date review of the literature on the physical and economic damages to agri-
cultural crops from air pollution. In addition, methodologies are developed
permitting estimation of the impact of air pollution-induced price effects,
input and output substitution effects, and risk effects upon producer and con-
sumer losses. Estimates of the extent to which price effects contribute to
consumer losses are provided. These consumer losses are estimated to have
amounted to $14.8 million per year from 1972 to 1976. This loss is about
1.48% of the total value of production for the included crops in the area and
0.82% of the value of these crops produced in the State of California. Celery,
fresh tomatoes, and potatoes are the sources of most of these losses.
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CHAPTER I

INTRODUCTION

1.1 The Problem Settin~

Agricultural production, even in the most advanced countries, is
heavily influenced by factors that are beyond th~: producer’s control.
Despite a tremendous increase in per unit agricultural yields during the
past three decades due, in part, to successful breeding of high yield and
disease resistant varieties of plants, favorable weather conditions,
substantial uses of fertilizer, insecticides, and modern farm machinery,
aggregate world food production has not kept pace with world population
growth. Further, within the more industrialized countries yield plateaus
appear to have been reached for specific crops. On a site specific basis,
such a leveling of yields may be partially attributed to man-induced
environmental factors, such as shifting production to soils of lower
inherent productivity and the general degradation of environmental quality,
including ambient air quality levels. The existence of such environmental
problems may not be critical in developing or non-industrialized countries
where agricultural production is still largely at a subsistence level.
However, within industrialized nations, the encroachment of urban and
industrial growth into regions of agricultural production bring attendant
problems for agriculture, including those associated with air pollution.
The problem of air quality and agricultural production is partially
pronounced on a regional basis.

Some agricultural crops, such as vegetables and fruits, tend to dis-
play highly concentrated geographical production patterns due to specific
climatological  requirements. An example of such a region is the South
Coast Air Basin of California. Given the concentration of such production,
and the adverse effects of air pollution on vegetables and fruits (which
are highly perishable), one might expect price fluctuations for such
commodities in response to changes in air quality. Any depression of
yields due to the presence of air pollution may affect consumers and
producers of those commodities differentially, depending on the price
elasticity of demand (or the price flexibility coefficients, if emphasis
is on direct price effects). That is, if the price elasticity of demand
for, say, celery is inelastic, consumers would suffer a net income loss,
while producers on the aggregate will benefit from the increase in price
of celery due to the reduction in celery supply.

The fact that air pollution poses problems in certain delineated
basins in California is well documented. Such air pollution problems
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appear most severe in the South Coastal Air Basin of the state. Injury
to vegetation from photochemical  oxidants was first characterized in 1944
in the Los Angeles area [Middleton, Kendrick and Schwalm, 1950], but was
soon recognized over a large part of Southern California as well as in the
San Francisco Bay area [lliddleton,  Darley and Brewer, 1958]. Moreover, the
high level of such p~teatially harmful photochemical oxidants and particu-
late observed in th@” Suuth Coast Air Basin are no longer confined to the
delineated.area but rather extend east into the Mojave Desert and Imperial
Valley as well as northwest into the Ventura-Oxnard Plain. Areas of
previously low air pollution concentrations, such as the San Joaquin and
Central Coast valleys, are experiencing potentially damaging levels of
concentration.

The general effects of air pollution on vegetation are also well
documented.&/ While some effects, at the individual level, may be primar-
ily aesthetic, substantial economic costs to society in terms of deleter-
ious effects on production relationships are also incurred. These effects,
as applied to agricult!lral crops, may be pronounced in terms of depressed
yields and resultant increases in output prices.

Within agricultural crops, different species vary over a considerable
range in their susceptibility to injury by air pollution. These differ-
ences appear to be due primarily to differences in the absorption rate of
toxic substances by plant leaves. Succulent leaf plants (with the excep-
tion of corn) of high physiological activity are generally sensitive,
whereas those with fleshy leaves and needles are resistant. For these
reasons, it is necessary to find the appropriate air pollution response
function for each crop so that the level of yield reduction, if any, due
to different levels of air quality can be determined within the specified
area.

The physical effects of air pollutants on agricultural crops have
long been recognized [Brandt and Heck, 1968]. The adverse effects of air
pollution were recorded as early as 1874 [Cameron]. However, most research
in this area has concentrated on physical damages. There have been rela-
tively few research efforts directed at the economic impacts of air pol-
lution on agricultural crops. Perhaps one reason is that individuals who
traditionally carry out such studies are primarily biologists, biochemists,
plant pathologists, or other scientists more interested in physical rather
than economic or monetary losses to plants and agricultural crops due to
air pollution. Another reascm is that it is more difficult to adequately
evaluate economic losses due to a wide range of stochastic factors, such as
possible input and output price fluctuation, for the commodities being
considered. To date, there does not appear to be a theoretically accept-
able means of measuring such economic losses. Of those studies directed at
economic losses, most employ the survey method and calculate the damages
quantitatively by simply multiplying the estimated reduction of yield by a
fixed Drice [see Middleton and Paulus, 1973;2/ Lacasse, Weidensaul and
Carroli,  1969;
Thompson, Kats

Benedict, Miller and Smith, l~73; Thompson and Taylor, 1969;
and Hensel,  1971; Thompson, 1975].
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Given the importance of the South Coastal and contiguous regions in
the production of sPecific croPs, increasing (or even constant) levels of
air pollution such as photochemical  oxidants, may portend significant
changes in this regional agricultural production. Such agricultural
adjustments maY adversely affect consumers, given the general range of
income elasticiti~~ and price flexibilities observed for mai~y crops grown
in this area. Thecefiects of air pollution on producers are uncertain, as
some compensating variation in the form of changes in output prices may
offset some production effects. Nevertheless, it is likely that resource
owners and input suppliers would experience lower rates of return.

As mentioned above, farm-level prices of some agricultural crops
fluctuate widely, due in part to changes in production levels. The prices
of some agricultural commodities may rise or drop more than 50% within a
certain time period [see Tomek and Robinson, 1972, p. 2], depending on the
magnitude of the price flexibility coefficient. Therefore, prices, under
such situations, cannot reasonably be taken as given. In addition, most
studies do not consider distributional effects due to air pollutiop,  such
as welfare gains and losses across consumers and producers. Such effects
may be of more interest to policymakers than just the dollar value of
agricultural losses.

1.2 Scope of the Study Analysis

Vegetable production in the United States is dominated by California
in the aggregate and on a seasonal basis. Within certain regions of
California, air pollution in the form of oxidants has been a chronic
problem. This is particularly pronounced in parts of the South Coastal
region encompassing Los Angeles and surrounding areas. The South Coastal
region is also an important vegetable producing region on a seasonal basis.

In addition, levels of oxidants have been increasing in contiguous
production regions, such as the Imperial Valley, Southern San Joaquin
Valley and Central Coast (Salinas Valley). These regions, when combined
with the South Coast, constitute the principal fresh vegetable production
region in the U.S. These regions are included in this analysis in an
attempt to capture the comparative advantage across regions; i.e., in-
creasing levels of air pollution in one region vis a vis contiguous regions— .  —
may result in structural changes in the agricultural sector as growers
attempt to ameliorate for the presence of air pollution. Such modifica-
tions in behavior may be in the form of changed cropping mixes, increased
costs or shifts in location of production. The net effect may be reduced
market shares for the affected region and altered producer revenues. Thus ,
for the purpose of this study, the delineated study area contains four
production regions identified as the South Coast, Central Coast, Southern
San Joaquin and Southern Desert.~/ These regions appear to constitute  an
appropriate area in which to analyze the interface between air pollution
and crop production.

At present, the economic analysis of crop damage is limited to 14
annual vegetable and field crops. Perennials, such as alfalfa, citrus and

3
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fruits, are excluded due to the complex time horizons associated with such
crops. Also, from the standpoint of substitution possibilities (one aspect
of the analysis), annual crops offer a more diverse set of opportunity.
The annual crops selected for inclusion represent the major vegetable and
field crop commodities grown within the region. All had gross values in
excess of $8 million in 1976. The list of vegetable crops includes: beans
(lima), brcccoli,<aantaloupes,  carrots, cauliflower, celery, lettuce (head),
onions (fresh and processed), potatoes and tomatoes (fresh and processed).
In addition to the 12 vegetable crops, two field crops are included: cotton
and sugarbeets. Acreage and production figures for the included crops, by
subregion and for the state, may be gleaned from Tables 1.1 through 1.4.

While a number of air pollutants are known to cause physical damage to
plants, the emphasis of this study is on one specific type of air pollutant

oxidants/ozone. The selection of ozone concentration as the ambient air
quality parameter is based on the magnitude of ozone in terms of total air
pollutants. Within California, oxidants/ozone comprise approximately 50%
of total pollutants. Further, ozone appears to be the most significant
pollutant in terms of vegetation damage.

The procedures used within this analysis, while specific to the
included set of crops and type of pollutant, should be sufficiently general
to be applicable to a wide range of crops and pollutants. Further, in
terms of policy implications, results derived from the empirical analysis
concerning the included set of variables should fill the most pressing
informational needs of policymakers.

1.3 The Agricultural Sector: An Overview

The agricultural sector of California has experienced a significant
growth during the past few years. Gross on-farm revenues have increased
from $5.1 billion in 1972 to $9.1 billion in 1976 (U.S.D.A. Agricultural
Statistics). While due partly to higher prices for vegetables in the
period, there are several factors which continue to contribute to the over-
all growth of California agriculture. Among them are favorable environ-
mental and technological conditions. The temperate Mediterranean type
climate in California, a well-developed system for tapping the water
resource base, relatively productive soils in some areas, high application
of chemical fertilizers, pesticides and advanced mechanical aids enable
growers to harvest a diverse high yielding and high value crop mix [Adams].
As a result, 38 of California’s 61 agricultural commodities rank number one
in the nation and only five of the 61 fail to rank nationally in the top
ten.4/—

Total economic values of California’s principal vegetable crops~/  for
1974, 1975 and 1976 are: $1.24 billion, $1.38 billion and $1.28 billion,
resF.ectively. These values represent 44.23, 43.42 and 43.02% of total
national vegetable marketing. Total acreages for the same period are
808,470 acres (24.36% of the U.S.), 865,920 (25.46%) and 768,160 (24.19%).~/
Value, acreage and percentages for specific crops are presented in Table 1.1.
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Vegetable Crog

Beane, Green ~ina
Uroccoli
Cantulopea
Carrots
Cauliflower
CeIery
1 ct tuce, Ilead
Onion, Fresh
Onion,  Processing
pot~l LOcS
Tormtcrcs, Fresh
Tcvmtocs, Processing

:ield Crop

Cotton
Sugarbcettr

Table 1.1

United States and California Crop Production:
Specific Vegetable and Field Crops, 1976

Acreage
[1000 acrea)

48.0
53.8
73.2
75.5
33.8
33.3

22~-5
31,7
n.a.

1,374.1
128.9
309.0

10,869.1
1,480.5

United States a

Production
(1000 Cwt)

55.81
4,280.0

10,005.0
20,089.0
3,218.0

16.821,0
54,047.0

7,172.0
n.a.

353,336.0
21,492,0
6,471.8 1

10,095.9:
29,427.0

Value
($1000)

16,007
63,761

108,075
117,424

52,575
137,374
473,837

44,466
n.a.

1,182,816
425,897
375,401

3,267,560
582,655

Acreage
(1000 acres)

15.7
50.4
39.0
33.0
26.5
19.8

155.1
5.9

19.5
66.0
29.4

233.8

1,120.1
312.0

Product ion
(1000 Cwt )

25.751
4,133.0
6,623.0

10,100.0
2,558.0

11,110.0
39,6L0. O
1,652.0
7,215.0

24,188. O
6,765.0 1
5,066.5

2,382.7 2

8,892~*3

Cztliforniab

California
Production

as % of U.S.

46.15
96.56
66.20

‘ 50.28
79.49
66.05
73.34
23.03
n.a.
6.85

31.48
78.29

23.60
30.22

:4.

--
Value

($1000)

8,317
63,123
70,442
58,291
40,400
78,922

327,665
7,814

27,524
110,161
137,904
284,734

835,192
267,649 3

2,318,158

California
Value

as % of U.S.

51.96
99.00
65.18
49.64
76.84
57.45
69.16
l?.s?
n.ct.
9.31

32.38
75.85

25.56
45.94

1
1000 tons

.
‘1000 balea of 500 lbs each

3 1975 figures since the 1976 figurca were not available at chc time of compiling the table.

4 Information on processing onions not readily available. However, it is generally assumed that California produces the bulk of
U.S. processing onion production.

Sources:

%. S.D. A. @rtm,l I”rnl SL~llstics and bCallfurnia Crop and livestock l{cporti.ng.Service



Table  1.2

Southern Desert

Crop

Vegetable Crops

Beans, Green Lima
Broccoli
Cantaloupes

m Carrots
Cauliflower
Celery
Let cucc,  Head
Onlvm,  Crccn
~nlun.  Dcl;ydratcd
PO LIICWS
Tomatoes, Fresh
Tomtitocs, Processing

Field Crow

cot too

S@arbccts

1972-76
Average

9,330
5,102

.44,380
1,678
2,00?

1,765
1,110

54,400
62,600

1976

8,850
5)510

43,900
1,790

925

1,766
1,430

71,000
58,000

crop Acreage Harvested, by Region
1972-76 and 1976

S o u t h e r n  Coast

+

1972-76
Average 1976

10,778
2,918
2,294

10,233
4,281

10,905
17,714

7,773
3,)94
8,839
8,882
9,504

18,257
9,811

6,911
3,497
3,067

11,302
5,419

11,852
18,939

95?
4,000
9,43a
9,924
8,776

23,562
9,015

Central Coast
.—

1972-76
Average

2,847
18,712

4,803
8,676
7,273

69,206
1,279
1,602
4,803
3,895

10,094

18,258

1976

995
19,900

4,674
9,990
8,21,0

73,565
2,090
1,250
4,376
4,332
9* 500

24,390

44
. .

S.ouchern  San.Toaquinl  Study f&ion

1972-76
A v e r a g e

2,281

3,872
9,440

4,430
0

6,230
34,907
2,342
8,226

413,320
27,896

T1972-76
1976 Average

3,000 15,906
21,630

2,600 15,496
10,000 29,578

12.95?
18,178

5,100 135,730
0 4,730

6,500 13,713
36,023 48,549
2,023 17,252
7,950 30,139

1976

10,906
23,397
14,517
31,486
15,409
20,092

141  * 504
4,832

12,675
49,837
18,045
27,6’ ~~

541,562
121,296 ,

Sources: County Cnminissioner’s  Annual Reports
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Average Annual Crop Production and Market Shares,
by Region, 1972-76
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Region

Veget d Ie Cro~

Beans, Green Lima
Broccoli
Cantalope9

Go Carrots
Caullflowcr
celery
Let cuce, Head
union,  rrt. sh
Onlun, Dellydraced
Potatoes
T’omatocs.  Fresh
Tor.ntocs,  Processing

Field Crops

Cot ton
Sugarbeecs

Unit

(TOSS)
(C@
(CWT)
(CWT)
(CWT)
(CWT)
(Cl?r)
((::/()
(off’)
(m’1)
(cl/f)

(TONS)

(BALLS)
(TONS )

Table 1.4

lq76 B.egional  Crnp Prnductlon

Region

Southern
Desert

1,128,000
2,215,000

11,720,000
374,000
300,000

384,000
36,000

141,500
1,476, oOO

● Leaf Lettuce: Southern Desert - 0
South Coast = 428,076 ChT
Central Coast = 526,200 CWT
.%uthcrn  Sun Joaquin  = O

South Coast
Central

coast

2,505
1,207,400

1,416,800
975,850

4, S29,800
20, S35,170

S96,600
393,260

1,428,600
872,000
188,980

86?,020

14,087
292,770
461,332

2,908,021
617,877

6,478,100
4,950,130

271,328
1,400,000
2,900,200
5,020,416

178,538

51,122
256,636

*Rornane Lettuce:

Southern
San Joaquin

9,000

468,000
3,500,000

1,490,000

2,580,000
10,630,900

403,480
195,000

972,760
849,638

Total

25,592
1,500,170
2,057,322

‘1 O, O39,821
1,593,727

11,007,900
38,695,300
1,2/,7,928
4,673,260

15,039,70b
6,679,896

598,518

1,165,382
3,449,292

-

% of California

99.39
36.30
31.05
99.40
62.30
99.08
97.62
75.54
64.77
62.18
98.74
11.81

46.95
38.79

Southern Desert - 0
South Coast = 233,320 CWT
Central Coast - 965,800 CWT
Souchcrn  San Joaquin  = O



These aggregate characteristics of the California agricultural sector
tend to mask SOme rather sharp distinctions observed at the regional level.
Qthough the Certral Valley and Central Coast (Salinas Valley) are consi-
dered the most significant Production regions in terms of value of pro-
duction, other regions such as the South Coast and Imperial Valley
(identified by theqal.ifornia  Crcp and Livestock Reporting Service as Crop
Reporting District ~o.-8) are nationally important in the production of
many specialty crops, on both a seasonal and annual basis. This is par-
ticularly pronounced in both winter and spring vegetables as well as hor-
ticulture crops such as cut flowers. Moreover, the South Coast and Imperial
Valley areas also produce significant quantities of avocadoes, strawberries
and sugarbeets. Table 1.2 presents a regional breakdown of crop acreages
for the period 1972-1976 and for 1976. Tables 1.3 and 1.4 provide regional
data on value of production and national market shares for the same periods.

This regional importance is primarily attributable to climatological
considerations concerning the product mix that growers may undertake in
these regions. For instance, crop production in some climatologically
distinct regions, while plagued by higher production costs, remains viable
due to higher output prices normally received for winter and spring season
production or for some specialty crops. However, in the presence of
environmental degradation which results in reduced production (yields) with-
in the region, one would expect the total. output and cropping mix undertaken
by growers to be affected (if differential effects across crops are assumed)
through substitution effects (e.g., use of lower yielding but more resistant
crop varieties) or depressed per unit productivity (caused by diminished air
quality or sub-optimal changes in production location). The resultant
higher output prices and/or lower yield for certain seasonal production and
other specialty crops may then significantly affect consumers’ and producers’
welfare.

1.4 Purpose and Objectives

The main purpose of this report is to convey the methodological and
empirical results realized to date for the agricultural phase of EPA
Benefits project. The intent of this project phase is to develop a tract-
ible methodology for the assessment of economic damages to agricultural
crops associated with air pollution (oxidants) and apply such a methodol-
ogy to an actual production region. The empirical basis of this study is
derived frcm the application of these methodological constructs to the
four delineated regions in the study area (South Coast, Desert, Central
Coast, Southern San Joaquin Valley).

Specific objectives of this report are to:

1. Present a current review of literature on physical and economic
damages as they pertain to the development of tractible research
approach;

2. Present an overview of the incorporated methodology;
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3. Estimate and discuss the results of air pollution yield response
functions and crop price-forecasting equations required for
damage estimation;

4. Present a measure of economic damages for consumers as measured
by the above yield and price parameters; and

we %
5. Discuss areas in need of further research to fully capture the

effects of air pollution on crop production. Th~se include
production substitution (both input and output effects) and risk
effects associated with crop production in areas of high levels
of oxidant.

1.5 Plan of Presentation

The report contains six major chapters, in addition to the intro-
duction. These include: Chapter II-review of literature; Chapter III-
methodological considerations; Chapter IV-yield response functions; Chapter
V-price forecasting equations; Chapter VI-estimates of economic damages to
consumers; and Chapter VII-areas in need of further research. Each chapter
is intended to be independent in content. Thus, readers may skip chapters,
depending upon area or extent of interest. Details concerning items with-
in the executive summary may be obtained from appropriate chapters.
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1/– For more details see

~)

FOOTNOTES: CHAPTER I

Chapter II of this report.

“Barrett and Waddell (1973).

“The cc,unties included in each region are as follows: South
Coast -- San Diego, Orange, Los Angeles, Riverside, San Bernardino,
Santa Barbara, Ventura; Desert -- Imperial; Southern San Joaquin --
Tulare, Kern; Central Coast -- Monterey, San Benito, San Luis Obispo,
Santa Cruz.

“California County Fact Book 1976-1977, pp. 22-23. The ranking is
based on quantity produced. These five commodities are corn, for grain
(ranks 24th nationally), corn, sweet (llth), oats (16th), red clover seed
(17th) and wheat (13th).

j/For fresh market
: artichokes, asparagus, snap beans, broccoli,

brussel sprouts, cabbage, cantaloupes, carrots, cauliflower, celery, sweet
corn, cucumbers, eggplant, escarole, garlic, honeydew melons, lettuce,
onion, green peppers, spinach, tomatoes and watermelons. For processing:
lima beans, snap beans, beets, cabbage, sweet corn, cucumbers (pickles),
green peas, spinach, and tomatoes.

6/
– All figures for 1976 are preliminary.
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AGRICULTUML

2.1 Introduction

CHAPTER II

CROP DAMAGES BY AIR POLLUTION - A REVIEW OF LITERATURE

The relationship between plant injury and levels of air pollutants
such as oxidants is a subject of significant research effort. The impor-
tance of the subject stems from the health and economic implications por-
tended by impacts of air pollution on plants. Also, the measurement of
such relationships is controversial because plant injury is due to a wide
range of factors. There does, however, appear to be general agreement that
plant injury is primarily dependent on the concentration of fumigant and
time of exposure, although environmental factors and meteorological condi-
tions also influence this relationship. Moreover, it has been discovered
that different varieties of each plant specie have different degrees of
susceptibility to air pollution concentration and thus display different
degrees of damages, both physically and economically.

The purpose of this section is to briefly review some recent studies
concerning both physical and economic damages of agricultural crops caused
by air pollution. Concentration will be on those studies dealing with such
air pollutants as photochemical  oxidant and ozone, within the United States.
This literature review is thus not exhaustive. For a more detailed review,
the interested reader is urged to pursue the subject by going through the
bibliography cited in footnote 1. The review in this section will start
with those studies concerning physical damages and then proceed with a
review of literature dealing with economic damages.

2.2 Physical Damages of Crops by Air Pollution

Plant pathologists, biologists and other plant scientists have been
concerned with effects of air pollutants on vegetation for perhaps a cen-
tury or more but it was not until the early 1950’s that extensive research
on the “physical” damages of air pollution on plants was carried out.
During the last 25 years the number of publications on the subject in
various professional journals has increased significantly.&/

Perhaps the first experimental, evidence of effects of air pollutant on
vegetation was that done by Lea in 1864. In his experiment, Lea germinated
wheat seedlings on gauze under bell jars with and without ozone generators.
The seedlings without ozone developed normal roots but the roots subse-
quently became moldy. The seedlings in ozone, surprisingly, had very short
roots that grew upward and remained free of mold.
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Knight and priestly in 1914 damaged seedlings with ozone during their
investigation on the effect of electrical discharges on respiration. Homan
in 1937 investigated the possibility that ionized air and ozone might be
capable of improving plant growth. In 1948, Schemer and McColloch  (1948)
attempted to use the antifungal properties of ozone to prolong the life of
apples in storage. Xrou such an experiment, it was determined that one
could deter surface ~ol~s for seven months if the apples were kept in 3.25
Ppm Of ozone. Unfortunately, results obtained showed many of the ozone-
treated apples developed brown sunken areas around the lenticels  [Rich,
1964, p. 154].

Middleton, et. al. (1950) were among the first to report that photo-— .
chemical air Pollutants can damage field crops. Their initial concern was
with ozone damage, but later found the primary cause of damage to be PAN.
While ozone was not initially thought to be important as a crop damaging
pollutant, by 1957 Freebairn had established that crops could be adversely
affected by ozone injury. In 1958, grape stipple caused by ozone was
verified [Richards, et. al., 1958]. This type of injury had been a major
problem in Californi=vi=yards  since 1954.

The nationwide distribution of ozone as a potential threat to agri-
culture became apparent  in 1959, when ozone was reported to cause damage
to many crcps in New Jersey [Dairies, et. Q., 1960]. Through fumigation—
experiments, Ledbetter, et. al. (.1959), and Hill, et. al. (1961) extended——
the list of plants that can be injured by ozone. from= (1961) performed
a fairly comprehensive review of the available information on the effects
of photochemical  oxidants on plants.

Middleton (1961) gave the first comprehensive coverage of the phyto-
toxic effects of photochemical  oxidants. Rich (1964) presented an early
and detailed review of ozone effects on plants. The degree of injury to
susceptible plants is directly related to the concentration of ozone to
which plants are exposed and to the duration of the exposure [Rich].
Although symptoms of ozone injury may vary across species, there are several
symptoms that appear to be typical of the ozone syndrome. One of the first
symptoms of ozone injury is the appearance of “water-soaked” spots found on
tobacco leaves. If the damage is not severe, the injured cells may ulti-
mately recover. The following phase is usually bleaching. With more severe
injury, the chlorotic or discolored areas may become necrotic and then
collapse. Another symptom of ozone injury in plants is yellowing or pre-
mature senescence of older leaves, accompanied by abscission.

Once ozone gets inside the leaf, it attacks the palisade parenchyma
first. The symptoms of ozone injury to palisade cells vary. “In grapes,
the injured cells becclme darkly pigmented before they die” [Richards, et.
al., 1958, p. 257]. A similar type of pigmentation accompanied by thi=-
~ing of the cell walls is also found in ozone damaged palisade cells of
avocado and Strawberry [Ledbetter, et. al. , 1959]. In tobacco, sugarbeet,
and occasionally peanut and sweet p~at~ the ozone injured palisade cells
collapse and then become bleached. The surrounding tissue may be unaf-
fected if the ozone damage fs not too severe. Otherwise, the adjoining
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mesophyll and upper epidermis may die [Povitailis,  1962]. In tomato and
potato there is complete collapse of the tissue within the lesion caused by
ozone.

A series of experime&tsqabcut  effects of air pollutants on citrus trees
carried out by Thompson and Taylor, Thompson and Taylor and Associates in
the 1960’s in the Los Angeles Basin [Thompson and Ivie, 1965; Thompson and
Taylor, 1966; Thompson, et. al. 1967; Thompson and Taylor, 1969] show that
the photochemical  smog c=pl~ present in that area reduced water use and
the apparent photosynthesis of citrus trees. Ambient levels of fluoride
had no significantly measurable effects.

“The smaller total leaf drop in trees which received filtered air
was compared to the unfiltered treatments is somewhat significant but
when measured for long periods tends to become equal in all trees be-
cause all leaves become senescent and fall eventually. The much more
revealing work was the study in which the separate lemon branches with
tagged, dated leaf flushed were counted periodically. These showed,
after 18 months that the trees receiving filtered air had lost 28% of
their leaves while the unfiltered treatments had lost 66%” [Thompson
and Taylor, 1969, p. 940].

Effects of ozone (comprising almost all the oxidants in the South
Coast Air Basin) on some crops such as corn, tomato, lettuce and cabbage in
the South Coast area have been studied and reported by Oshima (1973). In
that study, a short-term fumigation study was undertaken in order to deter-
mine oxidant effects on young seedlings. A long-term fumigation study was
then used to determine effects on crop quality and yield and to develop
criteria for field studies. Seedlings of the Golden Jubilee variety were
exposed to 0.24 ppm ozone concentrations for 1.5% of the growing period.
Fumigations were initiated upon emergence and discontinued after a 30-day
period. Results from the experiment indicated that ozone injury was
observed on the seedling corn leaves of the ozone treatment throughout the
fumigation. At harvest, the size and weight of the fumigated plants were
reduced when compared to controlled plants. In summary, Golden Jubilee
corn was seriously affected by ozone in the 0.20-0.35 ppm concentration
range under greenhouse conditions-. The general effect of the ozone
exposures was a reduction in the size and weight of the corn plants. A
higher concentration of ozone, say, 0.35 ppm, reduced the dry weight of the
ears by 22.3% which is twice the 12.52 reduction found in the 0.20 ppm
treatment. However, ozone does not seem to influence the quality of field
grown Golden Jubilee corn ears to any great extent. The only quality
criterion possibly associated with ambient oxidant dosages was the extent
of blemishes on harvested ears. This might be due to the fact that this
variety of corn is somewhat resistant to disease and air pollution injury.

The same procedure described shove was used on tomato, lettuce and
cabbage; the results obtained are described below. Ozone exposures at a
moderate level (Q.24 ppm) reduced the size and weight of H-n variety
tomato seedlings. Reductions in height of plant, weight, and number of
leaves indicate that tiie fumigated seedlings were not as fully developed as
controlled plants. Higher levels of ozone concentrations (0.35 PPrn)
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affected fruit yield. Although ozone injury was observed on
tomato plants, no quality reductions attributed to ozone were

on harvested fruit.

pr-zehead lettuce was found to be resistant to ozone and other pol-

lutants at all stages of growth. Ozone fumigated seedlings were reduced in

percent solids fr~rn Controlled plants, but only the high concentration
(0,35 ppm) level of ozone over a period of time produced detrimental effects
on the mature stages of growth. Dark green Boston lettuce was selected for
~ong-term fumigation studies as a comparison to Prizehead  lettuce. This
variety proved to be far more susceptible to ozone than the Prizehead
VarietY. The percentage of leaves affected by oxidants would make these
plants unacceptable for marketing. Ozone also produced a reduction in the
overall SiZe Of Plants in both fumigated treatments. It should be noted,
however, that lettuce is regarded as a cool weather crop and is thus gen-
erally grown in the spring or fall, a period when it would not be subjected
to the high exposures of ozone which affect summer grown crcps [Oshima,
1973, P. 801.

Long-term fumigations indicated that ozone does not affect the quality
of Copenhagen Market cabbage heads. Greenhouse grown Copenhagen Market
cabbage was found to be sensitive to ozone leaf injury at all stages of
growth. However, injury to wrapper leaves by ozone did not always reflect
reduced yields or quality. Plants exposed to a lower level of ozone (say,
0.20. ppm) displayed considerable leaf injury but no reduction in either the
size or the weight of harvested heads. Leaf injury was also observed in the
0.35 pprn level of ozone concentration but there were no significant yield
reductions. This variety apparently tolerates a degree of ozone leaf injury
without any significant effect on size or weight of the head. Jet Pack
cabbage, a commercial hybrid, was then introduced in the long-term fumi-
gation studies as a comparison with Copenhagen Market cabbage. Effects of
ozone injury were essentially the same as Copenhagen Market.

Brewer and Ferry (1974) carried out a study on effects of photo-
chemical air pollution (smog) on cotton in the San Joaquin Valley in 1972-
73. The experiment consisted of placing pairs of filtered and non-filtered
plastic covered greenhouse shelters over established plots of cotton in
some selected locations in the valley. All greenhouses were equipped with
electric motor driven blowers which changed the air in each house twice
every minute. One of each pair of biowers was equipped with activated
carbon filters which effectively removed oxidants, ozone and nitrcgen
dioxide. Plant height, squares, bloom and boll set were then recorded for
each plant at about two-week intervals. The experiment shows that one
obvious effect of the carbon-filtered air on cotton plant growth at all
locations was the retention of vigor and color during late summer and
early fall. Moreover, plants in the filtered air were green and continued
to bloom and mature bctlls weeks after those in the outdoor plot and non-
filtered greenhouse had colored and become senescent.

Plant injury by air pollution not only depends on the level of concen-
tration of each pollutant and environm~.ntal factors but also depends on
differential variety of each crop. Many plant pathologists and vegetable
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,-...r. .
crop specialists and other plant scientists have conducted studies in order
to test the degree of susceptibility of each variety of crop to air pollu-
tants at certain locations. Results from such experiments have then served
as suggestions to farmef5 as to which variety of crop should be used for
the next growing season~’ & experiment of this type was conducted on sweet
corn hybrids by Cameron, et. al. (1970) in Riverside and Los Angeles, Cali-
fornia. The study showed= m=ked differential in injury from air pollution
in different sweet corn hybrids; e.g., at Riverside, leaf damage by oxidants
ranged from nearly zero in 11 hybrids to slight to severe in 23 others.
This was also true in the Los Angeles area.

“Thus, it appears that among the cultivars there were great
differences in injury which cannot be attributed to cultural factors
such as fertilization or irrigation, or to high temperature alone.
Genetic resistance to air pollution damage is apparently present in
some cultivars,  but not in others.” [Cameron, et. al., 1970, p. 219]——

Experiments by Thompson, et. al. (1976) on two varieties of sweet corn——
in the Los Angeles Basin also showed different degrees of susceptibility to
ozone injury. Studies by Reinart, et. al. (1969), Clayberg (1971, 1972) and
Oshima, et. al. (1975) on different~ar=ties  of tomato found both resistant—
and susc~tible  cultivars to ozone concentration. These varieties were then
ranked in order of degree of susceptibility. Finally, Davis and Kress (1974)
selected six varieties of bean from those recommended for commercial produc-
tion in Pennsylvania in their study concerning the relative susceptibility
of each variety to ozone. Plants were exposed to 0.25 ppm ozone for 4 hours
at a temperature of 21”C, 75% relative humidity, and a light intensity of
25,000 lUX. In each variety, five plants were exposed from 8:00 am to
12:00 noon, and the remaining five from 1:00 pm to 5:00 pm on the same day.
Such exposures were conducted on three different days, each 30 days from
the respective planting date. Results showed that ozone symptoms differed
slightly across varieties, but were generally a dark stipple or a light tan
fleck on the upper surface of the leaf.

From the literature reviewed, one can conclude that air pollutants
such as oxidants or ozone cause damages to various plants and crops. The
degree of injury to susceptible plants depends directly on the concentra-
tion of ozone and the duration of the exposure. Minor injury may result
only in yellowing or premature senescence of older leaves and the injured
cells may ultimately recover. If, however, the damage is severe, the
chlorotic or discolored areas may become necrotic and collapse, followed
by leaf-drops, fruit-drops, reduction in growth and yield and may finally
result in c.he death of the plant.

Empirical studies indicate that various types of agriculturally
important vegetables such as beans, cabbage, corn, lettuce and tomatoes
and some field crops such as cotton are susceptible to ozone concentrations.
Selected exposures reduced the size and weight of fruit, the height of
plant and the number of leaves. Higher levels of ozone concentrations
significantly affected fruit yield. However, effects of ozone on the
quality of fruit is not well established. Finally, it is evident that
varieties of each crop respond differently in terms of degrees of
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susceptibility  to a
~n past experience,
of tolerance to air

specific type of air pollution. Farmers, based mainly
usually choose the variety that has the highest degree
pollution in that area.

2.3 Economic Damages of Crops by Air Pollution

AS reported ifi:tlf??  preceding section, the effects of oxidant on
vegetation have been intensively studied over the past 25 years. Oxidant
or smog type symptoms were identified with the reaction product of ozone
and reactive hydrocarbons (automobile exhaustion). Generally speaking, the
~,dversarY  effects of air pollution on agricultural plants are reductions in
the quantity of output (yields] and/or degradation of the quality (nutri-
tional content) of the productt In terms of measurement of economic damages,
the scope and content of research efforts are somewhat more limited, parti-
cularly with respect to methodologies. Waddell (1974) identified some
general approaches for such measurement purposes. One approach is to
actually surveY the damage 10SS on a statewide basis. This approach has
been used in studies by Middleton and paulus (1956), Weidensaul and Lacasse
(1970), Millecan (1971), Feliciano  (1972), Naegele, ~. al. (1972), Pen
(1973), and Millecan (2976). Another approach is to con~ruct predictive
models relating data on crop losses to crop values, pollution emission and
meteorological parameters. The most comprehensive attempts using such an
approach are studies done by Benedict and Associates (1970, 1971, 1973) at
the Stanford Research Institute (.SRI). A third approach to assessing
economic damage of crops by air pollution is to estimate the “dose-response
function” and then relate it to the calculation of losses for each crop.
This approach has been attempted by O’Gara (1922), Guderian, Van Haut and
Stratmann (1960), Stratmann (1963), Zahn (1963), Larsen and Heck (1976),
Oshima (1975), Oshima, et. al. (1976. 1977), and Liu and Yu (1976). This
method will be describe~in~he  section on air pollution response function
estimation presented later.

Economic assessment of air pollution damages by investigators on a
site-specific basis was first done in a California survey conducted in 1949.
A somewhat similar survey in 1955, reported by Middleton and Paulus (1956),
was designed to show the location of injury, the crops injured, and the
toxicant responsible for the damage. Agricultural specialists throughout
the state were trained as crop survey reporters with the survey covering
four categories of crops: field, flower, fruit, and vegetable.

A program similar to that in California was established in Pennsylvania
in 1969 [Weidensaul and Lacasse, 1970]. The objectives of that survey were:
(1) to estimate the total cost of agricultural losses caused by air pollu-
tion in Pennsylvania; (2) to determine the relative importance of the
various pollutants  in Pennsylvania; (3] to survey the extent of the air
pollution  problem in Pennsylvania; (4) to provide a basis for estimating
the nationwide impact of air pollution on vegetation; and (5) to provide a
basis for guiding research efforts.

The Pennsylvania study
plan&s. Past air pollution
detecting possible trends.

included both commerical and non-commercial
episodes were investigated for purposes of
Estimates of losses obtained were based on
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crop value and production costs incurred by harvest time. Direct losses
to producers and growers included only production costs, whereas indirect
losses included profit losses, costs of reforestation, grower relocation
costs, and the cost of substituting lower value (highly resistant) crops
for higher value (but ~~ry sensitive) crops. Other costs such as those
associated with destructi& of aesthetic values, erosion and resultant
stream silting, damage to watershed retention capacity, and farm aban-
donment were not considered.

Of the 92 field investigations made within the Pennsylvania study, 60
revealed damages that were attributable to air pollution. Damage resulting
from pollution was observed in 23 counties, primarily located in south-
eastern and western Pennsylvania. Direct losses estimated in the survey
exceeded $3.5 million. The air pollutants responsible for the damage, in
order of decreasing importance were oxidants, sulfur oxide, lead, hydrogen
chloride, particulate, herbicides, and ethylene. The vegetation most
affected (also in lawns, shrubs, woody ornamental, timber, and commercial
flowers. Indirect losses were estimated at $8 million of which $7 million
reflects profit losses, $0.5 million reflects reforestation costs, and the
remainder reflects costs for grower relocation.

The approach used in the Pennsylvania study may be criticized on
several aspects. First, the method used in assessing losses is somewhat
questionable because grower profit losses are not included as direct costs
(since profit is normally the main objective of producers, such losses may
be direct). Second, methods of translating physical damage into economic
loss have not been standardized. Third, not much is known of the extent to
which home garden plantings and flowers are being affected by air pollution
and, if they are affected, then what value should be assigned to these
losses.

There are certain advantages, however, of this procedure, such as:
(1) existing manpower used in the initial survey can be used to achieve
continual coverage over an area; (2) local agents have rapport with growers
in that area, are familiar with crop peculiarities, and are probably
knowledgeable about local sources of pollution in the area; and (3) a field
coordinator supplies expertise to the reporting personnel and also provides
some degree of standardization in reporting losses.

A similar study was carried out for Pennsylvania in 197Cl [Lacasse].
Using the same concepts of cost (direct and indirect) as in the previous
year’s survey, Lacasse estimated direct losses to be $218,630 and indirect
losses of $4,0QQ. The relatively low damage figure for that year was due
to:

“fewer inversions and to no unfavorable
air stagnation did occur.” [Lacasse, 1971]

growing conditions when

Similar surveys have also been carried out by Felici.ano in New Jersey
and in the New England States in 1971. Feliciano  (1972) estimated that
agricultural losses due to air pollution in New Jersey were $1.19 million.
However, as in the Pennsylvania surveys profit losses were not included.
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In the CC,UrS~ of the New Jersey surveys a total of 315 air pollution
investigated and documented. A “rule of thumb” evaluationincidence were

method developed by }Iillecan  (1971) was used for estimating losses, i.e.,
if visual inspection Of the overa~~ leaf surface of the plants indicates
1.5% injury a 1% 10SS was applied for that crop. A leaf surface injury of
6-10% was assigned,a  2% loss; 11-15% injury, a 4% loss; and 16-20% injury,

an 8% loss. Estimates of total losses were then based on the crop value of
the acreage affected.

Naegele, et. al. (1972) reported on a field survey of agricultural— .
losses in the New England region resulting from air pollution. The survey
contains 83 investigations in 40 counties covering the six New England
states. Direct economic losses for the 1971-72 season were estimated at
approximately $1.1 million. Economic loss estimates were based on grower
costs, crop value at the time of harvest and the possibility of crop re-
coverY f?llowing  the pollution incident. The direct losses in this study,
in contrast to the Pennsylvania and New Jersey cases, include grower profit
losses. Among the crops studied, fruit, vegetables, and agronomic crops
suffered the greatest losses, with over 90% of the damage being attributed
to oxidant air pollution.

An approach similar to that used in Pennsylvania, New Jersey and New
England was used by Millecan  (1971) to survey and assess the damage of air
pollution to California vegetation in 1970, Prior knowledge about the dis-
tribution of air pollution problems placed concentration of the study in
the Los Angeles Basin, San Joaquin Valley, and the San Francisco Bay area.
Estimates of losses were confined to 15 of the 58 counties in the State,
even though plant injury from air pollution was observed in 22 counties.
Ventura County, on a county-wide basis, suffered the greatest economic crop
loss (approximately $11 million). Losses of citrus production in the Los
Angeles Air Basin accounted for over $19 million of a total monetary loss
of almost $26 million. Such a monetary loss estimate does not include
losses attributed to reduction in crop yield or growth (except for losses
of citrus and grapes) nor losses to native vegetation including forests,
nor to landscape (horticultural) plantings. Photochemical smog accounted
for most of the economic losses. Specifically, the percentages of plant
injury Caused by each type of air pollutant are as follOwS: ozone, 50%;-.
PAN, 18%; fluorides, 15%;
lates, 1%.

In order to obtain a
in plant losses caused by
initiated by Feliciano  in

ethylene, 14%; sulfur dioxide, 2%; and particu-

better understanding of the year-to-year variation
air pollution, Pen (1973) continued the research
1!?71. The direct losses of agronomic crops and

ornamental plantings estimated by Pen for the 1972-73 growing season were
approximately $130,QO0. As in the study by Feliciano, costs associated with
crop substitution and yield reductions were not considered. In decreasing
order of importance the damaging pollutants were: oxidants, 47% of crop
losses; hydrogen fluoride, 18%; ethylene, 16%; sulfur dioxide, 4%; and
anhydrous ammonia, 1%. The damage reported in this sruvey, surprisingly,
was only 11% of that reported by Feliciano in the 1971-72 New Jersey survey.
Perhaps one explanation is that the significant year-to-year variation
observed may be attributed to altered environmental conditions rather than
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to decreased air pollution concentrations. As an example, it is believed
that the unusual rainfall patterns in 1972 placed the plants under water
stress and thus protected them from air pollution injury.

A detailed survey and assessment of air pollution damages for Califor-
nia vegetation coveri?~  ~he period 1970-74 was again conducted by Millecan
(1976). The survey wa”g dbne in 10 counties~/ and covered four types of
crops: fruit and nut, field crops, vegetable, and nursery and cut flowers.
Within the framework of this study, a method known as the crop-dose conver-
sion scale was developed to measure monetary losses to alfalfa. This method
is asserted to represent an improvement in determining monetary loss values
related to the effects of air pollution on agricultural crops. The conver-
sion scale method is viewed as providing accuracy since it utilizes actual
pollution doses within the growing areas in a county and does not have to
apply averaging techniques as are needed in the general survey method. In
addition, the conversion scale method is able to produce standardized annual
crop loss estimates, i.e., yearly estimates of crop losses taken from the
conversion scale would differ only from variations in ambient ozone dose and
would therefore provide a uniform basis of annual comparisons. In deriving
the loss figures three factors were considered: (1) the value of the crop,
taken from the respective County Agricultural Commissioner’s annual crop
production reports or crop production reports of the California Department
of Food and Agriculture; (2) the pollution index, which represents a measure
of oxidant readings observed throughout the year, differences in air pollu-
tion levels among individual counties can then be compared by means of this
index; (3) the percentage of crop damage using the 1970 loss figures
[Millecan, 1971] as a reference point, as related to the increase or de-
crease in the air pollution index.

The overall monetary losses in the ten counties caused by air pollution
have increased from 1970 to 1974. Such losses are reported as about $16.1,
$19.1, $17.4, $35.2, and $55.1 million respectively. Such increases maY be
due partly to the increased per unit value of agricultural crops in each
year, i.e., the physical damages to individual crops may not necessarily
have increased. The large increase in losses in 1973 and 1974 was attri-
buted to an increased level of air pollution, a larger crop and an increase
in crop value [Millecan,  1976, p. 7]. Almost half of the monetary loss in
1974 was in cotton in the San Joaquin Valley. In conclusion the author
noted that:

“Monetary loss from air pollution damage to agricultural crops
will generally increase yearly because of several factors such as: an
increase in knowledge of plant susceptibility, an increase in the
ability to assess more correctly the effects of air pollution, an in-
crease in population and possibly an increase in air pollution levels.”
(p. 22)

Perhaps the most comprehensive research effort on economic damages was
performed by the Stanford Research Institute.~/ The objectives of the SRI
Nationwide Survey were to develop a model for estimating dollar losses to
vegetation resulting from the effects of pollutants, and to make such esti-
mates. The procedures and results of the study were as follows:

20



1. Selection of tl.ose counties in the United States where major air
pollutants -- oxidants (ozone, PAN, and oxides of nitrogen), sulfur dioxide,
and fluorides -- were likely to reach plant-damaging concentrations. The
counties selected were those in the Standard Metropolitan Statistical Areas,
under the assumption that damaging concentrations of oxidants and sulfur
dioxide were more,li~ely to occur in the most POPU1OUS areas.

+. -
2. The potential relative severity of pollution in each county was

then estimated. The severity of oxidant pollution was then derived by
first estimating, from fuel consumption data, the emissions per square kil-
ometer per day of tons of hydrocarbons and oxides of nitrogen (the precur-
sors of oxidants). These emissions values were then multiplied by a con-
centration rate factor and a factor related to area of the county or SMSA.
The results  obtained yielded a value indicative of the relative concentra-
tion of oxidant that might be reached in a single pollution episode. These
values were then multiplied by the number of days involved in pollution
eFisodes to obtain a value indicative of the overall plant-damaging poten-
tial for oxidant pollution in the various counties.

The same procedures were used for estimating the plant-damaging
potential for sulfur dioxide. In the case of fluorides, the relative
plant-damaging potential was based on the number, type, and size of large
single source emitters present.

The cormties were then arranged and grouped into classes in order
of the severity of the plant-damaging pollution potential.

3. The dollar values of commercial crops, forests, and ornamental
plantings were then determined or calculated by the following procedures:

a. Commercial crop values for 1964 and 1969 were taken from data
in the Census of Agriculture and supplemented, for 1969, by yearly re-
ports of the states or individual counties involved.

b. Values of forests were calculated from Federal and State
records.

c. For ornamental plantings, maintenance and replacement costs
were the representative values. The dollar values for the states were
first determined and these values were then prorated to the polluted
counties based on their proportionate area, population, or combination
of area and population of the state.

4. To arrive at the loss to each plant that might occur in each class
of plant-damaging pollution potential, the following methods were used:

a. Each group of ornamental were classified, based on litera-
ture reviews, as sensitive, intermediate or resistant to each pollutant.
They were also classified as to whether the part of the plant directly
affected by the pollutant (i.e., leaves, roots, fruit) had high,
medium, or no economic use.
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b. The next step was to obtain the percentage loss occurring to
the most sensitive plants in the high-use category in the most severely
polluted counties.

c. Using the above two types of information, tables were pre-
pared showing the percentage economic loss that would occur to plants
in each sensitivfiy-lvse  category in each pollution potential class for
each pollutant associated with those described in (2).

5. These factors were then applied to value of the crops, forests,
and ornamental grown in the polluted counties, and recorded the dollar
loss value for each crop in each county. These values were added to arrive
at the state, regional, and national values.

6. In obtaining the 1969 estimates, 687 of the 3,078 counties in the
United States (excluding Alaska) were selected as having exposure to poten-
tially plant-damaging levels of oxidants, sulfur dioxide, and fluorides.
Of these counties, 493 would be exposed to oxidants, 410 to sulfur dioxide,
and 87 to fluorides (some counties would be exposed to damaging levels of
two or more pollutants). On the basis of area and population, about 14.6%
of the area and 68.9% of the population were likely to have plant-damaging
oxidant pollution. For sulfur dioxide, the respective values were 16.2%
and 53.0%, and 4.2% and 6.8% for fluorides. For the 1964 estimates, these
values were: 11% and 62% for oxidants, 13% and 54% for sulfur dioxide, and
4% and 9% for fluorides.

The analysis used in the 1969 estimates indicates that 40% of the gross
values of agricultural crcps, 36% of the value of forests, and over 50% of
ornamental value lies within polluted areas of the United States. The study
also indicated that as much as 40% of the crops in a county could be lost
due to oxidants, 12% due to sulfur dioxide, and 12% due to fluorides.

When the loss factors for the various pollution intensities were applied
to the values of crops and ornamental, the total annual dollar loss to
crops in the United States in 1969 was calculated to be about $87.5 million,
of which $77.3 million was due to oxidants, $4.97 million to sulfur dioxide,
and $5.25 million to fluorides. The value of loss to ornamental was esti-
mated to be about $47.1 million, of which $42.8 million was attributable to
oxidants, $2.7 million to sulfur dioxide, and $1.7 million to fluorides.
These estimated values are not greatly different from those found for the
1964 estimates ctotal loss was $85.4 million, of which $78.0 million was due
to oxidants, $3.2 million to sulfur dioxide, and $4.2 million to fluorides).

.For 1971, it was estimated that the losses to vegetation for the United
States were $123.3 million due to oxidants and $8.2 million to sulfur dioxide.
No attempt was made to calculate losses due to fluorides in 1971.

In summary, the dollar loss as estimated for the 1969 and 1964 crop
values represented, respectively, 0.44 and 0.46% of the total crop value of
the United States in those years.~/
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“On a regional basis, the greatest percentage of crop losses
occurred in the heavily populated and industrialized areas of south-
western anti middle Atlantic and Midwestern states. The lowest percen-
tage loss occurred in the plains and mountain states.” [Benedict,
Miller and Smith, 1975, p. 8]

2.4 Measurement of:’-AiY Pollution Damages: Air Pollution Response Functions

The approaches and estimates of air pollution crop damage outlined
above are representative of earlier research in this area. A more general
set of literature exists which deals with all types of air pollution damages.
This section briefly discusses the more important contributions in th~ area
and introduces explicitly the concept of an air pollution response function.
Such functions serve to quantify the relationship between a particular var-
iable and levels of air pollution. These relationships are extremely impor-
tant in the assessment of crop damages.

The literature on air pollution contains six general methods for esti-
mating damages from air pollution. These methods are: (1) technical coef-
ficients of production and consumption; (2) market studies; (3) opinion
surveys of air pollution sufferers; (4) litigation surveys; (5) political
expressions of social choice; and (6) the Delphi method. These methods have
been used with different degrees of success and are not necessarily mutually
exclusive [Waddell, 1974, p. 22]. Among these methods, the technical coef-
ficients of production and consumption and the Delphi methods have been used
substantially in agricultural studies in forecasting crop production levels
at different levels of air pollution. The market studies method is used
widely in determining the adverse effect of air pollution on human activity
and behavior such as the relationship between air quality and consumer
behavior or the consumption of recreation-related activities [Vars and
Sorenson, 1972]. Another type of market study is the use of the concept of
property values to estimate air pollution damages [Ridker and Henning, 1967;
Anderson and Crocker,  1970; Peckham, 1970; Crocker,  1971; and Spore, 1972].
The method incorporating opinion surveys of air pollution sufferers is per-
haps closest to the classical economic approach in that it focuses on esti-
mating utility and demand functions for such individuals, but it also suffers
from at least two problems, i.e., the “free-rider” aspect and the possibility
that a respondent might not understand fully the consequences of air pollu-
tion on his health [Waddell, 1974, p. 30]. The litigation surveys and the
political expressions of social choice methods are rather subjective and
limited, since the information gathered represents opinions of special groups
of people such as lawyers, court clerks, state and local control officials,
politicians, and representatives. Their opinions might be quite different
from people who actually suffer from air pollution.

In general, the estimation of technical coefficients concerning pro-
duction and consumption is facilitated by: (1) the use of experimental data

. on subjects under conditions simulating their natural environment; (2) esti-
mation of the physical or biological damage-function which relates damage to
different levels of air pollution; (3) translation of the physical damage
function into economic terms via “damage functions;” and (4) extrapolation
of the function to the population if an aggregate damage estimate is required.

23

I

i



Because of a lack of adequate dose-response functions, a variation of the
basic method outlined above is typically followed. The researcher uses a
“damage factor approach” to estimate what proportion of a damage category
can be identified as being related to or caused by air pollution. Such a
proportionality factor will then be used to estimate the required air poll-
ution damage. Howeverg:o~e problem of this method is that, while the mag-
nitude of the physical and biological damages can be predicted with some
degree of accuracy, in many cases the attempts to translate these damages
into meaningful economic relationships are not very accurate. Perhaps one
reason is that controlled laboratory conditions are not usually represen-
tative of the real world. To solve such a problem, the normal practice is
to hold everything constant except one factor - a single pollutant or mix
of pollutants. Other problems are those of aggregation and substitution.
It is very unlikely that the aggregation process involves a straight arith-
metic summation over, all individuals [Anderson and Crocker, 1971, p. 147].
Besides, the substitution of one factor of production by an individual will
not normally affect relative prices; but if the same substitution is carried
out by all receptors, relative factors prices will often be changed.

The Delphi method is a method of combining the knowledge and abilities
of a diverse group of experts for the purpose of quantifying variables
which are either intangible or display a high level of uncertainty [Pill,
1971, p. 58]. Essentially, the method is a type of subjective decision-
making. It is an efficient way to arrive at “best judgments,” where both
the knowledge and opinion of experts are extracted, i.e., those who are
considered experts in the relevant area are asked to give their best solu-
tion to any given problem. This method is one that has been used by the
U.S. Department of Agriculture in forecasting crop production levels [Wad-
dell, 1974, p. 34]. The Delphi method appears to be an approach that can
provide answers in a short period of time. However, due to the subjective
nature of this methcd, many of the air pollution damages created in this
manner have been questioned [Waddell, 1974, P. 35].

2.5 Air Pollution Response Functions and Crop Loss Equations

Several variants of air pollution response functions have been developed
for the purpose of measuring physical and economic damages of crops due to
air pollution. Perhaps the earliest one is that formulated by O’Gara (1922)
for alfalfa, taking the general form of:

(c - o.33t) = 0.92 (2.1)

where C is the estimated concentration level and t is time in hours. The
constant 0.33 ppm is the concentration level (or the threshold level) that
a plant is presumably able to endure indefinitely.

In order to generalize O’Gara’s equation, Thomas and Hill (1935) pro-
posed the following equation for measuring any degree of leaf destruction at
any degree of susceptibility:

t(c -a)=b

where t = time in hours, c = pollution concentration level in ppm exceeding
a, a is the threshold concentration below which no injury occurs, and b is
the ccmstant.
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The levels of leaf destruction are then given as follows:

! if t(c - 0.24) = 0.94, only traces of leaf destruction are
observed

!
if t(c,~ la.40) = 2.10, there is a 50% chance of leaf destruction

I

if t(c ~“ 2.60) = 3.20, there is a 100% chance of leaf destruction.

.zahn (3963) modified the O’Gara  equation and developed a new equation which
provides a better fit for a longer time period. This equation takes the
following form:

l+o.scxb
‘=C(C-a)

(2.3)

where be is the dimensional resistance factor which includes effects of
environmental conditions.

An alternative experimental formula was proposed by Guderian, Van Haut
~ (1960) and Stratmann (1963). This formula provided a “best” fit to a set

of observations over both short or long periods of exposures. The proposed
formula is:

-b(C - a)
t=Ke (2.4)

where K = vegetation life time, in hours; t is time; and a, b, and C are the
same as in the Zahn equation. These parameters may vary with plant species,
environmental conditions, and degree of injury.

Benedict, et. ~. (1973) derived crop loss estimates by the following
formulation: —

Crop Loss = crop value x crop sensitivity to the pollutant
x regional pollution potential (2.5)

where the relative sensitivity of various plant species to the pollutant was
determined by using information provided in secondary sources. The regional
pollution potential is defined as a relative severity index of pollution
estimated for each county, arising from fuel consumption.

Larsen and Heck (1976) analyzed data on the foliar response of 14
plant species (two cultivars of corn) to ozone concentration. They used a
mathematical model with two characteristics: a constant percentage of leaf
surface injury caused by air pollution concentration level, that is, the
inverse proportion of exposure duration raised to an exponent and, for a
given length of exposure, the percentage leaf injury as a function of pol-
lution concentration level fit to a log-normal frequency distribution.
This relationship takes the following form:

‘z tP (2.6)
c=mghrsg

where c is pollutant concentration, in parts p= rnillion~ m is geometric
g hr

mean concentration for a one-hour exposure, s is the standard geometric
g
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deviation, t is time (hour), P iS the slope of the line (logarithmic), and
z is the number of standard deviations that the percentage of leaf injury
is from the median.

In equation (2.6~~ m and p are known constants. They vary
s hr’ ‘g

according to type of crop. Thus c is the function of two exogenous varia-
bles, z and t. By substituting different values of z and t into equation
(2.6), different values of c will then be obtained. Larsen and Heck (1976),
Table 2, p. 329, calculated injury threshold for exposure of 1, ,3, and 8
hours of 14 plant species (two cultivars of corn).

Liu and Yu (1976) proposed a stepwise linear multivariate regression
model for determining the economic damage functions for selected crops and
plants as follows:

CROPLi
= a + b(CROPVi) + c(TEMB) + d(TEMA) + e(SUN) + f(RHM)

+ g(DTs) + h(S02) + j(OXID) (2.7)

where CROPLi denotes the economic loss (in $1000) of the ith type of crops

by a county; CROPVi
is the crop value (in $1000) of the ith type of <reps;

TEMB and TEMA are, respectively, the number of days in a year with temper-
ature below 33°F and above 89”F; SUN denotes
RHM is the relative humidity; DTS represents
derstorm; SO

2
is the level of sulfur dioxide

relative severity index of oxidant.

possible annual sunshine days;
the number of days with thun-
concentration and OXID is the

Oshima (1975) and Oshima, et. al. (1976, 1977) calculated percentage
of yield reduction of alfalfa, ~ma~es and cotton due to air pollution by
using the ozone dosage-crop loss conversion functions. These functions are
presented below.

Alfalfa

i.

ii.

Tomato

Cotton

i.

ii.

Yield function -3
percent reduction = O + (9.258 x 10 x dose)

Defoliation function -3
percent reduction = O + (3.030 x 10 x dose)

(2.8)

(2.9)

Percent reduction = O + (0.0232 x dose) (2.10)

Uniformity Index -3
Percent reduction = 0+ (1.90 x 10 x dose) (2.11)

Number of harvested bolls
Percent reduction = O + (6.947 x 10

-3
x dose) (2.12)
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The OZOne dose is derived from oxidant data measured by various types
Hourly averages exceeding 10 pphm, the Californiaof instrumentation.

for oxM=int air pollutants, Were used in calculating the averagestandard
..,-~klv  dosage in PPhm hours for any specified season. S i n c e  p l a n t s  a r e~--.-– .
typically less sensitive to oxidants at night, only the
the daylight hours wer~ used.

● . -
2,6 Conclusion

For policymakers,  economic damage functions may be

hourly averages for

more relevant than
physical damage functions. An economic damage function, or a monetary
damage function, relates levels of pollution to the amount of compensation
which would be needed in order that society (i.e., consumers and producers)
not be worse off than before the deterioration of the air quality. The
economic damage function is useful to decisiomakers  since the multiple
dimensions of the decision problem are reduced into one dimension only, i.e.,
money. It should be noted, however, that transformation of a physical
damage function into an economic damage function as has been tried by some
researchers, often involves value judgment on the part of the policymaker
or researcher. A related question as to the degree of conformity of the
values of the policymaker with those of the consumer is largely unresolved
[Liu and Yu, 1976, p. 34].
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FOOTNOTES: CHAPTER II

~/
For details see the bibliography at the end of Chapter 11 in

Committee on Medical and Biologic-Effects of Environmental
ozone and Other Photochemical Oxidants, Washington, D.C.:
Academy of Sciences (1977).

2/— Alameda, Los Angeles, Marin, Oranges
San Joaquin Valley, San Mateo, Santa Clara,

. .

Riverside, San
and Ventura.

Pollutants,
National

Bernardino,

~1
Prior to this study, two previous reports have appeared. The

first one [Benedict, 1970] was mainly devoted to description of the method
or model that was developed and the background information that led to
its development. The second report [Benedict, et. ~., 1971] described
improvements in the model and gave vegetation l~s estimates for 1964 crops
as related to 1963 emission data.

41— This loss is expressed as a percentage of the total crop value
in both polluted and unpolluted areas. The percentage of crop value lost
in the pollution threatened counties for the U.S. is 0.99 and 1.84% in 1969
and 1964 respectively.
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CHAPTER III

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

MATHEMATICAL FRAMEWORK

3.1 Introduction

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

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

3,2 Methodological Framework

t
i

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

a. Production Functions

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

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

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

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

Let lower case letters denote individual units and capital letters

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

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

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

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

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

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

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

j.

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

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

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

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

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

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

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

max TR = PQ = CQ +dQ;.
j

subject to:

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

+aZ
8j

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

(3.4)

(3.5) .

(3.6)

(3.7)

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

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

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

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

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

which then yields the following first-order condition,

dTR_~=c+dQ=p
dQj jj

(3.10)

as required for perfect competition.

The Lagrangian equation is:

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

g

Revenue maximization requires that the following first-order partial
derivatives

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

(3.12)

(3.13)

(3.14)

(3.15)

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

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

32



damages, as measured by changes

crop and region.

Another means of measuring

in output and price, may be assessed by

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

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

subject to:

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

+aZ
8 j

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

(3.17)

(3.18)

(3.19)

(3.20)

where C+ = total cost of producing commodity j

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

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

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

The Lagrangian equation is:

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

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

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

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

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

~L
~.

=c+dQ -~+A=o

J
j ~Qj

+. - aL ac
● * .— = - — - Aa

az. az. 8
-yb3=0

J J

(3.22)

(3.23)

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

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

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

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

Risk and Uncertainty

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

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

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

Let the utility-of-income

U(M) = = -

p and variance u’, i.e., P I N(P,U&).

function be exponential in the form:

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

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

Define a quadratic programming problem of maximizing:

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

subject to:

Ax<c* (3.26)—

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

The Kuhn-Tucker conditions for an optimal sc.lution to the above quad-
ratic programming problem require that:
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i

P - A’zx - A’@ = (J (3.27)i i
i

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

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

A* = ‘(!Ji - A~r)/ZX* (3.28)
i

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

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

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

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

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

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

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

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

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

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

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

z (;
i Ii

- ~2i)(l - vi)

x 100 percent (3.31)
Z(l - A

Pli)(l -  vi)
i. .

where P and P
Ii 2i

are the estimated &obabilities  of the correct ranking of

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

ithe variance ratio as a weight in the MAD model.

Consumer Sector

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

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

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

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

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

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

Total demand for commodity j is given by:

N

Q j 

=

Individual n then maximizes his
i.e.,

max u
n

subject to:

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

(3.34)

utility subject to his budget constraint,

= (qnl, . . .Anj)

Plqnl +Pq
2n2+”””

P.q = M
Jnjn

The Lagrangian equation is:

(3.35)

(3.36)

L = Un(q
nl’ “ “

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

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

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

+. -.
j=l
Jnjn

● . -

(3.38)

(3.39)

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

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

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

Consumer’s and Producer’s Surpluses

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

P = F(qj,f3j)
j

(3.40)

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

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

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

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

curve, d , is downward sloping.4J

P
j

a

P
o

0

s

- - -  - - -  - -

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

P.
J =  ‘(”qj’ej)

(3.41)

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

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

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

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

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

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

(
q.

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

= oabqo - Obqo = Oab (3.43)

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

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

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

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

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

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

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

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

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

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

subject to:

AQ ~b (3.45)

Q~Q (3.46)

where

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

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

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

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

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

and T denotes matrix transportation.

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

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

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

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

4

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

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

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

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

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

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

where

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

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

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

subject to:
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AQ~b (3.53)

Q~O (3.54)

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

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

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

subject to:

AQ* ~b (3.56)

Q*2O (3.57)

where

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

type of crop.

if Z* enters only into the yield function.

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

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

subject to:

AQ~b

Q~O

then the formulation be-

- A(QTf2Qj (3.58)

(3.59)

(3.60)

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

AIR POLLUTION YIELD RESPONSE RELATIONSHIPS

4.1 Introduction

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

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

4.2 A Hypothetical Relationship Between Air Pollution and Yield

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

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

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

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

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

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

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

4.3 Methods of Estimating Effects of Air Pollution Concentration on Yield

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

Correlation Values between Level of Oxidant and Yield

Crops

Beans, Lima

Cantaloupes

Carrots

Cauliflower

Celery

Lettuce

Onion, Green

Potatoes

Tomatoes, Fresh

Tomatoes, Process

Cotton

Sugarbeets

+. -!

Oxidant, average of hourly maximum (pphm)

Orange County

-0.13626

0.62585*

-0.29654*

-0.19098*

-0.13500

-0.30188*

Riverside County Kern County

0.05014

-0.23151*

O.421O6* I

0.10914

0.01628

0.01481

-0.28838*

-0.23089*

0.19790*

-0.16470*

-0.33044*

-0.3933?*

-0.05636

-0.30327*

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

Beans, Lima
Yield (Tons/acre)

Cauliflower
Yield (CWT/acre)

*
“’ Celery

Yield (CWT/acre)

Lettuce, Head
Yield (CWT/acre)

Tomato, Fresh
yield (CWT/acre)

Tomatoe, Processing
Yield (Tons/acre)

Table 4.2a

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

Constant

4.614
5.018
5.159

144.119
235.003
155.092

589.803
499.655
557.367

295.236
231.671
283.851

524.710
740.489
744.570

24.838
19.928
24.085

Independent Variables

Oxidant (pphm)

Est. Coef. T-Value

-0.0187

-0.0052

2.1054

2.0625

-1.6592

-1.7191

-1.2048

-1.5784

-1.5756

-0.1349

-(l. 1205

-0.1215

-0.58

-0.15

3.40

3.24

-1.32

-1.35

-0.83

-1.09

-0.58

-0.07

Acreage

Est. Coef. T-Value

-0.0012
-c!. 0011

-0.0150
-0.0087

0.0189
0.0208

0.0325
0.0383

-0.4807
-0.4794

-1.34
I 0.0002

-1.32 ~ 0.0003
I

-1.38
-1.21

-0.77
-0.55

0.03
0.84

1.18
1.37

-4.78
-4.57

0.22
0,28

Summary Statistics

T

0.0186
0.0954
0.0966

0.3917
0.0321
0.4023

0.0879
0.0299
0.1240

0.0365
0.0713
0.1317

0.0182
0.5592
0.5594

0.0911
0.0028
0.0953

t I

0.,3P ~ 059
44. .

.
~ 1.90 I 0.72

0.91 0.71

I

5.72

1.74
0.55
1.20

0.68
1.38
1.29

0.33
22.84
10.79

1.80
0.05
0.90

I _

1.53

1.00
1.05
1.14

0.88
0.74
0.99

1.25
1.15
1.15

1.26
0.89
1.25

-1



Table 4.2b >

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

Dependent Variablee

Beans, Green Lima
Yield (Tone/acre)

~~CWT/acre)

Carrots
Yield (CW/acre)

Lettuce, Head
Yield (CWT~acre)

Onion, Green
Yield (CWT/acre)

Potatoes
Yield (CWT/acre)

Tomato, Fresh
Yie~acre)

Cotton
=d (lbs/acre)

Sugarbeets
Yield (Tons/acre)

%“.

Constant

2.4161
5.0358
5.6386

164.&57
163.975
213.048

122,741
212.491
45.298

185.394
211.929
189.710

251.105
119.844
110.930

270.514
332.465
366.201

340.654
162.343
195.421

Independent Variablee

Oxidant (pphm)

Eet. Coef. T-Va 1 ue

0.0159 0.21

-0.0126 -0.17

-0.5960 -1.01

-1.0226 -2.2s

3.6983 1.97

3.7706 2.20

0.4628 0.47

0.4541 0.44

0.1616 0.07

0.2024 0.16

0.0575 0.06

-0.6614 -0.87

-2.6267 -1.28

-0.7081 -0.46

.316.92 -5.9587 -1.01
478.02
392.62 1.3758 0.24

16.1126 0.1604 0.86
22.3874 -
16.1528 0.1579 0.75

Acreege

Est. Coef. T-Valu{

-0.0078
-0.0080

-0.0069
-0.0080

0.0137
0.0140

-0.0009
-0,0006

0.1657
0.1657

-0.0061
-0.0066

0.1470
0.1424

0.0310
0.0323

0.0003
0.00003

-1.65
-1.60

-3.13
-3.91

1.92
2.16

-0.13
-0.08

7.03
6.84

-3.27
-3.36

4.62
4.19

3.02
2.71

0.36
0.03

~2

0.0025
0.1320
0.1335

0.0536
0.3529
0.5016

0.1773
0.1706
0.3548

0.0119
0.0009
0.0123

0.0003
0.7330
0.7334

0.0002
0.3728
0.3995

0.0832
0.5430
(). 5485

0.0533
0.3362
0.3384

0.0392
0.0072
0.0392

F

0.0454
2.74
1.31

1.02
9.82
8.55

3.88
3.70
4.67

0.22
0.02

DW

2.30
2.42
2.49

1.56
2.03
2.53

1.62
1.07
1.95

1.18
1.16

0.11 : 1.16
!

0.01 ~ 0.56
49.41 ~ ;::3
23.38 ~

0.01 ‘ 1.06
.0.70 1.74
5.66 1.91

1.63 1.10
!1. 38 2.18
10.32 2.12

1.01 1.65
9.12 1.58
4.35 1.56

0.73 1.63
0.13 1.58
0.35 1.64
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Dependent Variable

Cantalope
Yield (CWT/acre)

.s
4 Carrots

Yield (CWT/acre)

Potato
Yield (CWT/acre)

Cotton
Yield (lbs/acre)

Sugarbeets
Yield (Tons/acre)

Table 4.2c

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

Constant

189.936
225.148
247.578

415.033
303.150
370.558

396.505
515.002
518.229

1122.86
1146.15
1189.35

25.827
19.102
19.823

Independent Variables

Oxidant (pphm)

Est. Coef. T-Value

-1.2713

-1.2876

-4.9290

-3.3722

-3.9781

-0.6357

-1.5612

-2.0374

-0.1965

-0.0314

-0.71

-0.75

-1.49

-0.88

-1.82

-0.33

-0.24

-0.30

-1.35

-0.19

Acreage

Est. Coef. T-Value

-0.0149 -1.63
-0.0149 -1.62

0.0067 1.45
0.0044 0.83

-0.0042 -4.44
-0.0040 -3.65

-0.0002 -0.35
-0.0003 -0.39

0.0002 2.40
0.0002 1.85

0.0271
0.1290
0.1568

0.1092
0.1050
0.1439

0.1547
0.5225
0.5255

0.0032
0.0069
0.0121

0.0920
0.2428
0.2445

I

0.50 : 1.91
2.67 1.97
1.58 2.14

2.21 1.43
2.11 - ‘ -

1.43

3.30
19.70
9.42

0.06
0.13
0.10

1.82
5.77
2.75

l.Jb
1.44

0.73
0.94
0.94

1.02
1.08
1.03

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

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

Larsen and Heck equation Study Crops

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

2. Radish 11 Onion, Fresh (times 1.2)

. Onion, Processing (times 1.2)
Sugarbeets

3. Spinach 11 Head Lettuce (times 0.6)

4. Summer Squash II Broccoli
Cantaloupes
Carrots
Cauliflower

5. Tomato 11 Tomato, Fresh
Tomato, Processing
Potato

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

I
I

I % of Leaf Damage
1

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

I

Table 4.3

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

% of Yield Reduction

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

15.0
19.9
23.8
27.6
30.6
33.6
36.6

1.0
2.0
4.0
8.0

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

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

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

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

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

4.4 Estimated Results of Yield Reduction Due to Air Pollution

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

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

5(I
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Area /S ta t ion

Imperial V*lley
El Certtro

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

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

~;;;~;.;j .Joaquin

flclarm
Visali~-Old  Jail

County

Imperial

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

M,, nterey
bt0Llt12r~y

Son nenito
San Luis Obispo

Kern
Kc rn
Tulare

Levels of

Table

Oxidant/Ozone

.—__ —— —..— ._ _ _

~

4.4

Concentration (pphm)

Level A

72 73 74 75 76 Av .

25
38
35
:0
25
42
13
15
17

11
9

12

18

20

52
45
32
39
22
42
24
13
2 f,

14
15
13
11

17

19

17

25
34
25
39
22
33
21
15
18
20

14
12
14
15

17

20

13

25
32
17
35
20
38
25
6

15
16

8
8

13
11

12
12
13

8

34
34
30
36
16
30
17
12
16
19

7
11
15
11

12
11
13

13

32
36
28
40
21
37
20
12
18
18

11
11
14
12

15
11
17

Level B

72 73 74 75 76 Av.

18
23
18
21
16
18

9
8

12

7
7

9

10

13

20
23
19
24
18
22
13
7

11

9
9

10
8

11

11

11

17
24
16
26
14
22
12

7
12
14

7
8

10
9

12

12

9

18
22
13
24
12
22
12

5
11
11

6
5
9
7

8
10
10

6

22
24
16
23
11
16
10

9
13
13

5
6
9
8

8
10
10

7

19
23
16
25
14
20
11
7

12
13

7
7

10
8

10
10
11

Level C

72 73 74 7S 76 Av.
44

ii

7
10

5
12

8
8
4
4
4

3
4

4

6

7

7
10”
6

11
7

11
6
4
5

4
4
5
4

6

J

6

8
11

6
13

7
9
6
4
6
7

4
4
5
5

7

8

6

8
10
5

10
7

10
6
3
6
5

3
3
5
4

5
4
5

3

8
11
6

10
6
7
5
5
6
5

3
4
5
4

5
6
5

5

8
10
6

11
7
9
4
4
5
6

3
4
5
4

6
5
6

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

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

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

i —.. —--=--—”---



Table 4.5

b-l
IQ

r

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

Ii

crop

Oxidant/Ozc.ne
Content rat ion Creen

B,810n/SCaLIOn Co!my
Wad

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

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

Sau!> ,:. !1:

0.8

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

6
23.9 34.3 34.3 - 19.9

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

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

3.4 9.4 9.4 18.1 ;::
45.0 a o

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

4
26.2 la.1

0.8 0 0
11.2

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

5.:1 i)!.’; o

0.1 0.1 -
5 3.1  o

0.1

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

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

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

5
0.1 0. I

3.1 0
0.1 - 0.1

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

1.0 1.1
0.8 0 0

1.1 - 0.8

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

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

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

. . .—--

-



Retirdscacien

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

county

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

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

S.crn
Tulare

—..

Table 4.6

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

lJ

Daldant/Ozone
COncmcraciOm

(PPm

3

7
6
6

;
6
5

4
J
4

6
5

-- - . . . . .

Crop

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

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

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

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

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

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

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



Crop

Vegetable Crop
Beans
Broccoli
Cantaloupes
Carrotsu-l

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

Field Crop
Cotton
Sugarbeets

Table 4.7

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

Southern Desert

1972-76
Average
— -—

0
0

0
1.00
1.00

1.10
1.10

9.40
0.80

1976

0
0

(1
0
0

0
0

9.40
0

South Coast Central Coast

1972-76
Average

22.66
0
0
0
0

18.11
0.27
6.80
6.80

11.24
11.24
11.24

18.70
5.66

T1972-76
1976 Average

15.71
0
0
0
0

12.57
0.03
1.99
1.99
4.20
4.20
4.20

18.70
1.63

1.57
0

0
0

1.23
0

0.40
0.40
0.43
0.43
0.43

0.33

1976

1.57
0

0
0

1.23
0

0.40
0.40
0.43
0.43
0.43

0.33

S o u t h e r n
San Joaquin

1972-76
Average

9.45

0
0

0

1.35
,1.95
1.95
1.95

6.90
1.10 ~

1976

9.45

0
0

0

1.35
1.95
1.95
1.95

6.90
1.10I

Total

11.23
0
0
0
0

9.67
0.068
3.60
2.387
&.54
3.68
3.68

11.67
1.97

1976

8.91
0
0
0
0

6.90
0.01
0.60
0.94
2.19
1.65
1.65

11.67
0.77

r -.
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Crop

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

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

Cmtalopcs

C a r r o t s
(hul Iflower

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

l’otxILO,  Fresh
Tom:! co,  l’recess

Field Q+—7—
LuLron

Sugdrbc6ts

Unit

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

Lbs
‘l’tins

Table 4.8

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

Southern Desert

1972-76
Average

.

129.57
333.87

250.65
274.37
273.04

2JJ.72
‘21.66

1,14[+ .98
25.53

1976

127.46
402.00

266.97
208.94
324.32

217.44
25.17

996.48
25.45

Southern Coast

1972-76
A v e r a g e
——

2.16
81.62

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

24.83

1,019.12
27.86

——

1976

2.04
83.72

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

1,084.84
28.47

Central Coast

1972-76
Average

— -

2.23
54.09
-

292.03
99.28

561.88
265.14
302.55
335.05
327.12
307.67

25.52

32.87

1976

2,52
60.67

303.12
97.68

549.73
279.14
285.45
314.61
326.46
201.29
19.89

35.55

Southern San .loaqul)

1972-76
Average

2.96

188.12
341.10

259.95

340.03
275.34
288.12
20.29

1,026.16
26.50

1976

3.00

180.00
350.00

292.16

396.92
295.11
199.45
24.53

1,088.10
28.42

.4
. .

,f

Study Region

1972-76
Average
-

2.29
57.81

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

22.71

1,039.19
27,08

1976

2.35
64.12

141.72
318.87
103.43
547.87
273.46
258.26
368.70
301.78
370.18
21.64

1,075.95
28.44



Crop

Vcgcmble  Crops
Beans, Crccn  Lima
Broccoli
Cantalopcs

U1 Carro ts
m Cauliflower

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

Onion, Dehydrated
Po:dtoes

TUIIM  L o, I:rcs!)

TtmIto,  l’roceas

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

unit

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

Lb s
Tons

Table 4.9

Potential Yield Per Acre (without Air Pollution Effects)

Southern Desert

1972-76
Average

128.57
333.87

250.65
277.11
275.77

220.11
21.90

1,252.55
25.73

1976

127.66
402.00

266,97
208.94
32/,. ]2

217.  t,4
25.17

1,090.15
25.45

Southern Coast

1972-76
Average

2.65
81.62

139.85
312.12
127.68
671.63
254.25
344.47
340.33
355.33
522.78

27.62

1,209.70
29.44

1976

2.36
83.72

15!3.42
257.30
114.02
615.28
261.45
297.11
356.96
329.03
527.14

21.19

1,287.70
28.93

Central Coast

1972-76
Average

2.26
54.09

292.03
!/9.28

568.79
265.14
303.76
330.39
328.53
308.99

25.63

32.98

1976

2.S6
60.67

303.12
97.68

556.49
279.14
286. S9
315.07
327.86
202.16

19.98

35.67

Southern San Joaquir

1972-76
Average

3.24
- .

188.12
341.10

259.95

344.62
280.71
293.74

20.69

1,096.97
26.79

1976

3.28

180.00
350.00

292.16

402.28
300.86
203.34

25.01

1,163.18
28.73

Study ~egion

1972-76
Averaga

2.55
57.81

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

1,160.46
27.61

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

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

I
1976

2.56
64.12

141.72
318.87
1o3.43
585.67
273.49
259.81

370.91
3C18 .39
376.29

22.00

1,201.51
28.66

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

hy-
pol-

1

*1 .
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FOOTNOTES : CHAFTER IV

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

study are discussed in Chapter 1.

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

~/ibid
.

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

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

PRICE-FORECASTING EQUATION ESTIMATION’

As discussed in Chapter I, price fluctuations observed in most agri-
cultural crops depend on a wide range of economic and physical factors,
such as climatological conditions, which may affect per-unit and aggregate
yield of a crop in a particular year and thus translate into subsequent
changes in crop price. For most agricultural crops supply is inelastic in
the short run. In other words, changes in crop price cannot affect the
quantity supplied in the short run, since supply cannot respond immediately
to such changes in price. Furthermore, some agricultural crops (e.g.,
vegetables) are highly perishable; thus, the quantity produced must be sold
immediately after harvest. Th~:se characteristics of agricultural production
imply that quantity produced, perhaps more than other factors, determines
the overall level and variation in prices.~/

Due to these characteristics, price cannot reasonably be assumed to be
predetermined for many crops; consequently, a price endogenous structure of
demand is needed to correctly capture the structure of the market. There
are, however, some exceptions; e.g., prices of some vegetable or field crops
are predetermined, as in the case of “contractual” crops or crops affected
by institutional arrangements such as payments, subsidies and quotas on pro-
duction. Processing tomatoes and market (dehydrated) onions are examples in
the first case (contracts) and .sugarbeets the second case (government support
and quota program).

The mathematical model developed in Chapter III features linear demand
functions incorporated into a quadratic objective function, with the intent
of determining prices endogenously. The objective of such a model is to
capture the price effect of air pollution. The purpose of this chapter is
to discuss the estimation procedure and present the statistical results
associated with the derivation of price forecasting equations for the 12
vegetable and 2 field crops included in the study, on a seasonal basis. As
pointed out by Adams (1975) and as discussed earlier, seasonality of produc-
tion for vegetables is particularly important. Given the regional production
patterns observed in California, correct analysis of comparative advantage,
on a regional basis, requires a suitable set of seasonal demand function
estimates.

The following subsection describes the procedure for estimating general
price forecasting equations. The actual results of price forecasting equa-
tions for the 12 vegetable and 2 field crops are then presented. A brief
summary of the overall estimation will then be given in the concluding sub-
section.
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5.1 Price Forecasting Equation Estimation Procedure

The concept of a price forecasting equation was discussed in Chapter
III with respect to a general formulation. In this section, the actual
procedure used in estimating such equations will be described briefly. The
linear demand function$, i~cluded in the model have the following form:

P =c+dQ (5.1)

where p is a vector (j x 1) of commodity prices, c is a vector (j x 1) of
constants, d is a negative diagonal matrix (j x j) of price-quantity slope
coefficients and Q is a vector (j x 1) of agricultural crop production.
The above equational form assumes that price of a particular crop is affected
only by its quantity supplied, i.e., a diagonal lldll matrix implies zero
cross-effects for

Consider the
demand equation:

c
where P4 =

J

Q; =

Q; =

s .
j
Y=

annual

competing commodities.

following functional specification of a price endogenous

(5.2)

seasonal average price received by farmers in California
for commodity j.

seasonal production of commodity j in California.

seasonal production of commodity j, the rest of the United States.

existing stocks for commodity j for the United States.

U.S. personal aggregate disposable income.

~priori one would expect that quantity produced and existing stocks
would have a negative sign whereas income would be positively correlated
with changes in price. That is, an increase in quantity produced of crop j
has a negative effect on its own price regardless of where it is sold, as-
suming the crop is homogeneous. An increase in stock tends to indicate a
reduction in price since stocks tend to be positively correlated with pro-
duction and producers tend to increase the level of stocks (for sale in a
later period when price is higher) during periods of lower price. An in-
crease in income enables one to consume more (if a good is assumed to be
normal) and thus affects the price. To keep the assessment problem tract-
able, it is assumed that the price of commodity j is not affected by price
or quantity of other commodities, i.e., cross-price effects are zero.

The above formulation was used for all seasonal demand relationships
for all crops included in the study, except processing tomatoes, cotton and
sugarbeets which cannot be estimated by the same procedure due to suspected
simultaneity. As a result, a single equation estimation would not be valid;
thus , some secondary estimates were used. Ordinary least squares wae used
in estimating the
for all the study
for the variables
variables (except

coefficients for all the variables in the above equation,
crops on a seasonal basis. Once coefficients are obtained
in the price equation, coefficients of all independent
quantity produced in California) are then used to calculate
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an “adjusted intercept.” This, then, results in a price forecasting equa-
tion featuring an adjusted intercept and the slope coefficient with respect
to California quantity. Results of the estimations, including price-flexi-
bility coefficients, are given in the next section.

5.2 Price Forecasting Equations for Vegetable and Field Crop=’
● ✎ ✍

Vegetables

The seasoml patterns and magnitudes of production for the 12 vegetable
crops included in this study are described in Adams (1975) and King, et. al.
(1978). The period covered in estimating the price forecasting equat~ns—
for the 12 vegetable crops in this study is from 1955 to 1976, using data
from Adams (1975) for the period 1955 to 1972. There is a problem attendant
to quar.tifying  seasonal production for these 12 crops in California after
1972 due to changes in seasonal patterns as reported by the U.S. Department
of Agriculture, i.e., the twelve reporting seasons used in the earlier per-
iod were collapsed into four. As a resdt, this required disaggregating
some seasonal estimates for the period 1973 to 1976 into the more numerous
seasonal classification employed in the earlier time period. Such adjust-
ments were made for the period 1973 to 1976 to ensure consistency with data
from 1955 to 1972. The adjustments, by season, are given in Appendix Table
A. The net result is the estimation of 28 equations for the 12 vegetable
crops. These estimated equations will be presented below in order of impor-
tance, as measured by gross income received in 1976.

1. Lettuce. Lettuce contributes the second highest’ gross income to
California growers (behind tomatoes--fresh and processing), with a total
gross value of $327.7 million in 1976. This value is almost 70% of the total
revenue from U.S. lettuce production. The leading counties are Monterey,
San Benito, San Luis Obispo and Santa Cruz in the Central Coast, and Santa
Barbara in the South Coast for summer lettuce, spring and fall lettuce.
Winter lettuce is produced mostly in Imperial and Riverside counties.
Imperial County also dominates production of fall lettuce. The nature and
marketing patterns of this and other crops are more completely described in
Adams (1975).

Following Adams (.1975), th~ four seasonal  Price forecasting equations
for lettuce were estimated and presented in Table 5.1. Results of the esti-
mation were not totally satisfactory, even though the signs of all variables
except that of “other production” in the winter lettuce were as expected.
The estimated coefficients of all variables in the winter lettuce are sta-
tistically insignificant (.5%). and test of autocorrelation among error terms
is inconclusive at 5% levels of significance in all but one equation. Com-
paring th~. results obtained with those in Adams (’1975) shows that the coef-
ficients of determination (~2) and the price flexibility coefficient with
respect to California production are higher in all equations of the same
seasons. However, as is true in Adams (1975), the estimated California pro-
duction slope coefficient in this study is higher than that associated with
“other production” in the same season except for fall lettuce. This result
tends to suggest that lettuce sold in California vis-a-vis “other” U.S. pro-
duction is not homogeneous. Evidence from other researchers (Johnston and
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Crop/
Season

Lettuce

Winter

Early Spring

Smer

Fall

Tomato, Fresh

Early Spring

~
Early Summer

Early Fall

Table 5.1

Price-Forecasting Equations for Lettuce and Fresh Tomato, By Seasona

Constantb

2.12

5.67

6.60

2.71

0.30

I -3.29

I
7.10

i

Estimated

California
Production

(1000 cwt.)

-0.59E-3
(0.48)

-1.2i’E-3
(-2.27)

-0.84E-3
(-2.59)

-0.50E-3
(-1.54)

-5.49E-3
] (-0.82)

i -1.07E-3

i (-1.01)

-1.27E-3
(-1.23)

oefflcient wi

“Other”
Production

(1000 cwt.)

0.20E-3
(0.63)

-0.47E-3
(-1.19)

-0.31E-3
(-0.95)

-O.82E-3
(-2.99)

0.47E-3
(0.30)
2.34E-3
(2.95)

I  Ref

;tocl

,_
i

!ct To:

Personal
,ggregated
disposable
Income

$ billion)

2.78E-3
(0.67)

1O.OOE-3
(3.22)

1O.11E-3
(5.24)

11.90E-3
(4.71)

19.89E-3
(4.83)

18.76E-3 ,

Stmmary Statistics
~2 ; ~w

. .

0.54

0.52

0.75

0.79

0.70

0.93

I (6.44) ;

14.09E-3 1 0.93

I(7.65)

2.86e

2.59

2. Ozd

l.soe

2.45e

1.89d

2.46e

I
Average
:allfornia
Production
1972-76
(Actual)

(1000 cwt.

~li903
Jl

6953

10580

7617

378

3887

2529

a Data cover veriod for 1955 to 1976 crop year with quantity produced expressed in units of 1000 hundredweight (cwt.)
and price on actual dollars per cwt. Pe&onal aggregate disposable income (in billion dollars) is for the fiscal
year. Numbers in parentheses are estimated t-statistics.

b Dollar per cwt.

c Not available due to statistically insignificant and/or wrong expected sign for the estimated coefficient.

d No autocorrelation among error terms at 5% levels of significance.

e Test of autocorrelation among error terms is inconclusive at 5% levels of significance.

Price
lexlbility

With
Respect to
California
Production
1972-76

c

-1.50

-1.30

-0.55

c

-0.19

-0.18

—

‘—-Y,
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Dean, 1969; Zusman, 1962) indicates that fresh vegetables produced in Cali-
fornia have somewhat higher quality compared to that produced elsewhere;
hence, it may not be unreasonable to expect a divergence across such coef-
ficients.

2. Processing tomatoes. Processing tomatoes in California have a
gross value of $284:7smillion  in 1976. This value is about 75% of the na-
iional total. The processing tomatoes industry is one of the most rapidly
growing subsectors in California agriculture over the last two decades.
Several factors such as a favorable climate, advances in production techno-
logy, harvesting systems and a progressive canning industry attribute to
such growth. Major production areas are Solano, Sutter and Yolo counties
in the Sacramento Valley; and Fresno and San Joaquin counties in the San
Joaquin Valley. Total state production in 1976 exceeded 230,000 acres, down
from almost 300,000 acres in 1975. This reduction in production is partially
attributable to drought conditions in 1976.

It is more difficult to estimate a reasonable price forecasting equation
for processing tomatoes, given that processing tomatoes are generally grown
under contract between growers and processors. Prices are usually deter-
mined prior to planting based on several factors, most important being the
carryover of tomato products and the existing market situation, characteris-
tics which suggest simultaneity. Moreover, the estimation of a price fore-
casting equation for such a crop is further complicated by the fact that
processing tomatoes are marketed in various forms such as catsup, juice,
canned whole tomatoes, paste and puree, and other concentrated products.
Each form does not have the same price flexibility coefficient, as is evi-
dence from the secondary information presented in Table 5.2.

Given these problems, it was decided that the values given in Adams
(1975), derived via a weighting procedure of fkxibilities presented in
Table 5.2, will be used for the price-forecasting equation for processing
tomatoes in this study.

3. Fresh market tomatoes. Gross income for California fresh tomatoes
in 1976 exceeded $137 million, 32.4% of the national total. Early spring
fresh tomatoes are produced mostly in Imperial and San Diego counties. Early
summer tomatoes come almost exclusively from the Central Coast (Monterey
County), San Joaquin Valley (Fresno,  Merced, San Joaquin, Stanislaus and
Tulare Counties) and the South Coast (San Diego County). San Diego and Ven-
tura Counties in the South Coast are the main suppliers of early fall fresh
tomatoes in California. California fresh tomato production has to compete
with other major production regions such as Florida, Texas, New York, Mich-
igan and Mexico.

Th~ estimated price forecasting equations for fresh tomatoes are given
in Table 5.1. The sign attached to the coefficient on early spring Califor-
nia production was not consistent with expectations, i.e., it had a positive
sign. In such a case, the coefficient had to be reestimated by using a
weighting procedure, utilizing the price flexibilitfes for othe~ seasons
weighted by the volume of production from 1972 to 1!276. The estimated coef-
ficients of “other production” have positive signs, perhaps due to the con-
founding effects of California production. From the table, it is evident

63



Table 5.2

Estimated Price Flexibility for California
Processing Tomatoes, 1948-1971a

I

Product

Canned whole

Juice

Catsup and Chile

Puree

Paste and other

Total

Weighted average

.

Price
Flexibility
Coefficient

-0.33

-0.23

-0.33

-0.10

-0.28

-0.277

-

California total Shipmentsl
of ,the Processing Tomatoes, I

1975D, (Thousand Tons)

566

290

369

333

1,979

3,537

I

1
Total shipments = beginning stocks plus pack minus ending stocks.

aSource: King, Jesse and French (1973), and Adams (1975).

bBrandt, French and Jesse (1978).
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F
that income was the most ‘significant explanatory variable. The price flex-
ibility ‘ith ~espect ‘0 califOrnia Production obtained in this study is of
the same ‘gnltude ‘f ‘hat ‘btained by Shuffett (1954) and Adams (1975).

4. Potatoes, Although California’s current potato production is OnlY
about 9% of the national total, it contributed more than $110 million to tO-

toal state gross income in 1976. Kern County supplies most of the California
winter and spring p6kaYoes, WhereaS Riverside County is the ~ajor producer

of summer potatoes. Fall potatoes are produced mostly in the Central Coast
and Siskfyou and MOdOC Counties in extr~e northern California.

Potatoes are marketed in either fresh and/or processed forms; thus, in
esttiating  the price forecasting equations stock is also included as an ex.
planatory variable. Results obtained are presented in Table 5.3.

From Table 5.3 it is evident that most of the estimated equations are
somewhat disappointing with respect to statistical robustness although the
esti~ted coefficients attached to the California production have the ex-
pected signs. A divergence of sign is noticed on the disposable income var-
iable for winter and early summer potatoes. One would expect that an in-
crease in perscmal income wili tend to reduce potato consumption and thus
depress price since potatoes are usually assumed to be an inferior good.

The estimated price flexibility coefficients are somewhat lower than
those estimated by Adams (1975). However, the coefficients of determination
in all equations are higher than those of Adams’.

5. Celery. California celery production in 1976 constituted about 66%
of the total U.S. production. The gross income in that year is $78.9 million
which is about 60% of the U.S. value of celery production. Of the four mar-
keting periods, Ventura County supplies most of the winter and spring celery.
Monterey County, on the other hand, produces most of the early summer and
late fall celery. Nationally, California celery faces some competition from
other states such as Florida (for winter celery) and Michigan and New York
(for early summer celery).

Celery is highly perishable and is marketed only in its fresh form.
Thus, in estimating the price forecasting equation only three explanatory
variables were used. These variables are California production, “other
production,” and personal aggregate disposable income. The estimated re-
sults are presented in Table 5.4.

As is evident from the table, all the estimated coefficients have the
right expected signs and most are statistically significant. Income is the
most important variable in explaining the variation of price. Only one
equation has an inconclusive test of autocorrelation  whereas the rest indi-
cate no autocorrelation among error terms. In terms of competition from
other states, the magnitude of the estimated coefficient of production from
other areas is higher than that of California for spring celery and vice
versa for winter celery. This tads  tO s~ggest that ~. ~. production
outside California has an influence on the price of celery sold in California
in the spring seas.c,n but not in the winter market. The magnitude of the
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CroplSeason Constantb

Potatoes——
Winter -0.69

Late Spring 2.79

Table 5.3

Price-Forecascinr, Equations for Potatoes, By Sc>asona

Estimated Coefficient with Respect to:

Personal
Stock Aggregated

Summary

California “Other” As at Disposable
Statistics

Production Production Dec. 1 Income
;2

D.W.
t

1000 cwt.) (1000 cwt.) (1000 cwt.) ($ billion)

-0.851;-3 o. 31E-3 0.06E-3 -4.62E-3
I

0.71 1.49C
(-1.9’J) (().82) (3.0s) (-1.61)

-0.30E-3 O. 26E-3 0.02E-3 0.22E-3
I

0.62 1 . 7 23

(-1.89) (1.60) (0.71) (0.07)
Early Summer 8.56 ; -1.29E-3 -0.34E-3 0.02E-3 -4.381?-3 0.65 2.48d

(-1.68) (-2.65) (1.01) (-1.09)
Late Summer 7.27 I -0.15E-3 -0.15E-3 0.06E-3 0.66 1.69d

(-o. 35) (-2 . 26) (0.03)

Fa 11 4.14 i -0.04E-3 -0.03E-3 7. 38E-3 0.77 1. 3oe

I
(-0.33) (-1.90) (4.09)

(continued)

. .Priee
T?ltxibility
J I with

Actual Respect to
Average California

California  Production
Production for

1972-76 1972-76

(1000 cwt.)

1082 - 0 . 1 8

12066 -0.69

894 -0.23

1761 - 0 . 0 5

6574 - 0 . 0 5

r —  ‘“ ‘“ “ - ”  ‘ - ’ — —’ - - — - -  - . ..- . ..- -.. .. . . . . . . . . . . . . . . . . . . .
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Table 5.3
(continued)

a
Data cover period from 1955 to 1976 crop year with quantity produced expressed in units of 1000 hundred-
weight (cwt.) and price in actual dollars per cwt. Stock is in units of 1000 pounds. Personal aggre–
gate disposable income (in billion dollars) is for the fiscal year. Numbers in parentheses are estimated
t-statistics.

b
Dollars per cwt.

c
No autocorrelation among error terms at 5% levels of significance.

44. .

Ii

d
Test of autocorrelation  among error terms is inconclusive at 5% levels of significance.
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Table 5.4

Price-Forecasting Equations for Celery, Cantaloupes and Broccoli, By Seasona

Price
Flexibility

Estimated Coefficient wfth Respect to: With
Average

Frozen
Respect to

Personal
Summary California California

Stock Aggregated Production Production
California “Other” As at Disposable Statistics 1972-j6~

Constantb
for

Crop/Season Production Production Dec. 31 Income ~2 D.W. (Actu+) 1972-76

(1000 cwt.) (1000 cwt.) (1000 lbs.) ($ billion) (1000 cwt.)
Celery:

W!nter 6.19

10.70

3.29

6.35

-1.35E-3
(-2.22)

-l.76E-3
(-2.49)

-0.62E-3
(-0.71)

-1.62E-3
(-1.88)

-0.35E-3
(-0.57)

4.53E-3
(5.24)

4.18E-3
(5.35)

4.05E-3
(3.81)

6.42E-3
(6.15)

0.68

0.67

0.65

0.69

2.61e

1.83d

2.11d

1.96d

2459

2421

1961

3667

-0.48

-0.69

-0.20

-0.88

-2.89E-3
(-3.41)

Spring

m
00 Early Summer

Late Fall

Cantaloupes:

Spring 2.20d

2.56e

6.58

6.53

-1.63E-3
(-2.49)

-0.54E-3
(-2.69)

-0.77E-3
(-1.61]

7.83E-3
(7.82)

5.73E-3
(5.78)

0.89

0.90

1197

5870

-0.18

-0.40-0.52E-3
(-1.27)

Summer

Broccoli:

Early Spring l,20e

2,14d

-0.72E-3
(-0.76)

-2.97E-3
(-1.73)

-0.02E-3
(-1.92)

12.28E-3
(6.8n)

17.03E-3
(9.13)

0.93

0.96

2000

1615

-0.11

-0.34

5.32

4.68 -0.02E-3
(-1.65)

Fall 1.76E-3
(0.60)

(continued)
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Table 5.4
(continued)

a
Data cover period from 1955 to 1976 crop year with quantity produced expressed in units of

1000 hundredweight (cwt) and price in actual dollars per cwt. Stock is in units of 1000 lbs.
Personal aggregate disposable income (in billion dollars) is for the fiscal year. Numbers in
parentheses are estimated t-statistics.

b
● :

Dollars per cwt.
.

i’

c
No autocorrelation among error terms at 5% levels of significance.

““+

d
Test of autocorrelation  among error terms in inconclusive at 5% levels of significance.



price flexibility coefficients obtained in this study are similar to those
obtained by Adams (1975).

6. Cantaloupes. California produces about two-thirds of the total
cantaloupes produced in the United States. In 1976, gross income from .can-
taloupes  in California amounted to about $70.4 million (65.2% of the U.S.).
Prior to 1972, cantaloupes were marketed in two seasons: spring and summer.
After 1972, three seasons were recognized with the third season being fall.
Imperial County is the leading production area for spring and fall canta-
loupes, whereas Fresno and Kern Counties SUPPlY most of the California sum-
mer cantaloupes. Of the three seasons in the present system, summer season
accounts for more than 75% of annual production. California cantaloupes
face strong competition from other areas such as Texas and Mexico, especially
for the summer market. Disease and labor problems and a decline in the
price of cantaloupes relative to other less labor-intensive commodities
caused a sharp reduction in the spring crop over the past decade [Adams,
1975, p. 88].

Since cantaloupes are highly perishable and are marketed only in fresh
form, the formulated price forecasting equations for this crop consist only
of three explanatory variables. The estimated results are presented in
Table 5.4.

The estimated coefficients for the explanatory variables in all equa-
tions have the right expected signs and are statistically significant at not
less than 10% levels of significance (except the coefficient for “other pro-
duction” in summer cantaloupes). Income is significant and the coefficients
of determination are quite high. The price flexibility coefficient is con-
sistent with that obtained by Adams (.1975).

7. Broccoli. California produces about 97% of total U.S. broccoli
production. Gross income from broccoli production in 1976 was $65.6 million
(99% of the U.S.). Broccoli is marketed in two forms: fresh and frozen.
Fresh market broccoli was previously reported for two market seasons, early
spring and fall. After 1972, however, the market had been broadened to four
seasons: winter, spring, summer, and fall. Monterey and Santa Barbara
Counties are the main production areas for broccoli in California.

The estimated price forecasting equations for broccoli are given in
Table 5.4. All but one variable had the expected signs, the exception being
the estimated coefficient for “other production,” which is also statistically
insignificant. Once again, income is the most important explanatory variable
in explaining the variations in price of broccoli. The price flexibility
coefficients obtained in this study again are similar to those obtained by
Adams (1975).

8. Carrots. The average production of carrots in California over the
last 5 years represents shout 5Q% of the national totaj. In 1!376, California’s
market share of carrots was 50.3% with a gross income of $58.3 million (49.6%
of the U.S.). Winter carrots are produced mostly in Riverside and Kern
Counties, whereas Monterey, Kern and Imperial Counties supply most of the
early sununer carrots. Monterey, Kern and Riverside Counties are also impor-
tant producers of late fall carrots.
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I
Since carrots are marketed in both fresh and frozen forms, the frozen

pack is included in the price forecasting equation estimations, The esti-
mated results are presented in Table 5.5.

Of the three estimated equations, winter carrots have the ~ong ex-

pected sign on the.~t~ck variable. The magnitude of the price flexibility
coefficient obtainsd In this study displays a wider range of values than
those obtained by Adams (1975).

9. Cauliflower. California is a major producer of cauliflower, sup-
plying about 80% of the national total in 1976. The gross income from cau-
liflower production in that year exceeded $50 million (76.8% of the U.’S.).
Cauliflower is marketed in fresh and frozen forms. Frozen pack accounts
for about 36.5% of the total production and 19% of the gross income from
California cauliflower production in 1976. Early spring cauliflower is pro-
duced mostly in Alameda and Monterey Counties. Kern, Monterey and Santa
Barbara Counties are main producers of late fall cauliflower.

The fact that California cauliflower production faces little signifi-
cant competition in any season frcm other sources resulted in only three
variables being included in the equation; California production, frozen pack
and aggregate income. The estimated equations are given in Table 5.5.

The estimated equations obtained do not have the expected signs for all
variables. Most significantly, the estimzted coefficient attached to the
California production of late fall cauliflower has the wrong expected sign.
The slope coefficient for this variable was reestimated by using the price
flexibility coefficient for early spring production, adjusted to fall quan-
tities and prices.

10. Processing onions. California produces the bulk of the supply of
processing (dehydrated) onions in the U.S., due to the state’s long growing
seascn. Processing onions in California are marketed in summer (late).
Total production in 1976 was 7.2 million hundredweight, with a gross income
cf $27.5 million. Kern, Fresno, Riverside and Monterey Counties are the
main producers of processing onions.

Processing onions are grown mostly under ccntract  to specific proces-
sors. These institutional arrangements influence the fluctuations in price
and thus the causality of price-quantity relationship; hence, a single equa-
tion estimation may not be appropriate. In estimating the price forecasting
equation for processing onions, four explanatory variables are included in
the model. Results obtained, shown in Table 5.5, are not entirely satis-
factory, given that the estimated coefficients are either statistically in-
significant C1O%) or do not have the right expected signs. This tends to
confirm the hypothesis stated above. Lack of alternative estimates from
more detailed econometric analysts mandated the use of this equaticn, as
estimated.

11. Fresh market onions. California fresh onion production contri-
buted only about 23.0% in volume and 17.6% in value to the national totals
in 1976. The other states that produce late spring {or spring) onions are
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Table 5.5

Price-Forecasting Equations for Carrots, Cauliflower, Onions and Beanti, by Seasona

CFop/Seaaon Cooatantb

Carrots:

Minter 7.71

Early Sumer 3.1O

Late Fall 2.63

u
N

Cauliflower:

Early Spring 5.64

Late Fall 3.38

Onions:

Late Spring 3.84

Late Sumar -1.04

Proce.ssin&
Green Lha
Beam 69.61

(continued)

Estimated Coefficient with Respect to:

‘Frozen Personal
stock Aggregated

;alifornia “Other” As at Disposable
koduction Production Dec. 1 Income

1000 cwt.) (1000 cwt.) (1000 lbs) ($ billion)

-l.48E-3 -0.54E-3 0.OIE-3 2. 02E-3
(-2.13) (-1.91) (0.77) (1.12)

-0.15E-3 -0.OIE-3 5.54E-3
(-0.21) (-1.39) (2.27)

-0.18E-3 -0.02E-3 7.85E-3
(-o . 39) (-2.42) (5.00)

-6.40E-3 -0.03E-3 18.47E-3
(-2,43) (-1.19) (9.75)

-2.40E-3 -0.07E-3 1O.91E-3
(1.69) (-4.28) (9.31)

-0.60E-3 -0.14E-3 -0.33E-3 6.23E-3
c-O.29) C-O.21) (-0.29) (1.46)

-0.OIE-3 0.13E-3 0.12E-3 1.77E-3
(-0.03) (1.40) (0.49) (1.21)

-o.151?-3 -1.40E-3 13.61E-3 218.35E-3
(-0.08) (-1.20) (0.79) (10.42)

..--— - . . .-

Summ.ary
Statistics

~2 D.W.

0,56

0.47

0.68

0.93

0.96

0.36

0.71

0.91

2. old

2.28e

1.59e

1.22e

1.21e

2.63e

1.44e

Price
Flexibility
with

Average Respect to
alifornia California
reduction Production
1972-76 for
(Actual) . . 1972-J6. .
(1000 cwt.)J

3438 -0,83

4072 -0.10

3501 -(3. 10

792 -0.30

1594 c

1788 -0.14

7555 -0.01

1.52

!“

42930 -0.02

I

—.. — ______ ..—. ——



~ - “-”--” “--” ““-
. . .—— - -—, ---— -——

Table 5.5
(continued)

a
Data cover period from 1955 to 1976 crop year with quantity produced expressed in units of

1000 hundredweight (cwt.) except for processing green lima beans which is in tons. Prices are in
actual dollars per cwt. except for processing green lima beans which are in dollars per ton.
Frozen stock is in 1000 lbs. except processing green lima beans which is in tons. Stock for
onion is expressed as stGck in storage, January 1, in 1000 cwt. Personal aggregate dispo~aQle
income (in billion dollars) is for the fiscal year. Numbers in parentheses are estimated “ “
t-statistics. 41

b
Dollars per cwt. except for processing green lima beans which is in dollars per ton.

‘Not applicable due to either insignificant andfor wrong expected sign of the estimated
coefficient.

d
No autocorrelation among error terms at 5% levels of significance.

e
Test of autocorrelation  during error terms is inconclusive at 5% levels of significance.
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Texas (66.8%) and Arizona (10.2%). Grass income from California fresh
onion production in 1976 amounted to $7.8 million. San Joaquin and Imperial
Counties are the leading counties for spring onion production, with Kern and
Fresno Counties supplying the remainder of the production.

The variables “&t<mated in the price forecasting equation for late
spring onions, shown in Table 5.5, are not statistically significant at the
10% level of significance except for personal aggregate disposable income,
although the estimated coefficients of all variables have the right expected
signs. The test of autocorrelation  among error terms is inconclusive at the
5% level of significance.

12. Processing Green Lima Beans. Processing green lima bean produc-
tion in California currently is abov.t 45% of the national total. In 1976,
California produced 25,750 tons at a gross income of $8.3 million (52% of
the U.S. value). Processing green lima beans in California includes two
varieties, Fordhooks and baby Iimas. Leading producing counties for pro-
cessing green lima beans are Ventura and Stanislaus.

In estimating the price forecasting equation for processing green lima
beans, four explanatory variables were used. They were production in Cali-
fornia, production elsewhere, frozen pack and personal aggregate disposable
income. Results of the estimation are given in Table 5.5.

It is somewhat surprising that although California’s share of proces-
sing green lima beans represents shout 45% of the national total, the esti-
mated coefficient for California production is significantly smaller than
that of “other production.” This might be due to the fact that about 50% of
annual production of processing green lima beans in California are used as
dry edible beans, implying a somewhat different demand structure. Only the
estimated coefficient for personal aggregate disposable income is statisti-
cally significant at the la% level. The test of autocorrelation among error
term is inconclusive at the 5% level of significance.

Field Crops

As mentioned in the introductory subsection of this chapter, the mar-
ket structure of some agricultural crops may not be adequately represented
by a single equation model due to institutional arrangements and other fac-
tors. Thus, the estimation of price forecasting equations for these crops
is more unwieldly  than vegetable crops, requiring a multiple equation econ-
ometric model. The two field crops included in this study are examples of
these types of crops. Cotton prices were usually muted by government inter-
vention, whereas sugarbeet prices were affected by a combination of proces-
sor capacity scheduling, government quotas, payments and subsidies [Adams,
1975].. Therefore, the specified price forecasting equation estimation for
vegetables discussed above was deemed inappropriate for these twu crops.
Consequently, estimates obtained from more detailed econometric sources will
he used in this study.

1. Cotton. Total acreage harvested of cotton in California in
exceeded 1.1 million acres, yielding about 2.3 million 50Q-lb. bales.
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income for that year exceeded $835 million , which is about 25.6% of the
total U.S. value. San Joaquin (Fresno, Kern, King and Tulare Counties) and
Imperial Valley are twc major cotton producing areas in California. The
average yield per acre for California cotton production currently is about
1,000 pounds of cotton lint. This yield is higher than the U.S. average
(almost twice the U~,S.qaverage in 1976). Over the period 1972-1976, Cali-
fornia cotton produdti70n averaged about 18.6% of U.S. total production.
California’s share in 1976 increased to 23%, due primarily to the higher
yields obtainable under irrigation, the high quality of cotton planted, and
the adaptability of mechanical harvesting systems [Adams, 1975, p. 101].

The price forecasting equation chosen for this study is taken from
Adams (1975) and is given in Table 5.6.

2. Sugarbeets. The production and marketing mechanism for sugar in
the U.S. are discussed in Adams (1975) and elsewhere. Sugarbeet production
in California has increased each year since 1967 with the exception of 1973
and 1974. Total production in 1975 was 8.9 million tons. Gross income
received (including government payments and subsidies) in 1975 exceeded $267
million which is abcvt 46% of the U.S. value (1976 figures were not availa-
ble at the time of this study). Annual yield per acre of sugarbeets in Cal-
ifornia is higher than the U.S. average (about 40% higher, 1972-1976).
Sugarbeets are grown in 31 counties in California. The leading producing
counties are Imperial, Fresno, Kern and San .Toaquin, and Monterey.

The estimated slope coefficient for sugarbeets used in this study is
also taken from Adams (1975) and is given in Table 5.6.

Summary of Price Forecasting Equations

The estimated price forecasting equations for the 12 vegetable and 2
field crops discussed above are needed to obtain the linear price structure
discussed earlier (see equation 5.1}. The slope coefficient for California
production was obtained directly from the equations, except where the signs
were deemed inappropriate. Two procedures for the calculation of the inter-
cept term were employed. The first, identified as “calculated” intercept in
Table 5.6, was derived by adding a value to the constant term which would
ensure that the “actual” price for 1976 would he predicted when 1976 quanti-
ties were used in the price forecasting equation. The second procedure re-
sulted in the obtaining of an “adjusted” intercept. The “adjusted” inter-
cept term reported in Table 5.6 is derived by adding to the estimated con-
stant term all explanatory variables (at mean and 1976 levels) except Cali-

fornia production. Additionally, price flexibility coefficients were esti-
mated with respect to California production as a means of establishing gen-
eral credibility of the slope coefficients and as a point of comparison with
other studies. A summary of the various intercept calculations and the
price flexibility coefficients for each crcp and season are presented in
Table 5.6. For the purposes of calculating “price effects” of air pollution,
those equations employing the “adjusted” intercept were used.
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Table 5.6

Suouoary of Price Forecasting Equations

Pw4m value  fOr Prlt’c  Flvaiblllty
S1OP* Q~nc Ity DlvId.d by Cue.  fflci. nta

dncemepc  Tcrma
Coef f iclcnt H*.,0 V,lluc 10, rrlm Vltl, RC>PCCC to

,- with Calif. Product Ion
A.  fjusced

_—
R e s p e c t  te

ca lcu la ted
6/? W*IC  Va lua_

(195  S -76 )  C=lifO~fa ——-

CrOp/S**mm (1976) (1976) ?roductiom 1!355-76 1972-76
~2

Hmn 1955-76 1972-16

Veaacable  Croua

Procmstng Green
Lima Scans

Broccoll:
Early Spring
r a i l

C.sntaloupesr
spring
Smer

Carrots:
Winc*r
car ly smm8r
tics F a l l

Caulf ~lover:
Sarly Sprlna
Lace Fall

celery:
U~nter
Spr~r.s
E a r l y  Swer

&::wF411

Wincer
Early Sprins
Sumer
Fa31

onions  :
Lace SPrill&
Lace Summer

Potatoes :
Ulncer
Late  Spring
r~rl”  ● 11-wr
Late SUnr
Fall

Tomaco.  Frssh:
Sarly Sprln~
Early Suraer
Early F a l l

326.97

16.57
22.64

1 4 . 4 0
12.62

9 . 0 5
6 . 2 5
9.68

25.91
12.04

10.53
1 0 . 8 s

7 . 5 6
1 4 . 0 0

5 . 9 8
16.55
1 9 . 6 8
M. 01

5 . 7 1
4 . 0 0

6 . 8 6
8.6fI
5.23
4.12
4 . 7 9

2 0 . 2 9
29.60
26.34

To-co, FrOCmSSinS:  6s.00

Pi~ld Crops:

Cotcc.n 70.17

Sugar beeca 32.46

333.29

15.85
2 0 . 8 s

14.62
12.40

9 . 2 2
7.96
8 . 3 2

2s. 51
11.57

10. s3
11.43

8 . o 9
13.97

6 . 3 6
16.72
17.75
12.57

8 . 9 7
4 . 2 7

6 . 5 o
9 . 9 5
5.12
5.27
4 . 0 0

26.06
29.41
23.81

215.20

9.30
11.39

9.16
8.46

7.20
5.11
4.80

14.56
5.72

7.86
8.59
3.61

10.04

4.57
9.75

11.60
8.OO

5.61
2.55

5.06
7.69
5.W
3.49
2.07

13.21
14.71
1s.18

-0.1543

-0.7267
-2.9696

-1.6286
-0.5355

-1.4781
-0.1667
-0.1808

-6.3986
-2.4036C

-1.3500
-1.7608
-0,6228
-1.6232

-0.5957=
-1.2690
-0.8376
-0.5047

-0.5951
-0.0053

-0.8493
-0.2997
-1. >*69
-0.1512
-0.0377

-S.6866=
-1.0698
-1.2692

-2. Uoo

-o. o~9&

-0. 265S

207.32

138. S6
100.51

160.88
1048.61

418.40
563.38
596.55

69. S9
124.81

476.57
400.40
319.01
708.35

1877.87
1003.26
1846.05
1137.20

308. G2
1958.13

691.72
4712.1s
7V.33
870.:7

21?3.06

33.62
218.76
293. OJ

.

139.66

151. s1
115.69

110.22
7os. oa

561.76
686.37
534.50

47.17
134.46

3SS.86
3a9.85
322.5.3
544.07

1845. L3
1184.50
1555.88
10S1. 96

239.04
2098.61

210.51
2315.93

179.:0
3$2.20

1386.92

15.87
1 8 1 . ) 0
142.88

-0.03

-0.10
-0.30

-0.26
-0.56

-0.62
-0.08
-0.11

-0.45
d

-0.66
-0.71
-0.20
-1.15

-1:27
-1.55
-0.57

-0.18
-0.01

-0.59
-1.41
-Ll,?n
-0.13
-o. oa

d
-0.23
-0.37

-

-0.02

-0.11
-0.34

-0.18
-0.40

-0.83
-0.10
-0.10

-0.30
d

-0.68
- 0 . 6 9
- 0 . 2 0
-o. a8

d
-1.50
-1.30
-0.55

-0.16
-0.01

-0.1s
-0.69
-0,23
-0.05
-0.05

d
-0.19
-0.18

0.91

0.93
0.96

0.89
0.90

0.56
0.47
0.6s

0.93
0.96

0.68
0.68
0.65
0.69

0.53
0.52
0.75
0.79

0.36
0.71

0.71
0.62
0.65
0.66
0.77

0.70
0.93
0,93

s Uni-  In the  Intarccpc  terms  nre d o l l a r s  per Iwndr.?.keights f o r  a l l  v e m . t a b l e .  ●  x c e p t  preccssiag to~coes ● n d  sugar beets
and  bw.ms,  uhlch are dollars pur  ton, The unit f u r  cotton is cencs per  p o u n d .

b Units In the  slope  et ceeffieimts  arc s!1111oII  hwnfrcdwel~hts  for all  vcgc.  cables except  p r o c e s s i n g  touto.a.  susar  bewcs
which  ● re in =Lliion  tons,  beans in thousand tans ● nd CO CCCIII in  million Soi%lb. bale..

e he to Stmtlstlcai h91gnlf  Icane@ and wmttg IIxpecc.d  cign. of chw e~rlwcrd  sIop@  ee,fffcfmt,  the ;mcar~raced  glop.
COeffki CIIt 1-  dccivod fWM OCl,Gf  “0,,0” fwicc-flcxihllicie,, fOr chr 11.w cr~, ●  t  relwanc pC$C~ ●  n d  quuiV level,.

4
woe ● p p l l c a h l o  duo  to rsasmw ciw!I under  botmoto e.
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Appendix Table A
Seasonal patterns of Production for Selected Vegetable Crops in California

Period To 1972 Period After 197z

Actual
m Season Season Adflustments

I
I

I Broccoli: Early Spring
Fall

Winter
Spring
Summer
Fall

Winter + Spring
Summer + Fall

I

Spring
Summer

Spring
Summer
Fall

Spring
Summer + Fall

1

I
Cantaloupes:

I
I

Winter~ Carrots:

I

Winter Winter (Desert) +
Winter (Other)

Spring + 1/2 (Summer)
1/2 (Summer) + Fall

Early Summer
Late Fall

Spring
Summer
Fall

,

I Cauliflower: Winter
Spring
Summer
Fall

Early Spring
Late Fall

Winter + Spring
Summer + FallI‘+

I

i
Winter (South Coast) + ~‘ Celery: WinterWinter

Spring (Central Coast)
Spring (South Coast) I
Summer (Central Coast) ~
Fall (South Coast) +

Fall (Central Coast)

Spring
Early Sumner
Late Fall

Spring
Summer
Fall

Winter
Spring
Summer
Fall

Winter + 1/3 (Spring)
2/3 (Spring)
Summer
Fall

Lettuce: Winter
Early Spring
Summer
Fall
Late Spring
Late Summer

Spring
Summer

Spring
Summer

Onions:

Potatoes: Winter
Late Spring
Early Summer
Late Summer
Fall

Winter
Spring
Summer

Winter
Spring
0.3 (Summer)
0.7 (Summer)
FallFall

Spring Spring (Desert)Early SpringTomatoes, Fresh:
Spring (Others) +

Summer (Others)
Fall

Early Summer Summer

Early Fall Fall
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FOOTNOTES : CHAPTER V

1/— The material presented in this chapter, including the estimation
procedure, is borrowed from Adams (1975) and King, ~. al. (1978). The
interested reader is referred to these references for a=ore complete
discussion.

~1
As an example, consider the events of spring lettuce of 1978. During

that period, the retail price of head lettuce throughout the country increased
sharply over prices in the preceding period. This sharp increase was
attributed to the reduction of supply caused by heavy rains in the.Central
Coast region of California, the major source of lettuce supply during spring.
However, within a few months, supplY conditions improved, reflected in a
gradual drop in the price of lettuce.

AI
It should be emphasized that these estimated equations are for

California, but the regions included in this study only encompass a part
of California. Nevertheless, the included regions together constitute a
major share of production of the study crops in the state.
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CWTER VI

AN ECONOMIC ASSESSMENT OF CROP LOSSES
DUE TO AIR POLLUTION: THE

CONSUMING SECTOR

As mentioned earlier, past economic assessments of crop losses due to
air pollution were obtained simply by multiplying the estimated reduction
in yield by the respective prices associated with each crop. Such an ap-
proach is not appropriate for most vegetable and specialty crops where
prices may be affected by the reduction in supplies, whether due to air
pollution or other factors. Thus, variations in quantity produced due to
the presence of air pollution may subsequently alter the existing price of
that crop.

This chapter describes a simple procedure used in arriving at an eco-
nomic assessment of crop losses due to air pollution in the study area for
some selected vegetable and field crops. The procedure takes into account
variations in prices due to yield depression and thus the effect on consu-
mers’ well-being. Several steps were involved in the procedure yielding
the estimated results presented at the end of this chapter. It should be
emphasized that this procedure is only a “first-step” approach; a more
elegant and detailed analysis of both the consuming and producing sectors
is planned for “Phase 2“ as discussed in Chapter VII.

TWO levels of production, the annual average from 1972 to 1976 and
that for 1976, were determined by region for each of the included annual
vegetable and field crops. These are presented in Table 1.2 and 1.3 of
Chapter 1. These levels of production should reflect the effects of air
pollution (oxidant/ozone concentrations) in those regions observed during
the production periods, given that the values represent actual production.
In the absence of such air pollution, one might expect to observe higher
production yields, at least for the more sensitive crops. This “potential”
level of production can be calculated after determining the percentage of
yield reduction due to air pollution for each crop in each region. Such a
degree of yield reduction has been calculated and discussed in Chapter IV
and is presented in Table 4.7 of that chapter. The “potential” levels of
production in the absence of air pollution were then calculated as shown in
Table 6.1 of this chapter.

The next step involved is to calculate the changes in production due
to air pollution. Such changes, by region and by crop, are derived by
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Table 6.1

Production without Air Pollution

~+==
Pro. Lima Berms

Broecoli

: Cauliflower

~ Celery
co
o ; Lettuce

, Onion, Fresh

; Onion,  Procese
I

P o t a t o

Tomato, Fresh

Tomato.  Procese

‘Fltld  Cro~

cot con

Sugarhcec

Unit

Tons

cut.
Cwt.

c w t .

Cwc .

c w t .

Cwc .

Cwt.

(in .

Cwt.

Smtherr

1972-lb
(AveraKe)

1,199,600

1,703,400

11,124,800

464,990

553,470

cut  . 388,494

Tent ! 24,309

DeserK

1976

1,128,000

2,215,000

11,720,000

374,000

,300,000

384,000

36,000

South Coast

1972-76 1976
(Average)

28,562

238,178

320,823

3,193,959

546,599

7,324,125

4,503,705

610,745

1,291,212

3,141,204

4,643,332

262,500

16,310

292,770

461,332

2,908,021

617,877

7,292,298

4,951,602

282,849

1,427,840

3,105,385

5,231,337

185.963

6,434

1,012,180

1,402,620

861,370

4,136,810

18,349,364

38Ll ,509

565,806

1,577.930

1,203,516

258,709

I
Balee 136,277 154,801 44,171  : 60,682 I -

Tons 1,610,698 1,476,000 288 ,836  ; 260,804 602,149

:Oast

1976

2,547

1,207,400

1,416,800

975,850

4,585,478

20,535,170

598,973

394,838

1,434,715

875,757

189,810

869,991

7,390

728,400

3.220,000

1,151,600

2,146,983

9,798,744

687,939

170.196

906,799

747,334

I

9,840

~ 46;,000

i 3 ,500 .000
]-

~-

I 1 .490 ,000

2,614,820

~ 10.837,879
I 411,357

198;830

1,039,883

858,768

NOTE: Dash indicates no production of that crop in that region.



I
~aking the differences between production with and without air pollution
and are given in Table 6.2. These changes in production were then used to
calculate changes in price. Such changes in price were obtained by using
the price forecasting equations discussed and presented in Chapter V. Sea-
sonal as well as annu+d quite forecasting equations were required, due to
the fact that each re~ioii, because of distinct climatic conditions, produces
vegetable crops for different market periods. Appropriate seasonal price
forecasting equations were assigned to each region based on actual marketing
patterns~/ and are given in Table 6.3.

Table 6.4 contains changes in prices due to air pollution by crop and
by region for two periods of time -- the average for the period 1972 to
1976 and the 1976 periods. These are the increases in price per unit due
to the reduction of production caused by the adversary effect of air pollu-
tion in that area. Table 6.4 is thus a measure of the overall price effect
due to air pollution. Such price effects were then used to calculate a
measure of consumers’ surplus (or compensating variation).~/  Due to the
absence of regional consumption data on the study crops, it is assumed that
production in each year is totally consumed. Such an assumption does not
appear to be unrealistic for most vegetable crops which are highly perish-
able and thus have to be consumed in a relatively short period of time.
However, some vegetable crops are consumed in processing forms and thus
have some carryover stock. Nevertheless, total consumption and total pro-
duction for those crcps in each year should be somewhat consistent. Total
production for each crop in each region was then used to calculate the
compensating variations as given in Table 6.5 (for the mean of 1972-1976)
and Table 6.6 (for 1976).

Results obtained in Table 6.5 show that the most severe economic dam-
age is associated with celery (65.6% of the total crop loss), fresh toma-
toes (16.9%) and potatoes (11.4%). On a regional basis, as expected, the
South Coast region suffers the heaviest crop loss among the study regions,
almost 90% of total crop loss. Most of the damage in the Southern San
Joaquin Valley is on cotton and potatoes, whereas celery contributes almost
all crop losses in the Central Coast region. The Southern Desert (includes
only Imperial County in this study) shows very minimal crop loss. The to-
tal crop 10SS per year during 1972 to 1976 is $14.8 million. This 10SS iS

about 1.48% of the total value of production for the included crops in the
four regions and 0.82% of the value of these crops produced in the entire
state.

Table 6.6 shows the total crop loss due to air pollution by crop and
county in 1976. As is true in the case of Table 6.5, celery, fresh toma-
toes and potatoes contribute most of the losses and are followed by cotton
lint. The South Coast and the Southern San Joaquin Valley suffer the most
severe crop losses. Total crop loss in 1976 is $11.1 million (0.9% of the
value of production in the study regions and 0.48% on the state basis).
Note that this total crop loss for 1976 is lower than the crop loss ob-
served for the average of the past five years. This might be due partly
to improvement in the air quality in the study regions, especially in the
Southern Desert region.
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Table 6.2

Ch.]nfi.,s  in Production  Due to .Iir Pollution

( I
Oast

1976

I

/Soutl~ern Desert I South Coast I Central outhern :

1972-76

~ Joaquln

~ 1976
!

.840

0

0

0

34.820
206.979

.972-76 1976 1972-76 I 1976 [ 1972-76
I

Crop Unit

Vegetable I
Pro. Cr. Lima Beana

I
t!-i

I
I

0;0’

I
5.306 i 2.223 .088

0 0
.626

0

0

0

28.583
187.292
13.171
3.256

58.531
8.060

1000 Tons
1000 cwt.
1000 cwt.

1000 cwt.
1000 cwt.

1000 cwt.

1000 cwt.

1000 cwt.

.042

0

0
0

55.678

0
2.373
1.578
6.115
3.757
.830

2.971

Broccoli
Cantaloupes
Carrots

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

Field Crop
Cotton
Sugarbeet

1

t

t

0 ’
0 1 o\-

1

0 ‘ 00
0 0

814.198 50.230
1.472 [ O

0;0!
l-,

Iu
1122.973 I
11.968 I

I02
N

0:0
5.521 ~ 1.549
27.840 \ 2.256

4.590 ! o ; 38.883 !,

1000 Cwt. ! 5.470 ! 0:
1000 cwt. \-:- 1

1000 cwt. I : o;I 4.094
I

1000 Tons .249 0:

82.212 \

317.430 I 125.185
469.137 ~ 210.921
26.530 ~ 7.425

6.770

5.136
1.120

2.047

7.877
3.830 \

67.123
9.130

6.959 9.560
15.531 i 4.170

1000 Bales !11.709 ; 13.301
1000 Tons \12.298 o :

I

I

1

NOTE; D a s h  i n d i c a t e s  n o  p r o d u c t i o n  o f  t h a t  c r o p  in that region.“—..
Zero indicates no change in production (due to insignificant

effect  of air pollution on that crop).



Table 6.3

Seasonal Vegetable Crop Production by Region in California

I
$: :

I Region
I I I I
~ Southern I I

$
Central \ Southern

Crop ! Desert I South Coast ‘ Coast ~ San Joaquin

Broccoli .- ! Early Spring ~ Fall --

Cantaloupes ‘ Spring 1 Spring -- Summer
1

Carrots Winter ~ Late Fall ~ Early Summer Early Summer

Cauliflower -- ~ Late Fall Early Spring ~ --

Celery -- ~ Winter Late Fall ; --

Lettuce, head Winter Early Spring Summer Early Spring

Onion, fresh Late Spring Late Spring Late Spring t --

Onion, process. Late Summer Late Summer Late Summer Late Summer

Potatoes -- Early Summer Late Summer Late Spring

Tomatoes, fresh Early Spring : Early Fall Early Summer ~ Early Summer

NOTE: Dash indicates no production in that region.
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Using

● ✎ ✍
☞✎ ✍

Table

Consumers’ Surplus at Mean
the Mean Value (1972-1976)

6.5

(1972-1976) Consumption
Level of Oxidant Concentration

1

i Southern i“ ] Percent ~
San , I of Total

i Southern South : Central
~ Coast I ‘flY&

Consumer
1 Crop , Desert \ Coast Total Surplus

i
I

I

I
I Vegetable Crops

Beans, Pro. Gr.
Lima

Broccoli

Cantaloupes

Carrots

Cauliflower

Celery

Lettuce, Head

Onion, Fresh

Onion, Processing

0
0

0
1,268

30
Potato

Tomato, Fresh 8,640

Tomato, Processing 15

Field Crops

Cotton, Lint ‘ 22,000

Sugarbeets 5,307

Total 37,260

Percent of Total 0.25

------------- $

19,040 ‘ 86

0! o
0
0
0

9,401,030
68,272
13,341

994
1,156,292
2,487,002

15,526

0
0

332,536
0
360
13

1,596

6,586
715

4,000
1,146 332

13;166,643 342,224

88.70 2.30

--------------

653

0
0

0

605
540,044

9,509
1,348

744,500
1,609

1,298,268

8.75

19,779
0
0
0
0

9,733,566
68,272
14,969
1,642

1,697,932
2,511,737

17,604

770,500 ~
8,394 ~

:4,844,395 j

0.13
0
0
0
0

65.57
.46

0.10
0.01
11.44
16.92
0.12

5.19

0.06

100.00

I
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Crop

Vegetable Crops

Beans, Pro. Gr.
Lima

Broccoli

Cantaloupes

Carrots

Cauliflower

Celery

Lettuce, Head

Onion, Fresh

Onion, Process

Potato

Tomato, Fresh

Tomato, Process

$: -

Table 6.6

Consumers’ Surplus at 1976 Consumption. Levels,
Using the 1976 Level of Oxidant Concentration

I
Field Crops )

Cotton, Lint I
Sugsrbeets \

Total I

Percent of i
Total ,

I

Re i

=

Southern South
Desert Coast

I —----- ---

0
0

0
0
0

0
0

28,000

0
28,000

0.25

I 4,832

I 0
0

I

I 0
I 0
/ 7,120,516

9,254
919

I
I 390
I 481,268
I
I 1,344,817
I 3,288

I

n

Southern ~
San

Central Joaquin I

Coast ‘ Valley ~ Total

$ --------------

0
408,580

0
849

6
1,310
3,505

389

I

1
7,500 ; -

Oi

o

898
660,112

3,401
1,852

979,500
289 : 695 \ 2,094

6,015
0
0
0
0

7,529,096
9,254
1,768
1,294

1,142,690
1,351,723 t 12.22

5,529 ) 0.05
I
I
I

l,0i5,000 \ 9.17 :

I

P e r c e n t
of

T o t a l

0.05
0
0
0
0

68.04
0.08
0.02
0.01

10.33

; 100.00 i .
t

[
i
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As a benchmark on the magnitude Of these results, the results obtained
can be compared with those obtained by Millecan (1976)~/  although the meth-
odologies used are quite different. In the Millecan  study, the total crop
10SS (obtafied  by ~~l~iplying  the reduction in yield with prices (for vege-
tables&/ due to air. p~llution  in the South Coast region (fncludes  Los Ange-
les, Orange, Riverside, San Bernardino and Ventura Counties) has an average
value of $1,400,308 per annum from 1970 to 1974. Total loss for field
crops~/ in that region for the same period is $964,047 per year. For Los
Angeles and Orange Counties, the Millecan study did not specify the types of
vegetable and field crops includedj  thus it is not possible to compare re-
sults on an individual crop basis. Nevertheless, one common finding is that
celery suffers the heaviest 10SS among included vegetable crops in Ventura
County. It should be noted that the Millecan study did not include some
counties selected for this study, e.g., Kern, Tulare, Imperial and the Cen-
tral Coast. The magnitude of the difference in total damages realized under
the two approaches suggests that damages (in terms of “costs” to consumers)
may be underestimated in earlier research.

It should also be noted that the results of this study, as presented in
this section, do not include effects of air pollution on producers (growers).
Such effects may be reflected in higher cost of production and/or lower
revenue, depending upon th~ price elasticity for each crop. These effects
will be addressed in the second phase of the analysis via the mathematical
model presented earlier. In addition, this study includes only selected
types of vegetable and field crops; thus, the value of crop losses derived
above represents only a portion of total crop losses in these regions. One

would expect to have a much higher value of crop losses if other types of
agricultural crops, such as citrus and horticultural crops, were also in-
cluded in the analysis.
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FOOTNOTES : CHAPTER VI

&/
For details see Johnston and Dean (1969).

y
The concept of compensating variation (or price compensating)

popularized by R. Hicks, is the amount of money the consumer of a commodity
would have to gain (lose) in order to offset the loss (gain) in utility
due to the rise (fall) in price of that commodity (caused by, say, reduction
in quantity supplied due to yield depression in the presence of air
pollution) in order to be as well off as bef,ore. It differs from
“equivalent variation” (or price equivalent) in that the level of utility,
after being compensated, in the case of cc~mpensating variation is unchanged
whereas in the case of equivalent variation, it is the amount of money
paid to (or received from) the consumer in order to make him as well off
as before after the changes in utility level caused by the rise (or fall)
in price of that commodity.

~1
Details of that study had already been discussed in Chapter II

of this analysis.

4_l ,>/
The mix of vegetable and field crops included in the Millecan

study do not coincide with those in this study. Also, Millecan includes
more crops in the analysis.
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CHAPTER VII

IMPLEMENTATION OF THE COMPLETE MODEL: AN ASSESSMENT

The preceding six chapters have dealt with numerous conceptual and em-
pirical issues relevant to the assessment of air pollution damages to crops.
As is evident, the analysis to date has not integrated and empiricized  the
complete set of components. Specifically, the eccnomic costs at the pro-
ducer’s level have not been measured. Included under this general area of
producer’s impacts are such issues as changes in cropping mix and location
in response to air pollution, substitution effects on the input side and
other mitigative strategies. Also, impacts of air pollution on non-inclu-
ded crops (e.g., perennials and horticultural crops) are not addressed.
This concluding chapter will deal with these areas, with an emphasis on de-
tailing the approaches to be used in their assessment in the second phase
of the agricultural impact study.

7.1 Production Adjustments

Agricultural producers are capable of modifying their production de-
cisions and/or plans in the face of change. California agriculture has
demonstrated a high degree of resilency  in dealing with such adjustments as
energy shortages, labor disruptions or natural phenomena such as drought.
Typical response patterns have been reflected in adjustments in cropping
patterns and input use to minimize the effects of the “shock” to the agri-
cultural system. Similar mitigative procedures would be expected in the
presence of air quality degradation. While increasing levels of oxidants
may not be viewed as a “shock,” the response pattern should be similar, if
somewhat more gradual. As an indication of such adjustments, it appears
that producers of vegetable crops are planting crop varieties with greater
resistance to certain air pollutants.

The range of mitigative procedures open to producers within southern
California includes the following set of responses:

10 in situ adjustments in cropping mix, substituting more resistant
crops into current cropping systems;

2. in situ increase in input use rates to offset adverse effects of
air pollution (reflected in an increase in firm’s cost structure);
and
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3. locational adjustments in production whereby production is shifted
from areas of high oxidant levels to areas of relatively low
levels (timing of such adjustments will obviously be determined
by land market considerations).

In addition t~aeh mitigative procedures, which entail either in-
creased costs or reduced returns for total produce sold, producers also
face the possibility of revenue losses due to quality degradation, even in
the absence of yield reductions. As a result of quality degradation, prices
received for selected commodities may be discounted. A further decision-
affecting phenomenon associated with air pollution is the effect on produ-
cer risk-bearing. If ambient air quality experiences a continuous or
abrupt degradation over time, crop yield variation (a major source of farm
risk) may be increased. Thus, the inherent riskiness of crop production
decisions may be exacerbated.

It should be noted that the potential exists for net increases in the
revenue of producers in the face of yield reductions, given the price elas-
ticity of demand for some agricultural crops. Such an outcome would be de-
pendent upon the price elasticity of each crop in the crop mix and the mag-
nitude of changes in the firm’s cost structure due to mitigation.. Given
the price endogenous nature of the proposed mathematical model, this poten-
tial outcome would be tested directly within the analysis.

The mathematical model formulated in Chapter III of this report is
intended to deal with the production decision variables outlined above.
The data for such an analysis has been obtained and risk measures have been
calculated. The overall integration effort will be discussed below.

7.2 Consumer Impacts

Chapter VI of this report presented a somewhat simplistic assessment
of consumer effects of air pollution. The economic cost of air pollution
(compensating variation) was captured via the use of price forecasting
equations for each included crop. However, given that production adjust-
ments in the form of cropping mix changes or relocation will also affect
quantities supplied, an integration of producer and consumer sectors is
desired and needed to capture future economic effects of air pollution.
This can be accomplished through the price endogenous model outlined in
Chapter III.

Indirect impacts on a third group, input suppliers, could also be sub-
stantial, if the derived demand for inputs were altered as a result of such
mftagative procedures as changes in cropping mix or input use. Major crop
adjustments could also portend significant disruptions to agricultural land
markets as well as the demand for irrigation water, given a differential in
production coefficients
ded within the scope of
values generated by the
tions.

across crops. While input suppliers are not inclu-
this analysis, the resource usage and shadow price
model should suggest potential input supply disrup-
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7.3 The Integrated Model

As discussed in Chapter III, the complete model will assess a wide
range of possible outcomes associated with actual and projected levels of
air pollution, with:.e~hasis on approximating current damages (under actual
air quality parameters) as well as potential damages under a range of pos-
sible air quality changes.

The m~del output will feature the surplus maximizing (producer’s and
consumer’s) levels of commodity production (for the included crops) in the
face of alternative levels of oxidant concentration. The programming algo-
rithm employed will optimize, based on the relationship between commodity
prices, yield sensitivity and resource availabilities. Additional output
from the model should be regional production, equilibrium prices, resource
usage and resource shadow prices as well as the relevant surpluses.

While most data necessary for the construction of the model has been
collected, additional programming assistance is needed to develop sub-
routines for existing software. This programming is needed to:

1. allow for multiple regions in the analysis (test of locational
adjustments in production between the South Coast and the three
contiguous regions);

2. introduce risk directly into the objective function; and

3. include cost vectors directly in the objective function.

While current economic damages can be approximated in the absence of the
programming effort, the full general equilibrium flavor of the analysis will
be lacking without such an effort.

7.4 Related Research Needs

The yield-oxidant relationships used in this analysis have been out-
lined in Chapter IV. The correlation analysis and production function esti-
mation serve to establish a possible negative relationship between oxidants
and selected crops, over the last 20 years. The significance and signs
attached to oxidants suggest a range of sensitivities across crops. How-
ever, to further test the relationship and to establish consistency with re-
sults obtained under controlled conditions, a more complete production
function is required. A more complete specification of the production
function would serve to further define the nature and magnitude of the oxi-
dant-yield interface under actual production conditions.

The included crops in this study have been limited to annual vegetables
and field crops. Some measure of damages experienced by perennials such as
fruits and nuts, as well as horticultural crops, is needed to complete the
analysis. While their complex time horizons make assessment more difficult
(in a dynamic sense), damages can be approximated via more pedestrian
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approaches such as survey techniques. These results would be needed for a
complete agricultural assessment.

7.5 Concluding Comment

The primary purpos~ gf the agricultural assessment component of the EPA
Benefits project is to$~d??ress  some conceptual and empirical limitations of
earlier studies concerning agricultural damages. The first specific objec-
tive of the agricultural study is to define a methodology capable of dealing
with some of the weaknesses inherent in previous research. Thus, this study
should not be viewed as a definitive empirical assessment of agricultural
damages within southern California, but rather an initial inquiry into crop
damage assessuient methodologies.

The analytical framework, conceptual issues and preliminary results re-
ported in this report offer support to the use of more complete models in the
measurement of air pollution damages/benefits. While this report and results
obtained in the next phase of the prcject will not resolve all relevant issues
in assessment methodologies, it is hoped that the study output will be sug-
gestive of more fertile areas for investigation.
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