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Summary 

Terminating the two F~deral marketing orders for California and Arizona oranb'cs would probably not, in the 
long run, lead to dramatic differences in average seasonal supplies of fresh 1i'larket fruit, but could lead to severe 
curtailment of the western orange-processing industry. Average grower returns would ultimately not differ 
much from those prevailing under order regulations, but more oranges from bumper crops, like this past spring, 
could be shipped to the fresh market without order-imposed constraints, resulting in temporarily lower prices. 

Terminating the orders would lead to substantial reductions in acreage and shorter shipping seasons as the in
dustry contracts to supply predominantly fresh market l!SeS of the product. California and Arizona supply about 
60 percent of total U.S. fresh oranges and about 11 percent of total U.S. processed oranges. 

The marketing orders, in effect almost continuously since 1933, allow shippers to impose quotas on the volume of 
navel and valencia oranges that can be shipped in any week and to specify the minimum and maximum size of 
orange that can be shipped. The orders apply to fresh oranges shipped within the continental United States and 
to Canada. 

The result of terminating the orders would be different in the short run than in the long run. In the long run, 
seasonal/Tesk orange shipments and returns to growers would probably be comparable to the levels with orders. 
In the short run, weekly and seasonal fresh shipments would sharply increase, leading to lower fresh fruit prices, 
reduced processing supplies. and diminished producer revenues. Weekly prices and orange supplies would also 
be considerably more volatile. These shortrun effects would lead growers to reduce plantings of new trees and 
accelerate the removal of old trees in response to less stable and temporarily lower returns. 

Those conclusions, based on an econometric simulation of the California-Arizona orange industry, offer some sup
port for both friends and foes of marketing orders. For the orders' critics, the simulation suggests that: 

• The orders do contribute to resource misallocation. More acres of oranges are grown in California and 
Arizona than would likely be grown under "free-market" conditions (without orders). 

• The orders have increasingly restricted percentage fresh utilization, supporting critics' claims that order 
success requires increasingly stringent controls. As controls are tightened over time. their abrupt elim
ination would have a correspondingly more damaging impact on shortrun producer revenue. 

For the orders' supporters, the simulation suggests that: 

• The orders seem not to have caused any longrun price enhancement of fresh oranges. Following a period 
of bearing acreage reduction, order termination would likely yield prices little different from those under 
orders. 

• The orders have resulted in longer shipping seasons for fresh western oranges, benefiting consumers by 
permitting consumption over more of the year. 

The Federal marketing order program involves many tradeoffs - between producers and consumers, among con
sumers, among producers, and between producers and handlers. The value of this study lies in the clearer iden
tification of the nature and magnitude of benefits and costs associated with these tradeoffs. An assessment of net 
benefits is impossible without imposing some judgment of which tradeoffs are in the best interests of the country 

at large. 
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ECONOMIC EFFECTS OF TERMINATING 
FEDERAL MARKETING ORDERS FOR 
CALIFORNIA-ARIZONA ORANGES 

Peter K. Thor 
Edward V. Jesse· 

Introduction 

Federal marketing orders have been important in
struments in marketing fruits and vegetables since 
the early thirties. Two orders are currently in effect 
for California and Arizona oranges-one for navels 
and one for valencias, the two dominant varieties 
grown there. The scope and provisions of both orders 
are similar: they may specify the fruit size eligible for 
shipment and they may control the rate of flow to the 
market for all fresh shipments within the continental 
United States and Canada. While constituting only 
about 20 percent of the U.S. commercial orange crop, 
California and Arizona oranges marketed under the 
orders have represented over 60 percent of fresh 
oranges consumed since 1970. The on-tree value of 
the fresh oranges sold in that period has averaged 
more than $100 million per year. 

Criticism of Federal orders for western citrus has be
come especially pronounced recently, due to inflation 
and increased consumer awareness of the possible 
price-enhancing effects of those marketing orders. 
Such criticisms emanate from within as well as out
side the citrus industry. Criticism within the industry 
centers on the level and equity of application of the 
rate of flow controls among varieties and growing 
regions. Opponents outside the industry charge that 
marketing orders raise prices above competitive 
equilibrium levels leading to longrun chronic over
production and resource misallocation. Critics fur
ther charge that marketing orders have been used to 
lengthen the shipping seasons, thereby reducing 
marketing opportunities for competing commodities. 

Proponents of marketing orders argue that market 
control provides an orderly and efficient product 
flow, beneficial to the industry and consumers alike, 

-Thor is Assistant to the President, Tri-Valley Growers, 
Modesto, Cali!. Jesse is an Agricultural Economist, Economic 
Research Service, U.S. Ikpartment of Agriculture, stationed at 
Madison, Wis. 

by eliminating the temporary market gluts and 
famines characteristic of the industry before 
marketing orders were implemented. None of these 
assertions, whether critical or supportive of the 
orders, have been well-documented by empirical 
analysis. 

In this report, we ascertain and evaluate the effects 
of the orders on the California-Arizona (C-Al orange 
industry by describing intraseasonal and intersea
sonal market relationships for each variety of orange 
and for two of the four marketing districts specified 
in the orders. To do that, we constructed an econome
tric mod.el to simulate industry performance with and 
without controls over two time periods: one historical 
through 1976n7, and one projected through 1990/9V 
In both periods, we used the model to compare long
run and shortrun effects on the market with and with
out marketing orders in effect. We emphasize indus
try performance at the producer and handler levels 
but also relate impacts on supporting industries, 
wholesalers, retailers, and consumers. Performance 
measures employed include the variability of in
traseasonal prices and shipment levels, average 
returns and product utilization in alternative mar
kets, shipping season lengths, and bearing acreage. 

In general, our findings suggest that these orders 
have both beneficial and adverse impacts: 

• The orders have probably benefited consumers 
by lengthening the shipping season, allowing 
fresh oranges to be purchased over a longer 
part of. the year. 

'The slash indicates the marketing year, which extends from 
November 1 through the following October 31 for California
Arizona oranges. 
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• 	 The orders seem to have had little longrun 
effect on the level of fresh market prices. 

• The 	orders seem to have restrained utiliz
ation of fresh oranges and encouraged produc
tion of oranges for processing, justifying 
charges of resource misallocation. 

Terminating the orders would probably substantially 
reduce the processed orange sh~pments and could 
lead to sharp reduction of the western orange
processing industry. In the long run, producer prices 
and total seasonal fresh shipments would be com
parable with present levels. 

Industry Description 

In this section, we briefly describe the economic envi
ronment in which California-Arizona oranges are pro
duced and sold. Product characteristics are first out
lined, followed by a description of market structure 
characteristics at the producer, first handler (pack
inghouse), and distributor levels. Next, the final prod
uct form market outlets for C-A oranges are discussed, 
and finally, the Federal marketing order programs af
fecting these crops are described in detail. 

Product Characteriotics 

California and Arizona produce two distinctly differ
ent orange varieties: navel and valencia. Both vari
eties are grown in each of three distinctly different 
districts within the two-State area.2 District 1 (north
ern California), currently with about 50 percent of the 
planted C-A orange acreage, includes Kern, Tulare, 
Fresno, and Madera Counties in the San Joaquin 
Valley and Glenn. Tehama. Sacramento, and Butte 
Counties in the Sacramento Valley. About 75 percent 
of the oranges produced in this district are navels. 
District 2 (southern California), representing about 30 
percent of all C-A orange acreage, includes the coun
ties of Santa Barbara, Ventura, Los Angeles, Orange, 
San Diego, San Bernardino, and Riverside west of the 
San Jacinto peak. The valencia variety accounts for 

'The district numbers are those usad by the Federal Marketing 
Order Na.vel and Valencia Orange Administrative Committees, Los 
Angeles, Calif. Since this study was conducted, a fourth district has 
been defined, consisting of the counties in the Sacramento Valley, 
formerly part of district 1. 

approximately 70 percent of orange production in this 
district. The California-Arizona Valleys district 
(district 3) includes Maricopa and Yuma Counties in 
Arizona, and Imperial County and Riverside County 
east of the San Jacinto peak in California. This 
district contains about 10 percent of the C-A planted 
acreage; roughly 75 percent of t.he district's orange 
crop is valencias. 

There has been a gradual shift in acreage from 
district 2 to districts 1 and 3 (fig. 1). Beginning in the 
late fifties, urbanization began to encroach on orange
producing areas in district 2, particularly Orang~ 
County and the Los Angeles basin. An estimated 60 
percent of growers displaced in sou'i;hern California 
reinvested in citrus by purchasing relatively inexpen-

Figure 1 
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sive land in northern California or Arizona. This con
tributed to a rapid rise in planted acreage in northern 
California, especially in navels, which are more suited 
to growing conditiops there. While harvested orange 
acreage in southern California dropped by 48 percent 
to 58,100 acres between 1956 and 1976, harvested 
acreage in northern California increased by 207 per
cent to 125,900 acres in 1976. Similarly, harvested 
acreage in the Arizona-Desert Valley district in
creased by 211 percent to 17,700 acres between 1956 
and 1976. 

Varietal Characteristics. The navel and valencia vari
eties grown in California and Arizona differ markedly 
from oranges of the same and similar variety grown 
in Florida and Texas. C-A oranges have a strong com
petitive advantage in the fresh market (4,16,18)8. But 
because of relatively low sugar-acid ratios and juice 
content, C-A oranges are at a competitive disadvantage 
in the processed market. Of the two varieties, navels 
possess superior out-of-hand eating qualities because 
of their sweetness, easy peelability, and absence of 
seeds. C-A valencias are superior to navels for proc
essing, but are less desirable than several Florida 
varieties. Also production costs per ton of fruit have 
become increasingly higher for C-A producers rela
tive to those in Florida, largely due to higher land and 
water costs in the Far West. 

The cultural practices and costs involved in produc
ing navels and valencias in California and Arizona 
are similar.' Once the trees have been planted, the 
physical production process is largely uncontrollable. 
The gestation (non bearing) period of both varieties is 
approximately 3 years. Yields rapidly increase until 
full maturity at about 14 years, level off, and then 
gradually decline over the life of the tree which may 
be as long as 60-80 years. Valencia yields (cartons per 
acre, at 37.5 pounds per carton) are usually greater 
than navel yields in each district for trees of compara
ble ages. 

'Italicized numbers in parentheses refer to items listed in the 
References at the end of the report. 

'For example. the Cooperative Extension Service. University of 
California-Riverside. estimated that the total average on-tree cash 
costs of producing an acre of oranges in the 1976{77 season was $613 
for navel and $649 for valencias. The chief difference is due to irriga
tion costs for valencias, which are harvested in the spring and 
summer. 

Storage and Growth Characteristics. Oranges of the 
same variety in a given region tend to mature at 
roughly the same time. Navels usually mature in 
November or December, while valencias mature be
tween mid-March and May. Thus, a relatively large 
volume of a particular variety can be harvested short
ly after the season begins, depending on the available 
handling and packing capacity. Oranges, however, of
fer an unusual opportunity for controlling the rate at 
which the mature fruit is harvested, since both vari
eties store remarkably well on-tree. Navels may be 
stored for 2 to 5 months and valencias for 3 to 6 
months, depending on climate. Harvested oranges, 
however do not store well and, as a result, fruit 
destined for fresh consumption is usually packed 
within 24 to 48 hours after harvest and shipped 
within 1 week. One of the major reasons for the lag 
between packing and shipping is the degreening (or 
sweating process) to improve fruit color.S Oranges can 
be stored for mf>re than a week under refrigeration, 
but because of the adverse effects on fruit appearance 
and taste, the amount of fruit stored this way is 
minimal. 

The value of oranges in fresh marketing channels is 
heavily influenced by size, appearance, and eating 
characteristics. Many changes occur in fruit size and 
quality during the on-tree storage: color, texture, 
skin thickness, juice content, and sugar-acid ratios 
are all affected. During the period of fruit develop
ment and on-tree storage, the average orange size in
creases at a decreasing rate, approximately a loga
rithmic function. Following full maturity, there is 
usually a gradual decline in fruit quality. The size and 
weight gains from on-tree storage (within limits) are 
generally assumed to offset the associated disadvan
tages in appearance and taste. However, the size
quality tradeoff depends upon price differentials 
among alternative grades, sizes, and product forms, 
as well as the magnitudes of fruit growth and quality 
changes. 

'In the degreening process, the fruit is usually kept at a constant 
70 degrees Fahrenheit in an atmosphere with ethylene gas for up to 
90 hours. The need for degreening is related to season of the year. 
For navels. shipments lag harvest by approximately 1 week in 
November. 4 to 5 days in December. and about 3 days in January; 
from February on. the lag may be as short as 1 day. Harvest to ship
ment for valencias is about 2 days until October. and then an extra 
day is needed. 
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All oranges sold in the fresh market are graded, . 
packed, and sold by size. The principal sizes are 40, 
48, 56, 72, 88, 113, 138, 163, 180, and 210 oranges per 
carton (37.5 pounds per carton). Navels tend to grow 
more rapidly than valencias within the normal mar
keting season and to be larger when marketed. 
Navels in districts 1 and 2 follow similar growth pat
terns with an approximately constant difference be
tween average sizes. As a result of climate, the 
average size of district 3 navel oranges is larger at 
the beginning of the season and increases at a lesser 
rate than oranges in the other two districts as the 
season progresses. Valencia growth rates in all three 
districts are approximately equal. Arizona-Desert 
Valley valencias are the largest (on average) and 
southern California valencias are the smallest. 

All C-A oranges marketed in the fresh form are 
graded either shippers' "first graCie," "choice," or 
"standard." Shippers' "first grade" is the highest 
quality fruit. "Choice," or second grade, is a slightly 
lower (interior only) quality fruit, and "standard" 
represents a lower exterior as well as interior quality 
fruit. Grade designations are made within each size 
category and are usually independent of size. Oranges 
shipped to processing are separated from oranges to 
be packed for the fresh market at the packinghouse, 
but processed oranges are not graded by fresh stan
dards; their value is determined by other criteria. 

The grades used by C-A orange shippers are consis
tent with State (California and Arizona) grades. The 
industry maintains that shippers' grades are refine
ments of State grad~s; that is, they more precisely in
terpret such qualitative terminology as "good interior 
fruit quality" and "relatively free of scars." Interpre
tations are flexible from year to year according to 
overall fruit quality. The quality of a first-grade 
orange during a year of excellent growing conditions 
will likely exceed the quality of a first-grade orange 
when growing conditions are poor. 

Market Structure 

4,933 valencia growers.s Between 1966/67 and 1976n7, 
the number of C-A navel growers rose by 8.2 percent 
and the number of valencia growers declined by 11.4 
percent; many commercial growers, however, pro
duce both varieties. The average orchard size has 
been increasing and larger scale (corporate) produc
t.ion has accounted for an increased proportion of 
total production. Major factors in determining 
changes in the numbel' of producers for different 
varieties have been shifting regions of production and 
economies of scale. 

Acreage shifts and other factors resulted in a 
36.1-percent increase in the number of navel growers 
and a 30.4-percent increase in the number of valencia 
growers in northern California between 1966/67 and 
1976n7 (table 1). During the same period, the number 
of navel and valencia producers in southern California 
declined by 22.3 percent and 26.6 percent, respec
tively. In the Arizona-Desert Valley, the number of 
navel producers declined by 5.8 percent and the num
ber of valencia producers declined by 12.4 percent. 

The average navel grove size in northern California 
increased from 25.4 acres in 1966/67 to 32 acres in 
1976n7. The average navel grove size also increased 
in the Arizona-Desert Valley from 17.1 to 21.5 acres 
but declined from 13.5 to 12.5 acres in southern Cali
fornia. Average valencia grove sizes increased only 
slightly between 1966/67 and 1976/77. The average 
grove sizes increased by 1.3 and 1.1 percent in north
ern and southern California, respectively, and de
clined by 7.7 percent in the Arizona-Desert Valley. 

Despite a recent trend toward larger average orange 
production units, the C-A orange industry at the pro
ducer level is still characterized by many small in
dependent producers. Because of the number and size 
of producers in different regions, the producer com
ponent of the industry seems to be competitive. 

Handlers. The primary functions of handler firms are 
to pack and distribute the fruit. Oranges to be dis
tributed to the fresh market are packed in cartons 
containing approximately 37.5 pounds. That portion 
of the crop not packed is either culled (put in cattle 

The producing sector of the C-A orange industry is 
'A large but unknown number of growers produce both varieties. characterized by a large number of relatively small Hence, the total number of growers is considerably less than the 

units. In 1966/67, there were 4,243 navel growers and sum of navel and valencia growers. 
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Table 1-Number of growers and average 3Cf8age per grower by district and variety, 
1966/67 and 1976117 

District 1 District 2 District 3 Total orVariety and year (northern Calif.) (southern Calif.) (Call f.-Ariz. desert) average 

Number 

Navels: 
1966/67 2,152 1,865 226 4,243 
1976/77 2,929 1,449 213 4,591 
Change, 1966/67 to 1976/77 777 -416 -13 348 

Valenclas: 
1966/67 1,182 3,212 539 4,933 
1976/77 1,542 2,358 472 4,372 
Change, 1966/67 to 1976177 360 -854 -67 -561 

Acres per grower 

Navels: 
1966167 25.4 13.5 17.1 20.2 
1976/77 32.0 12.5 21.5 25.4 
Change, 1966167 to 1976/77 6.6 -1.0 4.4 5.2 

Valenclas: 
1966/67 23.2 17.6 32.0 20.5 
1976/77 23.5 17.8 29.7 19.5 
Change, 1966/67 to 1976/77 .3 .2 -2.3 -1.0 

Source: Navel and Valencia Orange Administrative Committees, Los Angeles, Calif. Annual reports. 

feed or thrown away) or diverted to processing 
plants. In addition to packing, many handlers are 
directly responsible for scheduling the harvest, har
vesting the fruit, and assembling the harvested fruit 
on the farm for transport. 

The numbers of handlers of navel and valencia 
oranges in the three regions have changed in response 
to shifts in production. However, just as there has 
been a trend toward larger average grove size, many 
established handlers have merged and the scale of 
new plants has increased. The number of navel han
dlers and valencia handlers declined by 17 percent 
and 23 percent, respectively, between 1966{67 and 
1976n7 (table 2). Only in northern California did the 
number of handlers (for navels alone) rise, due to in
creases in navel acreage and production. 

The majority of handlers are members of cooperative 
marketing associations. Sunkist, the dominant coop
erative in the industry, is federated and operates at 

the handler leve1.7 In 1977n8, Sunkist handled about 
53, 79, and 88 percent of the district 1,2, and 3 navel 
orange crops, respectively, and 68, 88, and 45 percent 
of the valencia crops for the districts. The Sunkist 
central organization serves largely as a distribution, 
marketing, and information center for affiliated 
growers and handlers. Rausser notes that each 
handler association makes most of its own major deci
sions, particularly those concerned with intrasea
sonal supply, subject to the marketing order and 
grower-ha.:dler pooling arrangements (18). 

Youde and Heimberger (26), in an examination of 
marketing cooperatives in the United States, classi
fied Sunkist's market power as very high (degree Ion 
a scale of 1 to 4) competing in an industry where bar

'''Federated'' means that Sunkist has as its members other coop· 
eratives in addition to individual producers. This is in contrast to 
centralized cooperatives, all of whose members are individual pro· 
dUcers. 
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riers to entry are low to moderate (1.5 on a scale of 1 
to 3). These factors, along with the size of Sunkist, its 
advertising and sales promotion expenditures, and its 
success in product differentiation, suggest that the 
industry may be oligopolistic (few producers) or oli
gopsonistic (few buyers) at the handler level. How
ever, several factors considerably reduce the implied 
market power of Sunkist: 

• As a federated cooperative, 	th~ Sunkist cen
tral organization exerts limited control over 
member ha.ndler units. 

• 	Neither the central organization nor handler 
members appear to directly attempt to 
restrict supply. 

• Associated handlers make many of their own 
pricing decisions. 

• Finally, Sunkist's 	market share has declined 
since the late sixties, especially in northern 
California, where the largest increases in acre
age and production have been recorded. 

Pure Gold, Inc., another marketing cooperative. com
petes directly with Sunkist in marketing C-A citrus. 
In the 1977/78 season, the cooperative marketed ap
proximately 13, 7, and 11 percent of the northern. 
southern, and desert districts navel orange crops, 
respectively, and 14. 4, and 27 percent of the C-A 
valencia crop for those districts. 

Distributors. C-A orange buyers include wholesalers. 
vertically integrated retailers, importers, institu
tional buyers, and processors. Handlers have histori
cally sold to these gr.oups through auction markets or 
on an f.o.b. shipping point basis or on a delivered 
basis at a terminal market. In recent years. approxi
mately 90 percent of fresh domestic sales have been 
on an f.o.b. basis. The delivered sales method (prices 
quoted at buyer's destination) has been replaced by 
an f.o.b. arrival/acc~ptance option, which gives par
ticipating buyers the right to inspect shipments on 
arrival for acceptance. The consignment method of 
sales (the production is consigned to a broker who 
negotiate'S a price with the buyer), while seldom used 
for domestic fresh shipments, is used frequently in 
fresh export sales, especially to the European 
market. 

A study by the National Commission on Food Market
ing (19) concluded that, for fruits and vegetables in 
general and for C-A oranges in particular, the buyer's 
side of the market was not highly concentrated. The 
trend. however, has been toward a greater market 
share for the vertically integrated retailers, com
posed primarily of the large chain supermarkets. 
Retail market shares of large chains and indepen
dents have increased while the shares of medium and 
small firms have oeclined. In 1975, 61 percent of all 
food expenditures were transacted in large retail 
chains with gross sales in excess of $500 million, and 
23 percent was through large independents (25). 
While the market shares of fresh oranges moving 

Table 2-Number of California-Arizona oran~e handlers by district and variety, 
1966/67 and 19 6177 

District 1 District 2 District 3Variety and year 	 Totals(northern Calif.) (southern Calif.) (Calif.-Ariz. Desert) 

Number 

Navels: 
1966/67 70 44 25 139 
1976/77 75 30 14 119 
Change, 1966167 to 1976/77 +5 -14 -11 -20 

Valencias: 
1966/67 66 54 43 163 
1976177 56 39 37 132 
Change, 1966167 to 1976177 -10 -15 -6 -31 

Source: Navel and Valencia Orange Administrative Committees, Los Angeles, Calif. Annual reports. 
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through large chains and independents are not avail
able, large chains accounted for 74 percent of the 
retail movement of U.S. frozen orange juice concen
trate supplies in 1975. 

Despite the trend toward greater concentration of 
domestic buyers for both fresh and processed 
oranges, a growing export market has tended to 
strengthen the handler's market position. In this 
analysis, we assume that the wholesale and retail 
mark.eting levels have remained generally competi
tive during the research period. 

Marketing Patterns and Consumption 
Trends 

As we noted earlier, consumption of C-A oranges in 
the fresh form greatly exceeds processed usage. 
Much of the variability in fresh utilization in the 
1967/68-1976n7 period is a result of different crop 
sizes and fruit quality, which are both dependent on 
weather conditions. Overall, there appears to be a 
slight downward trend in the percentage utilization 
of C-A oranges in the fresh form (table 3). 

U.S. per capita consumption of all fresh oranges, while 
declining during the fifties and sixties, seems to have 
leveled off in the seventies at about 15 pounds per 
capita. Despite a slight reduction of crop utilization in 
the fresh form, U.S. unloads of C-A fresh oranges in 
1972 through 1974 were almost a third higher than 
during the period 1962 through 1964. Absolute gains 
in unloads were made in all regions except the East. 
The Midwest experienced the largest increase (61 
percent) during the period while the West (50 per
cent) was second (6, p. 71). The East declined slightly 
(4 percent). The West and Midwest each absorbed 
about a third of the total rail and truck loads during 
the period 1972-74. The East absorbed about 28 per
cent while the South took only about 5 percent of the 
total during the same period. Burns and Podany at
tribute the low percentage of C-A orange unloads in 
the South to strong competition in that region from 
Florida oranges (1). 

Processing. Since the introduction of frozen concen
trated orange juice (FCOJ) in the midforties, con
sumption has been shifting from fresh oranges to 
FCOJ. In the midsixties, consumption of fresh and 

Tabla 3-Fresh utilization of C·A oranges, by region and variety 

Navels Valencias 

Year District 1 District 2 District 3 District 1 District 2 District 3 

Percent' 

1967/68 45.50 77.74 92.00 25.40 62.09 71.45 
1968/69 71.89 59.04 82.20 45.31 28.56 48.12 
1969/70 71.07 57.25 72.78 48.74 41.20 36.35 
1970/71 77.12 72.04 84.23 47.75 44.64 23.56 

1971/72 69.39 59.90 81.92 38.00 42.38 27.42 
1972/73 60.12 62.71 65.89 30.25 38.21 45.27 
1973/74 74.65 62.46 83.98 46.32 42.12 46.74 

1974/75 66.63 48.90 73.97 35.41 33.65 37.36 
1975/76 67.65 40.25 82.06 34.17 34.46 20.36 
1976/77 70.09 45.69 79.02 44.44 42.50 40.56 

--------~ 

'Fresh use In continental United States and Canada. 

Source: Navel and Valencia Orange Administrative Committees, Los Angeles, Calif. 
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processed oranges (single-strength equivalent) was 
approximately equal. While per capita consumption 
of fresh oranges has remained approximately con
stant in the last decade, per capita consumption of 
processed oranges has continued to rise. 

Although the volume of C-A oranges processed has 
risen, the processing market is considered to be a 
secondary market for the C-A orange industry, due to 
low returns relative to the fresh domestic market. 
Florida orangea, which are generally more suitable 
for processed producers, dominate the processed 
market in the United States and recently (1976n7) ac
counted for approxil'Ilately 98 percent of the FCOJ 
and over 80 percent of canned orange juice produced 
in this country (25). Several large FCOJ producers 
blend 5 to 10 percent C-A orange juice with Florida 
orange juice for improved color and flavor. 

Exports. Exports of fresh C-A oranges have been ris
ing in recent years. Exports of both major varieties of 
C-A oranges more than doubled between 1953/54 and 
1976n7. In 1976n7, the value of California fresh 
oranges exported represented approximately 80 per
cent of the value of all U.S. fresh oranges exported (3). 
While Canada is the largest importer of fresh oranges 
from the United States, C-A oranges shipped to 
Canada are considered to be domestic shipments for 
purposes of administering the marketing orders. 
Other major export markets are Japan, Hong Kong, 
and Europe. 

Shipments of fresh oranges to Japan from the United 
States are constrained by a Japanese quota on orange 
imports. Until 1979, the annual quota on orange im
ports was 45,000 metric tons (2,204 pounds per metric 
ton), the equivalent of 2,645 cars of 1,000 cartons per 
car. This represented a potential market for less than 
3 percent of the 1976n7 production of C-A oranges. In 
an April 1980 trade agreement, Japanese officials 
agreed to raise gradually their import quotas on 
oranges from the United States from current levels 
to 82,000 metric tons by 1983 (19). 

As a result of premium prices and a necessarily 
lengthy storage life for oranges exported to Japan, 
fruit shipped to Japan is generally midsized (88 to 113 
oranges per carton) and of premium quality. Most 
shipments to Japan are sold on an f.o.b. port basis. 

Exports to Hong Kong are not restricted by quotas, 
and returns for fruit shipped to Hong Kong (molltly 
f.o.b. port) are usually higher than returns ave-ilable 
in the fresh domestic market. However, an apparent
ly strong brand preference on the part of buyers re
stricts the ability of many packinghouses to partici
pate in the Hong Kong market. According to industry 
sources, only six or seven brands are preferred in the 
Far East market. Such brand preferences are gen
erally believed to have developed as a result of eating 
and appearance characteristics (sweet pulp and thin, 
smooth skin) and transportability of southern Califor
nia oranges as well as habit formation.s As a result, 
oranges exported to Hong Kong are almost exclusive
ly premium grade. Fruit sizes range from 88 to 180 
oranges per carton, peaking in the midrange (88 to 
113). 

The European Economic Community (EEC) is another 
major export market for C-A citrus. Fresh orange ex
ports to Europe have generally accounted for about 
20 percent of total U.S. fresh orange and tangerine 
exports (including Canada) since 1966. Large orange 
crops recently and the limited export opportunities to 
the Far East have led to a renewed interest in Europe 
as an alternative market. Citrus Shippers United, a 
marketing organization representing approximately 
90 percent of the packers not affiliated with Sunkist, 
was organized in 1976 to facilitate citrus exports to 
Europe. Sunkist is also attempting to increase ex
ports to Europe through grower incentive export pro
grams (which provide bonuses to packers for oranges 
arriving in Europe in superior condition) and retail 
matketing promotions. 

Exports to Europe are highly seasonal, concentrated 
between June and September, when valencias are 
harvested and competition from competing fruits is 
at a peak (9). In 1974, over 90 percent of orange ex
ports to Europe from the United States were made 
during these months. Shipments are usually made on 
a consignment basis. Fruit quality is variable, al
though frequently first grade. Part of the reason for 
quality variability is that it takes approximately 4 
weeks from date of shipment in California to date of 
sale in Europe. Returns to growers from exports to 
Europe are quite variable. While they approximate 

'The strength of this brand preference is subject to debate: un
doubtedly, the price premium that can be obtained is limited. 
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returns to the fresh domestic market, they generally 
fall short of returns for Far Eastern exports. 

The export of C-A oranges is becoming more impor
tant to the industry. Exports have been growing and 
net returns to exports have generally been as good 
as, if not better than, sales in the fresh domestic 
market. However, there are limits on exports, deter
mined to a large extent by political trade agreements, 
as evidenced by the recent relaxation of the Japanese 
import quota for oranges. 

The California-Arizonll Orange Marketing 
Orders 

Except for brief periods, compulsory market control 
programs have been used in the C-A orange industry 
since 1933. The present Federal marketing orders for 
the navel and valencia varieties have been in effect 
since the 1953/54 marketing season, when separate 
orders were formulated to replace a single Federal 
order covering both orange varieties. The formal ob
jectives of these orders are those specified in the 
Agricultural Marketing Agreement Act of 1937, as 
amended: 

"It is hereby declared to be the policy of 
Congress ... to establish and maintain such 
orderly marketing conditions for agricultural 
commodities in interstate commerce as will 
establish, as the prices to farmers, parity 
prices.... " (7 U.S.C. 602) 

The term "orderly marketing" tends to suggest a 
somewhat uniform and stable supply. In the citrus in
dustry, "orderly marketing" connotes conforming 
supply to demand or vice versa. However, quantity 
supplied and demanded are not fixed parameters but 
rather functions of the fruit's price, quality, size, and 
other variables. The administrative committees (see 
below, "Order Administration"), therefore, attempt 
to allocate C-A navel and valencia orange supplies to 
obtain the high.ust possible seasonal returns in the 
fresh domestic market. According to industry sources, 
the administrative committees feel that objective is 
consistent with the best economic use of the crop due 
to the relative inelasticity of demand in the fresh 
domestic market, the major outlet. 

To achieve their objectives, both orders allow restric
tions on rate of flow to market and size of fruit 
marketed, and authorize industry research.' 

The rate of flow provisions (prorates) allows the in
dustry to regulate (subject to approval by the Secre
tary of Agriculture), on a weekly basis, the flow of 
fresh oranges shipped from the three districts to 
markets in the continental United States and Canada. 
Since unit returns to growers are highest in the fresh 
market, the effectiveness with which the shipments 
are regulated is of primary concern. Since the 
seasonal supply is fixed, however, the allocation of 
oranges to the fresh domestic market indirectly af
iects the volume of oranges available for export and 
processing. The provisions of the orders specifically 
provide for separate regulation within each of the 
three districts defined earlier. 

The size provision within the order permits the im
position of minimum size requirements for oranges 
shipped within the continental United States and to 
Canada. Different size standards may be implemented 
at any time. Also, the handling of oranges to be 
shipped to Canada may be subject to different size 
standards than those shipped within the United 
States. 

The research provision allows the committees, with 
the approval of the Secretary, to establish marketing 
research and development projects designed to assist, 
improve, or promote the marketing, distribution, and 
consumption of C-A oranges. Such projects are fi
nanced through handler assessments. Because the 
research provision does not have direct effects on 
production or prices, our focus in this analysis is on 
impacts of the rate of flow and size provisions. 

Order Administration. The navel and valencia mar
keting orders are administered by separate commit
tees of 11 members. Each committee is under the 
direction of the Secretary of Agriculture and consists 
of six growers, four handler representatives, and one 
nonindustry member. By statute, no more than five 
committee members may be affiliated with Sunkist 
Growers, Inc. Several members, particularly handler 

'Provisions for research were included in the valencia order in 
1962 and in the navel order in 1964. 
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representatives, serve on both committees.1o The 
committees are identical in terms of structure, admin
istration, anrllegal framework. Three major seasonal 
decisions face each committee: 

• What should be the seasonal allocation to 
each market? 

• What should be the intraseasonal distribu
tion of shipments by district on a weekly 
basis? 

" 	What should be the allowable distribution 
of fruit sizes? 

In making these decisions, the committees are 
charged, in the rules and regulations of the marketing 
orders, to provide "equitable marketing opportunity" 
in the fresh domestic market for handlers il.1 each of 
the three districts. The industry has interpreted 
"equitable marketing opportunity" to mean that each 
handler should have the opportunity to ship the same 
percentage of the tree crop under their control to the 
more lucrative fresh domestic market. This concept 
of equity is based entirely on volume, regardless of 
other characteristics (e.g., size and grade). 

The regulatory process begins just prior to each 
marketing season with a statement of marketing 
policy based on the total estimated varietal tree crop 
in each region. The marketing policy statement in
cludes ~he committees' estimates of the best economic 
use of the crop among the fresh domestic, processed 
product, and fresh export markets, a determination of 
equitable marketing opportunity, a preliminary 
schedule of weekly shipments, an initial judgment on 
size regulations, and other supporting material. 

The decision regarding the best economic utilization 
of the varietal crop is qased on the total prospective 
C-A orange tree crop, the quality and size of the 
oranges, supplies of other citrus and competitive non
citrus fruits, and the economic outlook, including in
flation and the level and trend of consumer income. 
More formal economic analysis has generally been 
performed by Sun kist Growers, Inc. The committee's 

IOFor example. of members and alternates during the 1975/76 
season. one-third of the grower members, three-fourths of the 
handler representatives. and the nonindustry member served on 
both committees. 

decision is made in an ad hoc manner by examining 
the competitive environment in light of recent perfor
mance. 

Equitable marketing opportunity is the maximum 
proportion of district production that can be sold in 
the fresh domestic market. The committee's estimate 
of the best economic utilization (percent of the crop 
allocated to each m:arket) is typically lower than the 
equitable marketing opportunity percentage for each 
district. The com:mittees state that the difference 
enables a larger volume of oranges to be shipped from 
a district should crop or market conditions prevent 
another district from attaining the expected industry 
average utilization,u The equitable marketing oppor
tunity percentage is multiplied by the district vari
etal tree crop estimate (TCE) to obtain a quantity that 
serves as a seasonal constraint on the preliminary 
schedule of weekly shipments for each district. 

EMOP j X TCE jj = EMOV jj i == 1,2 j = 1,2,3 
t 

EMOVij = ~ Qjjt 

EMOP equitable marketing opportunity 
percentage for variety i, 

TeE tree crop estimate for variety i, 
district j, 

EMOV equitable marketing opportunity 
volume for variety i, district j, 
shipment quota of variety i, district 
j, week t. 

In practice, the higher equitable marketing oppor
tunity percentage allows districts 1 and 3 to ship 
more oranges in fresh domestic marketing channels 
to compensate for lower than average domestic utili
zation in district 2. Reduced domestic utilization in 
district 2 is a result of more profitable fresh export 
opportunities. 

Using the districts' equitable marketing opportunity 
volumes as constraints, the committee establishes a 
preliminary schedule of weekly shipments for each 
district. The preliminary shipping schedules are 
developed from the most recent 3-year average ship
ment levels for each district. Although maximum 

"See, ior example, the Navel Orange Administrative Committee 
Marketing Polic;V Statement. December 5. 1978. 
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weekly shipments are adjusted throughout the sea
son, they are divided proportionately among the dis
tricts according to the preliminary shipping schedule 
for each week. 

Administrative committee recommendations on size 
regulations Ilre based on other factors in addition to 
estimated crop size and quality characteristics. Ex
pected marketing opportunities and presumed de
mand interrelationships among different sizes often 
determine the nature and extent of size regulations in 
the C-A orange in' lstry. Size regulations can usually 
be changed at any time during the season. Individual 
growers may be exempted by demonstrating to the 
committee that size regUlations are preventing them 
from having equal access to the fresh domestic 
market. 

As the season progresses, the committee's prelimi
nary decisions are revised at weekly meetings to 
reflect more accurate estimates and current growing 
and marketing conditions. The shipping allotment or 
quota to the fresh market is announced 1 week in ad
vance. Between the weekly meetings, however, a ma
jority vote of the administrative committee can raise 
the current week's industry quota for the fresh 
domestic market; but the current week's allocation 
may not be lowered. 

The division of each week's quota among the individual 
handlers is made in accordance with each handler's 
prorate base. The prorate bases are administratively 
specified on the basis of the prospective orange sup
ply each handler controls, either through ownership 
or contractual agreement. A handler's weekly allot
ment is equal to his prorate base times the weekly 
district limit fixed by the committee. 

However, there are many opportunities for handlers 
to ship more than their general maturity allotments: 
early maturity, short life, and freeze damage allot
ments are issued in unusual circumstances. Handlers 
are also permitted. to overs hip their allotment by up 
to 20 percent in any given week.12 Even though over
shipments must be deducted from the following 
week's allocation, that allocation may also be over
shipped by up to 20 percent. In addition, intradistrict 
and interdistrict loans may be authorized by the ad

I"prior to the 1968/69 marketing season, weekly overshipments 
were restricted to 10 percent. 

ministrative committee if requested by both parties. IS 

The flexibility provided by these procedures is 
regarded as necessary to account for the eifects of 
adverse weather, harvesting or packing difficulties, 
and changes in demand. These provisions also help to 
maintain handler equity. 

Possible Marketing Order EUeds. Potential effects 
of the C-A orange marketing orders, and, conversely, 
likely effects of order termination, can be specified a 
priori. The rate of flow and the size provisions may af
fect not only the absolute level of shipments and 
prices, but also their va!"iability. Such changes may 
precipitate reactions by growers, input and market
ing firms, and consumers. Later in this report, we dis
cuss the results of having evaluated such potential ef
fects through empirical testing. 

In 1979, Jesse used welfare theory to evaluate the 
potential impacts of alternative marketing order con
trols (10). He concluded that the intraseasonal stabili
zation of supply brought about by the rate of flow 
controls reduced consumer welfare but improved pro
ducer welfare and net social welfare. To the extent 
that rate of flow controls are utilized to allocate com
modities among markets, prohibiting the controls 
would result in gains in consumer surplus in the short 
run and possibly in the long run. 

If the use of marketing authority results in relatively 
high grower returns, then the entry of new producers 
into the industry would be expected. Although the 
perennial nature of orange production increases the 
inherent rigidities associated with industry entry and 
exit, consistent high relative returns will encourage 
increased production. Referring to market allocation 
with increasing production, Farrell hypothesized 
that, 

..... larger and larger quantities of the com
modity must be isolated from the market to 
maintain the enhanced price and total in
come. At some point, excessively large set 
asides or diversions become intolerable and 
the order will collapse" (7, p. 351). 

Production may also be stimulated because of real or 
perceived market stabilization associated with the 
use of marketing order controls. If marketing orders 

"Prior to 1968/69, such exchanges were confined within districts. 
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reduce the risk due to uncertainty, tIJen growers will 
be encouraged to increase production (assuming that 
growers are risk averse). In this sense, the price
stabilizing intent of order regulations may be viewed 
as a response to a market failure: the inherent price 
and output variability is not subject to control by in
dividual producers.14 

Changing prices and production levels will also have 
implications for supply and marketing organizations 
associated with the industry. Positive implications of 
market control are that supply firms are employed on 
a steady basis, transportation equipment is used in 
the most productive manner, and production, packing, 
and marketing costs are minimized through efficiency. 
Those conclusions are based on the assumption that 
supplies are stabilized and information flow increased 
via order regulation. Although more market informa
tion may facilitate planning, efficient use of equip
ment and labor is clearly based on continuous and 
stable use. But the administrative committees' goal is 
stability of prices rather than production. Whether 
price stability yields efficient resource utilization, or 
for that matter, whether stable prices and shipments 
can exist simultaneously depends critically upon the 
nature of the intraseasonal demand. 

If the rate of flow and size provisions raise prices by 
diverting shipments to alternate markets, then under 
such regulations, shipping and marketing firms will 
handle less of the fresh domestic product during the 
peak season. The shipping season may be lengthened 
and quantities processed and exported will tend to be 
greater. 

The longrun implications of market control may be 
much different than its shortrun effects. In the long 
run, secondary processing capacity would probably 
have to be expanded to handle increased product 
diversions. Production increases may enlarge total 
shipments to the fresh domestic market as well as to 
secondary markets. Supply and marketing firms may 
be able to obtain economies of size associated with in
creased product movement. 

lOSee, however, Masson. Masson. and Harris, who contend that 
stabili1jng predictable fluctuations is not economically desirable. 
and suggest that" ... to some extent, the claims about stabilization 
benefits are rote claims to make an income-enhancing program ap
pear more politically desirable" (12, p. 204). 

Behavioral Model of the California
Arizona Orange Industry 

In this section, we develop and estimate behavioral 
relationships and constraints in the C-A orange in
dustry for ultimate use in simulating market perfor
mance in the absence of marketing order controls. 
The econometric model we develop is based on eco
nomic theory, industry cbser"/ation, and interviews 
with industry participants. In formulating this model, 
we attempted to base the specifications upon dynamic 
theoretical relationships that incorporate uncertain
ties facing decision makers and interdependencies 
among prices and shipments in different periods. We 
had to make some simplifying assumptions to prevent 
the model from becoming hopelessly complex and in
tractable; other assumptions as well as numerous 
modifications of "ideal" specifications were also re
quired due to the availability and nature of the data. 

Since a primary objective of this analysis is to deter
mine the effect of the marketing order provisions on 
shipments and prices to the threE: major market out
lets, we estimated separate relationships, where 
possible, by variety, region of production, and market 
outlet (i.e., fresh domestic, processed, and fresh ex
port). Disaggrel!'ating weekly supplies by region of 
production, var.Jty, and market outlet, yields com
modity sets that are considerably more homogeneous 
with respect to physical characteristics, marketing 
practices, and consumer demand than would be the 
case if the various components were aggregated. 

Eight sets of equations, in addition t9 linking equa
tions and identities, are required as components in 
the industry model development in order to: 

(1) 	 project intraseasonal hannler fresh shipment allo
cations, 

(2) 	 estimate intraseasonal fresh market demands at 
the f.o.b. handler level, 

(3) 	 describe interseasonal processed market demand, 
(4) 	 project regional-varietal season lengths, 
(5) 	 relate plantings to market returns, 
(6) 	 estimate acreage removals, 
(7) 	 project. annual yields, and 
(8) 	 estimate price differentials among grades in the 

fresh market. 

The order of presentation within the section corre
sponds to the model components identified above. For 
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each component, an initial specification based on 
theoretical considerations and industry practices is 
outlined. Then, modifications required because of 
data inadequacies or statistical problems uncovered 
in preliminary esti'mations are noted, followed by a 
discussion of the results of estimating the final form 
of the equations. For the sake of brevity, discussion 
relating to theoretical development of the economet
ric model is quite terse. The reader interested in 
details of model development is directed to Thor (20, 
especially pp. 76-118). 

Jotraseasooal Supply 

The seasonal production of C-A oranges :Dust be tem
porally allocated by industry decisionmakers among 
alternative product forms and markets. The temporal 
and form allocation will depend upon the nature and 
objectives of the decision makers allocating the crop 
and on the suitability and value of the commodity in 
alternative markets. The relevant marketing decision
makers in the C-A orange industry are usually not the 
producers, but rather the handlers who control the 
harvesting, hauling, packing, and temporal alloca
tions of oranges, subject to marketing order controls, 
among alternative product forms and markets. The 
nature of producer-handler pooling arrangements 
suggests that handlers would maintain this responsi
bility even in the absence of marketing order con· 
troIs. Under marketing order controls, growers and 
handlers have delegated a portion of their decision
making responsibilities to the administrative commit
tees. To maximize collective shortr-un grower 
returns, product form and market allocations would 
be made so that marginal returns would be equal. 
Wit.hout the coordinated action at the producer
handler level made possible by marketing orders, one 
would expect the marketing process at that level to 
approximate more closely independent competitive 
actions by the many individual decisionmakers. 

Hence, intraseasonal orange supply can' 'e cast in 
terms of constrained profit maximization: handlers at
tempt to allocate sales over the weeks of the season 
and among different markets to maximize seasonal 
net returns, given a fixed seasonal orange supply and 
weekly shipping prorates imposed by the marketing 
order. This. suggests a weekly multiregion, multi
product supply model that relates weekly shipments 
to (1) current and expected future prices in the three 

market outlets (fresh domestic, processing, and ex
port), (2) price- and weather-related risk, and (3) ac
tions of the marketing order administrative commit
tees. 

Data inadequacies prohibited estimation of separate 
supply equations for each of the three regions and 
each of the three market outlets. Weekly prices by 
variety and si2:e are available (from the Federal-State 
Market News Service) for districts 1 (northern Cali
fornia) and 2 (southern California), but not for district 
3 (California-Arizona desert). Export shipments and 
prices on a weekly basis are also not available for all 
districts. Consequently, weekly supply relationships 
could be formulated only for districts 1 and 2 fresh 
market and processing sales of navels and valencias.15 

In initial specifications of the intraseasonal supply 
subsystem, we experimented with alternative ways 
of capturing the effed of price expectations on 
handler sales. Prices were included as simple aver
ages and geometric and polynomial distributed lags 
using several combim·.tions of past and current prices. 
In no case could we discern statistically significant 
price effects. Consequently, we concluded that 
handlers exercise limited discretion in changing 
weekly supply in response to price changes. 

The allocation of orange supplies among alternative 
marketing outlets appears to be largely a result of in
stitutional and technical constraints and demand con
ditions. We hypothesized the temporal allocation of 
oranges also to be largely regulated by institutional 
and technical constraints. While producers may wish 
to maximize returns, their costs and returns are aver
aged by the grower-handler pooling arrangements. 
Handlers, who are responsible for allocating the crop 
among markets, must also consider harvesting, haul
ing, and processing capacities as well as storage 
capabilities. In addition, interviews with industry 
participants indicate that growers are risk averse 
and usually prefer to have their crop harvested as 
early as possible. Taken together, these factors are 
consistent with the statistical evidence that temporal 

"While the lack of appropriate data on exports represents an un· 
fortunate limitation, industry representatives indicated that the 
seasonality of export shipments, quotas, and high returns generally 
available in the Far East export markets relative to domestic 
markets make plausible the assumption that export shipments are 
exogenous to the model. 
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shipment allocations depend upon marketing order 
restrictions, crop maturity, and harvesting and han
dling capabilities rather than price. 

Absence of measurable price effects necessitated esti
mation of allocation equations rather than supply equa
tions. llI Moreover, since exports and seasonal sup
plies are assumed exogenous, only temporal alloca
tions to the fresh domestic market were estimated; 
seasonal supplies to the processed market were 
derived from total shipments as residuals. 

Results of the equations finally selected to represent 
the intraseasonal allocation subsystem are shown in 
table 4. To correct for positive autocorrelation, the 
coefficients were estimated using a Cochrane-Orcutt 
iterative procedure.17 The historical period covered 
the 1959/60 through 1976n7 seasons. 

The critical explanatory variable in the allocation 
equations is the degree of bindingness (DOB), used to 
measure how tightly shipments to the fresh domestic 
market are constrained by order·imposed prorates. 
The DOB concept, simply stated, is that as district 
and varietal weekly shipment levels approach weekly 
maximum shipments under the marketing order, 
marketing order restrictions have a greater dampen
ing effect on handler shipment levels. 

We explored several different ways of incorporating 
marketing order degree of bindingness, based on 
three requirements for any proxy variable: 

• 	The variable must be consistent for all poten
tial prorate and shipment levels, including the 
absence of prorates. 

• The variable 	must not be spuriously corre
lated with the dependent variable. 

• The variable must be compatible with simula
tion experiments. 

Variables that directly included prorate levels or pro
rates less shipments failed to meet the second re
quirement. Ratios of shipments to prorates or pro

"In other words, the allocation equations are descriptive as op
posed to causal relationships; they attempt to capture the effect of 
institutional elements rather than economic behavior. 

"See (20, p. 122) for a discussion of the estimation procedure. 

rates to shipments met neither the first nor the sec
ond requirement. We consequently limited our search 
to variables that expressed bindingness as the recip
rocal of maximum permitted shipments less actual 
shipments:l

! 

DOB - _______~1________ 

(maximum permitted shipments - actual shipments) 

Maximum weekly shipments can be hypothetically 
expressed as prorate adjusted for permitted over
shipments. But permitted overshipments for a given 
week are flexible to an unknown degree because of 
special allotments, exemptions, and interdistrict 
loans. Consequently, maximum permitted shipments 
were arbitrarily specified as 3.9 times weekly pro
rates for the 1959/60-1966/67 seasons and 4 times 
weekly prorate for 1967/68 (when order amendments 
increased permissible overshipments) through 
1978/77. During shipping weeks without prorate allot
ments, maximum permitted shipments were assigned 
a value of infinity, resulting in DOB values of zero. 

The constants used to define maximum permitted 
shipments (3.9 and 4) provided the most satisfactory 
empirical results. Constant values ranging from one 
to eight were tested. Minimum values of approxi
mately 2 were required to ensure a positive denomi
nator. Larger values were necessary to avoid sharp 
increases in the DOB variable as shipments approach 
maximum (i.e., as the denominator approached 1). The 
constants used maintain approximate linearity of 
DOB values within the relevant range. 

Despite the use of an arbitrary constant larger than 
necessary to ensure consistency of the DOB variable 
{i.e., positive denominator} over a wide range of 
values, the variable continues to represent the bind
ingness concept. The variable is consistent for all 
potential prorate and shipment levels and does ac
count for weeks when no prorate is set. However, 
there is some risk that the variable does not meet the 

''The purist econometrician will immediately recognize that the 
inclusion of actual shipments in the denominator of the DOB 
variable as well as in the numerator of the dependent variable 
violates the ordinary least squares assumption of contemporaneous 
independence of the regressor and the error term, leading to 
possibly biased coefficient estimates. However, the extensive 
transformation process involved suggests the violation is a minor 
one-we suspect this offense may weH be overshadowed by other 
statistical problems of which we are blissfully unaware. 
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Table 4-lntraseasonal allocaUon equations, California-Arizona orange8, by district and vsrlety1 

Dependent variable-Percentage of total seasonal fresh domestic 

shipments shipped during week 


Explanatory variables 
 Navels 	 Valenclas 
-:::-:-:-:-:--:---.:..:..::.:...: 
District 1 District 2 District 1 District 2 

District/varietal specific: 
Degree of blndlngness2 -636.146 -91.693 -136.793 -537.058 

(-2.49) (-1.68) (-1.72) (-4.94) 
Weather Index3 -.129 -.802 

(-1.05) (-3.47) 
Season length, weeks4 -.166 -.132 


(-1.91) (-4.50) 

Exports5 -.001 


(-1.59) 


Varietal speclfl~: 
Weekly trend -.515 1.479 -1.797 .503 


(-1.78) (6.77) (-8.94) (6.77) 

Weekly trend squared .007 -.040 .036 -.013 


(.93) (-8.48) (7.55) (-7.39) 

Season trend7 	 .343 

(7.05) 

Navel blnarles:8 


04 	 .634 
(2.85) 

05 	 1.697 .538 
(6.80) 	 (1.65) 

06 	 3.061 .742 
(14.23) (2.70) 


08 -1.757 -.862 

(8.26) (-3.02) 

09 -1.450 -1.165 
(-6.15) (-3.65) 

010 -.691 -.959 
(-3.40) (-3.07) 

011 (-.616) 
(-2.37) 

Valencia blnarles:8 
012 -.883 -.177 

(-3.23) (-1.57) 
013 -1.023 -.304 

(-3.12) (-2.29) 
014 -11.690 -.417 

(-3.69) (-3.13) 
015 -.983 -.536 

(-3.72) (-.478) 
023 -.2M 

(-2.75) 
024 	 -.371 

(-3.65) 

Intercepts 	 11.731 -3.218 21.289 3.572 
(4.°9) (-1.27) (10.50) (3.07) 

Number of observations 390 373 343 440 
Durbin-Watson statistic 2.06 1.96 1.27 1.92 
C~chrane.Qrcutt rho statlstlc9 .84 .66 .73 .71 
A (unadjusted) .80 .81 .90 .74 

- = Denotes variable not Included In the particular district/varietal equation. 

lNumbers In parentheses are t-values. 

2Deflned as (1/\!l-(weekly prorate) - actual shipments) when prorates are In effect, 0 otherwise. Prorates and shipments are In carlot 


equivalents. The value of a Is 3.9 for the 1959/60 through 1966167 seasons and 4 for 1967/68 through 1976177. (Marketing order amend
m,nts In 1967 Increased permissible overshlpment of prorates.) 

See text for definition of this variable. 
4The following two conditions must be met for an observation to count as a shipping week: (1) Total movement must exceed one-half 

ca~lot; and (2) shipping weeks may not be separated by more than one week with shipments less than one-half carlot. 
District 2 valencia exports In carlot equivalents. 

Oseasons aligned on a calendar week basis. For navels, week eight Is defined as that week containing Cnrlstmas. For valenclas, 
w~ek two Is defined as the first full shipping week In April . 

. Value is 1 for 1959/60, ... 18 for 1976177. 
8Blnary variables which take on the value of 1 for the week number denoted by Indicated numeral; 0 otherwise. 
II'fransformation coefficient used to adjust for serial correlation. The value shown Is the terminal value of the iterative process used. 
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second criterion above-that its measured effect on 
shipments includes more than just bindingness of pro
rates. 

Two specific problems with this formulation are. ap· 
parent. First, differel'ces between weekly prorates 
and weekly shipments are exaggerated: a relatively 
high level of prorate combined with prorate overship
ment can result in a smaller DOB value than a rela
tively low level of prorate with prorate undership
ment. While this may appear to be a'nomalous behavior 
of the DOB variable, it is theoretically palatable since 
individual shipper opportunities for overshipments 
and allotment loans increase as overall prorate in
creases. However, this characteristic makes com
parisons of the DOB coefficient among district and 
varietal allocation equations meaningless. 

Second, the weighting factors used in the DOB ex
pression increase the risk of the DOB variable coeffi
cient picking up inherent correlation between pr'orate 
levels and shipments as they are included in the 
dependent variable. While such a spurious relation
ship is clearly possible, we do not believe it repre
sents a serious problem based on sensitivity analysis 
of the weights used in specifying maximum permitted 
shipments. Allocation relationships were estimated 
using weights ranging from 1.9 to 4. These showed 
DOB parameters steadily declining with steadily in
creasing t-values (both in absolute terms). Correlation 
coefficients among DOB variables calculated over this 
range of weights exceeded 0.9 for both districts. 

While not an ideal indicator of how handlers are con
strained by marketing order allotments, the DOB 
variable used in the allocation equation does capture 
the hypothesized effect of prorates. When no prorate 
is set, handler shipments are not limited: thus, the 
prorate is not binding, and the value of the DOB 
variable is zero. When a prorate is set, but the dif
ference between the maximum possible shipments 
and the actual shipments is large, then the value of 
the denominator is very large relative to the num
erator and the DOB is small. As the shipment level 
approaches the constraint, the value of DOB in
creases, reflecting more restrictive shipping allot
ments. 

As expected, proportions of seasonal fresh domestic 
shipments in any given week were inversely related 
to the degree of marketing order bindingness in 

each district (DOB) given the values of other explana
tory variables. Each DOB coefficient was significant 
at the 95-percent level of confidence (using a one
tailed t-test). 

The effect of weather on intraseasonal shipping pat
terns was incorporated in the allocation equations 
through a weather index, which takes on integer 
values from zero to three according to increasing 
weather severity. Shipment levels of both varieties in 
northern California were inversely related to the 
weather index. Severe weather in northern California 
had a greater impact on weekly fresh shipments of 
valencias than on weekly fresh shipments of navels. 
This verifies that navels are better able than valen
cias to adapt to the more severe climatic conditions 
prevalent in district 1. Climatic conditions were so 
mild in the southern California district that the 
weather indices were insignificant and subsequently 
excluded from both navel and valencia equations. 
However, on-tree storage capabilities, enhanced by 
the mild conditions in southern California, did affect 
season length. In the district 2 navel and valencia 
equations, which do not have weather as an explana
tory variable, the season length is included as a 
predetermined variable. As might be expected, the 
proportion of seasonal fresh shipments shipped in any 
given week was inversely related to the season 
length. We recognize the possible simultaneity be
tween the dependent variable and the season length. 
However. we believe that technical constraints due to 
maturity and storage life, crop size, and handling 
capacities effectively predetermine season length for 
the purpose of estimation. 

Weekly time trend and the square of weekly time 
trend were included in the equations to represent 
technical constraints (handling capacities, maturity, 
and storage life) which, when aggregated, may be 
reflected by a quadratic function. 19 These variables 
account for differences in intraseasonal shipment pat

''Two alternative methods of ordering weeks within seasons were 
explored, with each having theoretical as well as computational ad
vantages. One method entailed numbering the first week with fresh 
shipments greater than 25 cars as week one. In this specification, 
each season (which might begin in a different calendar week each 
year) is aligned with maturity patterns. However, this scheme was 
discarded in final form estimates in favor of one that aligned seasons 
by calendar weeks, which permits better assessment of intersea
sonal changes in supply and demand patterns and facilitates simula
tion. 
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terns among districts due to alternative maturity pat
terns created by differences in climate_ 

Weekly binary variables were included to capture the 
effect of supply disruptions, usually major holidays 
(i.e., Christmas, Fourth of July, Labor Day). The inclu
sion of these variables permitted more precise esti
mates of other parameters, As illustrated in the navel 
equations, there were significant pre-Christmas in
creases in shipments represented by the variables D4 
through D7 (D4 = week 4, D5 = week 5, etc., where 
week 8 = the shipping week that contains Christmas). 
After Christmas, there was about a 2-week lag before 
shipping schedules were back to normal. Slight dis
ruptions in supply occurred during the valencia sea
son as a result of the Fourth of July and Labor Day 
holidays. 

In addition to the explanatory variables noted above, 
we included an annual time trend in the allocation 
equation for northern California valencias to account 
for an observed secular trend in shipping patterns. 
Also, valencia exports were available for and in
cluded in only the southern California equation. 

Statistically, the regress!on results indicate a quite 
acceptable weekly model with breaks between the 
seasons. The coefficients of determination (R2) are 
high, and the corrected Durbin-Watson statistics, ex
cept for the district 1 valencia equation, do not in
dicate serial correlation. For almost all predeter
mined variables, the t-statistics (shown below the 
regression coefficients in parentheses) indicate that 
the regression coefficients are significantly different 
from zero at the 95-percent level of confidence. 

Inuaseasonal Demand 

Domestic fresh market demand for oranges at the 
handler level is derived from retail demand. Cast in a 
price-dependent form, district and variety handler 
prices would be expected to be related to weekly 
fresh market shipments of C-A oranges of the same 
variety from the same district, shipments of C-A 
oranges of different varieties, shipments of the same 
variety from other districts, shipments of fresh mar
ket oranges from other origins, shipments of other 
competing fruits, expected future shipments of C-A 
oranges, consumer income, population, and other var
iables that may influence consumer or intermediary 

behavior. This "ideal" specification represented the 
starting point for development of an estimable intra
seasonal demand model. 

Regional-varietal weekly prices were expressed as 
weighted averages of Federal-State Market News 
Service prices for alternative sizes in each week. The 
weights used were the proportions of different sizes 
shipped in each district. Regional-varietal orange 
shipment data for California and Arizona were avail
able directly in administrative committee annual 
reports as were weekly shipments of fresh oranges, 
tangelos, and other competing citrus fruits from 
Florida. Crop size estimates and updates, available in 
administrative committee annual reports, were used 
to estimate expected future shipments. 

Several variables included in the theoretical specifi
cation were difficult to obtain on a weekly basis. 
Weekly unloads of apples and bananas were available 
from the Economics, Statistics, and Cooperatives Ser
vice (now Economic Research Service, U.S. Dept. of 
Agriculture) but only from January 1962 through 
December 1976. The Consumer Price Index (CPI, 1967 
= 100), used to deflate all monetary variables, is 
reported by month only. For each week w of the 
season ending in month m of year t, the correspond
ing CPI for month m of year t was used. A similar pro
cedure was used to specify disposable personal in
come, also available on a monthly basis only. Popula
tion estimates, available quarterly, were incor
porated using first quarter estimates for all weeks 
ending in January through March, second quarter 
estimates for all weeks ending in April through June, 
third quarter estimates for all weeks ending in July 
through September, and fourth quarter estimates for 
all weeks ending in October through December. 

We initially estimated four demand equations, one for 
each region and variety over all weeks and produc
tion seasons, in linear, semilog, and log forms, with 
and without weekly binary variables on constant and 
slope parameters to account for intraseasonal shifts. 
These estimates yielded unsatisfactory results be
cause of extremely high serial correlation. The resid
ual in any given week and year tended to be of the 
same sign as the re"idual from the previous week of 
the same year. Becallse the residual patterns were 
not similar from year to year, we were not able to cor
rect the problem using weekly and annual binary 
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variables. Neither were correction techniques for 
first order autocorrelation or first differencing 
capable of eliminating the problem.20 

As a consequence, we sorted the data (497 weekly 
observations for navel and 518 weekly observations 
for valencia) by calendar week and estimated demand 
equations week by week using one observation from 
each of the seasons, 1959/60 through 1976/77. In some 
cases, at the beginning and end of the season, data for 
more than 1 week were combined to provide adequate 
degrees of freedom. 

In the final form of the equations, we combined esti
mated shipments of C-A oranges of the same variety 
for all three districts because of the high degree of 
multicollinearity among the district shipment 
variables. Similarly, shipments of C-A oranges of the 
other variety (that is, navels during valencia season 
and valencias during navel season) were aggregated 
among districts. We tested a number of geometric, 
distributed lag, and simple average formulations, and 
found a 2-week average of weekly shipments to pro
vide results statistically similar or superior to other 
forms (that is, price in week w of year t is related to 
shipments in weeks wand w-1 in year t). This implies 
that prices adjust to current supplies and supplies 
already in the system. 

Shipments of bananas and aprles were tested with 
several lag specifications, but in no case were these 
indicators of competing fruit supplies statistically 
significant. We encountered similar difficulties at
tempting to incorporate fresh shipments from Florida 
into the relationships. These problems of including 
substitutes are not u~ique in studies of the Florida and 
C-A orange industries (see 16 and 18). We omitted in
come as an explanatory variable because of insignifi
cant t-ratios. Finally, we abandoned attempts to esti
mate per capita relationships because of problems in 
converting quarterly population estimates to a week
ly estimate. 

"Similar difficulties have been frequently encountered in other 
intraseasonal econometric demand studies (see 17 and 18). 

The general form of the intraseasonal demand rela
tionship ultimately estimated was as follows: 

PRICEij,w,t = ai,i,. 	+ bi,i,. SHIPSNw,t 
+ ci,i,w SHIPSVw,t 
+ dl,i,. REMSUPi,w,t + el,i,w,t 

where PRICE 	 weekly average f.o.b. fresh 
first grade price, dollars per 
carton, deflated by the CPI, 
1967 = 100, 

SHIPSN 	 total shipments of C-A navels 
from all districts in carlot 
equivalents; simple average of 
current and past week, 

SHIPS V 	 total shipments of C-A valen
cias from all districts in carlot 
equivalents; simple average of 
current and past week, 

REMSUP = 	 estimated remaining supply of 
orange variety calculated as 
the marketing order adminis
trative committees' estimate 
of total crop (revised as up
dated) less total shipments to 
date, 

i = variety subscript; i = 1,2, 

j = district subscript; j = 1,2,3, 

w = 	week subscript, w = 1, ... 22, 
24, or 25, depending on i and j, 

t = season subscript, t = 1, ... 18. 

We estimated a total of 96 equations using the linear 
form noted above, which yielded statistical results 
superior to either semilog or double-log specifica
tions. Coefficients of determination (R2) ranged from a 
high of 0.9327 to a low of 0.5003. In each district vari
etal set of equations, the R2 values were highest dur
ing the middle portion of the season. This may be the 
result of large interseasonal differences in shipment 
levels during the early and latter portions of the 
season. With few exceptions, the Durbin-Watson sta
tistics indicated either no autocorrelation or the sta
tistics were in the inconclusive range. 
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Estimated coefficient values are not shown here for 
the sake of brevity (see 20, pp. 136-143). The signs of 
the coefficients on shipments of both navels and 
valencias were negative, as expected, in all 96 equa
tions. Coefficient values among weeks appear to be 
quite consistent. For the navel variety, the coefficient 
values "bottom out" just prior to I]hristmas and then 
rise sharply to peak the week after Christmas. The 
weekly coefficients on navel shipment levels sub
sequently fall, then gradually rise as shipment levels 
fall for the remainder of the season. Coefficients on 
intraseasonal valencia shipments in the valencia 
equation generally rise through the season, with 
troughs around weeks 16 and 25 which correspond to 
the Fourth of July and Labor Day holidays, respec
tively. The standard errors of the coefficients rela
tive to the coefficients themselves are in general 
quite small. The t-statistics indicate that, with few ex
ceptions, the coefficients on shipment levels in each 
equation are significantly different from zero at the 
95-percent confidence level. 

Figure 2 

Seasonal changes in price sensitivity are illustrated 
in figures 2 and 3, which show price flexibility point 
values and plus and minus one standard deviation 
confidence ranges. Because of interdistrict substitut
ability, price flexibilities for the same varieties are 
quite similar. 

Processing Demand 

The demand facing C-A orange packers for oranges 
for processing is much less variable than the demand 
for fresh market oranges. A major reason for that is 
the long storage life of processed products, which 
reduces intraseasonal fluctuations in demand. In addi
tion, processed product pools extending over an en
tire season (used by Sunkist and other cooperatives) 
average returns to handlers and growers based on 
seasonal volumes processed. As a result, most 
handlers do not face fluctuating intraseasonal prices 
for processing oranges. 

Intraseasonal Price Flexibilities, Packinghouse Door, Navels 
Percent change in price divided by percent 
change in quantity 

Percent change in price divided by percent 
change in quantity 

1.4 Navel, District 1 1.4, Navel, District 2 

1.2 - Price flexibility 1.2 
- Flexibility + 1 standard deviation 

and - 1 standard deviation 
1.0 

o 

5 10 15 20 25 
Week of season' 
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This permits Bpecification of processing demand as a 
seasonal relationship. Initially, a price-dependent 
equation was estimated for each variety (processing 
prices were not available by districtl. The explana
tory variables were processing shipments of navels, 
processing shipments of valencias, processing ship
ments of Florida oranges, disposable personal in
come, beginning processed orange product inven
tories, and wholesale-retail marketing margins for 
Florida concentrated orange juice. 

Based on insignificant coefficients in preliminary esti
mates, we excluded shipments of other C-A varieties, 
processed inventories, and margins from the final 
form equations. Ordinary least squares (OLS) results 
of estimating the final form are shown in table 5. 
Coefficients on the C-A processed shipments and 
Florida processed shipments are negative, as ex
pected. However, the coefficients are quite small, ap-

Figure 3 

parently indicating limited price responsiveness to 
shipment level changes. The estimated coefficients on 
per capita income in both relationships are also nega
tive, although neither are significantly different from 
zero at the 95-percent confidence level. 

The explained variation in the dependent variables as 
percentages of total variation (R2) are 0.9038 and 
0.8843 for the navel and valencia relationships, 
respectively. The Durbin-Watson statistics in both 
relationships fall in the middle of the inconclusive 
range, thus neither confirming nor refuting the hy
pothesis of no autocorrelation. 

Season Length 

The marketing order::. for the C-A orange industry 
are hypothesized to affect season length. Consequent
ly, simulated market behavior in the absence of 

Intraseasonal Price Flexibilities, Packinghouse Door, Valencias 
Percent change in price divided 
by percent change in quantity 
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Table 5-Estlmated processed demand 
relationships by variety 

Dependent variable
deflated-packinghouse 
door (p.h.d.) returns for 

processing C-A 
Explanatory variables oranges, all districts, 

dollars per carton 
equlvaient' 

Navels Valencias 

Total varietal processing 
shipments, pounds per capita2 -0.00424 -0.00574 

(_.54)3 (-.88) 

Florida processing, orange 
shipments, pounds per capita2 -.00602 -.0128 

(-2.63) (3.21) 

u.s. per capita disposable 
income, deflated dollars3 -.0313 -.0314 

(-1.55) (-1.08) 

Intercepts 1.749 2.782 
(1.64) (5.06) 

Durbin-Watson statistic 1.33 1.21 
R2 (unadjusted) .90 .88 

'Numbers in parentheses are t-values. The deflator for the 
navel equation is Consumer Price Index, all items (CPI), 1967 = 
100 for December. The monthly CPI for thq valencia equation is 
June. 

2Fourth quarter population for navels; second quarter for 
valencias. 

3Fourth quarter income for navels; second quarter for valen
clas. 

marketing order prorates must embody likely changes 
in season length. Weather, potential seasonal sup
plies, and intraseasonal handler shipment allocations 
would also be expected to influence the length of the 
shipping season for each variety in each district. 

To incorporate marketing order prorates into season 
length relationships, variables based on the weekly 
degree of bindingness (DOB) variables developed 
earlier were employed. A variable representing the 
annual degree of bindingness of the prorate should in
corporate the duration as well as the severity of ap
plication. Since the weekly DOB values are zero when 
no prorate is imposed, and increase as actual ship
ments approach maximum permitted shipments, an 
additive form of the weekly DOB variable possesses 
the desired characteristics. 

Weather conditions have two effects on season 
length. Conditions prior to the shipping season large

ly determine maturity and early shipping patterns 
that define the beginning of the season. Weather con
ditions and crop damage during the season influence 
the availability of supplies and on-tree storability of 
oranges. The week of first commercial shipments is 
included as a proxy variable to represent changes in 
season length as a result of early maturity. An annual 
district varietal weather variable was defined as the 
highest value of the weekly district varietal weather 
indexes defined in the intraseasonal allocation sub
system. We hypothesized that the earlier the date of 
first shipment, the longer would be the season length. 
We further expected that severe weather conditions 
during the marketing season would reduce the season 
length by reducing the quality and on-tree storability 
of the crop. 

We also hypothesized season length to be positively 
related to the expected crop size. In the equation 
specification, we assumed that the expected crop size 
in any season is equal to the actual crop size. With no 
large excess capacities involved in harvesting, haul
ing, packing, processing, and marketing capabilities, 
larger crops would tend to require longer handling 
periods. 

The final form season length equation, one for each 
variety in districts 1 and 2, differed little from the ini
tial specification. OLS-estimated results are shown in 
table 6. Coefficient signs were generally consistent 
with expectations. The shipping season length was 
positively related to crop size and inversely related 
to the DOB of the marketing order prorate. The date 
of first shipment was included as a variable only in 
the district 2 valencia equation because of insignifi
cant t-tests or incorrect signs in the other district
varietal relationships. The weather index was not in
cluded in any of the final form equations for similar 
reasons. 

Statistically, the coefficients of determination are 
considerably better in the equations (both navel and 
valencia) estimated for northern California than for 
southern California. The Durbin-Watson statistics for 
each equation are in the inconclusive region except 
for southern California navels, where the hypothesis 
of no autocorrelation (95-percent level of confidence) 
is accepted. The coefficients on the DOB variables are 
relatively larger for northern California navels and 
northern California valencias. However, the esti
mated coefficients for the DOB variables are signifi
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cant only at the 95-percent level of confidence for 
northern California valencias and southern California 
navels. The coefficients for northern California 
navels and southern California valencias are signifi
cant at the 80-percent and 70-percent confidence 
levels, respectively. 

Producer Supply RespoDse 

Seasonal production is the product of harvested acre
age and average yield. Changes in harvested acreage 
are determined by producer planting and removal 
decisions. Hence the determination of production for 
perennial crops (i.e., planting, removal, yield) involves 
complex temporal relationships not similarly asso
ciated with the production of annual crops. 

Table 6-Season length equations by 
district and variety 

Dependent varlable--Number of 
weeks in the shipping season 1 

Explanatory variables 
Navels Valenclas 

District 1 District 2 District 1 District 2-
Total seasonal tree crop 0.394 0.242 0.856 0.169 

In carton (37.5 Ib) (8.28)2 (.93) (6.52) (1.62) 
equivalents 

Seasonal degree of 313.959 116.282 184.848 38.423 
marketing order 
bindingness3 

(1.10) (2.93) (3.34) (.67) 

Calendar week number -.997 
of the first week with (-2.34) 
total shipments 
exceeding 25 carlots 

Intercepts 17.356 22.495 16.407 37.981 
(4.85) (7.74) (8.74) (9.62) 

Durbin-Watson statistic 2.35 2.09 1.44 1.37 
R2 (unadjusted) _85 .36 .84 .44 

-Denotes variable not included In the Indicated district
varietal equation. 

lFor an observation to be counted as a shipping season week 
for any region or variety, weekly total shipments must be greater 
than 0.5 car (500 cartons), and shipping season weeks must not 
be separated by more than 1 week (I.e., two or more consecutive 
weeks with shipments of less than 0.5 car signify the end of the 
shipping season). 

2Numbers In parentheses are t-values. 
3Deflned as the sum over seasons of the weekly degree of 

bindingness variable constructed for the Intraseasonal alloca
tion relationships (see table 3). 

An ideal specification of producer supply response 
would include separate relationships for the individ
ual components of production: plantings, removals, 
and yields. Initially, we attempted to estimate sepa
rate equations for orange plantings and removals. 
The planted acreage equations included proxy ex
planatory variables for expected profitability, risk, 
expected returns from crop alternatives, and techno
logical change as well as variables specific to the C-A 
orange industry - a southern California urbanization 
index and a binary variable to capture effects of the 
Tax Reform Act of 1969.21 Removals were related to 
variables representing the age distributions of bear
ing acreage (to account for removals due to disease 
and low productivity), expected profitability, and the 
industry-specific variables included in the planting 
equation. 

Ultimately, however, we found it necessary to col
lapse the separate equations into a single one repre
senting the change in bearing acreage because of 
inconsistent planting and removal data (20, pp. 
154-155). Preliminary experimentation with different 
lag structures and combinations of variables hypoth
esized to influence plantings and removals yielded 
the specifications and estimation results shown in 
table 7. 

Because of the extensive lags, the sample size was in
creased to 24, from the 1953/54 to the 1976n7 season. 
The percentage of explained variation (R2) in the 
dependent variable ranges from a high of 83 for dis
trict 1 navels to a low of 61 for district 2 navels. The 
Durbin-Watson tests for autocorrelation are in the in
conclusive range for each relationship. 

We expected, a priori, that the change in bearing 
acreage would be positively related to prices and 
yields, which increase returns, and inversely related 
to risk (assuming producers are risk averse). Also, the 
Tax Reform Act of 1969 was expected to exert a nega
tive impact on plantings. Urbanization in southern 
California was expected to have a positive effect on 
the change in bearing acreage in northern California 
and negative effect in southern California. 

flA provision of the Tax Reform Act of 1969 required planting and 
development costs for citrus groves to be capitalized, which re
moved popular tax shelter features of citrus orchard development. 
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Farm level prices and price risk are likewise impor
tant determinants of C-A orange producer supply 
response (table 7). The final form distributed-lag 
specifications for both varieties are second-order 
polynomial lags distributed over a 3-year period. The 
lag structure begins in year t-4 for navels and t-5 for 

Table 7-Estlmated change In bearing acreage 
by region and variety 

Dependent variable-annual change 
in bearing acres 

Explanatory variables 
Navels Valencias 

District 1 District 2 District 1 District 2 

Urbanization index, 105.564 
lagged 3 years 1 (3.28) 

Season average yield, 59.454 3.159 15.689 
cartons per acre, 
lagged 4 years 

(4.21) (1.06) (2.34) 

Price varlabllity2 -2,776.58 -780.46 -2,694.08 
(-2.28) (-.42) (-2.52) 

Tax reform binary3 -1,668.7 
(-2.60) 

Grower-level returns: 4 

Lag in years 
4 5,485 92 

(4.24) (.59) 
5 4,982 230 1,229 984 

6 
(4.29) 
4,607 

(1.49) 
456 

(2.12) 
1,479 

(1.71) 
1,023 

(4.48) (2.91) (2.34) (1.74) 
7 -277 1,028 

(-.58) (1.62) 

Intercepts -89,228 -3,670 -10,329 -8,034 
(-4.01) (-3.06) (-2.34) (-3.17) 

Durbin-Watson statistic 2.16 2.88 1,73 2.87 
R2 (unadjusted) .83 .61 .80 .66 

-Denotes variable not included in the Indicated district
variety equation. 

lThe current year (year t) value of the urbanization index is 
calculated as the 2-year moving average of the weighted 
average population density (1,000 persons per square mile) in 
prorate district 2 in July of year t: county average densities 
within the prorate district are weighted by the proportion of 
district 2 navel acreage in that county during 1960. 

2Calculated as the 3·year moving variance of grower-level 
returns (see footnote 5). 

3 = 0 lor 1953/54-1968/69 seasons; 1 for 1969nO-1976n7 
seasons. 

4Season average I.o.b. packinghouse fresh domestic price 
for first-grade fruit less season average packinghouse costs 
(packing, selling, and advertising), dollars per carton deflated by 
CPI, 1967 ~ 100. 

valencias. With a 3-year gestation period, a lag of 4 
years for navels (planted in spring, harvested in 
winter) assumes a planting lead time of approximate
ly 15 months.22 Similarly, a lag of 5 years for valencias 
(planted in spring, harvested in summer) assumes a 
planting lead time of about 20 months. Since new 
plantings, usually from budding, are about 1 year old 
when planted, this formulation represents normal in
dustry practice with respect to the timing of nursery 
orders. The signs of the parameters associated with 
price and risk variables are in agreement with expec
tations in all estimated relationships except district 1 
valencias, where one of the price variables, although 
not significantly different from zero, has an unex
pected negative sign. 

The lagged effect of urbanization in northern Califor
nia was only significant in the navel relationship, 
perhaps because navels were and continue to be the 
dominant variety in this region. The Tax Reform Act 
of 1969 significantly affected the change in bearing 
acreage only for northern California valencias. A 
possible reason for the inability to measure effects of 
the tax law change in other equations is that the ef
fects on plantings and removals may offset one 
another: as a result of the tax change, plantings 
become relatively more expensive so new investment 
would be expected to decline. Bearing acreage, 
because of higher costs of new investment, would 
become more valuable, which would tend to reduce 
removals. 

To complete the producer response subsystem, we 
estimated yield relationships for each region and 
variety using ordinary least squares over the period 
1959/60 through 1976/77. Yields were initially esti
mated as a function of weather, an alternate bearing 
tendency, and a seasonal trend representing changes 
in cultural practices and tree stock.23 Proxy variables 
representing average tree age were excluded from 
the specifications because of inconsistent planting 
and removal data, from which estimates of average 
tree age were derived. 

Final form estimated yield relationships are reported 
in table 8. 

22J'lanting lead time is the period between the decision to plant 
and planting. 

HThe alternate bearing tendency (large yields one year, small 
yields the next) is common among tree crops. 
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The results in terms of explained variation are con
siderably better for both southern California varietal 
equations. Harsh and variable weather conditions in 
northern California, not adequately represented by 
the weather index, is believed to be a major source of 
discrepancy. The Durbin-Watson statistics are in the 
inconclusive range for each estimated relationship. 

The navel equations do not include a variable reflect
ing alternate bearing tendency, because proxy vari
ables introduced into these equations proved statisti
cally insignificant. In the valencia equation, alternate 
bearing tendency is incorporated via a lagged differ
encing procedure, which proved superior to the more 
common dummy variable approach (20, pp. 113-114). 

The coefficient on the seasonal trend variable in each 
estimated equation is positive. The t-statistics are 
significant at the 95-percent level of confidence, ex
cept for the district 2 navel relationship. The esti
mated coefficients indicate the valencia yields have 
been increasing at approximately twice the rate of 
navel yields. Navel yields in southern California re
mained almost constant during the sample period. 

Table 8-Callfornia-Arlzona yield relationships 
by region and variety 

Dependent variable
yield per acre in carton 1 

Explanatory variables 
Navels Valencias 

District 1 District 2 District 1 District 2 

Weather severity Index2 -64.138 
(-3.10) 

-79.771 
(-6.97) 

-59.222 
(-2.14) 

-55.467 
(-2.70) 

Yield dlfference3 -.477 
(-1.84) 

-.872 
(-3.915) 

Seasonal trend4 8.251 
(1.86) 

1.569 
(.64) 

19.395 
(2.95) 

17.670 
(3.76) 

Intercepts 427.476 
(7.79) 

416.100 
(13.12) 

348.230 
(4.40) 

385.457 
(6.11) 

Durbin-Watson statistic 
R2 (unadjusted) 

2.33 
.49 

1.63 
.80 

2.46 
.68 

2.22 
.81 

-Denotes variable not Included In the Indicated district
variety equation. 

1Numbers In parentheses are t-values. 
21nteger values from 0 to 3 according to Increasing severity. 
3Dlfference between yield In year t-1 and 3-year moving 

average. 
41959/60 = 1, ... 1976177 =18. 

Despite withdrawals of acreage in southern Califor
nia, valencia yield increases in district 2 have nearly 
kept pace with rapidly rising valencia yields in north
ern California. 

Linkage Equations 

Two additional econometric equations are necessary 
to develop the simulation model described in the next 
section: a grade-price differential and a packing cost 
relationship. 

The grade-price differential relationship is a seasonal 
estimate of the price difference between first and sec
ond grades in the fresh market. This relationship is 
required in connection with estimating prices for 
oranges that might have been diverted from the fresh 
to the processing markets by the marketing orders. 
Processing oranges, which are not graded, may be 
diverted to the processed market because of slight 
quality defects, nonstandard sizes, technical con
straints, or economic reasons. We hypothesized that 
oranges proce~ ....ed but eligible for fresh market 
according to State standards would normally have 
been shipped as second grade. We further hypothe
sized that the f.o.b. level price difference between 
shippers, first and second grade (by variety) to be a 
function of the volume of fresh domestic shipments 
and the proportion of different grades shipped fresh. 
Monthly prices for first and second grades (as pub
lished by the Federal-State Market News Service) by 
size category were weighted by seasonal proportions 
of shipments of different sizes and by monthly ship
ment levels to obtain estimated season average 
prices by variety and grade. 

Two alternative specifications are presented in table 
9 for each variety. The first, which is a simplification 
of the second, is required for use in the simulation 
model. In both sets of relationships, the deflated price 
differential was negatively related to total ship
ments, as anticipated increases in total shipments 
reduced the price of second-grade oranges less than 
that of first-grade oranges. As the proportion of 
second-grade shipments increased, the grade-price 
differential also increased. In the second valencia 
specification, a seasonal binary variable for 1961 was 
included to remove the biasing effects of an extreme 
outlying observation-severe freeze damage to the 
valencia crop was sustained in 1961. 
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Behavioral Model 

A packing cost relationship is necessary to determine 
possible changes in costs associated with cessation of 
marketing order constraints. We hypothesized pack
ing costs per unit to be a function of fresh volume 
packed, diversions to processing, and an index of 
labor cost (which is a large component of packing 
cost). Packing cost data disaggregated by region and 
variety were not available. As a result, we estimated 
a single relationship. Of the hypothesized predeter
mined variables, varietal shipments to the fresh 
domestic and fresh export markets were aggregated 
to avoid severe multicollinearity problems. The Con
sumer Price Index was used as a proxy variable for a 
packinghouse cost index. Results are reported in 
table 10 for two sample periods: 1953/54 through 
1976177 and 1959/60 through 1976177. 

Packing costs were inversely related, as expected, to 
seasonal volume packed. The magnitude of the esti
mated coefficient, however, suggests that, in the ag-

Table 9-Estlmated grade-price relationships 

Dep'lndent variable-deflated season 
average price differential between 

first and second grades, 
Explanatory variables dollars per carton 1 

Navels Valencias 
Version 1 Version 2Verslon 1 Version 2 

Seasonal fresh domestic 
shipments in 1,000 
carlots 

-0.041 
(-6.30) 

-0.021 
(-5.53) 

-0.054 
(-2.36) 

-0.072 
(-4.14) 

Seasonal proportion of 
fresh domestic 
shipments shipped 
second grade 

.015 
(5.08) 

.006 
(1.69) 

Seasonal trend2 .044 
(4.47) 

1961 dummy3 -.588 
(4.25) 

Intercepts 1.339 
(11.59) 

.924 
(8.18) 

1.636 
(4.29) 

1.821 
(5.54) 

Durbin-Watson statistic 
R2 (unadjusted) 

1.52 
.73 

1.74 
.77 

2.01 
.26 

1.47 
."71 

-Denotes variable not Included In the Indicated district
variety equation. 

1Numbers In parentheses are t-values. 
21959/60 =1, ... 1976177 =18. 
3 = 0 for 1961162; 1 for all other years. 

gregate, average packing costs are not very sensitive 
to changes in shipment levels. In the 1959/60-1976n7 
period, a 1,000-car increase in volume (roughly 1.5 
percent) packed would reduce packing cost by an 
average of 0.18 cent (0.2 percent) per carton. Packing 
costs were closely correlated with the CPI, increasing 
by an average of 0.76 cent (approximately 1 percent) 
for each l-point increase in the CPI, between 1959 and 
1976. 

Model Summary 

The complete econometric model consists of eight 
sets of estimated relationships in six functional areas 
with a total of 117 estimated equations. The six func
tional areas or subsystems include intraseasonal 
handler allocation, intraseasonal handler demand, 
seasonal processing demand, season length projec
tions, producer supply response, and linking relation
ships. 

The estimated model differs from a theoretically 
ideal model in several ways. One important difference 
is in the intraseasonal handler allocation relation
ships. Final estimates allocate seasonal fresh ship
ments among different weeks in the harvesting sea-

Table 10-Estlmated packing costs for C-A navel 
and valencia oranges 

Dependent variable-season 
average packing costs for 

Explanatory variables California-Arizona navels and 
valenclas, cents per carton 

1953/54-1976/77 1959/60-1976177 

Seasonal C-A fresh -0.150 -0.177 
shipments, domestic (-2.40) (-2.29) 
and export 1,000
carlot equivalents 

Consumer Price Index, 
1967 = 1001 

.742 
(29.24) 

.764 
(21.69) 

Intercepts -.719 -2.14 
(-.27) (-.80) 

Durbin-Watson statistic 1.45 1.63 
R2 (unadjusted) .98 .99 

1SImpie average of CPI for navel and valencia seasons (see 
table 5). 
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son but not among alternative product forms. Weekly 
shipments are used in the intraseasonal handler de
mand relationships to estimate weekly prices. Using 
estimated weekly price and shipment levels, con
strained by the season length projections, seasonal 
average fresh market prices may be derived. 

The marketing order is incorporated into the model 
explicitly in two sets of relationships and implicitly in 
the overall model construction. The degree of market
ing order bindingness, defined on a weekly basis, is 
used in the supply allocation relationship where the 
apparent effect has been the reduction and redistribu
tion of weekly shipments. Aggregated over the 
season, the weekly bindingness variables are also in
corporated into the season length equations. 

The marketing order is also implicitly associated with 
several aspects of the model. Since the marketing 
order prorate regulates weekly C-A shipments to the 
fresh domestic market, it is likely that seasonal ship
ments to the fresh market may change in addition to 
simply being redistributed over time. One would ex
pect that in the absence of marketing Drders, seasonal 
fresh and processed market prices would be equal. 
The seasonal processed demand relationships and 
grade-price differential equations are used to capture 
this possible effect. To the degree that the marketing 
order prorates influence producer returns, one would 
expect that planting and removal behavior would be 
affected. Producer supply response affects future sea
sonal production, which affects both the season 
length and supplies available for shipment. 

Given the exogenous data required for each equation, 
the estimated model may be used for simulating be
havior under alternative assumptions. We develop a 
framework for such simulations in the following sec
tion and present projections of market behavior 
under alternative assumptions. 

Simulation Results 

In this section, the econometric model subsystems 
developed in the previous section are linked to form a 
computer simulation model. Given the values of ini
tial conditions, parameters, and exogenous variables, 
this model is then used to represent the behavior of 
the C-A orange industry in the absence of marketing 

order controls. The simulation experiments are con
ducted in both historical and future settings. 

Model formulation and experimental design are dis
cussed initially. Simulated historical behavior is then 
compared with actual market behavior as a means of 
model validation. Results of simulating behavior 
without the orange marketing orders over the his
torical period used for estimating the econometric 
model are discussed next, followed by the results of 
simulated market performance with and without mar
keting order controls from 1977/78 through 1990/91. 

Model Formulation 

To reduce model complexity and the size of the data 
sets, separate simulation models were developed for 
the navel and valencia varieties for the period 1959/60 
through 1976/77. For each variety, market perfor
mance under marketing order controls was initially 
simulated for purposes of model validation and to 
serve as a base for comparing simulated market per
formance in the absence of controls. The base simula
tion algorithms were therefore constructed to repro
duce 'actual market behavior as closely as possible, 
subject to requisite demands for compatibility with 
simulation experiments, 

For simulation of actual market behavior, both algo
rithms start with estimated total crop size by region, 
seasonal fresh shipments by region, and exogenous 
variables. The total crop size is initially used to esti
mate the season iength (in weeks). Seasonal fresh 
shipments and season length projections by region 
are used in the supply allocation and demand relation
ships to estimate weekly f.o.b. fresh prices for each 
region. Weekly fresh prices (deflated, f,o.b.) are 
weighted by weekly shipment levels and summed over 
the estimated season length to derive season average 
fresh prices by region. 

Total production, seasonal fresh shipments, and sea
sonal export shipments (export shipments exogenously 
determined) are used to determine seasonal proc
essed shipments by region. Seasonal processed ship
ments, when aggregated by region, are used to deter
mine C-A season average processed prices (deflated, 
packinghouse door). 

Interseasonal relationships are recursive, in that sea
son average fresh prices at the farm level (farm level 
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Tallie 11-Sequentlal procedures for simulating nevel and va.enclti oran~e market performance 

Procedure 

(1) 	 READ weekly sample sizes 

(2) 	 READ exogenous variable sets 

(3) 	SET Initial values 

(4) 	COMPUTE change In bearing acres 

COMPUTE current year bearing acres 

COMPUTE seasonal production 

COMPUTE seasonal fresh shipments 

(5) 	COMPUTE season length 

(6) 	COMPUTE weekly shipment levels 

Comments 

Shipping weeks per year by district, 1959/60-1976177 (used in historical (base) simulation 
only). 

Weekly data arrays: 497 observations on 41 variables for navels; 578 observations on 41 
variables for valenclas 

Annual data array: 18 observations on 83 variables 

Bearing acreage and yield. Because of the six-period price lag structure for navels and 
the seven-period price lag structure for valenclas In the change In bearing acreage rela
tionships, the change In bearing acres must be predetermined for5 and 6 years for navels 
and valencias, respectively. 

Actual yields are used in the historical simulations to maintain as much accuracy as 
possible. 

Based on coefficient values in table 7 

= (bearing acres)t_l + (change in bearing acres)t 

= (bearing acres - non harvested acres) • (yield) 

= (seasonal production) • (proportion shipped fresh) 

Nonharvested acreage is exogenous to the model. Actual values of yield are used In the 
historical (base) simulation and calculated values (from coefficients in table 8) in projec
tions. Seasonal fresh shipments are computed in the manner above oilly in the historical 
and projection base simulations; in others, fresh shipments are calculated iteratively (see 
text). 

Coefficients from table 6. 
Based on coefficients from table 4 with appropriate transformations to adjust for 
COChrane-Orcutt estimation procedure. 

(7) COMPUTE remaining weekly fresh sup- In the regression equations, estimated remaining fresh shipments are equal to estimated 
plies seasonal fresh domestic shipments (by the administrative committee) less actual 

shipments to date. For the simulation experiments, the estimated remaining fresh 
shipments are equal to the econometrically estimated seasonal fresh shipments less 
estimated shipments to date. 

(8) 	 CALL appropriate weekly demand coef
ficients 

COMPUTE weekly fresh prices and 
fre..1'1 market revenues 

(9) 	 SUM weekly fresh shipments, prices, 
and revenues 

COMPUTE season average weekly 
shipments and prices; standard 
deviations 

(10) 	COMPUTE seasonal processed 
shipments 
COMPUTE season average 
processed prices 

(11) 	COMPUTE grade-price differentials 

(12) 	WRITE seasonal output 

(13) 	 ITERATE to next season or STOP 

Grower prices are f.o.b. prices less packing costs (estimated using table 10). 

In any given crop year, weekly observations are a subset of the total number of weeks dur
ing which shipments are made. Since the marketing orders are hypothesized to increase 
Ihe shipping season length, the means of aggregating weekly observations into seasonal 
averages must, for the simulation experiments, account for the possibility of reduced 
season length. It would be Inappropriate to average over a fixed number of periods In 
each experiment. Therefore, when the estimated season length in weeks (rounded to 
nearest Integer) is less than the original number of observations, the number of weeks 
over which shipments and prices are averaged and standard deviations calculated is 
reduced to equal 'the estimated season length. Since the beginning of the season is 
largely determined by the maturity of the fruit, reductions in the sample size (number of 
weeks) are subtracted from the end of the season. When the estimated season length is 
greater than the original sample size, averages are computed over the original sample 
size. 

= Total crop size - frash domestic shipments - exports (exogenous) 

Coefficients from table 5. 

Coefficients from table 9. 
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== f.o.b. - packing and marketing expenses) are used 
in determining future bearing acreage and. produc
tion. Resulting crop sizes and fresh shipments are fed 
into the season length and weekly shipment alloca
tion equations, which the model uses to simulate 
prices and production in successive seasons. 

A descriptive flow chart of the general model is pro
vided in table 11. 

Simulation Model Valid.tion 

While each component (estimated relation) of the 
simulation model detailed in table 11 has already 
been tested for significance (R2, F-tests, t-tests, ei;c.), 
the significance of the individual components is no 
guarantee that the entire model will perform as 
desired. The purpose of the simulation model in this 
analysis is forecasting. It is therefore desirable to 
have as small a standard error of forecast as possible. 
The projected endogenous variables should closely 
"track" historical values. 

For purposes of validation, a simulation experiment 
was performed in which all exogenous variables were 
held at historical levels, and the model permitted to 
generate successive values of the endogenous vari
ables.24 For purposes of the experiment, yield and pro
portions of the crop shipped fresh were held constant. 
Simulated values of weekly prices, season lengths, 
and seasonal bearing acreage were compared with ac
tual values (see appendix tables 1 to 3). Root-mean
square percent error (RMSPE) estimates were calcu
lated for these key endogenous variables.25 Analogous 
to the R2 measure for OLS regression, the RMSPE is 
a quantitative measure of how closely simulated 
endogenous variables track their corresponding data 
series. The lower the mean percent error, the more 
precise the simulated estimates. 

"In addition. yields and aggregate fresh shipments were held at 
historical levels. Other differences between the base simulation and 
other simulation experiments are noted in the "CommEnts" in table 

11. ( T(Y1 - YA)I )'1,... 1RMSPE - - 2; \ A \ X 100 

T I-I Yt 


where T - number of sample periods. 

y~ - simulated value of the dependent variable. 

Yt - actual value of the dependent variable. 

As evidenced by the RMSPE values shown in table 12 
and appendix table 1, the model tracks price shifts 
quite closely. In the dominant production regions for 
the two varieties, the simulation model tracks prices 
more closely than in the secondary producing regions: 
RMSPE values are 1.92 and 1.52 for district 1 navel 
and district 2 valencia, while the corresponding 
RMSPE statistics for district 2 navel and district 1 
valencia are 2.23 and 2.01, respectively. However, the 
estimated prices do not fully capture the variability 
exhibited in interseasonal changes. Price plots show 
that the model tends to slightly dampen interseasonal 
changes. 

Table 12-Root·mean·square percent errors, 

actual vs. simulated values, 


historical simulation run 


Endogenous variables 
Navel 

District 1 District 2 
Valencia 

District 1 District. 2 

Fresh domestic price 
Season length 
Bearing acreage 

1.92 
1.84 
1.01 

2.23 
1.50 

.61 

2.01 
2.71 
2.05 

1.52 
1.31 

.74 

Similarly, the season length projection equations 
tend to moderate unusually short or long seasons (ap
pendix table 2). Base simulation estimates illustrate 
the fact that the best (statistically) econometric 
results may not yield the most accurate simulated 
results. For example, while the estimated season 
length relationship for southern California valencias 
had the lowest R2, it also yielded the lowest mean per
cent of error (RMSPE = 1.31) of the season length re
lations in the simulation model. Other season length 
simulation patterns are more consistent with the econ
ometric results. The RMSPE statistics tor northern 
and southern California navels are 1.84 and 1.50 
respectively. The RMSPE over the sample period for 
northern California valencias is equal to 2.71. 

Estimated changes in bearing acreage, r.alculated us
ing simulation base prices, closely match the actual 
changes in bearing acreage (see appendix table 3). As 
a result, estimated total acreages in the base simula
tion at the end of the sample period are very close to 
the actual district-varietal acreage values. The 
RMSPE statistics for actual versus simulated bearing 
acreage under marketing order controls over the 
sample period are 1.01 and 0.61 for northern and 

28 

http:variables.25
http:ables.24


Simulation Results 

southern California navels, and 2.05 and 0.74 for 
northern and southern California valencias. 

While it has many limitations and constraining 
assumptions, the constructed model approximates in
dustry behavior. In the remainder of this section, we 
compare simulation results with the base simulations 
rather than with actual industry performance. This is 
done in order to separate order-induced effects from 
simulation-induced errors: in other words, observed 
differences between order (base) and nonorder simu
lations can be attributed to elimination of orders. 
Comparison of nonorder simulated performance with 
actual performance would be confounded by the 
known inability of the simulation algorithm to 
reproduce historical behavior exactly even with the 

.orders in place. 

Historical Performance Without Marketing 
Orders 

We initially used the simulation model t~ assess how 
market performance in the navel and valencia orange 
industries might have differed from actual perfor
mance if the marketing orders had not been employed. 
To capture the possible effects of industry behavior 
without marketing orders, we modified the historical 
simulation model in two major ways. 

First, the marketing order DOB variables in the esti
mated intraseasonal allocation and season length 
relationships are set at a value of zero. In effect, this 
removes weekly fresh domestic market shipping con
straints. Given the signs on these coefficients, the 
shortrun effect of removing the weekly prorate 
restriction would be to increase weekly fresh ship
ments and shorten the shipping season. 

However, operation on the DOB variable directly af
fects only product allocation over time. Allocation 
among markets would also be influenced by the ab
sence of marketing order controls. In the second ma
jor change in the simulation procedure, we attempted 
to capture intermarket effects by forcing fresh and 
processing prices to equality given expected quality 
and handling cost differences.2ft 

"Our assumption of exogenous exports was retained in the no
order simulation. Note that the model is constructed so that export 
prices, which were not available. are not employed. With a narrow
ing of the price difference between fresh domestic and processing 
sales, exports would undoubtedly expand and export prices decline. 
But these changes were not considered. 

Specifically, we assumed that, without a prorate, 
handlers would ship to the fresh market until fresh 
market returns were equal to returns to processing, 
adjusted for quality and packing costs. While it would 
be unreasonable to expect prices to be equal on a 
weekly basis, it is logical to conclude that weekly dif
ferences would offset one another and pr-ices in the 
two markets would be equal on a seasonal basis. The 
model permits direct calculation of shipments to the 
fresh and processing markets when prices in the 
fresh and processing markets are equal. Since fresh 
market prices are estimated at the f.o.b.level (dollars 
per packed carton) and processed are estimated at 
the p.h.d. level (dollars per equivalent packed carton), 
packing, selling, and advertising expenses are added 
to the p.h.d. level processed prices to compare the 
fresh and processed market prices on an equivalent 
f.o.b. basis. 

While the estimated fresh market prices are for first
grade fruit only, industry experts contend that proc
essing fruit is largely second-grade quality.27 There
fore, we subtracted the price differential between 
first and second grade from the average fresh price 
(or equivalently added to the processed value) to com
pensate for quality differences. 

Since estimated relationships exist for fresh price, 
processed price, packing costs, and grade-price differ
ences, an exact mathematical solution for the inter
market allocation of oranges can be derived given 
equivalent market prices. However, the applicability 
of a mathematical solution is limited because the 
quantity of oranges meeting fresh standards may be 
insufficient to yield price equality. Consequently, we 
employed an iterative solution process wherein fresh 
utilization is incremented until either fresh and 
equivalent processing prices are equated or fresh 
(domestic plus export) shipments reach a maximum. 
Maximum fresh utilization is a decreasing function of 
weather severity. Under normal weather conditions, 

Z7In Florida. where fresh utilization is not regulated by marketing 
order prorates, season average fresh prices (deflated on-tree prices) 
averaged 16 cents per carton more than processed prices between 
1959/60 and 1976/77. While the C-A orange grade-price differential 
averaged 72 cents per carton, one would expect that the differential 
would be greater for C-A oranges because they are better suited to 
the fresh market (see 10). 
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maximum utilization by district and variety is noted 
below: 

Maximum fresh utilization District Navels Valencia 

Percent 

1 90 80 
2 85 75 
3 90 65 

These estimates are based on consultation with indus
try personnel and past seasonal performance. For ab
normal weather. maximum fresh utilization under 
normal weather conditions is incremented by 0.05 * 
(1 - weather index). where the weather index is 
defined in table 4. 

The iterative procedure to equate prices subject to 
maximum fresh utilization is inserted after step 9 in 
the general simulation algorithm detailed in table 11. 
Basically. total seasonal shipments to the fresh do
mestic market are set at the maximum fresh utiliza
tion less fresh exports. If season average fresh prices 
in both districts equal or exceed equivalent varietal 
processed value. normal shipping resumes. If fresh 
prices in both districts are less than the equivalent 
processed value. the proportion shipped fresh is 
reduced by 1 percent and the revised seasonal fresh 
shipments are reallocated. If the fresh price in one 
district is less than the equivalent processed value 
but the fresh price in the other district is greater 
than or equal to the equivalent processed value. then 
the proportion shipped fresh is reduced by 1 percent 
in the district in which fresh price is less than the 
equivalent processed value and shipments reallocated. 
This procedure takes account of price interdepen
dencies between districts. 

In addition to effects attributable to these direct 
modifications of the simulation model. performance 
changes from the absence of marketing order con
trols are captured through the producer response 
subsystem. Changes in bearing acreage (and thus pro
duction) are permitted to deviate from historical 
levels as producers are influenced by changes in 
returns and risk in their production and marketing 
environments. The change in bearing acreage rela
tionship is incorporated recursively into the model in 
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step 4 since it is a function of lagged returns. ex
pected risk. expected yield. urbanization. and other 
predetermined variables. 

From a historical perspective, the applicable question 
concerning order effects is: what would be the level 
and variability of prices, fresh market shipments, 
acreage. and other variables if the orders had been 
terminated at the outset of the 1959/60 orange 
marketing season. DOB variables were set at zero 
and the intermarket price equivalence conditions 
discussed above were imposed. The simulation model 
was initiated using predetermined variables for the 
1959/60 season and run through the 1976n7 season. 

Because of the lags in producer supply response to 
changes in grower returns and variability of returns. 
simulated bearing acreage was identical to historical 
acreage levels for the first 6 years of the simulation 
period for navels and the first 7 years for valencias. 
In addition, yields were held at historical levels so 
that simulated total production equals actual. This 
permits both a shortrun and a longrun assessment of 
the effects of terminating marketing order controls. 
For the first few years, performance changes are at
tributable solely to intermarket reallocation of sea
sonal supplies and intraseasonal reallocation of fresh 
market sales. Longer term changes encompass the ef
fects of these reallocations on producer planting and 
removal decisions. 

The results of the historical simulation are summar
ized in table 13. Values of selected performance mea
sures without orders in effect are compared with 
values generated by the model validation run (de
noted "base"). Summary statistics for two 5-year peri
ods are shown. In the early period (1959/60-1963/64), 
differences in performance reflect shortrun effects of 
order termination. In the later period (1972n3-1976n7), 
produce,-s have had sufficient time to adjust acreage 
to perceived longrun changes in profitability and risk. 

Fresh Market Priees and Shipments. Simulated sea
son average fresh prices were substantially below 
base values for 1959/60 through 1963/64. This is largely 
due to higher projected average weekly shipments 
during the season, a combined result of increased sea
sonal fresh shipments, and reduced season lengths. 
As a consequence of initially lower average fresh 
prices, bearing acreage was reduced in later seasons, 
which reduced potential supplies. A reduction in crop 



Table 13-Slmulated market performance In the C·A orange Industry without marketing order controls, 
summary statistics, 1959/80·1963/84 and 1972173.1976/771 

Navels Valencias 
District 1 District 2 District 1 District 2Performance measure 

and period2 Unit No No No No 
Base order Base order Base order Base order 

Sea~on average fresh 
price: 

1959/60.1963/642 1967 dol.lcarton 3.80 3.70 3.83 3.74 3.64 3.39 3.47 3.09 
1972173·1976177 do. 2.32 2.48 2.57 2.68 2.46 2.51 2.61 2.66 

Standard deviation of 
weekly fresh prices: 

1959/60-1963/64 do. .262 .396 .355 .314 .196 .201 .343 .347 
1972/73·1976177 do. .290 .236 .267 .258 .313 .368 .338 .386 

Average weekly fresh 
shipments: 

1959/60·1963164 Carlot equiv. 400.6 462.2 265.6 301.3 140.9 170.6 314.5 390.2 
1972173·1976177 do. 777.2 883.5 132.9 156.7 175.2 278.5 260.7 213.1 

Standard deviation of 
weekly fresh 
shipments: 

1959/60-1963/64 Carlot equiv. 209.7 226.5 147.5 145.5 132.4 152.9 70.7 94.0 
1972/73-1976177 do. 326.1 296.3 72.5 70.4 82.4 109.0 45.6 32.0 

Total seasonal fresh 
domestic shipments: 

1959/60·1963/64 1,000 carlot 
equiv. 10.3 10.7 7.3 7.5 3.2 3.6 12.9 15.5 

1972/73·1976/77 do. 29.1 27.1 3.8 3.8 6.7 8.1 10.4 8.1 

Total seasonal 
processed shipments: 

1959/60·1963/64 1 ,000 ~arlot 
eqUiv. 1.7 1.4 1.6 1.5 1.5 1.1 9.8 7.2 

1972/73·1976/77 do. 12.9 3.8 1.4 .9 8.8 3.0 11.9 4.7 

Season average 
processed prices: 

1959/60·1963164 1967 dol.lcarton .755 .755 .755 .755 1.350 1.375 1.350 1.375 
1972/73·1976/77 do. .118 .119 .118 .119 .247 .340 .247 .340 

Bearing acreage: 
1959/60·1963/64 1,000 acres 36.4 36.4 27.9 27.9 14.3 14.3 62.4 62.4 
1972173·1976177 do. 98.9 75.7 19.8 18.8 35.5 27.3 45.4 30.1 

Total seasonal 
crop size: 

1959/60·1963/64 1,000 carlot 
equiv. 12.8 12.8 9.6 9.6 5.1 5.1 26.3 26.3 

1972/73·1976/77 do. 44.2 33.1 7.2 6.8 18.6 14.1 28.4 18.8 

Season length: 
1959/60·1963/64 Weeks 24.8 22.4 27.6 24.8 22.0 20.8 40.8 39.6 
1972/73·1976/77 do. 37.1 30.4 27.9 24.2 37.3 28.5 39.6 37.2 

Revenue:3 

1959/60·1963/64 Mil. dol. (1967) 30.4 28.8 23.0 22.2 10.8 10.3 47.0 43.9 
1972/73·1976/77 do. 41.9 42.5 6.7 7.0 12.8 14.3 21.1 15.1 

lValues shown are 5·year averages for the respective periods. 
21n period 1, bearing acreag9 Is the same for both base and no·order simulations. Consequently, differences In performance are at· 

trlbutable to Intermarket and Intraseasonal reallocation. 
3Fresh domestic and processed only. Does not Include export. 

31 



Thor/Jesse 

size influences both potential shipments to the fresh 
market and season length. 

While smaller crop sizes did not reduce simulated 
average fresh shipments to levels substantially below 
base levels. fresh shipments were redistributed 
within seasons. Between 1972/73 and 1976/77. sea
sonal navel shipments averaged 7 percent below the 
base in district 1 and 1 percent below in district 2. In a 
similar comparison, seasonal valencia shipments 
averaged 30 percent higher in district 1 and 28 per
cent lower in district 2. Simulated weekly average 
shipments were 14 percent higher and 18 percent 
higher for the navel variety in districts 1 and 2. 
respectively. Valencia shipment levels averaged 59 
percent higher in district 1 and 18 percent lower in 
district 2.28 

Simulated average navel prices over the 1972173
1976/77 period averaged 7 percent and 5 percent 
higher than ba~e values in districts 1 and 2. respec
tively. Valencia prices in both districts averaged 2 
percent higher. 

Fresh Price and Shipment Variability_ Following 
acreage adjustments. standard deviations of weekly 
shipment levels were quite similar in the base and no
order solutions. This is in contrast to the earlier 
period in which shipment level variability increased 
without order controls. Recent 5-year averages 
(1972/73 through 1976/77) of simulated shipment stan
dard deviations are actually lower than in the base 
for all district-varietal combinations except district 1 
valencia. Reduced shipment variability would appear 
to be related to t\ combination of effects; reduced 
season length. um-estricted fresh market sales. and 
smaller total production. 

Because of strong varietal marketing substitutability 
among regions. a highly variable shipping pattern in 
one district may be reflected in the variability of 
prices in another district. This relationship is evi
denced by the differences in standard deviations of 
prices between the base and no-order solutions. In the 
later period. simulated average variability of navel 
prices was 19 percent lower in district 1 and 3 percent 

lower in district 2. while the average variability of 
valencia prices was 18 pei"cent higher in district 1 and 
14 percent higher in district 2. In the short run 
(1959/60-1963/64). simulated price variability without 
orders was greater for district 1 navels. less for 
district 2 navels. and the same for va!encias when 
compared with the base solution. 

Processed Market Shipments and Prices. Since a 
greater proportion of the crop was shipped fresh and 
production was smaller. simulated shipments to the 
processing market were significantly reduced over 
base levels by the end of the simulation period. Sea
sonal C-A navel shipments to the processing market 
without an order averaged only 33 percent of base 
processed shipments between 1972/73 and 1976/77. 
Over the same period. simulated C-A valencia ship
ments to the processing market averaged 37 percent 
of base shipments. While the season average processed 
prices did increase in response to reduced shipments 
to that outlet. the small size of the increase reflects 
the low price flexibility in the processing market rela
tive to the fresh. Corresponding to simulated reduc
tions in processed product shipments. navel processed 
product prices rose by an average of 1 percent and 
valencia processed prices increased by 38 percent 
relative to base values.29 

Season Length, Crop Size, and Bearing Acreage. As a 
consequence of simulated reductions in season aver
age fresh prices in the early years of the analysis, 
simulated bearing acreage was reduced in later sea
sons. In 1976/77. simulated bearing acreage for navels 
was 79.926 acres in district 1 and 16.868 acres in dis
trict 2. This represents estimated acreage reductions 
from the base of 20 percent and 5 percent. respec
tively. Simulated 1976/77 valencia acreage was 24.350 
acres (29 percent less than the base) in district 1 and 
22.477 acres (44 percent reduction) in district 2. 

Differences in acreage directly affected potential sup
plies. Crop size differentials between the no-order 
simulation and the base averaged 25 percent and 5 
percent for district 1 and 2 navels and 14 percent and 
34 percent for district 1 and 2 valencias over the 
period 1972/73 through 1976/77. 

"With simulated reductions in processed shipments often exceed
'"Large percentage changes for northern California valencia ing 50 percent. projections were considerably outside the bounds of 

weekly average shipments were a result of large reductions in historical observation. Consequently, estimates of processed prices 
simulated shipping season lengths. have large margins for error. 
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Smaller average crop sizes in the no-order simulation 
also resulted in shorter season lengths. Compared 
with the base, simulated season lengths between 
1972(73 and 1976(77 were an average of 6.7 weeks less 
for district 1 navels, 3.7 weeks less for district 2 
navels, 8.8 weeks less for district 1 valencias, and 2.4 
weeks less for district 2 valencias. 

Revenue. Simulated revenues reflect changes from 
the base in fresh and processed shipments and prices.30 

Between 1972(73 and 1976(77, simulated navel reve
nues were slightly higher than base values by an 
average of 1 percent in district 1 and 4 percent in 
district 2. Corresponding simulated valencia reve
nues were higher than those in the base by an aver
age of 12 percent in district I, but lower by an 
average of 28 percent in district 2. 

In the short run (1959/60 through 1963/64), simulated 
revenues were lower than base values in both districts 
for both varieties. The largest differences were for 
district 2 valencias, with a 6.6-percent reduction in 
revenue associated with order termination, and dis
trict 1 navels, with a 5.2-percent drop. 

Hiltorieallmplieations of Orders. The historical sim
ulation, when compared with the base, provides in
sight into possible C-A orange industry behavior in 
both the short run and the long run in the absence of 
marketing order controls. Orderly marketing aspects 
of the orders may be addressed as well as concerns 
about grower equity, overproduction, and price 
enhancement. 

Weekly price and shipment variability are important 
considerations to the extent that they relate to the 
concept of orderly marketing as specified in the Agri
cultural Marketing Agreement Act. As noted above, 
the standard deviations of shipments and prices in 
the short run were generally larger than those in the 
base. However, longrun price and shipment variability 
differed little with or without order controls. This 
suggests that, until producers were able to adjust 
acreage and production to a different marketing envi
ronment, the termination of marketing order controls 
would result in more variable weekly shipments and 
prices. More variable shipment levels would likely af
fect the efficiency of producers and the product avail

'"Revenue estimates are at the packinghouse door (p.h.d.) level. 
and include sales in fresh domestic and processing market outlets. 
Valll'~ are in 1967 dollars. 

ability for consumers. As producers and handlers 
respond to changing conditions, the variability of 
prices and shipments in the absence of marketing 
order controls declines to levels comparable with con
ditions under regulation. 

Following a period of supply adjustment, simulated 
longrun fresh shipments and prices in the absence of 
marketing order controls were shown to be compara
ble with historical levels. This supports arguments 
that attempts to enhance prices above competitive 
free market levels will, in the long run, be frustrated 
by the entry of producers attracted to the industry 
by those prices. 

In the long run, significant changes would likely occur 
in the processing sector in the absence of marketing 
order controls. Over the period of analysis, simulated 
seasonal shipments to processing outlets declined as 
supplies were redirected and marketed in the fresh 
form. In the long run, as acreage and potential sup
plies declined relative to the base, shipments to proc
essing were reduced even further. While the simu
lated value for processing C-A valencias increased 
significantly, the change in value for processed navels 
was small. These results suggest that, should the 
orders be discontinued, the processing sector would 
likely shrink, along with acreage, or would have sub
stantial excess capacity. 

After a period of producer adjustment to lower and 
more variable prices, simulated bearing acreages of 
each variety in both regions were reduced relative to 
the base. However, changes in acreage were not 
uniform. Valencia acreage in southern California 
showed the greatest relative reduction. Also, the ex
pansion in navel acreage in northern California was 
significantly smaller without marketing order pro
rates. This would tend to support charges of over
production and resources misallocation.3l The histori
cal simulations indicate that the excess production 
was largely diverted to the processed market, result
ing in lower prices for products using processed 
oranges. From a broader policy standpoint, however, 
it should also be noted that the most frequent alterna
tive resource (land) use is for urban expansion, which 
permanently claims agricultural resources. 

"Unless. as suggested earlier. price variability is considered a 
source of market failure. in which case that part of "overproduction" 
attributable to order-induced price stabilization could not be labeled 
economic waste. 
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It may also be concluded that marketing orders have 
prolonged the shipping season, which has important 
implications for both producers and consumers. 
Under the orders,. consumers may purchase C-A 
oranges for longer periods of time. Longer season 
lengths also result in greater overlaps (and competi
tion) between producers of the same variety in dif
ferent regions and producers of different varieties. 
An overlap between regions would tend to favor the 
earlier maturing regions (Arizona and southern 
California), while an overlap in marketing seasons 
among different varieties will affect values of early 
and late shipments, depending on the relative vari
etal substitutability. The importance of these issues 
to producers was illustrated in the early fifties, when 
prorate disputes over marketing overlaps led to a dis
rurtion in market control and development of sepa
rate varietal orders. While not considered in this 
analysis, a lengthening of the season may also permit 
economies of operation for handlers and C-A orange 
support industries. 

Revenues were simulated at the packinghouse door 
level. Simulation results indicate that, in the short 
run, revenues would decline eonsiderably in the 
absence of marketing orders. Northern California 
navel and southern California valencia producers 
would suffer the greatest initial reductions in 
revei. ;'.", if the orders were to be terminated. Con
versel)-, from an equity standpoint, it follows that 
those two groups have benefited the most from 
marketing order controls. Longrun results suggest, 
however, that after a period of adjustment, producer 
revenues would not be significantly different than 
revenues obtained with weekly market prorates. An 
exception is valencias in southern California, where 
producer revenue declined moderately. 

Projeeted Performance Without Marketing 
Orders 

In addition to estimating how the C-A orange in
dustry might have performed without orders in a 
historical context, we also used the simulation model 
to project performance both with and without orders 
through the 1990/91 season. Simulating future 
behavior is considerably more precarious than ap
praising historical behavior through simulation. 
Numerous assumptions and simplifications are re
quired to make projections based on existing institu

tional arrangements; projections basec on elimina
tion of these arrangements must be even more closely 
scrutinized. Nonetheless, projections may be more 
useful than historical simulations for purposes of 
policy prescription - it is of notably greater value to 
say (however softly) what might come to pass than to 
proclaim what might have been. 

Operating Rules and Assumptions. The simulation 
"base" for projections assuming continued marketing 
order controls is analogous to the base for comparing 
historical performance without orders. The only dif
ference in the simulation algorithm itself is that 
yields are estimated rather than assumed exogenous 
(see table 11). Assumed changes in behavior associ
ated with marketing order termination are also the 
same for the projections as for the historical analysis. 
Specifically, the degree of marketing order binding
ness variable is set at zero, and prices for fresh and 
processing fruit are equated subject to quality con
straints. 

The major assumptions and changes required to ob
tain "base" and "simulated" projections to 1990 
involved exogenous and predetermined variables. 
Projections were not readily available for most of the 
exogenous variables. For many, we assumed that 
values would remain constant over the period of 
analysis at a level equal to the average of the three 
most recent observations. This applies to exports, 
shipments from district 3 (California-Arizona Desert), 
the degree of marketing order bindingness, ship
ments from Florida, weekly trend, and shipments 
made before the first price observation. 

In addition to these assumptions, the seasonal time 
trend was incremented by 18 years (equal to the 
length of the historical analysis). The weather index 
was set to equal the historical average (1959/60 
through 1976/77), and non harvested acreage was set 
equal to the most recent 10-year average. The urbani
zation indices were set equal to their most recent 
levels, as was the binary variable representing the 
Tax Reform Act of 1969. Since all monetary projec
tions are in deflated (1967) dollars, real packing costs 
were assumed to remain constant at 1976n7 levels. 
Population and consumer income were projected to 
increase at constant levels consistent with current 
growth rates and existing projections. Population 
was assumed to grow by 0.8 percent per year and per 
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capita consumer income (deflated) was projected to 
grow by 2 percent per year. 

An operating rule concerning negative shipments, im
plicit but not necessary in the historical simulations, 
was required for the simulation projections. Since 
actual shipments cannot be negative, negative ship
ment levels and corresponding prices were set equal 
to zero. 

As a result of the lag structure in the bearing acreage 
relationships, projections of bearing acreage to 
1982/83 had to be made without reference to the esti
mated relationships. However, given a 3-year period 
between planting and classification as bearing, bear
ing acreage to 1982/83 may be estimated from current 
(planting) data. California and Arizona Citrus League 
projections, believed to be the most reliable, were 
used for the period to 1982/83. After that season, 
estimated bearing acreage was calculated endoge
nously. 

Finally, an assumption concerning fresh shipments in 
the simulation base was required. We assumed fresh 
shipments exogenously determined under marketing 
order controls. With no a priori means of projecting 
seasonal fresh shipments under marketing order con
trols, we specified regulated fresh shipments as a con
stant proportion of the projected crop size.32 These 
proportions, different for each region and variety, 
were set equal to their 1976/77 levels. 

Results and Implications. The results of the projec
tion simulation, shown in table 14, were generally 
consistent with those of the historical simulation. 
Consequently, the implications are roughly the same. 
The simplistic nature of the assumptions cause in
creasingly large distortions near the end of the 
projection period. For example, the assumption of 
constant exports in the face of rapidly declining pro
duction leads to biased estimates of fresh and proc
essed shipments. As a result, comparisons between 
simulated and base values are more valid than com
parisons of absolute values.33 

"In the last. 5 years. there has been no noticeable trend in fresh 
utilization as a proportion of total production for either variety. 

"As in the case of the historical analysis, "simulated" refers to 
estimates assuming order controls are terminated while "base" 
refers to estimates assuming continued controls. Simulated results 
are based on termination of the orders at the outset of the 1977/78 
season. 

Variability of prices and shipments follows patterns 
similar to those in the historical simulation. Simulated 
standard deviations of prices and shipments were ini
tially higher than those in the base. However, after 
price-induced adjustments in acreage and production, 
simulated standard deviations of shipments and 
prices fell to levels comparable to or even below base 
projections. The relatively low standard deviations in 
district 2 reflect reduced shipment levels in that dis
trict, and a complete elimination of fresh sales by 
1987 for navels and 1989 for valencias in the no-order 
simulation. 

Simulated fresh shipments initially increased relative 
to the base, thereby reducing season average fresh 
prices. As acreage, production, and fresh shipments 
fell in response to lower prices, simulated fresh prices 
rose to levels equivalent to or above projected prices 
under marketing order controls. Projections of zero 
navel fresh shipments from district 2 after 1987/88, 
and zero valencia fresh shipments from district 2 
after 1989/90 were the result of projected declines in 
orange acreage in southern California and an as
sumed constant export supply. While shipments from 
that district are not likely to be eliminated, continued 
reductions are expected. 

In general, changes in processed shipments and 
prices were inversely related to fresh shipments and 
prices. However, since processed shipments were 
calculated as residual values (processed = crop size 
fresh domestic - fresh export), they also reflect the 
assumed values of exogenous variables. Projected 
processed shipments from southern California reflect 
reductions in acreage and production as well as 
assumed fixed exports. Northern California navel 
processed shipments were projected to be smaller 
without prorates since acreage was reduced in 
response to lower fresh prices. Prices for processed 
navels were almost identical in both projections. 
Simulated processed valencia shipments were pro
jected to increase in the absence of controls beginning 
in 1981/82 as the processing market became relatively 
more profitable than the fresh market.:U As a result, 
simulated average processed values were lower than 
base values. Since processed values at the p.h.d. level 

"Base fresh shipments were assumed to be a constant proportion 
of crop size, while simulated fresh shipments were determined by 
the relative returns per l t in the fresh market relative to process· 
ing. 

35 

http:values.33


Table 14-ProJected market performance In the C·A oran,s Industd' with and without 
marketing order controls, summary statistics, 1977178·1 81182 an 1986187.1990191 1 

Navels Valencias 
Performance measure District 1 District 2 District 1 District 2Unitand period2 

No No No No 
Base order Base order Base order Base order 

Season average 
fresh price: 

1977178·1981/82 1967 dol.lcarton 1.90 1.74 2.77 2.63 2.07 1.77 2.68 2.34 
031986/87·1990191 do. 2.45 2.96 2.67 1.33 2.23 1.91 o· 

Standard deviation 
of weekly fresh 
prices: 

1977178·1981/82 do. 1.57 1.64 1.48 1.55 .58 .58 .61 .62 
03 041986/87·1990/91 do. .56 .54 .55 .45 .50 .45 

Avera~e weekly
fres shipments: 

1977178·1981/82 Carlot equiv. 836 950 87 75 192 272 221 271 
1986/87·1990/91 do. 846 930 43 03 230 152 134 O· 

Standard deviation 
of weekly fresh 
shipments: 

1977178·1981/82 do. 821 861 46 34 245 297 40 48 
031986/87·1990191 do. 400 366 21 172 92 17 O· 

Total seasonal 
fresh shipments: 

1977178·1981/82 1,000 carlot equiv. 31.7 34.0 2.4 1.8 7.4 9.0 8.3 10.0 
1986/87·1990/91 do. 32.6 29.5 1.2 0 10.5 5.8 4.8 1.7 

Total seasonal 
processed ship· 
ments: 

1977178·1981/82 1,000 carlot equiv. 12.3 10.1 0.2 0.8 7.8 6.2 7.4 5.8 
05 061986/87·1990/91 do. 12.7 4.3 0.4 12.9 16.2 2.6 

Season average 
processed prices: 

1977178·1981/82 1967 dol.lcarton .035 .035 .035 .035 .216 .239 .216 .239 
05 061986/87·1990/91 do. -.130 -.130 -.130 .111 .083 .083 

Bearing acrea~e: 
1977178·1 81/82 1,000 acres 94.4 94.4 15.8 15.8 30.6 30.6 36.4 36.4 
1986/87·1990191 do. 85.9 66.2 7.7 6.8 35.4 33.7 17.4 13.9 

Yields: 
1977178·1981/82 Cartons per acre 515 515 337 337 656 656 629 629 
1986/87·1990/91 do. 584 584 377 377 801 801 783 783 

Total seasonal 
crop size: 

1977178·1981182 1,000 carlot equiv. 46.6 46.6 5.3 5.3 19.4 19.4 22.5 22.5 
1986/87·1990/91 do. 47.9 36.3 2.6 2.3 27.5 26.2 13.1 10.3 

Season length: 
1977178·1981/82 Weeks 37.9 35.7 27.5 23.8 38.3 33.0 37.5 36.8 
1986/87·1990/91 do. 38.5 31.7 26.9 23.0 45.3 38.8 35.9 34.7 

1Values shown are 5·year averages. 

28earlng acreage In 1977178-1981182 Is the same for both base and no·order proJections. Consequently, Indicated differences In per· 


formance are attributable solely to Intermarket and Intraseasonal reallocation. 

3Navel domeatlc fresh shipments from district 2 In the no·order projection are zero from 1987/88 through 1990/91, 

.Valencla domestic fresh shipments from district 2 In the no.order projection are zero In 1989/90 and 1990/91. 

5Navel processing shipments from district 2 In the base projection are zero from 1981/82 to the end of the projection period. 

&valencia processing shipments from district 2 In the base projection are zero In 1989190 and 1990/91. 
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are net of packinghouse charges, the negative values 
shown in table 14 are possible. 

Bearing acreage in southern California was projected 
to be significantly reduced over the next decade even 
with the continuation of orders. Removal of the orders 
would slightly hasten this decline. The northern Cali
fornia base bearing acreage for both varieties was 
projected to decline slightly until the mideighties and 
then rebuild through 1990. Simulated bearing acre
ages in the absence of controls followed similar pat
terns, except that the depths of the troughs were 
deeper and occurred later in the decade. 

Yields were projected assuming weather indices to 
be constant and equal to historical averages (1959/60 
through 1976n7l. The variability in projected yields 
was due to estimated alternate bearing tendencies 
along yield growth trends. Projected seasonal pro
duction levels are the product of projected yields and 
harvested acreage.36 Since base and simulated yields 
are assumed to be equal, the comparison for total pro
duction .is the same as that for bearing acreage. The 
generally increasing yields moderated projected 
reductions in bearing acreage in southern California 
and magnified increases in northern California. 

Consistent with the historical analysis, the no-order 
results suggest that district-varietal season lengths 
will be shorter in the absence of marketing order pro
rates. Over the period in which crop sizes were fixed 
(1977n8 through 1982/83), season lengths declined 
slightly, usually between 1 and 4 weeks. However, as 
simulated production declined so did the season 
length. Simulated longrun differences in season 
length were larger for navels than for valencias and 
ranged between 1 and 7 weeks. 

The results and implications of the simulation projec
tions, similar to those of the historical analysis, sug
gest that initial industry performance in the absence 
of marketing order controls would be markedly dif
ferent from longrun behavior. Prior to a producer 
supply adjustment, weekly price and shipment levels 
would be more variable without the prorates. Sea
sonal shipments to the fresh market would also be 
greater and made over a shorter period of time. Cor

"Acreage of nonharvested oranges was assumed constant and 
fixed at historical averages. 

responding season average fresh prices would be 
lower. As a result, shipments diverted to processing 
plants would be smaller and product values in proc
essing would be higher, especially for valencias. 

However, in the long run, producers would adjust 
acreage and production in response to new market
ing conditions, specifically lower and more variable 
fresh market prices. The absence of regulation would 
likely hasten the decline of bearing acreage in south
ern California for both varieties. Bearing acreage in 
northern California would also probably be less 
without marketing orders. Reductions in acreage in 
the absence of prorates would reduce total supplies. 
Most of the reduction in navel shipments would be in 
the processing sector. The impact of relative reduc
tions in valencia production on volumes shipped in 
the fresh and processed forms is more uncertain. If 
fresh returns continue to fall relative to processing, 
as suggested in the no-order simulation, shipments in 
the fresh form may be significantly reduced. In the 
long run, the weekly variability of shipments and 
prices would decline to levels comparable with 
behavior under marketing order controls. Shipping 
season lengths would also be reduced because of the 
absence of prorates and reduced total production. 

Conclusions and Implications 

The broad objective of this study was to evaluate 
some of the effects of Federal marketing order con
trols on the C-A orange industry. To do that, we con
structed an econometric model of the industry. link
ing model components within a simulation algorithm 
subsequently used to predict industry performance 
with and without marketing order controls for the 18 
marketing seasons between 1959/60 and 1976n7. The 
simulation model was also used to project industry 
behavior through the 1990/91 season with and with
out orders. 

Summary of Econometric Results 

We estimated eight sets of relationships in six func
tional areas as components of the model. The six func
tional areas or subsystems involved intraseasonal 
fresh allocation, intraseasonal fresh demand, seasonal 
processed demand, season length projections, pro
ducer supply response, and linking relationships. 
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The intraseasonal handler allocation relationships 
allocated seasonal fresh shipments among weeks, but 
not among alternative product forms. Statistical 
results indicated that the proportion of seasonal fresh 
domestic shipments marketed in a given week was in
versely related to the degree of bindingness of the 
marketing order prorates. Proportional fresh ship
ments were also inversely related to the severity of 
weather conditions. As would be expected, longer 
shipping seasons were associated with reduced pro
portional weekly shipments. Meaningful intraseasonal 
price response relationships were not found. 

We estimated weekly intraseasonal handler demand 
relationships in a price dependent form. Fresh 
domestic prices were inversely related to C-A orange 
shipments of both varieties and expected remaining 
supplies. Price flexibilities at the f.o.b. handler level 
fluctuated during the season, generally between - 0.4 
and - 0.6. Shipments of fresh Florida oranges did not 
have a statistically significant impact on prices for 
fresh C-A oranges. Nor were weekly shipments of ap
ples and bananas, which we hypothesized to be com
peting with C-A oranges, statistically significant in 
either current or lagged forms. 

The dominance of the Florida orange-processing sec
tor over that of California and Arizona was apparent 
in the processing demand relationships. The handler 
level demand for C-A oranges for processing was 
statistically influenced as much by Florida processed 
shipments as it was by shipments from California and 
Arizona. Although statistically significant, the price 
responsiveness to processed C-A shipment level 
changes was quite limited. Per capita income had no 
statistically significant impact on the demand for C-A 
oranges for processing. 

We found shipping season lengths to be directly re
lated to both total production and the degree of bind
ingness of the marketing order prorates. Variables 
representing the date of first shipment and severity 
of the weather did not have statistically significant 
impacts on the length of the shipping season. 

We formulated a producer supply response sub
system to describe how economic signals (e.g., price 
changes, risk) to producers were translated into acre
age adjustments through plantings and removals. 
Due to the limited availability of data, we were forced 

to combine planting and removal specifications into 
an estimated change in bearing acreage. Changes in 
bearing acreage were related to expected returns, ex
pected price risk, urbanization in southern California, 
expected yields, and tax law changes. Expectations of 
variables were represented as functions of lagged 
values. We found bearing acreage to be positively 
related to expected prices and yields, and negatively 
related to expected price risk. Urbanization in south
ern California appeared to increase navel acreage in 
northern California. The Tax Reform Act of 1969 
reduced valencia acreage in southern California. 

Yield relationships were also a part of the supply 
response subsystem. Yields have trended upward 
over time, with both varieties exhibiting alternate 
bearing tendencies. Yields were also inversely related 
to the severity of weather conditions (mostly freezes) 
represented by the weather indices. 

Two different linking relationships were estimated. 
The first was the grade-price differential where the 
difference between first- and second-grade prices was 
estimated to be a decreasing function of production 
and positively related to a seasonal trend. The second 
linking relationship involved packing costs. Statisti
cal results indicated that industry average packing 
costs per carton were inversely related to the fresh 
volume packed. Although fresh volume packed was 
statistically significant in the estimated relatIon
ships, the average change in per unit costs for a 
change in total shipment levels was extremely small. 

Summary of Simulation Results 

The econometric model subsystems were linked to 
form a computer simulation model. We used this 
model for two simulation experiments. The period of 
analysis for the first was 1959/60 through 1976/77; for 
the second we projected industry behavior through 
1990/91. Each simulation was compared with a base 
simulation reflecting market performance under 
marketing order controls. There were two simulation 
algorithms, one for each variety. Seasonal calcula
tions were initiated with predetermined estimates 
of acreage, yield, and seasonal fresh shipments as a 
proportion of total production. Crop size was initially 
used to estimate the shipping season length. Seasonal 
fresh shipments and the season length projections 
were used in the intraseasonal fresh supply allocation 
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and demand relationships to estimate weekly f.o.b. 
fresh prices for each region. Weekly fresh prices 
were weighted by weekly shipment levels and 
summed over the estimated season length to derive 
season average fresh prices by district. 

The total crop size, seasonal fresh shipments, and ex
port shipments (exogenous) were also used to deter
mine seasonal processed shipments for each district. 
Seasonal processed shipments, when aggregated by 
region, were used to determine C-A season average 
processed prices. 

The interseasonal relationships were recursive 
because of the supply response mechanism. Average 
prices influenced future acreage and production deci
sions. Future production and fresh shipment levels 
were used in the season length and weekly shipment 
allocation equations which the model used to simulate 
performance in successive marketing seasons. 

Historical Simulation. Termination of the orders was 
shown to lead initially to increases in fresh supplies 
and lower prices in the fresh market. Between 1959/60 
and 1963/64, simulated weekly fresh shipments with
out orders averaged 14.8 percent higher for navels 
and 23.1 percent higher for valencias. Simulated fresh 
prices averaged 2.5 percent lower for navels and 8.9 
percent lower for valencias. Increases in fresh 
market shipments resulted in corresponding reduc
tions in shipments to processing and increases in 
processed prices. Average prices for processed 
navels did not rise while prices for processed valen
cias averaged 1.9 percent higher. 

Other simulated shortrun effects of order termina
tion were increased variability in weekly fresh prices 
and shipments, shorter shipping seasons, and lower 
producer revenue. Over the 1959/60-1963/64 period, 
the standard deviations of weekly pric~s, reflecting 
differences in shipping patterns, averaged 15.1 per
cent and 1.7 percent higher for navels and valencias, 
respectively. Over the same period, simulated ship
ping seasons in the absence of controls averaged 2.6 
weeks shorter for navels and 1.2 weeks shorter for 
valencias. Reflecting differences in both prices and 
shipments, simulated revenues (p.h.d.) in the short 
run averaged 4.5 percent lower for navels and 6.2 per
cent lower for valencias without marketing order con
trols. Bearing acreage and production were assumed 

to remain at historical levels in the first 5 years of the 
historical analysis. 

Following a 4- to 7-year period during which pro
ducers adjust to the absence of controls, simulated 
seasonal fresh market prices and shipment levels 
were similar to those that would have prevailed with 
regulations (the base solution). The standard devia
tions of simulated weekly fresh market prices and 
shipments were also similar to those of the base. In 
response to initially lower prices, simulated bearing 
acreage declined relative to historical levels. In
creases in acreage were not as great in northern 
California and acreage withdrawals were larger in 
southern California. As a consequence, production 
levels declined. Navel shipments to the fresh market 
were not seriously affected, but shipments to proc
essing were drastically reduced. While reductions in 
valencia production significantly reduced shipments 
to the processing sector, they also affected fresh ship
ments. Declining production also reduced simulated 
season lengths below those projected in the short 
run. Producer revenues in 1972n3 through 1976n7 
were estimated to be above those in the base, except 
for southern California valencias. 

Projections to 1990. To project market performance 
with and without marketing order controls to 1990 re
quired that we make numerous assumptions. With 
few exceptions, we assumed exogenous factors would 
remain at recent average levels. Population and con
sumer income were projected to grow at recent ra·Les. 
Since all monetary projections were in constant (1967) 
dollars, real packing costs were assumed to remain 
constant at 1976n7 levels. 

The results were generally consistent with those 
from the historical simulation. The initial result of 
removing the prorate was an increase in fresh utiliza
tion and processed prices, and a reduction in proc
essed utilization, fresh prices, a.nd season length. The 
lagged producer supply response reduced bearing 
acreage and production below their simulated levels 
with controls. Projections both with and without con
trols suggest that acreage will continue to be with
drawn from production in southern California. With
out orders, acreage will be withdrawn more rapidly. 
In northern California, acreage was projected to 
decline through the mideighties, stabilize, and then 
increase if orders were retained. Simulated no-order 
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projections were similar except that acreage stabilized 
at a lower level and the increase was more sluggish. 

Reductions in navel acreage and production resulted 
in declines in both fresh and processed shipments, but 
an increase in fresh utilization. Reductions in valencia 
production also reduced fresh shipments, but simu
lated processed shipments and processing utilization 
increased relative to those of the base. As expected, 
price patterns varied inversely with the shipment 
levels. Simulated seasons were initially slwrtened 
without marketing orders; subsequent reductions in 
acreage further shortened the seasons. 

ImpUcatioD8 of Marketing Order CODtrols 

The historical and projected simulation experiments 
provide substantial insight into likely California
Arizona orange industry behavior in the absence of 
marketing order controls. One of the most important 
implications of this analysis is that, following termi
nation of the orders, the shortrun industry perfor
mance would likely be significantly different from 
longrun performance. Longrun producer supply 
response would be precipitated by shortrun changes 
in industry performance. 

Initially. termination of the orders would increase 
fresh supplies and reduce fresh market prices. This 
would result in corresponding reductions in ship
ments to processing and increases in processed 
prices. Other shortrun effects of order termination in
cluded increased variability in weekly fresh prices 
and shipments, shorter shipping seasons, and lower 
producer revenue. 

Simulated shortrun effects of terminating the orders 
increase in magnitude as the percentage of fresh utili
zation declines. Historically, fresh domestic utiliza
tion for navels fell from an average of 82 percent 
between 1953/54 and 1957/58 to 66 percent between 
1972n3 and 1976n7. Over the same period, average 
domestic fresh valencia utilization declined from 55 to 
39 percent. This tends to support the conclusions of 
other researchers that marketing order success in 
elevating producer returns necessitates stricter con
trols over time. Moreover, as controls are tightened 
over time, elimination of the orders will have a cor
respondingly more damaging effect on shortrun pro
ducer revenue. 

The study also shows that termination of the orders 
would reduce acreage and production perhaps by as 
much as 20 to 30 percent, especially in southern Cali
fornia. This conclusion supports charges that the 
orders lead to overproduction and resource misalloca
tion. Lower production in the absence of marketing 
order controls would reduce shipments to both the 
fresh and processing sectors, and shorten the ship
ping season. Navel shipments to processing and fresh 
shipments of valencias would decline the most be
cause of differences in the relative value of navels and 
valencias in the fresh and processing sectors. 

A net welfare assessment of the long-term use of the 
C-A orange orders would prove extremely difficult. 
Most of the effects of the marketing orders involve 
tradeoffs: among producers. among consumers. and 
between producers and consumers. Based on our 
analysis, we can indicate only the nature of gains and 
losses. We cannot appraise their relative magnitudes. 

Some examples: clearly, too many C-A oranges are be
ing produced relative to perfect competition.se From 
the standpoint of economic efficiency, too many 
resources are being devoted to orange production
producers of oranges gain relative to others compet
ing for the same resources, both inside and outside 
the agricultural sector. Supplies of C-A oranges are 
larger than they would be without orders-consumers 
of processed orange products gain, producers of proc
essing oranges in other regions of the country lose. 
The orders extend the C-A orange shipping season
probable gainers include early and late season C-A 
orange consumers and packinghouse employees and 
support industries, while likely losers are producers 
of oranges outside California and Arizona and pro
ducers of competing fruits. 

Limitations 

While the assumptions and limitations of the model 
were discussed where applicable in other portions of 
the study, the more important ones are reviewed 
here. 

Export shipments were assumed exogenous to the 
system because of the lack of available export price 

"We ignore the important question of whether perfect competi· 
tion k' an appropriate norm against which to measure observed 
market performance. 

40 

http:competition.se


data. We believe that omission of the orange export 
market is a serious but unavoidable shortcoming of 
our analysis. The export market unquestionably influ
ences decisionmaking by the administrative commit
tees and the handlers, and this market would likely 
be even more important without order controls. A 
concerted effort to obtain export data would likely 
yield a high payoff in terms of industry understand
ing. 

Another limitation of the analysis is that possible 
structural changes in the industry brought about by 
termination of the orders were not explored as fully 
as they might have been; for example, purchasing 
behavior was assumed to be competitive when the 
trend actually is toward greater buyer concentration. 
Measures of industry performance were far from ex
haustive: for instance, only one measure of weekly 
price and shipment variability {standard deviations} 
was reported. The effect of risk was incorporated in a 

Conclu8ion8 and Implication8 

limited way in the supply response relationships. 
Data limitations forcing the integration of planting 
and removal specifications also limited the model's 
initial measurement of producer supply response to a 
6-year lag. Actual industry supply response to severe 
economic conditions would probably be more rapid 
than indicated through removal of bearing acreage. 

Regardless of its limitations, the potential value of 
this analysis lies in its usefulness to industry deci
sionmakers and others concerned with marketing 
order controls. The re'sults and implications may be 
applied directly to the California-Arizona orange 
industry. Estimated econometric relationships may 
also be used to project seasonal as well as longrun in
dustry performance under alternative asslUmptions 
about costs, export demand, and other exogenous fac
tors. Finally, the model and method of analysis may 
provide a framework for analyses of other marketing 
order control programs. 
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Appendix table 1-Sea80n average C·A orange prices, actual and simulation base values 

Navels Valencias 
Season District 1 (No. Calif.) District 2 (So. Calif.) District 1 (No. Calif.) District 2 (So. Calif.) 

Actual Sim. base Actual Sim. base Actual Sim. base Actual Sim. base 

1967 doUars per carton, f.o.b. 

1959/60 3.221 3.515 3.582 3.439 3.738 3.411 3.720 3.233 
1960/61 4.089 3.794 4.092 3.965 3.968 3.852 3.341 3.486 
1961/62 4.690 4.544 4.458 4.391 4.299 3.832 3.567 3.709 
1962/63 3.754 3.839 4.776 4.102 4.110 3.598 3.552 3.403 
1963/64 
1964/65 

3.218 
3.335 

3.298 
3.295 

2.885 
3.139 

3.230 
3.165 

3.051 
2.776 

3.483 
3.047 

3.668 
2.965 

3.519 
3.083 

1965/66 2.876 3.075 2.736 3.094 2.854 3.284 3.384 3.314 
1966/67 2.806 3.147 2.904 3.026 2.964 2.889 2.821 2.837 
1967/68 4.760 4.356 4.955 4.462 3.873 3.532 4.343 3.642 
1968/69 
1969/70 
1970/71 

2.870 
2.633 
2.939 

2.671 
2.616 
2.944 

2.940 
2.614 
3.236 

2.863 
2.851 
3.068 

2.572 
2.783 
3.068 

2.602 
2.906 
2.624 

2.639 
2.972 
2.965 

2.656 
2.950 
2.673 

1971/72 2.646 2.886 2.739 3.043 2.411 2.304 2.557 2.345 
1972/73 3.036 2.683 3.585 3.159 2.832 2.720 3.030 2.851 
1973/74 
1974/75 

2.777 
2.466 

2.420 
2.019 

2.827 
2.846 

2.424 
2.332 

2.648 
2.465 

2.729 
2.309 

2.767 
2.530 

2.819 
2.498 

1975/76 
1976/77 

2.211 
2.316 

2.137 
2.334 

2.283 
2.463 

2.430 
2.485 

2.128 
2.503 

2.173 
2.371 

2.344 
2.634 

2.351 
2.519 

Error analysis: 

Mean .059 .085 .076 .106 
St. Dev. .245 .315 .282 .218 
Max. (abs.) 
Mean Pct. 

.447 
1.70 

.674 
1.51 

.512 
1.72 

.701 
3.02 

RMSPE 1.92 2.23 2.01 1.52 
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Appendix table 2-C·A bearing orange acreage, actual and simulation base values1 

Navels Valencias 
Season District 1 (No. Calif.) District 2 (So. Calif.) District 1 (No. Calif.) District 2 (So. Calif.) 

Actual Sim. base Actual Sim. base Actual Sim. base Actual Sim. base 

Acres 

1959/60 33,058 33,058.0 29,797 29,797.0 12,150 12,150.0 70,316 70,316.0 
1960/61 34,069 34,069.0 29,200 29,200.0 12,556 12,556.0 65,364 65,364.0 
1961/62 36,034 36,034.0 27,664 27,664.0 13,734 13,734.0 61,807 61,807.0 
1962/63 38,150 38,150.0 26,610 26,610.0 14,713 14,713.0 58,051 58,051.0 
1963/64 40,730 40,730.0 .26,136 26,136.0 18,547 18,547.0 56,357 56,357.0 
1964/65 46,102 46,102.0 25,309 25,309.0 21,692 21,692.0 55,200 55,200.0 
1965/66 51,934 50,785.3 24,519 24,884.2 25,204 25,204.0 54,369 54,369.0 
1966/67 56,704 55,933.9 25,159 24,780.1 27,420 26,819.2 56,423 54,256.5 
1967/68 64,265 62,733.8 24,721 24,827.0 29,394 28,886.7 55,398 54,293.8 
1968/69 72,458 70,476.1 24,878 24,615.7 31,457 30,986.6 55,770 54,239.1 
1969/70 80,167 78,888.2 24,566 23,978.8 32,145 33,338.8 54,017 53,525.7 
1970/71 83,786 86,359.3 23,628 23,271.6 32,347 35,004.1 52,797 52,728.8 
1971/72 88,535 94,326.2 22,660 22,479.3 32,667 35,975.5 50,514 51,084.4 
1972/73 91,975 97,508.5 22,275 21,701.8 32,394 35,739.0 48,418 49,635.7 
1973/74 94,802 98,252.9 21,926 21,008.3 33,215 35,882.0 45,601 47,525.4 
1974175 96,602 98,673.9 20,272 19,792.1 33,391 35,691.2 44,692 45,922.6 
1975/76 97,190 100,135.7 19,082 18,665.3 33,136 35,859.1 42,430 43,333.2 
1976/77 93,745 99,976.5 18,160 17,787.5 32,537 34,296.4 40,431 40,492.3 

Error analysis:2 

Mean -1,794 338 -1,670 -59 
St. Dev. 3,118 331 1,538 1,287 
Max. (abs.) 6,231 918 3,345 2,166 
Mean Pet. -1.69 1.56 -5.04 -.32 
RMSPE 1.01 .61 2.05 .74 
~~-.----. 

18ecause of the lag structure of the bearing acreage change equation, actual equals estimated for first six navel and first seven 
valencia observations. RMSPE statistics were calculated over the remaining observations. 

28ased on values from 1965/66-1976/77 for navels; 1966/67·1976/77 for valencias. 
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Appendix table 3-C-A fresh orange shipping season length, actual and simulation base values 

Navels Valencias 

Season District 1. (No. Calif.) District 2 (So. Calif.) 
 District 1 (No. Calif.) Di&',rict 2 (So. Calif.) 

Actual Sim. base Actual Sim. base Actual Sim. base Actual Sim. base 

Number of weeks 

1959/60 26 26.65 27 27.69 20 21.80 41 42.46
1960/61 22 23.68 26 27.37 19 
 21.60 44 41.341961/62 20 24.39 25 27.57 24 20.19 42 39.611962/63 27 25.20 29 28.05 26 21.10 43 40.271963/64 25 27.15 "i'27 27.36 £, 25.60 40 40.451964/65 33 28.32 28 28.42 27 29.39 37 36.931965/66 30 31.05 25 27.83 34 32.41 33 37.771966/67 32 30.62 29 27.97 35 34.78 37 38.771967/68 29 25.86 27 30.04 20 26.02 36 37.511968/69 33 33.02 30 28.16 38 39.11 42 42.231969170 35 34.64 28 29.46 36 35.31 39 '38.281970171 33 31.64 31 28.58 42 36.17 42 39.701971172 37 36.07 33 31.70 42 38.77 42 38.311972173 32 32.17 29 29.87 27 28.86 42 42.961973174 34 35.62 25 25.20 35 38.52 37 38.881974175 38 39.33 31 28.55 38 39.17 39 40.891975176 40 38.94 30 27.21 41 39.92 38 36.151976177 35 36.62 30 28.97 32 34.26 37 38.48 

Error analysis: 

Mean 01 01 01 01
St. Dev. 2.12 1.83 3.11 2.22Max. (abs.) 4.68 3.04 6.02 4.77Mean Pct. -.63 -.40 -1.13 -.31RMSPE 1.84 1.50 2.71 1.31 

lErrors are regression residuals, since all variables in these estimating equations are exogenous. 
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