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1. INTRODUCTION

Over the last three decades, California has become
the dominant supplier of almonds in most world
‘markets. Production increased from 17,100 metric
tons in 1950 to 184,800 metric tons in 1981. Further

increases 1n production are expected, given the current

area in bearing and nonbearing almonds and the

upward trend in yields. Domestic consumption also
has increased with new product development and

marketing. However, exports are a key factor for the

industry.

This report attempts to specify the majorelements of
the economic structure of the industry, and to analyze

forces affecting it from 1950 to 1980. Some of the
important aspects include: the roles of the federal
marketing order and of the marketing cooperative
(California Almond Growers Exchange); the develop-
ment of water resources encouraging large increases in
acreage particularly in the southern San Joaquin
Valley; the changing impacts of competitive suppliers
in Europe (Spain, Italy, and Portugal) and of
Common Agncultural Policies in the European
Economic Community (EEC); and the sharp changes
in the exchange rates which decreased from 1969 to
1979 retlecting a weaker dollar and then reversed as the
dollar strengthened. The major focus of this report is
on the effect of export markets on the domestic
industry.

The report 1s orgamzed following the major
objectives of the study: |

This section reviews some features of the world
almond market that are relevant to an economic
analysis of the industry. The overall structure of this
market is given followed by a discussion of five
‘important aspects of the industry (1) consumption in
major markets; (2) production in the United States,
Spain, Italy, Portugal, and the rest of the world
(ROW); (3) market structure; (4) trade patterns and
(5) government policies. - -

OVERALL STRUCTURE OF
' THEMARKET

Three major producers, United States, Spain, and
Italy, currently account for over 95 percent of

1. A descnptlon of world almond production,
consumption and trade, and the marketing
institutions and government policies which
influenced . trends from 1950 to 1980. More
recent data for the U.S. production and exports
are reported in the appendix.

‘2. The development and estimation of an econo-

~ metric model including almond demand in the

- domestic market, the export market and for
stocks; price linkage relations between farm and

processor prices; and supply relatlonshlps for
Califormia producers.

3. The use of the above model in analyzmg such
questions as the probable impact of Spain and
Portugal’s entry into the EEC; the effect of the
reserve provision of the marketing order on
prices; the effect of exchange rates on U.S.
exports; and the implications of supply changes
on markets. |

The markets analyzed in this study are the United

- States, Canada, Japan, West Germany, France,

United Kingdom, Northern Europe (Belgium,
Luxembourg, Denmark, and the Netherlands), Spain,
Italy, and three non-EEC countries treated as a group
(Sweden, Norway, and Switzerland). Producing areas

‘are the United States, Europe (ltaly, Spain, and
Portugal), and “other"countries (Morocco and Iran).

2. THE WORLD ALMOND MARKET |

commercial almond ptbduction. and trade (Table 1).

- Minor production and exports originate in Iran,
- Portugal and Morocco.! -‘The United States has

become the major exporter in recent years as
compared with 1950-54-when exports were balanced

by imports. Italy’s share of exports has decreased

~ during this period from one half of world exports to
.~ less than 10 percent. The quantity of world exports has
- risen from an annual average of 60,000 metric tons in

1950-54 to 112,000 metric tons in 1976-80.

~ Western Europe accounts for .about 70 percent of
world imports. Japan ‘and Canada are important
markets, and in recent years importers include more
than 40 countries where markets are being developed.

1. Some commercial production occurs in Algeria, Cyprus, Canary Islands, France, Israel, Tunisia and Yugoslavia. Data on
trade are not consistently reported and these countries are excluded.



Table 1. World Trade,in Almonds (Shelled Basis): Principal

Exporters and Importers, Selected Periods, 1950-1980

Ttem

Total Eiporté

Major Exporters:

United States
Europe
~ Spain
Italy .
Portugal
Iran & Morocco

Total

Major Importers:

~United States
Canada |
- Japan
Europe
West Germany
France |
United Kingdom
Northern Europe@
Scandinavia,
Switzerlandb
Italy
~ Rest of the World

Total

100.0

100.0

8Tncludes Belgium, Luxemburg, Denmark and Netherlands. .
bInc]udes"the_non—EEC countries of Norway, Sweden and Switzerland.

Annual Aﬁerage,'Jﬁly-Jﬁne)

1970-74

1950-54  1960-64
-~====ww-~e=million metric tons
60.0 65.1 - 78.

——————————————eweeDerCent
3.4 8.5 47
25.6 35.8 28.0
50.1 42.4 11.7
9.1 bo7 bo7
11.8 8.6 8.6
100.0 100.0 100.0
3.2 0.6 0.
1.2 1.9 2.
| 0:0 li5 - Bi
(75.3) (79.3) (74,
20,2 27 .9 29.
12.5 15.3 12,
18-7 .'13i6 : 8:
9,1 76 8.
14.7 14,7 11,
Oll | 0#2 3-3'
20.3 16.7 15.0
"10010

OO N OO WO ONON O (W
| o’

1976-80

® o

o~
et () )

N NI O e e OOW O
- Npa®

| e o ¢ o o
S O N = O 0 =0

ot

“d  omd
& ]
ot )

100.0

‘Source: Based on U.S. Foreign Agricultural Service “World Production

“and Trade in Tree Nuts," (1980) and_updatéﬂffﬁfbrmﬁfion.



It should be realized that the United States, Spain,
Italy, and Portugal all consume significant quantities

of almonds which are sold domestically, and these data -

are not shown in Table 1. .

The section title implies that there i1s one market for
almonds, and that almonds are a homogeneous
product. Admittedly, many different varieties are
grown and are particularly suited to a given end-use.

For example, in the United States, the principal

variety, Nonpareil, goes mainly to confectionery use
whereas the Mission variety is used mainly as snacks.
Lack of data on varietal uses precludes disaggregated

analysis here. However, supplies from the United

States are probably differentiated from European nuts
(Spain, Italy and Portugal). In support of this, trade
journals mention differences in the flavor, quality
control, and merchandising of the different regions.

CONSUMPTION

Domestic disappearance of almonds for selected
countries is shown in Table 2. All three of the major
producing and exporting countries, the United States,
Spain and Italy, have a large domestic consumption of
~almonds. For most of the period 1950-1980, the United
States has been the largest market for almonds, but
West German domestic disappearance increased over

the period and actually was larger than U.S. con-

sumption in 1961 and 1979. In contrast, the United

Kingdom market has declined. J apanese usage has

Increased sharply

Trends 1n almond consumptmn dlffer among the -
countries shown although each country exhibits

considerable variation around its trend. It is possible
that some of this variation may be accounted for by

changes in stocks of almonds. Data on these stocks are -

~ unavailable, and the use of disappearance data thus
entails the necessary assumption that such stock
- changes are negligible. When consumption is ex-
pressed on a per capita basis this trend disappears for

most countries. The exceptions to this are West

Germany and Japan which show increases in per
capita consumption and the United Kingdom which

shows a decrease (see Table 3). West Germany isan

- important transshipment point for other European

countries for almonds from the United States. To the

extent that these shipments are included in German

consumption, those figures will be overstated. It was

impossible to adequately account for these trans-
shipments and so they are ignored.

The main uses of almonds are reported for each of
the exporters and for the mam 1mporters in the

: “followmg paragraphs

| United States

The distribution of sales outlets for California

‘almonds has changed considerably from 1962 to 1979
(see Table 4). The major change is the increased

importance of exports. Domestic sales to confectioners
are relatively less important whereas sales to cereal
manaufacturers have become rclatwely more im-

_ portant. One factor affmtmg this recent diversification

has been the large number of forms into which
almonds have been precessed and packed. For
instance, the California Almond Growers Exchange

(CAGE) has developed over 2,000 product lines. '

o _ Spain

Confectionery uses account ' Tfel'_-" - Oveif half the
Spanish almond consumption. Some of the major uses

‘include marzipan manufacture, nougat production,
“sugar coated almonds, and pastry. Other uses include

salted nuts, almond syrup, and mllk and soft drink
flavoring. Almond oil is also used in perfumes and
cosmetics.

taly o .
Confectionery is an even more important use for
almonds in Italy than in Spain and accounts for almost

90 percent of domestic consumption. However, the
- term cenfeetmnery differs from that used irrthe United
- States since for Italy it also includes bakery goods.

Bryan (1966) estimated industrial use of almonds as:

Use . o _' Percent
Bakery | I - 80
Confetti (Sugar Coated Almonds) . 13
Ice Cream _ 7
100

Horoschak (1971) reported that major uses included

confetti pastry and baked goods, in general candy and

- 1ce cream.

' 'Importmg C«:nmtznes2

In Japan, confectlonery, especially chocolate pro-
ducts, is an important use for almonds. Canadian
consumption patterns are mmllar to those in the United

States.

2. Based on communications with representatives of the California Almond Growers Exchange.
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Table 4. Distribution of End Uses for U.S.'Alﬁonde '

User 1963 1973 1979

TOTAL

Confectioners. - _ - '._ . 44- S : j7'10'
Nut Salters . | 14 8 . 7
Cefeal Manufacturers _64 3
Bakers 4 1
. Other Food Manufacturers | 4 - 3
Ice Creem Manufacturers = 4. “f6:
Retail and Wholeselefs 8 10
Others 3 0
Exports h52 60

100 100

$qeree': - California Almond Growers Exchange, Annual Reports,

and Powell (196&)

In all European countries, marz:pan (a confection

made from almond paste) is a major form in which
almonds are consumed. However, spemﬁc countries
have other differing uses. For instance, in both West.
Germany and the British Isles, many almonds are used
in the form of almond paste. A layer of almond paste

traditionally 1s spread over Christmas cakes in Britain
and, in turn, 1s covered by a layer of icing (frosting). In-

France, many almonds are used for baking; minor uses

include candy and nougat production, and pharma-

ceutical oils for cosmetics and perfumes. As might be
expected the Swiss, with their large chemical industry,
also use almonds for pharmaceutical oils. Almonds are
also included in the chocolate for which Switzerland is
famous. The Scandmawen countries show a cross

section of uses including paste, chocolate, and pastry

products. There are more direct sales of almonds to

consumers here t'han in other regions Throughout o

' Europe there is noted a small but growmg preference

for almonds in their natural form and for snack
almonds.

PRODUCTION?

Although this analysis treats shelled almonds within
a region as a homogeneous product, many different

~ varieties of almonds are grown.. ‘Before discussing

production in each of the regions, the trends in world

production -and some features of almond culture that

are common to all re"giens a‘.re“cohs_idered.

Trends in World Pmduet]on

World comrnercml productwn of almonds almost
tripled between 1950 to 1980 (see Table 5). These
aggregate ﬁgures conceal ma_]or changes in the pattern

of world produc:tmn

3. The information in thns section is drawn from Leyns (1967), Bryan (1965) (1966) and Horosehak (1971) Prof D.E.
Kester, Pomology Dept., University of California, Davis, provided unpublished lecture notes on European production.
Only the most important pemts are mentioned | In this section. For further mformatmn interested readers are referred to

the above sources.



Crop
Yeard

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970

1971

1972

1973

1974
1975

1976
1977
1978

1979

1980

Table 5.

United
States

17,900
18,900
16,000
17,800
20,000
17,400
27,300
16,400

8,700
38,200

24,300

32,300
24,000
30,600
37,500

35,700

43,000
37,300
36,400
58,300
64,400
69,800
64,400
66,400
08,700
717,200
117,100
129,200
169,700
158,100

- 146,100

Iran

<b

6,400
7,000

6,000
8,000

4,300
5,000
10,000
8,200
9,100
3,600
8,200

7,300

5,000
6,000
7,000
1,500

5,000

7,200
5,500

10,000
7,100

9,000
8,100
7,400
8,200
7,000
8,000
7,500
7,000
13,200

Portugal

- 3,100

5,400
5,600
5,100
3,200
2,400

3,900

2,000
3,000
1,100

5,300

3,900
1,800
3,200
4,000
1,500
5,500
4,500
2,200

- 5,700
6,500

6,300
8,000
4,500
3,500
5,200
1,600
3,000
1,700
5,000

Commercial Production of Almonds (Shelled Basis)
Selected Countries, 1950-1980

Morocco

5,800

3,800
6,300
1,900
1,500
1,500
1,800
5,700
3,300

2,400

3,600
2,000

2,800

4,000
6,000
4,000
5,000

3,200

3,000
3,000
2,500
3,500
4,000
3,000
1,500
2,000

1,700
3,500

2,500

- 82,500

97,100
95,500
83,700
57,400
64,300

109,200

61,800
129,800
74,000

141,000

68,500
104,600
117,900
116,700
125,000
118,800
130,800
113,000

149,100

134,900

148,200
131,500
182,600
148,900
212,800
194,500
169,700
208,400
226,100

8Year beginning September 1 for épain, Portugal and Italy: August ] for
United States; September 23 for Iran and July 1 for Morocco.

byot available.

Source:

U.S. Foreign Agricultural Service (1980) various issues and U.S.

Tariff Commission (1954).



The early importance of Italian production, with 36
percent of world production during 1951-54, and then

the decline in the Italian industry, both absolutely and
 relative to other producers, may be noted in Table 5.
By the period 1970-74, Italy represented only 12

percent of total world production. In contrast, U.S.
output increased from 20 percent of total production

during 1950-54 to 70 percent three decades later.
During this same time, Spanish production increased
at approximately the same rate as total production and _

so remained at about 30 percent of the total.
Production in the three minor regions increased only

slightly and consequently the regional share of total
output fell from about 18 percent during 1951-1954 to __
about 11 percent ten years later. It has remained at this

share for the past decade.

Almond trees tend to bear heavily in alternate years
This tendency is more apparent over the last decade,
espemally in those countries experiencing slow change
in output. In Italy and the United States, however, it is
masked by the rapid shift in production. All countries
display large changes in production from year to year.

These changes in production have obvious impli-
cations for a stock holding policy; the alternate bearing

pattern would tend to encourage interseasonal stocks,
while the increase in total output would suggest that,

ceteris paribus, stock holdmg would be contra-. |

indicated.

Almond Pomblagy

Almonds have been grown for many years and,
particularly in the Mediterranean area, each district
has evolved a traditional system of culture with its own
set of varieties, management practices and methods of
handlmg Since management practices such as fertili-
zation, irrigation and pest and disease control vary

from country to country, they will be discussed under
the individual country headings. In recent years, there

has been some shift in the attitude that almonds should

be grown only in marginal areas where nothing else will

grow. This has never been the attitude in California
where almonds are grown on the best soils.

The almond is one of the first trees to flower each
year. In Europe, flowering occurs during January to
March with first bloom occuring in the warmer
districts. The Californian bloom starts a month later
but fimishes about the same time because of the
narrower chmatic range and the smaller number of
varieties involved. |

‘The early bloom period and a need for warm and

. COHPIEd w a‘ de Lo *a !! '*.L‘r * . 4Ly
nsk of a t-otal crop f_' Jure it any ¢ ! j :

. _planted W 1"'3%
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(see also Table 6)
Production has crease latply aue to increast
bearmg acreage and yields. M considerable »
to-year variation in ylelds hich is characterist
allowmg the cost of 1rr1gatlﬂn and mechanization
spread over a greater produgtion. Many observers
argue that mechan_'; ﬂﬂﬂ is & significant factor ir
roduction, With the declme m thc--
sct ‘f._tﬂmg labm'and 50,it

difficulties in obtﬁinlhg and sct
is hypothesized, have tum %wam &ﬂi‘ﬂp mvelvmg
minimal labor.

The graphs aiso s

oW thae vanablljity m actual f arm

contrastcd with the rdatme stabff ty the 191
revenues per hectare, calcula;ed as farm pfm umes

yield_ per hectare dmded by the CPI reflect the

variability of both the pr’lce and y1€1d senes

4. Kester reports the existence of minor varieties in Italy which are self fertile.
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Figure 1. U.S. Almond Production, Area and Prices, 1950-1980
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TABLE 6. U.S. Almond Acreage and Yield (Shéiied Basis), 1950-1980

Yield
As of Non- New Net | Per
May 31 Rearing Rearing Total Plantings Removals Change Hectare
--------------------------- hectareg?d———=m=mcomr e cccarwnnwe—wes nmetric tons
1950 6,137 38,310 &4 447 724 0 724 0.447
1951 5,254 38,448 43,702 762 1,507 -745 0.482
1952 4,289 318,923 43,212 566 1,056 ~490 0.416
1953 3,602 38,775 42,377 564 1,399 - -835 0.446
1954 3,418 38,638 42,056 802 1,121 -321 0.510
1955 3,611 37,034 40,645 917 2,328 -1,411 . 0.469
1956 4,48] 36,665 41,146 1,633 1,132 501 0.727
1957 6,475 36,376 42,851 2,560 855 1,705 0451
1958 8,324 36,846 45,170 2,414 95 2,319 0.234
1959 9,868 36,834 46,702 2,345 813 1,532 1.029
1960 11,266 36,951 48,217 2,331 816 1,515 0.645
1961 12,160 37,544 49,704 2,527 1,040 1,487 0,832
1962 12,428 39,942 52,370 2,812 146 2,666 0.595
1963 13,386 42,099 55,485 3,371 256 3,115 0.743
1964 15,676 43,465 59,141 4,635 979 3,656 0.881
1965 19,760 45,287 65,047 6,414 508 5,906 = 0.794
1966 26,420 46,074 72,494 9,187 1,740 7,447 0.937
1967 31,263 47,899 79,162 7,655 987 6,668 0.780
1968 33,014 51,177 84,191 6,049 1,020 5,029 1 0.715
1969 33,882 56,662 90,544 7,501 1,148 6,353 1.064
1970 32,506 65,581 98,087 7,986 443 7,543 1.026
1971 30,163 74,802 104,965 7,461 583 6,878 0.975
1972 29,000 81,122 110,122 6,052 895 5,157 0.839
1973 31,051 87,410 118,461 9,775 1,436 8,339 N.803
1974 35,830 94,801 130,631 12,764 594 12,170 1.097
1975 37,523 101,850 139,373 9,119 377 8,742 0.826
1976 35,805 106,353 142,158 4,147 1,362 2,785 1.210
1977 28,718 114,215 142,933 3,007 2,232 775 1,243
1978 19,383 125,533 144,916 4,927 2,940 1,983 0.654
1979 19,562 131,928 151,490 9,298 2,724 6,574 1.293
1980 25,420 132,254  157,674D 2,640 6,184 1,104

8,824

aConversion factor: 1 hectare = 2,471 acres. _
bTotal hectares as of May 31, 1980 equals 1979 total hectares (151,490) plus new
plantings in 1980 (8,824) minus removals (2,640) during the season prior to

May 1, 1980 {nventory. |

Source: See Appendix N0,

10



The trends 1 supply and disposition of U.S.
almonds are summarized in Table 7. Marketable
production (which is reported as “redetermined
marketable”) equals producer deliveries less computed
losses due to detective kernels. These losses vary from
year to year but average about 8 percent of production
in the late 1970s. Beginning stocks are reported as of
July 1. In most years, committed sales are more than
half of these stock levels.

Disposition of supplies has increasingly been to the
_export market, although the domestic market con-
tinues to expand. Ending stocks vary annually, but
average about 20 percent of domestic supply. Domestic
disappearance continues to rely less on imports than
during the 1950s.

The export market developed at a most opportune
time for the United States, as seen in Figure 2.
European exports which were volatile in the 1950s
were somewhat more stable in the 1960s. However in
1969, Spain, Italy, and Portugal had poor crops at a
time when U.S. yields were above normal and as
bearing acreage continued its steep climb. Also, the
exchange rate between the United States and the

important market of West Germany began its sharp

decline from 1968 until 1979. This meant that the real
price facing West German buyers declined and
encouraged imports from the United States. The
econometric modeling will attempt to capture the
etfects of exchange rate changes as well as other factors
atfecting the import demand for U.S. almonds.

‘Spanish Production

Almonds are grown all over Spain but commercial
plantings are concentrated on the Balearic Islands and
along the Mediterranean coast from Barcelona to the
Portugese border. These regions have a favorable
chimate and are the main fruit and vegetable growing
areas. ,

It was noted that Spanish production has increased
substantially although at a slower rate than in the
United States. The changes in bearing, nonbearing,
and total area, and in yield that underlie these
production changes are shown in Table 8. It appears
that total area includes noncommercial production.

Since this study is concerned with commercial
production, it was assumed that only specialized
plantings would be for commercial output. Mixed
plantings, e.g., trees interplanted with another
permanent crop, and casual plantings such as those
along roadsides were ignored.’

Over the last decade, both the total and the bearing

area in specialized plantings have doubled. But during

the same period the nonbearing area has increased
almost threefold, so further large Increases in bearing
area may be expected.

Production increases have not matched the changes
in bearing area. This may be partly due to the influx of
young, and hence, lower yielding trees, but more likely
was due to a series of years with adverse weather at
flowering time. However, even in the best years,
Spanish yields have not approached those in Cali-

~ fornia, partly because of a lower level of technology

employed by farmers and partly because almonds are
usually grown on the poorest soils. Some irrigated
areas are now being planted in almonds but usually
crops . such as citrus fruits are preferred. Yields are
higher on irrigated soils because inputs, especially
fertilizer, can then be applied; whereas fertilizer applied
with insufficient water can kill a tree, Traditional
Spanish almond culture involves the family unit with a
minimum of hired labor although larger units would
have some full-time workers.

Italian Production

Since 1950, Italian production has declined to about
a quarter of its previous level. No breakdown of the
total area into bearing and nonbearing is available;
only bearing area is shown in Table 9. Both a fall in
area and a drop in yields have contributed to the
decreased output. Bearing area decreased from an
average of 167,000 hectares (ha) during 1960-62 to
125,000 ha during 1972-74, while average yields
dropped from 0.173 to 0.099 tons/ha.

Average yields are much lower than those obtained
in California. Kester” suggests that a widespread viral
infestation reduced the vigor of the trees, an effect

‘especially serious when the trees are in poor condition.

Thus effect can be compensated for by irrigation and
fertihization but this treatment is not possible in most of

5. Horoschak (1971) estimated commercial shelled production in 1966 to be 41,000 short tons and in 1969 to be 24,000 short
tons. The official total production figures were 51,300 and 36,000 tons. During these years the calculated area in mixed and
casual planting was 23 percent of the total. Thus, it is a strong assumption that only specialized plantings contribute to
commercial production. However, this assumption was made to account for noncommercial production and for

consistency with the treatment of Italian area.

6. For the same reasons as for the Spanish data, these yields are not strictly comparable with U.S. data since it is not clear
~ whether specialized plantings produce commercial output only or whether mixed plantings are strictly noncommercial.

7. Op. cit.
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b--idenOtes not availablé-

Sources:

Area.

1960-1974 Istituto Nazionale di Economia Agraria (1975)
1975-1980 1Istituto Centrale di Statistica (1981)

PtOdUCtiOnn

Table 9, 1Italy: Area in Almond Specialized Plantings,
Commercial Production and Yield, 1950-1980
Specialized Plantings _ Total
Crop Year Total Change in Yield/Hectare Commercial
(July = June) | Area Area (Kernel Weight)® | Production (Shelled)
thousand hectaregs =——ww—cccacacepetric tonNg-——=——~—eceecececaa=
1950 es oD oo oo 49,900
1951 g & @ o e ® ¢ oo 22'000
1952 oo oo e oo o0 40,400-
1953 soe e e oo e 34,400
1954 ees soo s soe 31,000
1955 ee 0 oo e ee o 19,000
1956 o0 *® e oe e 11,800
1957 sos soe soe 48,100
1958 ee e eeoe es e 13'600
1959 e & & L 3 B > o & 47’200
1960 169 P 0.,0751 12,700
1961 168 -1 0.3565 59,900
1962 168 0 0.0786 13,200
1963 166 -2 0.2295 38,100
1964 165 -] 0.2145 35,400
1965 163 -2 0.2270 37,000
1966 162 -] 0.2346 38,000
1967 160 -2 0.2438 39,000
1968 160 0 0.2625 42,000
1969 158 -2 0.1392 22,000
1970 158 0 0.2152 34,000
1971 140 -18 0.1143 16,000
1972 127 -13 0.1181 15,000
1973 124 -3 0.0645 8,000
1974 123 -1 0.1138 14,000
1975 120 -3 0.1250 15,000
1976 117 -3 0.1410 16,500
1977 114 -3 0.1930 - 22,000
1978 111 -3 0.1982 22,000
1979 108 -3 0.0648 7,000
1980 107 -1 0.1869 20,000
dCalculated.

1.S. Foreign Agricultural Service (1981)
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the present areas. Another possible reason is Itahan
reliance on wind pollination rather than the use of bees.

The main areas for almond production are Puglia
(in the heel of Italy), Sicily and Sardinia. The |

government has declared the whole of southern Italy to
be an economically depressed area worthy of assis-

tance. The main forms of assistance to agriculture have =

been for water projects and for extension services.
Government experimental farms have developed
management procedures for irrigation—but only for
new plantings, not for rejuvenation of old orchards. In
Italy, almonds are still regarded as a crop for locations
- unsuitable for anything else but olives and carobs;

‘therefore, development assistance is not: expected to
materially alter the trend in Italian almond production
for the foreseeable future.

MARKET STRUCTURE

United States

In all three supplying countries, a large number of
relatively small growers produce the almonds. In the
United States, data are available only for those growers
who are members of the California Almond Growers
Exchange (CAGE), who numbered 4,700 in 1975.
Changes 1n the size of orchards between 1962 and 1973
are presented in Table 10. These data do not reflect
some larger holdings by nonmembers of CAGE. It is
clear, though, from Table 10, that although orchards
are increasing in size, they are still small in comparison
with the per farm area in most field crops.

In contrast to the growing sector, handling is quite
concentrated. In 1975 the entire U.S. crop was
marketed by eight major firms and seven smaller ones,
some of which enter the market only sporadically.
Ninety-five per cent of the crop was handled by the
four major firms. This degree of concentration would
suggest an oligopolistic market structure. However,
the largest firm is the cooperative, CAGE. Although
share of production has varied from 60 percent to 735
percent, but it remains the dominant firm in the
market. '

Members sign a five-year crop agency agreement to -

supply all their production to the Exchange. Payment
is based on the total return less costs to CAGE and is
‘adjusted by the varietal, quality, and size dlStl‘lbutIOIl
of the grower’s deliveries. -

Currently, sales are made by CAGE on an f.0.b.

‘basis with one price charged for domestic and export -

sales. Prior to the 1973 crop, the export price was
generally lower than the domestic price. There was a
substantial export price differential of about 33 percent
in 1950-54 but this differential was only 8 percent by

16

1961 and remained at about 5 percent until the 1973

~ crop when all sales were at the same quoted price.

Although sales are on an f.o.b. basis, brokers are
employed in both the domestic and export markets to
actively seek purchases and then to service the needs of

“their customers.

Spain

As in the United States, there are many alinond
growers but the handling sector 1s quite different. In

addition to exporters, speculators influence marketings

of the crop. Bryan reported that about 30 firms were
actively exporting almonds in 1960. Since then,
increased processing costs and rising production have
forced small exporters to modernize their facilities to

remain competitive. In order to obtain the required

capital for improvements, many mergers were under-
taken that sharply reduced the number of exporters.
Exporters generally do not hold uncommitted
stocks. For definite orders, they buy almonds either
through their agents in the producing areas or from
large speculators located in the main trade centers.
These speculators buy from smaller speculators in the
producing regions or may have their own agents there.
By the end of the year speculators hold almost all of
the stocks. Thus, the degision on allocation between
the export and domestic markets, and stock holding is
strongly influenced by the speculators who decide on
the level of stocks and - lww much they: wﬂl sell to
exporters. -f -

Italy

The structure of the handling sector 1s similar to that
in Spain. Besides exporters, there are both small and
large: accumulator-speculators About 20 large firms
are engaged in exports with about half of them
accounting for most of the exports. Unlike those in
Spain, Italian exporters generally carry large stocks of
uncommitted almonds, and may carry them OVver Into
the next season. |

In contrast with the export market, there are many
small firms which sell on the domestic market.

TRADE PATTERNS

The changing importance of different countries in

- trade, shown previously in Table 1, was a natural result

of changes in production and domestic consumption.
Details of the changes in trade patterns between 1950-
54 and 1976-80 are presented in Tables 11 and 12.



L10°09

AEREA
Z80°0¢€
I8¢ ST

170°¢

861°CI

99p°Y
L1ty
626°1

908

te

61

e

i

0

A FAR !

*Y XJpuaddy 33§

: 32aN0Y

* 0220310 pue .Hmuw“uom ‘uea] mwvzwunun
*SJulUWAIYS J[ISAMWOP SIPN[IXYHp

6lL

U0l
4!
L8l

8UL

I"l'lllllllIlllll-lll'lll_lllllll'lll'lll.l_lllll!lll"'l_lmﬁo“ u H“ “QElII"" lllllllll A Al A S S S-S S M N S A e el S S S S A AR S-S S i S S S S G A - S sl S S S —

sjiodx3ly
[B10],

PL[AOM JO 3ISaY
03 [®l0L

[e3

*a8ueyoxg ,S819M01H puouy BJUIOJJ[BD :9021N0§
0°00I 0° 00T

%°S | $°¢ + 9°0%
S0l $*9 $*0%-£°0C
8°0C 6°SI £*°00-C°01
9°62 9°87 0°0I-1"¥

L°€E S* 9y 0°y -9°0
Juadaad S218323Y

- 9(-G(61 £9-2961 SSe[) 9ZI§

SIB3X PIIVII[IS
‘aA33019d00) °*S°[l B JO SIdQUWIN JO
2393ud3d13d AqQ °‘spaeyd1( JO s8aziS °*(O[ °9[qel

908°8 6EV°S 826 °L ‘TAGKA! y
AL Z18 608°T GEECT G88° 1 0
LLS*S 1 289°C 220°%Y 6£S € €016 0
$6C°T €2S°T 6LESY v69°C LLO°T 0
0zy w0 0 18 p
pue[IazlIms 2doanyg wopsuTi souely AUBWI DY) uedef
? BIABUIpUBDS UIa3YIaoN pajrufl . | 1SOM
sSuoileulisaq
9C~0C61 ‘oPeIaAY [PDUUY ‘Spuocm[y 10J SMO[4 dpeil [BIdIaumo) °*[[ d[qel

epeuey

2€6°l  s3jzodw] [e30]
£o qPIIoM 3O 1S3y
916 ATel]
ETECT upeds
e S931el1S poJuy)
sa3els | 2IN0S
pairup |

17



EX A cLLtel me.m _ gestor KITAL nwanﬁh_ -
699°¢ B A { e ._ mnw__ N A4 Y4 B q@_
L61°8  690°T e __mum . (e syl 8
mch.mw LES Y 0v8 ,“mwo»m TLL T L6 .
906°LL GSB T 0SO° T L9ET9 | £10°¢ AT g L 2
ttliil:ilit:ltitillllllilllll||||1|||l||ir|1|llllll|i|||maeu o3 & & T ME——— ;
sjiodxy PIIOM mo_uwmm . Arell _ w&mﬁwwmwmeM _ _annunm wopsur) . ey
(=30l | o3 [e3el 3 Syeewjpueds BIyIdoN  pelpel -
. - . _ o u__ﬁ Suojjeuyisag |
| | | R S | - [ 4 |

08-9.61 ‘23eaaay Hwnnﬁt_.mwnaﬁﬁﬁ 310} smoy[d @ | be | ) __—rm N |

=




Italy was the major supplief to Europe during the
1950s (Table 11). For instance, during 1950-54, it
- supphed 75 percent of West German, 63 percent of

Scandinavian and Swiss, and 49 percent of northern

European imports. Between 1976 and 1980 (Table 12),
the United States was the dominant supplier for
Canada (98 percent of consumption), Japan (100
percent), West Germany (70 percent), the United
Kingdom (80 percent), Northern Europe (60 percent),
and Scandinavia (60 percent).
~ Over these three decades, Spanish exports increased.
The Spanish share of world exports rose during the
1960s but fell back in the 1970s because of the faster
increase in U.S. exports.
almonds are most important in those markets in which
Spain has the greatest locational advantage; namely,
France, Italy, West Germany, and Switzerland.
Formation of the European Economic Community
(EEC) led Itahan exporters to concentrate on markets
in the other member countries. Although a greater
percentage of Italian exports stayed within EEC,
increases in European demand and reduced Italian
“exports meant that even in these countries, Italy was

supplying a smaller share of consumption than during
the 1950s.

" GOVERNMENT POLICIES

Government policies affect the world almond o

market either directly as with duties or indirectly
through changes in exchange rates and taxation. This
section concentrates on those policies having an
important direct effect on almond production, trade or
consumption. Other policies not amenable to analysis
within the framework of this study, partly because of
insufficient information, are mentioned along with
possible implications for model construction. Policies
that are incorporated in the study are discussed in
greater detail. The first part of this section deals with
production and trade policies in general; the second
with the marketing order for almonds in the United
States in particular.

Production Policies _

Two U.S. policies undoubtedly affected production
decisions. The most important was the development of
irrigation projects in the Central Valley of California.
Irrigation of almonds became widespread in the late
1950s (Loyns, 1968), and Kern has now become the
_leadlng producing county due largely to the develop-
‘ment of irrigated acreage associated with water
deliveries of the State Water Project. |

The second U.S. policy relates to tax law revxsmns

As expected, Spanish

19

Prior to 1970, special tax provisions such as current
deduction of orchard development costs undoubtedly
encouraged almond plantings. Carman (1981) analyzed
the impact of the 1970 tax reform, finding that it ceteris

- paribus tended to reduce new almond plantings

between 1971 and 1978 period as compared with the
years before 1970.

Informationis scanty on the pollcles adopted by the
Spamsh government such as subsidies to increase the

areain almonds. Horoschak (1971) reports research by

the Ministry of Agriculture on the most suitable
locations for increased area. -

In Italy, policies to aid the economlcally dcprcssed
southern region have increased the area of irrigated

- agriculture which, as mentioned earlier, has led to a

shift from almonds to citrus and table grapes. Research
on the use of poorer terrace areas has involved crops

“other than almonds. The only research on almonds has
“been for newly established orchards and does not deal
‘with rejuvenation of the existing areas. Restrictionson

the import of foreign varieties of almonds and the
phasing out of extension services for almonds as well as
the other policies mentioned, have all contributed to
the decline in almond area and production.

Trade Policies

Athough trade in almonds is not restricted anywhere
by quotas, tariffs are common. Perhaps the best

‘known is the Common External Tariff (CET) of the

EEC although many other countries also maintain
customs and excise taxes. Upon formation of the
Community, the original six members aligned their
external customs duties to the level of the CET, while
abolishing those duties applymg to trade with other

- members. When this adjustment phase was completed
in July 1968, Italy had a 7 percent ad valorum
advantage over external supphers due to the CET.

The United States has an import tariff on shelled
almonds of 16.5 cents per pound, or $364 per metric

ton. (In 1950 and again in 1959, it was raised to 26.5

cents per pound. ) This tariff represented 28 peroent of
the domestic price in 1951, but with rising prices

reprcsented about 15 percent of the 1981 domestic
price. This tanff undoubtedly has protected the Us.

lndustry

The Marketing Order for U.S. Almonds

~ The Federal Marketmg Order for Almonds Grown
in California was established by the Secretary of
Agnculture in August 1950 under the terms of the
enabling Agricultural Marketing Agreement Act of

- 1937, as amended. This act declares the objectives for



marketing orders and delineates the type of policies -

permitted, even though individual marketmg arders
may not include all possible provisions. -
Section 2 of the act declares that the pellcy of an
~order is to enable maintenance of a parity price for
- growers, the undertakmg of such research, quality
control and grading as is in the public interest, and the
stabilization of supplies and prices in the interests of
producers and consumers. Mechanisms stated in the
act include controls on the purchases by handlers from

. “ _‘a'!: [ :'|_;|:| L. H
. ol e L ) H i T . .
R N R e f %
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sales. As an attempt to indicate years

~in’ whileh the demestlc constraint effectively altered

growers, and controls on the handler allocationamong

markets or to reserve, in any spemfied perlod or
periods.

Under the federal marketing order for almonds the '

Almond Board of California, formerly known as the

Almond Control Board, was established with the
duties of providing information to the Secretary of
Agriculture and acting as intermediary between the_

Secretary and any handler or grower. .

Supply allecation is achieved by: “A percentage of
each handler’s receipts is declared as ‘reserve’to be held
for disposition by the Board. However, each handler
can be an agent of the Board to dispose of his reserve
holdings, in export or other designated outlets under

terms and conditions set by the Board” (Almond

3. AN ECONOMIC MODEL OF THE U.S. ALMOND INDUSTRY

INTRODUCTION_

A complete model would spec:lfy the economrc

behavior of buyers, processors and producers in each -

important producing/consuming country in the world.
Lack of reliable information forced a much less
comprehensive analysis focusing on the U.S. mdustry
and on its domestic and export markets but with
consideration of supplies from other producers such as
Spain.

‘Although there are several large processors, the
California Almond Growers Exchange (CAGE) is the
dominant firm in the industry. Helmberger and Hoos
(1965) have argued convincingly that marketing
cooperatives should be regarded as firms which
attempt to maximize returns to their supplier members.
CAGE operates under a five crop-year agency

agreement with its members. Under this agreement the

- total production of a grower is sent to the Exchange
which is legally obliged to take all of it. Almonds may
be stored, so handlers can hold stocks in an attempt to
‘increase interseasonal profits. Although importers also
"can hold stocks, such information i1s not available.

- &ctinS, Table 13 also shows the years in

_ =-:;"exports were within 1 percent of the amount
requlred tobe dwerted from the domestic market: 1952

and 1953 m 1959 the dlversmn requirement was

Leyris (1963) analyzed the economic effects of the

: ‘-'surplus disposal provision. of the marketmg order for
- the perlod 1950 to 1966. His general conclusion was

~that the surplus program ‘decreased revenue in seven

~ seasons, increased it in four, ‘and had minor effect in
~“three. The reserve requlrement was not in effect in four
“of these years (see Table 13). Since the present analysis
“ concentrates on the period 1960to 1980 the drstortrons
due to the diversion policy are minor.

~ The next section of the report develops an economic

- model with emphasis on' ‘major factors affecting the

~ industry, though of necessity, it abstracts from some of

20

the detail such as demand for each end use.

Theeccncmic mcdcl deveIOpcd here emphasizes the

‘key role of CAGE as a price leader and in the
~ development of new markets and products. The
. framework focuses on the major determinants of
- demand and supply. The first block models the handler

decision process on what price to establish. The second
development specifies market demand functions and

~market equilibrium - conditions. The third aspect

consists of a margin relation, and the fourth part
constructs orchardist supply relationships.

HANDLER OBJECTIVE FUNCTION

One of the main objectives of CAGE is to maximize
returns for its growers. With given total industry stocks
and marketable production, a key decision is what
price to set such that a given supply is sold in domestic
and export markets while keeping ending stocks at
desired levels. Since 1973, one price is quoted for both
domestic and export sales, whereas in previous years a

- price discount was set for export sales. In most years

the bulk of sales are at the opening bid but occasionally
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prices may be changed or offers withdrawn if
unforeseen changes occur in the market. It seems
doubtful that interseasonal inventory policy was
important during the 1960-1980 period since handlers

were faced with successively higher levels of bearing

acreage and yields over time. However, recognition of
yield variability could have induced management to
hold above average inventories in high yield years with
the expectation of lower yields in the next season.

~ The handlers receive revenue from domestic and
export market sales and expected revenue from stock
holding, from which costs of operation including
market development are deducted. The Exchange is
perceived to set price such that desired levels of sales
and ending inventory result. The objective then is to
maximize revenues SI.Ib]CCt to demand relations for the
total domestic and major export markets, the demand

for stocks, the given beginning inventory and current

marketable production, and the equahty of domestic
and export prices: -

(3.1) MaxR>= - (PAU, » QUU,* + X PAU, » QU;;
PAU,;® SEU." - C(...))

Subject to: domestlc demand: QUU =f(. )
export demand: QU t f" f(..)
stock demand: SEU f(..)

supply: SEU," = SBU, +
MPU QUU -Qu;”

prices: domestic price = export price

where
"R = “net revenue
PAU; = almond price set by the Exchange
(prmr to 1973, the lower export price
- 18 PXU)
:. PAUt: | = expected almond price t+]
QUU: = expected shlpments U.S. to U.S.
'. QUJ,;ll ="_'expccted shlpments U.S. to market j
' SBU, = _begmmng stocks, U.S.
SEUt = ending stocks, U.S. (SEZU""t = desired
stocks)
MPU, = marketable productlon UsS.

cost function.

£
i

The expected levels of stocks, domestic and export
sales are estimated from the- demand functions to be
discussed below. The expected price, also to be
discussed, is related to the expected next year’s
production and other variables. The demand functions
include variables representing the effect from competi-
tors for export markets.

b
(N
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A simple example of a hypothesued cam D
market equilibrium is given in Figure 3. It is argued}
that in establishing price for a given seasan,
decision makers have an estimate of domestic demas
(dd), export demand (ee) and thus total demand (é
DT). Total supply.(S) is known, consistin ,
marketable production plus beginning stocks. F
it is argued that some desired level of ending stocks is
specified giving consideration to next year’s pro
level of production, and the tradeoff between currer
price and the level of stocks. Price is equal for dnmtlc
and export sales, and thus price discrimination i 1S th
present. Equating total demand to supply less.d
ending stocks (S-SE) gwes the price that will é&a: t
market.

T R T
.

DEMAND FUNCTIONS

Some of the main uses of almonds here and abroad are
In confectioneries, bakery products, and ice cream. Th -
important sale as snacks is not modeled here. The

demand for almonds thus is considered as the demand

for a manufacturing input. Bushnell (1978) derived thc

- following input demand function for almonds:
(3.2) Q¢ = f(Pyy, Ry, Tth_l, POP;; Ej,,CPIj) _

where

Q¢ = quantity of almonds from source i
shipped to destination j in the Julya-j
June year t.

Py, = price of almonds from source i at
destination j. ' -

Ry;¢ = prices of other inputs (k) at

- destmatlon_] B -

TQy; = quantlty of almonds shipped to country
) from all sources in the prevmus year.

POP;, = populatlon of countryj | _

E = per capita personal consumptlon ex-
pendxtures of muntryj -

CPL = consumer price index of country]

Domestic Demand

The U.S. demand function specifies domestic
shipments related to domestic price, price of European
almonds, input prices such as cocoa, sugar, and filberts
(a competmg nut), lagged total shlpments pOpulatlon
per capita income and the consumer price index. As

~will be noted in section 4, demand functions are

estimated in per capita terms and converted to the form
of equation (3.2). Note that if snack demand were to be
modeled, it would be appropriate to mclude other
competing nuts. *



S-SE S

10 20 30 40 50

Quantity

Max R - QUU*P . QUX"P

60

Dt

70 80 90 100

Sublect to: QUU* - 30 - 0.5 P (domestic demand d d)

- QUX" .

60 - 1.5 P (export demand e e)

SE* - .20 § (desired ending stocks)

S - 50 (supply)

S - SE - Total Demand (D7)
P = Domestic and export sales price

Solve for price:

40 - 90 - 2.0 P (add demand functions)
17.5; QUX - 22.5

P-25;

QUU -

Figure 3. Hypothetical Model of Market Equilibrium

Import Demand
Demand functions are estimated for seven major

import countries or groups of countries. Quantities,

prices and other variables are those of the importing
country. For example, the price of U.S. almonds in
West Germany is adjusted for transportation costs,
duties and exchange rates. '

(3.3) PUWG = (PUX + TUWG)YDUWG)YERWGU)
where

PUWG = priceof U.S. almonds in West Germany
PUX = U.S. export price of U.S. almonds
- TUWG = transportation cost, San Francisco to
Hamburg
DUWG = duty on imports (e g., 7 percent duty

expressed as 1.07)

ERWGU= exchange rate (Deutsche marks per
' dollar)
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The import demand functions for U.S. almonds
were estimated with prices and incomes in real terms
(deflated by the importer’s CPI) and expressed in 1970
dollars (see arguments for this procedure by Bjarnason,
et al. (1969)). Although importers are concerned with
prices in their respective domestic currencies, the U.S.
exporter must translaté these import demands back to
U.S. currency in order to estabhsh a price that will clear
the market.

Exchange Rates and Derived Export Demand

A short degression on exchange rates appears to be
warranted due to the sharp changes that have occurred
since 1968 and their eftect on the derived demand for
U.S. exports. Consider a simple model where the

import demand in West Germany is hypothesmed as

(3.4) QUWG =60 - 0.5 PUWG.

This equation is plotted in panel A of Figure 4. For
simplicity assume that West Germany is the only
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importer of U.S. almonds and that transportation
costs and duties are zero (1.e., DUWG = 1.0).

We can rewrite equation (3.3) as (3.3"), or PUWG =
(PUX)YERWGU), so the derived demand for exports
in the United States is obtained by substituting
equation (3.3") into equation (3.4) to obtain:

(3.5) QUWG = 60 - 0.5 (PUXYERWGU).

Three derived export demand curves are drawn in
panel B associated with different exchange rates for
DM/$ which were about 4.0 in 1968, 3.0 in 1972 and
2.0 in 1980. It is evident that with all factors constant
except for the exchange rates, the derived demand

pivots outward as the dollar weakens to 2 then pivots

to the left as the dollar strengthens to 4. Points a and ¢
on the diagram will be discussed below. Recall the
pattern of these shifts over time in Figure 2.

For a given year and exchange rate, the analyst
could add the derived export demand function (3.5) to
the domestic demand function to determine the
appropriate price to set, with a given supply, to clear
the market. Consider domestic demand to be

(3.6) QUU =40 - 0.5 PAU

Further assume that the U.S. export price is set equal

to the domestic price as was the case from 1973 on (i.e.,
PUX = PAU).

The total demand relationship (panel C Figure 4) is _

3.7 QT = QUWG+QUU
= 60-0.5(PAUXERWGU)+40-0.5 PAU
= 100-0.5 PAU(ERWGU + 1)

We can express price as a function of predetermined
variables and solve for equilibrium price:

38)PAU = ___ 100-QT
. 0.5 (ERWGU + 1)

Shipments to the domestic and export markets can
then be obtained using equations (3.6) and (3.5).
Now consider the effect of a change in the exchange

rate from 3DM/$ to 2DM/$ with quantity available

(QT) assumed fixed at 40 units. With an exchange rate
of 3, the price (PAU) would be $30 per unit with 25
units sold in the domestic market and 15 units exported
(point a in panel C of Figure 4). At 2DM /8§, the United
States would set price at $40 per unit, would export 20
units, (point c). Note that although the United States
price is increased in dollars, the price in Germany
(DM) decreases from point a to ¢ in panel A.

In the period during which the exchange rate
decreased, orchardists responded to favorable returns
by planting more trees. With a normally sloped supply
curve, producers were able to sell more at the same or
somewhat higher prices with the postulated change in
exchange rates. The nature of the supply function for
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almonds will be discussed in a later section.

Demand for Stocks

The crop year for almonds is J uly-June with endlng
stocks reported by the Almond Board of California as

of June 30. These stocks have averaged about 20

percent of domestic supply (beginning stocks plus
marketable production) since 1950 (see Figure 5). The
new crop generally 1s harvested during August and
September, and the June 30 stocks are required for
meeting sales prior to the availability of the new crop.
The Almond Board also reports June 30 sales
commitments of stocks on hand. For the 1976-80
yearly average, 69 percent of the June 30 stocks were
committed sales but not yet shipped. Thus, the
inventory of uncommitted  sales averaged only 7
percent of domestic supplies in 1976-80. (see discussion
in section 6). In this analysis, the stock demand relates
to total stocks (committed plus noncommitted) since
exports by destination relate only to actual shlpments
during the crop year. -

A distinction is made between desired ending stocks
(SEU¥) and actual stocks (SEU). Actual stocks will be
the residual quantity not shipped in crop year, given
the price established by the processors; that is,

(3.9) SEU = SBU + MPU - QUU -2,QU.

Desired ending stocks must be spe01ﬁed by decision
makers when setting price, given estimated demand as
outlined in equation (3.1). Since this variable is not
observable, we might take the desired level as the
average proportlon of beginning stocks and marketa-

ble production, or (3.10) SEU* = .20 (SBU + MPU).

This formulauon_, however, .does not consider that
desired stocks might be lower in years of relatively low
yields, or that processors use stock-holding for profits
in subsequent years. A multiyear objective function, as
proposed by Bushnell (1978), has considerable theo-
retical appeal. However, given the rapidly increasing
production since the early 1970s, it is unlikely that
stock-holding for interseasonal profits would be a
consideration. Processors have been faced with pro-

- spects of ever increasing production to market.

~An alternative formulation that might be reasonable
iS' o
(3.10) SEU* = f(SBU, MPU, PAU," PAU ).

Here beginning stocks and marketable production
may have separate effects (i.e., a low MPU might result
in smaller desired stocks to maintain sales to developed
markets). Also, current and next year’s expected price
might be important variables. Expected price will

depend on expected production (expected yield times

expected bearing area), beginning stocks, and expected
domestic and export demand.
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Figure 5. Ending Stocks Expressed as a Percentage of U.S. Domestic Supply, 1950-1982 '

MARGIN RELATIONSHIP

The margin relationship, required to link the farm
sector to the handler sector is the difference between
the price received by farmers for almonds (kernel
weight basis) and the f.0.b. processor’s selling price
which reflects handler costs such as shelling, sorting,
processing, packaging, storing, product promotion
and new product development, and management
costs. Various studies suggest that the relationship
between the farm price and f.0.b. price may be some
‘combination of an absolute amount and a percentage
(see for example George and King (1971) p. 57). The
margin may be expressed as:

(3.11) M, = a + b DPDXU,
where
' DPDXU, = DFPAU, + M,
or. _ |
DPDXU, = DFPAU, + a + b DPDXU,
or
DFPAU, = -a + (1-b) DPDXU,
or '
(3.12) DFPAU, = a + 8 DPDXU,
where
a

B

I
|'
A%

1-b
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M, = absolute difference between the de-
' flated farm price and the deflated
_ - fo.b. price. N
DFPAU = farm price of almonds in the United
_ States deflated by the CPI.
DPDXU, = weighted average domestic price

(PAU) and the export price (PXU)
~ deflated by the CPI (after 1973, use
DPAU).

PRODUCER SUPPLY

Bearing and nonbearing area in almonds reflect
long-term investment decisions by producers. On the
other hand, production for a given season is de-
termined by bearing area and a stochastic yield which
is affected by factors such as weather, alternate-bearing
tendency, the age distribution of trees, varieties, tree
spacing, and various cultural and harvesting practices.

Orchardist supply response has been theoretically
and empirically modeled by several authors but in
particular by French and Mathews (1971), Minami,
French, and King (1979), and French, King, and
Minami (1985). These authors specified supply
response models for new plantings and for removals.
The removal relationship has an immediate effect on
bearing acreage whereas there is a lagged effect for new
plantings before trees reach bearing age (about four
years for almonds). The supply model thus specifies
planting and removal decisions, and yield estimation.



Area Response

~ Next year’s bearing area can be expressed as an
identity
(3.13) BA,; = BA, + NBAt RBA RNBAE'

where BA = bearing area of trees aged four or

more years on May 3lst.

NBA3 = nonbearing area of trees aged three
years or less. .

RBA = removals of bearing area of trees
aged four or more years.

RNBA3= removals of nonbearing area.

For bearing area predictions up to four years in the
future, we need estimates of removals only, assuming
the data on nonbearing area by year of planting is
reported accurately. Longer term area response must
also account for new plantings. '

Removals of nonbearing almonds are apparently

very minor for the 1950-80 period, probably due more

to cultural problems than to revised expectations
about the relative profitability of almonds versus other

crops. Minami, French, and King (1979) show that for
clingstone peaches removals of bearing area vary with
age of tree. They analyzed detailed industry data on
peaches, but such data are not available for almonds.

Bushnell (1978) developed a net investment model
for change in acreage, that is, new plantings less
removals. His control model framework provides a
rigorous basis for econometric estimation and ex-
pected signs on coefficients. However, we argue here
that the supply response to expected profits is
‘asymmetric due to the immediate effect of removals on
bearing area and the lagged effect on production of
plantings. Thus, mathematical elegance 18 sacnﬁced for
practrcallty Wlth less than adequate data.

Removal Relationships

It would be desirable to specify rernovals for each
‘age group. However, such data are not reliable for
almonds and removals of nonbearing area were

neghgible for 1950-1980. Thus a function was specified

for removal of bearmg area only:
(3.14) RBA, = f(ERI1E : VARH , BA;, NBA,,, LU)

where variables not deﬁned n (3 10) are
.

ER,, = eXpeeted revenue per hectare for
cropi. o
VAR; = expected variance in revenue per

hectare for crop i.

index of farm labor input, Pacific
Region, 1950=100

LU,

i

New Plantings

The new plantmgs equatron has the same set of
variables as the removal equatron or

(3.15) NPAt f(ER;, VAR“ , BA“_, NBA,, LUt)
where NPA, = new plantings of almonds.

“An increase in expected revenue per hectare of
almonds would be expected to increase new plantmgs
(decrease removals); an expected relative increase in
expected revenue of competing orchard crops would
decrease new plantmgs (increase removals); an increase
in expected variance in almonds would probably
decrease new plantum (mcrease removals); an increase
in the bearing area would probably decrease new
plantmgs (increase removals), the effect of an increase
in nonbearing area is not certain; and decreased labor
availability is expected to encourage new plantings of
mechanized harvested crops such as almonds. Other
factors which affect new plantings include tree stock
avaﬂabﬂrty and water availability (particularly in new
areas in the southern San Joaquin Valley).

Yleld

‘There is considerable year to year variability in
yields (see Figure 1). When decisions are made on
price, yields are fairly well known, though culling losses
and late-season weather conditions may affect the final
outcome. Here, yield is taken as an exogenous vanable

- (or YBHU = yreld per hearmg hectare).

The stock demany ‘may be influenced by next year s_

pected price which, in turn, depends on expected
produ:ctlon and expected demand. Since expected
production is expected bearing acreage times expected
yield, it may be useful to analyze expected yields. One
possibility is:

(3.16) YBHU,: = f(YBHUt, YBHUt o ,YBHUt k)

- Production
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' Production is srmply yleld times beanng area or -

(3.17) PRODU = (YBHU) ¢ (BA,).
. Marketabie Production

- Prodii&ctierr’_;is deliveries to processors. From this is
subtracted computed losses of nonmarketable nuts

- giving marketable production, or
- (3.18) CLU
where CLU = computed losses.

= f(PRODU)

Marketable production (MPU) is
(3.19) MPU = PRODU - CLU.

The marketable production plus beginning stocks
gives the supply which is sold or held as ending stocks.



THE ALMOND BOARD OF
CALIFORNIA (ABC)

As noted previously, the ABC with approval of the
Secretary of Agriculture may declare reserves (i.e.,
require handlers to withhold certain quantities from
the market). In 1981 there was considerable contro-
versy concerning invoking this provision when a
record crop was forecast. The actual crop was
somewhat lower at 407 milhon pounds (184.6 metric

tons) of which marketable production was 383 million
pounds (173.8 metric tons). Not all processors were in

agreement on the advisability of invoking the reserve

provision. The economic implications of the reserve
provision are discussed 1n section 5 of this report.

Recall that prior to 1973, the ABC set levels of sales for

other than the domestic market as was shown in Table

13. _ . -
~ SUMMARY OF MODEL
 SPECIFICATIONS

The model essentially is a block recursive system.
The first block relates to processor’s decision about

what price to establish, given: (1) a desired level of

ending stocks, (2) expected domestic and export
demand, and (3) beginning stocks and marketable
production. The second block is market equilibrium
where supply equals demand. The third block is a
margin relation between farm and f.o.b. prices. The
fourth block is the orchardist supply response to
expected gross revenues. Also specified are the
relationships between productton and marketable

production (cullage losses) and the drversron pohmes of

the marketing order.
I. Processor Decision on Price
(3.1) max R = PAU ¢ QUU" + 3 PAU ¢ QU/’
s.t. domestic demand: QUU=I= = 1(...)
| export demand: QUj* = 1(...)
- desired stocks: SEU" =1{(...)

supply = demand: SBU + MPU
- QUU +QU
+SEU

domestic price = export price (1973

on)

IL. Market Equilibrium _
(32) QU;, = f(PAUy, Ry, TQy..;, POP;, E,
CPI, v; 7
(PUX, + TU,XDUXER;U)
= SBU + MPU - QUU - Z,QU;

(3.3) PAU;,
(3.9) SEU

. III. Margin Re!ation.s'hip

'(3.11) DFPAU = a + § DPCXU + vy)

IV. Producer Supply
Area Response

3.14 RBAt f(ER.*, VAR." , BA,, NBA,,
ﬂ't LUlt’ V3)

(3. 15) —= f(ER,; , VAR, , BA,, NBA,,
LUjp, va)

(3.13) BA,,, = BA, + NBAJ - RBA, - RNBA} |

Production _ - .

(3.16) YBHU, =f(YBHU, ;, YBHU,,,..., YBHU,,
tyy

V. Markemble Producuon
(3.13) CLU = f(PRODU vﬁ) _
(3.19) MPU. = PRODU;_ CLU

VI. Almond Board Reserve
Decision on dwersmn of MPU

Variable Defir mtwns
Endogen ous varzable.s'
QU;, -_-"'-_ uUs. ehtpments to market j (metrlc
tons)]“'B R
SEU, = U.S. ending stocks (metric tons)
PAUt = U S. f.o. h. almend prlee demestlc

market (3 f M;)a O

US. fo. b ‘_Iﬁ_eimend pnce export
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Exogenous variables

PASjt = price of Spanish almonds in jﬂ (foreign
currency), j = 7

QE;, = quantity shipped from Europe to j
(metric tons) (Note: used as alternative
to PAS; in estimated demand functions
as dlscussed 1n section 4), j = 7

QRW; = quantity shipped from rest of the world
to j (metric tons)

TQy.; = total almond shipments to j (metric

- tons), ] = 8
POP;, = population of j (millions), j = 8
DEjt = per capita personal consumption ex-

penditures deflated by CPIJ-, j_ =8

ER;U;, = exchange rate (foreign currency/$),j=7
TU;, = tra;lsportauon costs, U.S.10] ($/ M.T)),

- CPL; = consumer price index in j (1970 = 100),

_ =8

DU, = advalorem duty (expressed as 1.07 for

a 7 percent duty), j = 8 '

Ryt = prices of other inputs (k) at destination
E; = per capita personal consumption ex-

“penditures, j = 8

4. DATA FOR THE EMPIRICAL MODEL

The data set includes over 100 time series for the
years 1950-1980, as noted under variable definitions.
Detailed descriptions of the various series are given in
Appendix A. Here, the major sources and series are
described briefly for the primary variables.

U.S. PRICES, SUPPLY AND
DISPOSITION

Data on prices for recent years were provided
directly by the California Almond Growers Exchange
by the courtesy of Rex H. Lake. These prices are for
Nonpariel Supreme 23/25, f.o.b. Sacramento. Data
for the 1950-1966 period were obtained and reported
by Loyns (1968) in his excellent analysis of the industry
during which there were important differences between
domestic and export prices. Farm prices (kernel
weight) are reported by the California Crop and
Livestock Reporting Service (CCLRS) but are con-
veniently summarized by the Almond Board of
California (1985)

Landed prices in foreign markets are calculated as
described in equation (3.3) or more precisely in

Appendix B. Such calculations require data on

transportation costs, duties, exchange rates and
consumer price indexes for each importing country
(see discussion of data sources for “other variables”).
The Almond Board of California (1985) provides
annual summaries of data on U.S. shipments by
destination, carryover stocks (total and those with
June 30 committed sales), producer deliveries, com-
puted losses, and marketable production.
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Data on new plantings, bearing and nonbearing
acreages are reported by the CCLRS in Fruit and Nut
Acreage. The data on new plantings reported in a given
year tend to be much lower than the reported acreage
reaching bearing age four years later. Thus, the data
have been adjusted for this study (see Appendix C).
The CCLRS can only survey a limited number of
counties each year, and it is understandable why such
acreage differences occur. The estimates of acreage
response, therefore, are likely subject to considerable
error. This study, therefore, then places major empha—
sis on the demand side of the market. '

EUROPEAN PRICES, SUPPLY AND
- DISPOSITION '

The oniginal formulatmn' by Bushnell (1978) modeled
the handler allocation problem for European as well as
U.S. almonds. Particular attention was given to Spain
and Italy as noted in section 2. Information was
obtained on prices of Spanish almonds landed in the
United Kingdom from Gill and Duffus Group, Ltd.,
Edible Nut Statistics (1983) and on farm prices from
the Ministrio de Agricultura (1982). Prices for Italian
almonds also were obtained, but since Spanish and
Italian prices were highly correlated and Italian
production was of decreased importance, emphasis
was given to.Spanish prices.

European shipments to various markets are reported
by the U.S. Foreign Agricultural Service, World
Production and Trade in Tree Nuts (1980), and recent
unpublished data were kindly supplied by Kathleen



Moore of FAS who also provided data on shipments
from Morocco and Iran (rest of the world shipments).
These current estimates of such shipments should be
important information for the industry.

Acreage data for Spain (Table 8) and Italy (Table 9)
are from sources noted on the tables. Information on

new plantings and removals for these countries are not

considered reliable and thus the supply response for
Europe 1s not modeled.

' OTHER VARIABLES

Exchange rates for the July-June year were calcu-
lated from quarterly averages as reported in the
~ International Monetary Fund, International Financial

Statistics, (monthly) (1983). Consumer price indexes

- Yearbook (1983).

are calendar vyear data, averaged to give July-June
estimates, as reported in United Nations, Statistical
This source is used also for
population (July 1) and private final consumption
expenditures (calendar year). Duties were compiled
from various sources, such as the European Com-
mission, Annual Report (1980). Transportation costs
were obtained from the Pacific Coast European
Conference Master Tariffs for European shipments
and from the Pacific Westbound Conference Master
Tariffs. Prices of sugar are reported in European
Commission Agrarstatistik (1983). Cocoa prices are
from Gill and Dutfus Group Ltd., Cocoa Statistics
(1983). The filbert price is Turkish Kerrasundes,
London, ¢ +f, duty paid, as reported in Gill and Duffus
Group Ltd., Edible Nut Statistics.

5. ESTIMATES OF MODEL PARAMETERS

In this section, first, estimates are given of market
demand functions (equation 3.2) in per capita terms,
the margin relationship (equation 3.11), producer
supply relationships (3.14 -3.17), and marketable
production (3.18). Then, the model is expressed in a
- form useful for testing its performance over time.

'DEMAND -FUNCTI.ONS -

The econometric estimation of import demand
functions presents challenging problems such as the

‘treatment of exchange rates, prices (or shipments) of

competing countries’ goods, prices of substitute goods,
and selection-of an appropriate functional form, to
name a few. The various-appreaches that have been
used to estimate import and export functions have
been reviewed by Thompson (1981), for example, and

need not be repeated here. Further, since the period of

analysis has such strong trends in the U.S. share of
import markets, the data are not particularly ap-
propriate for sophisticated analyses of alternative
models. However, many alternative specifications were
attempted pnor 1o selectlon of the results presented
here. o | o

The U.S. demestrc demand funetlons and unport
demand functions, given in the modified equation
(3.2), express quantity consumed per capita as a
function of the price of U.S. almonds in the relevant
country and other variables. Per capita demand

- functions were estimated for 8 markets including the
United States, Canada, Japan, West Germany, France,

United Kingdom, northwestern Europe (Belgium,
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or perhaps a “habit” effect

Luxembourg, Denmark, and Netherlands) and three
European countries not in the EEC (Sweden, Norway,
and Switzerland). Netherlands and Sweden are treated
as representative of the respective country agregatcs'
for certain variables such as per capita income, duties,
exchange rates and transportation costs. All prices and
incomes are expressed in terms of deflated currency of
the importing country (and also a tnvral conversion to
1970 dollars). - v

The original specification expressed per caplta
consumption as a function of the U.S. price, the price
of Spanish almonds, pnees of confectronery mputs
(cocoa and sugar), the price of a competmg nut
(filberts), per capita income, and lagged per caprta_
consumption of almonds from all sources. Several
modifications were made due to’ problerns of multi-
collinearity. For this penod Spamsh and U.S. almond
prices were highly correlated and wrong signs resulted
for three major markets (U.S., Canada, and West
Germany) and insignificant coefﬁclents for the other
markets. The nature of these price movements is given
in Figure 6. Thus, per capita European almond
imports were substituted for the Spanish price

‘variable. Similarly, the input price coefficients

generally were not statistically srgnlﬁcant and several
had incorrect signs, and thus these prices were deleted
The lagged per capita eonsumptmn of all almonds was
replaced by lagged per capita consumption of U.S.
almonds, which provided coefﬁc;ents which generally
were more statistically significant. Thrs variable is
included to reflect the upward trend In consumptmn

- ‘-;;l ’ I
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The demand model expresses per capita con-
sumption in each of eight regions as a function of
blocks of predetermined variables such as U.S. almond
prices, per capita consumption of European almonds,
prices of filberts, per capita consumption expenditures,

and lagged consumption. As noted previously, a more
complete world model would treat European ship-
ments (or European prices) as endogenous, but
preliminary analyses were not satisfactory. Also, one
might argue that the CAGE opening price for U.S.
almonds may not reflect all sales for the season.

However, this specification seems ‘reasonable, gwen
the limitations of the data.

The equations were fitted by ordinary least squares
(OLS). This approach is open to criticism in that errors
across equations may well be correlated. Usually it
would be possible to fit the system using the seemingly
unrelated regression (SUR) model. The major obstacle
to using SUR was that the seven import equations used
data from 1960 to 1980 while the U.S. equation was for
1953 to 1980.1 Judge et al. (1980 p. 257) discuss the
problem of sets of equations with unequal numbers of
observations. The difficulties associated with possible
approaches to this problem seemed to offset the
benefits from simply reporting the OLS results.

The eight demand equations fitted by OLS gave
fairly satisfactory results, with R%’s ranging from .86 to
93 (see Table 14). All signs are consistent with a priori
expectations (except for the U.K. income term which
was 1nsignificant). As to the level of significance, 20 of
‘the 53 coefficients (excluding the constant terms) have t
values of two or higher; however, the standard errors
of the equations are higher than desirable in several
cases. The dummy variable for Japan in 1974 is highly
significant, reflecting trade problems following the
U.S. soybean export embargo of 1973. There is some
evidence of autocorrelation using the Durbin-Watson
test, but inclusion of the lagged independent variable
makes this test suspect. Analyses were run with

- estimates of p, but the results did not appreciably

change the regression coefficients or improve the
predictive power of the equations.

The reported price elasticities are calculated at mean
values but with the quantity (rather than price) of
European almonds held constant. Elasticities are
generally higher in European countries than for United
States, Canada, and Japan. As will be discussed later,
the use of linear demand functions for a per1od of
relatively constant real prices but sharply increased
consumption levels results in elasticities that decrease
over time. Various other specifications were attempted
such as double log and quadratic forms, but the results
here were considered preferable on statistical and
economic grounds.
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The original model, equatron (3.2), also specified
similar equations for consumption of European

- almonds. However, the econometric results were much

less satisfactory than those for U.S. almonds, and the
study was then restructured to concentrate on the U.S.
1ndustry One of the limitations of such a specification
1 treating European exports to various countries as
predetermined. If meaningful demand functions for
European almonds could be obtained, the model could
be restructured as a simultaneous system. At present,
this did not seem fea51ble due to data problems

MARGIN RELATIONSHIP

The relatlonshlp between the deflated farm price of

- almonds (in $/ M. T.) in the United States (DFPAU) is

expressed as a function of the deflated f.0.b. price of
almonds (DPDXU) which 1s a weighted average of the
domestic and export prices prior to 1973 and isequal to
the deflated f.o0.b. price (§/ M.T.) for all sales (DPAU)
for 1973 to date. The OLS estimated relationship for

equation (3.11) of the theoretical model is for the years
1950-1980:

DFPAU = -198.16 + 0. 9104 DPDXU
(2.76) (24 0)

where the numbers in parentheses are t statistics, R2 =

.95, and the D.W. = 1.87. The relationship, as expected,

reflects the close movement of these price series
(expressed in 1970 dollars per metric ton).

~ PRODUCER SUPPLY
Area Response |

- Theequations for removals (3.14) and new plantings
(3.15) onginally included expected gross revenue per
hectare for almonds and for walnuts, the variance of

- revenue for these crops, area of bearing and non-

bearing almonds, and a l*_ab-or availability variable
(following French and Matthews’ (1971) suggestion).
The coefficients on variances and expected revenue for

- walnuts did not have expected signs or improve the

explanatory power of the equations and thus were?' -
deleted. | -
Lagged gross returns per hectare are taken as a_ =
proxy for expected gross revenue per hectare. It would
have been preferable to use net returns as in Minami,

French, and King (1979), but there is considerable

variation between costs of old orchards and new
orchards in the San Joaquin Valley. Regression trials -
were attempted using various lagged responses. Table
5 reports the most satisfactory of the lags attempted,
namely the average of deflated gross revenue lwd 8
one and two years. .
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Table 15, U.S. Almonds:

Deflated
| ~ Gross Revenue,
Iten Constant Almonds8
Removals 3838.5 -1.2346
New Plantings -~ 12,102 4.4153
- {1.55) (2.45)
Net ChangeC -8,26&- 5.,6499
(1.00) (3.00)

Beating
BHUt*l; .

0. 02247
(4. 43)

-—0;021Ql-

(1122)

0,003
(2.36)

Area Co S s ©
[ . - . = L
. . . -
. - . . - A SRS --’; .
a-} - .
I| l T oTmEn Tl UL
. . . ST '_-'q.“.-- e e : .
- : :
.- N - - Al - . . .-'-r-- - ; - - - -. e
-0 . S Ry ) - = " - ¥
t: l Kot . I
P RTINS . |l s S . e :
|;:$ s -.:-.-._ o -*-'J'\"-\. A _"._ Tt - e S - - .. o
j.-.;:, R i L I -
., --u.-\.' R T e i '
. . L
P . I

_____

New Plantings, Removals and N&t Inveatment, 1952—1980 ; 

1 Summar? o
__Qtatiattcs_.

-e.ear:ra 60 1,43
(2 42) o
ﬂ ﬂ 2 1 ﬁ*ﬂ T4 _T- 1.2 1
| (Giﬁﬁ) A BT S e e
0. 05355 »;-19 11 ii_;fii25”wu
(0. 99) (1.65) o

8pefined as the average of gross revenue (deflated by the CPI) Iagﬂﬂd ama &ﬁd twa years.

bInconclusive test of autocorrelation.

CBy construction, net change coefficients equal the new pl&ﬁtiiﬁf

removals coefficient, since the same variables are inclugifﬂkﬁ“” |

" The coefficients assemated with deflated gross
revenue are as expected and are statlstlcally SIgmﬁcant
‘namely, positive for new plantings and negauve for
removals. Thus, there is additional evidence to support
the asymmetric modeling of supply response (i.e., gross
investment-disinvestment versus net investment).

The coefficients assocmted with lagged bearing area
“are reasonable. That is, other variables constant,
removals increase with increases in bearing area, at
least in the long run; and new plantings would tend to
“be lower as bearing area increases with given revenue

expectatlons ‘Other omitted variables undoubtedly

”affected new plantings, such as the drought years and
the State Water Project dehvenes The Durbin-
Watson statistics indicate such mlsspcmficatmn
However, it was not possiblé to find suitable time series
to represent such factors that ‘would be applicable
across the varied production regions of the state.
~ The sign on nonbearing area for new plantings is
positive but not mgntﬁca.nt This coefficient may reflect

the upward trend in new plantings and lagged -

nonbearing area rather than a significant economic
effect. Similarly, the negative effect of lagged non-
bearing area on removals may reflect the fact that
‘under favorable income expectations and a relatively
young orchard age distribution, the increase in
| nonbeanng area was associated with lower removals.
The lagged labor index, with negative sign, agrees
with expectations; namely, that reduced labor availa-
bility would tend to increase new plantings of a low
labor intensive crop such as almonds. This variable

was not statistically 51gn1ﬁcant however for the

removal equation,

‘These supply relatlonshlps far the 1952-1989 pened'
are not as precise as those reported by Carman (1981) "

: oo '.ﬁ'_'} a0
.- '.="-",I%:t"‘l#m.-i:.-':'- .,.\_.f-!._..:a_l.'t:.' 5 H
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MARKETABLE PRODUCTION

As noted previously, reported production at the

farm level 1s reduced by cullage losses (computed
losses) at the processing level. Marketable production

is defined by the industry as production less computed
losses. These computed losses vary by year depending
on insect and other damage to the almond crop. Since

The demand and acreage response models are
evaluated for their predictive accuracy for the years
included 1n the analysis and for one year ahead (1981).
Emphasis is given to the estimated total shipments
based on the domestic and import demand functions.
Yearly estimates of demand elasticities are presented
which indicate the current inelastic nature of demand
in both the domestic and export markets. This
characteristic has important economic implications, to
be discussed in section 7, on the use of the reserve
provision and use of marketable almonds for new
product development. The acreage supply response 1s
also bniefly discussed.

ESTIMATED SHIPMENTS

The demand equations were estimated in terms of
quantities per capita (Table 14). Here we are interested
in total shipments to domestic and export markets
which can be obtained (1) by multiplying estimated per
capita shipments by population for each year or (2) by
using the derived total shipment matrix of time-
varying demand coefficients described in Appendix C.
The predicted total shipments, of course, are the same
for each method. For the sample period (1960-1980),
the demand equations explained 86 to 93 percent of the

variation in shipments (R2 values in Table 14). Here we '
concentrate on the 1965-1980 period since shipmentsin

the early 1960s were relatively small.

Actual and estimated domestic and export Shlp—
ments, by country, are shown in Figure 7 for the crop
years 1965-1980. The estimated values track actual
shipments fairly well except for 1974{(when exports to
most countries were overestimated) and 1979 (when
domestic and export shipments were badly under-

estimated). Table 16 gives aggregate data on actualand

estimated domestic shipments and shipments to seven
export markets. Actual shipments to these export
markets increased from 92,327 M.T. in 1978 to 122,097

6. EVALUATION OF THE MODEL
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these losses are fairly well known by the industry when
f.o.b. prices are set, marketable production is con-
sidered as predetermined for the empirical model. In
the 1970s these losses have ranged from4t0 10 percent
of farm production (see Table 7).

M.T. in 1979 concomitant with an increase in prices:
Quoted prices increased in nominal terms from $3,483
per metric ton in 1978 to $4,255 in 1979; 1n deflated
terms from $1,979 to $2,128 respectively. While the
model predicted an increase in shipments, 1t was far

below the actual level. Apparently, some handlers sold

exports below the reported CAGE price; however, the

1979 farm price in nominal terms was also above the

1978 levels ($3,197 in 1978 -and $3,373 in 1979).

For the 1965-1980 period, the percentage root mean
square error is 11.9 percent for all shipments, 9.2
percent for U.S. shipments, and 17.0 percent for
exports to the seven markets (excluding 1968). For
1981, the model predictions fall well within the
expected range, with percentage errors of 2.7 percent _
for aggregate shipments (United States and seven
export markets), 10.2 percent for U.S. shipments, and
2.6 percent for exports to the seven markets. Further
refinement in the demand specification and the data is
desirable. As noted, numerous specifications were
attempted before selection of the equations reported

‘here. Additional years of data may improve results.

Predictions beyond 1981 were not possible due to
delays in reporting European shipments. Updating
these variables should be of interest to the industry.

The data on stocks were unsatisfactory. Importers’
stocks are not reported, and U.S. stocks are not -
reported until about October 1. Because a July-June
year is reported for shipments by destination, stocks
were also reported as of July 1. But these stocks include
both “committed sales” and “stocks not committed.”
There is considerable variation both in the total stock
position and in stocks not committed expressed as a
percentage of total stocks or total supply (see Table
17). It 1s not possible to reconcile shipments by
destination data and stock data as of the end of a
marketing period, when marketing extends beyond
July 1, in fact, marketings continue until the new crop
is available for shipment in September. '
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U.S. Alimond Shipments: Actual and Estimated,' 1965-1980 and
Predicted, 1981 (July-June year) in Thousand Metric Tons.
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Table 17. U.S. Almond Stocks as of July 1, 1950-1982

Not Committed Stocks

Total Endi ng

Year Ending Stocks Stocks as a as a Percentage of:
Beginning | Total Not Percentage of | Total ~ Total
Julv 1 Suppl Total Commi tted Total Supply | Supply ~ Stocks
cmmemweeeMetric TONg==—==mwee  cecccwwcsemooene= Percent—=—=m—wewaenexww=w
1950 20,886 3,605 3,409 17.3 16,3 - 94.6
1951 22,459 5,191 4,583 23.1 20.4 88.3
1952 21,159 4,039 3,932 19.1 18.6 97.3
1953 21,858 4,235 2,662 - 19.4 12.2 - 62,9
1954 24,323 3,672 2,100 15.1 - B.6 57«2
1955 21,091 2,095 1,672 9.9 7.9 80.0
1956 29,397 8,113 6,444 27 .6 21,9 79.4
1957 24,503 4,847 2,542 19.8 10.4 52.5
1958 13,575 2,742 1,972 20;2 14,5 - 71.9
1959 40,945 10,243 6,716 25.0 - 16.4 65.6
1960 34,512 6,466 5,018 18.7 14.5 17.6
1961 38,809 9,306 4,785 24,0 12,3 51.4
1962 33,285 4,621 2,966 13.9 - 8.9 64.2
1963 35,217 5,382 3,582 15.3 10.2 66.5
1964 42,904 8,999 4,460 21.0 10.4 49.6
1965 44,717 7,894 3,723 17 .7 8.3 47 .2
1966 50,887 11,720 6,272 23.0 12.3 53.5
1967 48,998 10,507 2,063 21.4 4.2 19.6
1968 46,929 8,228 1,705 17.5 3.6 20.7
1969 66,511 11,577 2,599 17 .4 3.9 - 22.4
1970 75,935 13,709 6,895 18.1 9.1 - 50.3
1971 - 83,550 8,500 1,215 10.2 1.4 14,3
1972 72,927 7,259 1,510 10.0 - 2.1 20,8
1973 73,680 13,661 4,486 18.5 6.1 32.8
1974 112,386 39,733 22,738 35.4 20.2 57.2
1975 116,925 26,904 8,468 23,0 T2 31.6
1976 143,835 33,673 8,965 23.4 6.2 26.6
1977 162,861 42,728 13,886 2642 - 8.5 32.5
1978 116,405 17,129 5,580 14.7 4.8 32.6
1979 175,211 35,811 9,139 20.4 5.2 25.5
1980 174,223 46,122 18,209 2645 10.4 39.5
1981 219,901 73,036 35,488 33.2 16.1 48 .6
1982 223,069 81,149 38,955 36.4 17 .5 48.0
Source:  Almond Board of California (1985).
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ELASTICITIES OF DEMAND

Elasticities of demand for the United States and
seven import markets were reported in Table 14
evaluated at the mean values of prices and shipments.
These elasticities, however, have changed markedly
between 1965 and 1980, due to a relatively constant
real price for almonds, increased shipments of
almonds, and the use of a linear demand function on
which the elasticities are based. Estimates for selected
years are given in Table 18. |

The U.S. demand elasticity is about -0.30 in recent
years.! The import demand elasticities for the seven

major markets are based on the parameter estimates in

Table 14 using real, 1.¢., deflated, import prices. These

values vary considerably by time period and country
(Table 18). In the 1960s when U.S. shipments were
small to most European markets, import elasticities

- were highly elastic. Italy, Spain, and Portugal were the
major suppliers to these importers. However, later

decades, the United States became the major supplier,
import elasticities decreased markedly. The weighted
average elasticity for the seven import markets was
<0.36 1n 1980, compared to-3.31 in 1965. Thus, in 1980
the domestic and export markets have elasticies that
are approximately equal. The derived export demand
elasticity equals the import demand elasticity when
transfer costs, duties, and r-:xchange rates are ac-
counted for. '

I. Recall that the demand equations specify shipments as a function of U.S. price, European shlpments (rather than price)
and other varlables Européan prices were not used due to high coilinearity with the U.S. price as discussed previously.

Table 18, Demand Elasticities for U.S. Almonds,
Selected Years, 1965-1980

Elasticity of NDemand by Year:3 _

1965 1970 1975 . 1980
Domestic Market (U.S.) -.0.41. - 0.31 - 0.27 - 0.30
Export Markets (7)P - 3.31 - 0.87 - 0.43 - 0.36
Canada - 0.68 - 0.33 - 0.22 - 0.21
Japan - 2.34 - 053 - 0.25: ‘ - 0.26
West Germany ~11.13 - 1.76 - 0.59 - 0.44
France - 4,14 - 1.10 - 0.38 - 0.23
United Kingdom ~ 0.97 = 0442 - 0.23 - 0.22
Northern Europe ' - 6.85 - 0.83 - 0.38 - 0.36
Norway, Sweden - 1.54 - 0.67 - 0.49 - 0.54_-

8Calculated by using per capita demand slope of Table 14 (holding
European quantities constant) and deflated prices and actual per

caplta quantities.

bWeighted by total shipments from the United States.
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ESTIMATED NEW PLANTINGS
"AND REMOVALS

Actual and estimated new plantings and removals of
almond area (in hectares) are shown in Figure 8. Note
that the “actual” data are revised estimates of CCLRS’
published plantings figures. (See Appendix D for
- reported and revised acreage data.) The new plantings
equation (Table 15) explained 74 percent of the yearly
variation in the revised plantings data. Predicted and
“actual” plantings are shown in Figure 8 for the 1965-

1980 period and for three years beyond the sample.

The estimating equation tracks the changes but does
not capture ‘the large increases in 1973 and 1974
assoclated with very sharp price increases. Also, the
equation overestimates plantings in 1976 and 1977
when drought conditions affected water availability in
the San Joaquin Valley.

The root mean square error for plantings was 40
percent for 1965-1980, and 51 percent for 1981-1983.
This measure is particularly affected by the large errors
in the years noted above. Here again further refine-
ment of area response is needed. Results for new
plantings and removals necessitated a focus only on
short-term response, rather than attempting long-run
simulations w1th “less than accurate” econometric
estimates. '

The removal equatlon (Table 15) explamed only 60
percent of the yearly variation, but tracks changes in
removals quite well as shown in Figure 8. However, the
root mean square error is high for the period 1955-1980
(184 percent). One characteristic of this measure is that
over-predictions tend to exaggerate the overall error
for the period. If extreme values associated with 1958,

1962, and 1963 are excluded, the root mean square

error for_ the 23 year period is 49 percent, a value that
corresponds to that for the predicted years of 1981,

1982, and 1983 (51 percent).

New Plantings

o -l-- ek
o N &

Thousand hectares

1955 1960 1965

Thousand hectares

1955 1960 1965

Source: See text.
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1970

1970

Figure 8.

1975 1980 1985

Removals

1975 1980 1985

U.S. Alimond New Plantings and Removals:
- Actual and Estimated, 1955-1980 and
Predicted 1981-1983, in Thousand Hectares



7. ECONOMIC ANALYSIS

| The econometric model of the almond industry and
the demand relationships in particular provide a basis

for analyzing some problems of importance to the

industry. In this section the following questions are
discussed: '

. Can the demand relatlonshlps aid decmlon
makers in setting the opening price quote for

- almonds?
2. What is the quantitative effect of price versus

exchange rate changes on quantities imported?
3. -What are the probable effects of Spain and

Portugal joining the European Community on
- U.S. shipments to European markets? |
4.  What are the short-run prospects for almond

supplies, given bearing area, nonbearing area,

- and stochastic yields? And what are the longer-

- term prospects for the industry?
5. What role does the reserve provision play in
short- and medium-term planning and pricing?

PRICING OF ALMONDS

The theoretlcal model of Seetlon 3 hypothemzed
that a major decision for a cooperative firm would be
to establish a price such that desired levels of sales in
the domestic and export markets and desired ending

stocks would result, given beginning stocks and .
marketable production. Here we illustrate how the

model works for selected years 1n the sample period
and for one year ahead (1981).

- The 31mp11ﬁed model 1s as follows:
(7.1) max R = PAU OQUU +PAU o ZQU*

subject to:
domestic demand cQUU*=1(.. )
export demand :}ZjQU** f(..)
desired stocks SEU* = {(. . )
sales to ROW =QUROW = exogenous
'sup_-pl__y - =SBU + MPU ' _
net supply S’ =SBU + MPU -QUROW

- SEU

where the variables are as previously defined, and
where one f.0.b. price is set for domestlc and export'

sales.

The basic information required to determine a price,
given supply, is the per capita demand functions (see
Table 14). Next, these per capita demand coefficients

4]

are converted to total demand relatlonships by
multiplying through by the relevant population for
each year and also by converting the importer demand
functions (in foreign prices) to derived U.S. export
demand functions (in nominal U.S. dollars). Essential-
ly, this requires the slope coefficients to differ each year
since exchange rates, consumer price indexes, and
other vanables change each year. The explanation of
this conversion from per capita import demand
functions to total shipment export demand functionsis
given in Appendix C. o '

The resulting equations for each year (from 1973 on)
may be expressed 1n matrix form as:

(7.2) By y, *+ By PAU + B, X, = u,

where
By =8x8 identity matrix
7 =8x1 vector of shipments (QU_])
B, =8x1 vector of price slopes
PAU =price scalar for year t
B, =8x46 matnx of coefficients -associated
with all predetermined variables except
price (see Appendix Table C-2 for first
~ eight equations which exclude variables
- in the mnth equatmn-—36 37 38, '
and 46)
Xy =46x1 column vector of exogenous

variables except prices (i.e., 3...46in
Appendlx Table C-2) 1nclud1ng the
~ intercepts but excludlng vanables 36,

37, 38, and 46. |

For a given year, the exogenous variables (3...46)

are evaluated and added for the eight equations glvmg

the quantlty intercept term of Flgure 3. Similarly, the

eight price slopes are added, giving the aggregate price

slope. Equating supply S’ to demand and solwng for
price, we have -

- '8

'(73)3' 3 By X,-Z By PAU,or

1=1 1=1
(74) S'= A’ - B’PAUI, or

(7.5) PAU = (S8’ - A)/B’
where _ | _ _
PAU =neminal priee of almonds, $/ MT |

S’ - =marketable production (MPU) plus
- beginning stocks (SBU) less shipments
to the rest of the world (QUROW) less

ending stocks (SEU)



A’ =aggregate intercept term for all
equations, including such variables as
Income
- B”  =aggregate of price slopes for all
equations

Evaluatlon of Equatmn (7.5) for 1980

As noted previously, the coefﬁcwnt values for the

B;’s change each year as do supplies. For 1980, the
values are as follows: -

S =111,510 M.T. marketable production
(138,412) plus beginning stocks (35,811) less
shipments to the rest of the world (16,591) less
actual ending stocks (46,122). (alternative

assumptions on ending stocks will be
evaluated shortly.) -

A’ =151,056 M.T. = the aggregate demand
quantity intercept

B" =-8.7936 the aggregate demand slope with
positive levels of exports

Using equation (7.4) where supply equals demand, we
have '

_ 111,510 = 151,056 - 8.7936 PAU.
Solving for price, we have
PAUI930 = $4 497

ThlS pnce estimate is about 7 percent higher than the
actual price of $4,211/ M. T. as would be expected since
the 1980 predicted shipments were about 2 percent
lower than actual shipments. -

-~ Next, we compare the actual and predicted price for
years in_fthé]sample when domestic and export prices
were equal (1973-1980) and for the crop year 1981
which was not in the sample.

Evaluatlon of the Prlcmg Model for 1973-1980

The accuracy of the pricing model is a functmn of -

several factors: (1) the prediction error in the demand
for almonds, (2) the elasticity of demand, (3) the
treatment of “desired” level of ending stocks, (4) the

- assumption on shipments to the rest of the world, and

(5) the assumption that all handlers charge the same
- price for exports.
The prediction errors for shipments (U.S. and seven

export markets), as shown in Table 19, are reasonable

- except for 1979 as discussed previously. The resultant
error 1n the calculated price usmg equation (7.5) and
actual ending stocks and shipments to the rest of the
world will depend on the elasticity of demand. As
shown in Table 19, the prediction error in price is
approximately equal to the prediction error in
shipments divided by the elasticity of demand. The
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trend toward more inelastic demand in recent years
places increased emphasis on the need for more
accurate information on demand for almonds in both

 the domestic and export markets. Information from

brokers in certain countries undoubtedly should be
used to complement econometric estimates with
aggregate data. For example, if the low predicted price

- for 1979 were quoted, sales would immediately exceed

expectations and the opening price quote would
undoubtedly be raised substantially. -

The level of desired stocks will also influence the
price that is established, since there is a tradeoff
between higher prices in the current year and higher
levels of ending stocks—and vice versa. The analysis
used the actual level of ending stocks in estimating the
supply level (S'). In 1980, for example, the actual level
of ending stocks was 26.5 percent of supplies (marketa-
ble production plus beginning stocks). If processors
desired ending stocks to be 20 percent of supplies, a
price of $3,215/M.T. would have to be set. The actual
level of 26.5 percent of supplies gave a price of $4,497,
where a stock level of 30 percent of supplies would give
a price of $5,196/M.T. if the demand functions were
reasonably accurate. The tradeoffs between price and
ending stocks are givenin Table 20 for the years 1973 to
1980. These results bring into- question-the linear
specification of the demand function, but attempts at
estimating alternatwe functional forms were not
successful. '

The level of endlng stocks should be dlsaggregated

~ into committed and noncommitted levels, as noted

previously. Such.refinement in stock data and the
associated shlpments by destination for the relevant
period could improve the estimates. Further, the
decision on ending stock levels is influenced by
expected production in subsequent years. With this
mdustry, production would be expected to increase,

given nonbearing acreage and yield trends; however,

the fluctuations in yields makes yearly predictions
difficult at the tlme prlcea must be set for the current
Crop.

Evaluation of the .Pricing.Model_ for 1981

The 1981 season is a particularly difficult one to use
for testing the econometric model, since productlon_
and beginning stocks exeeeded all observations in the
1960-1980 sample” penod "The prehmmary Ccrop
forecast was for production of 450 million pounds
(204,000 M.T.) and the reserve provision was re-
quested, as will be_ discussed in a later subsection.
Actual productlon was somewhat lower (407 million
pounds), but marketable. production was 26 percent
above the 1980 level and bcgmnmg stocks were 29
percent hlgher S |
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The CAGE opening price was $2,447/M.T. for
1981, compared with $4,211 for 1980—a 72 percent

decrease. However, it is reported that some other

processors sold almonds’at under $1.00 per pound
($2,200/ M. T.) (CAGE, Annual Report, 1981-82, p. 2).
Using the 1981 pnice of $2,447/ M.T., shipments to the
United States and seven export markets were predicted
at 122,755 M.T. or 2.7 percent lower than actual
shipments. The elasticity of demand for total ‘ship-
‘ments, using actual prices and shipments and the
estimated slope of the demand function, equaled -0.18
or about one-half the value for 1980. The percentage
error in shipments (2.7 percent) divided by the elasticity
of demand (-0.18) gives a rough approximation of the
error in price: 15 percent. The procedure described in
equation (7.5) estimates that with given supplies (S),
demand effects other than price (A”) and the time-
varying demand slope (B), would suggest a price level
of $2,106/ M.T. for 198]1—an underestnnatlon of 13.9
percent. |

There are several avenues for future research: The
use of a linear demand function appears to under-
_estimate the elasticities. There is evidence that deflation
by the consumer price index of the respective country
~may cause difficulties. Estimates of equations that
should be updated each year to reflect changing
conditions, are hindered by delays in information on
European shipments by source and destination. (The
latest published data available from the Foreign
Agricultural Service are for 1981-82.) In spite of these
and other limitations, the results prowde a framework
~ for incorporating information from other sources.

Suppose an analyst had information that the estimated
level of the demand curve was too low due to new

- product development or successful development of

new markets. Such information could be used to adju.st
the level of the demand curve.

THE EFFECT OFEXCHANGE RATES

Changes in the exchange rate aided industry exports
from 1968 to 1979 and have been detrimental from

1979 to 1984 (see discussion 1n Section 2). The 1mport _

demand curves explicitly use exchange rates in
calculating prices facing importers. Here, a com-
‘parison is given on the effect of price versus exchange
rate changes on quantities exported.

The 1980 supply and demand curves are defined as
follows: - -

(7.6) Supply: S’ = 111,510 M..T. via equation (7.3)
(7.7) Domestic demand: QUU = 52,433 - 3.1112 PAU
(7.8) Export demand: QUX = 98,623 - 5.6823 PAU

(7.9) Export demand using the 1980 West German
exchange rate (2.06DM/ $):

QUX = 98,623 - 2.7584 PAU e ERWGU

Pnce Elasticity of EXpOl't- Demand (r]xp)
The price elasticity of exports is defined as:

(7.10) nxp = 9QUX PAU
SPAU QUX

= 27584 2. 06) -" 4211/68, 202 035

Exchange Rate Ehstieity of Export De’mand (nxer)
‘The export demand function (7.8) was expressed in
terms of the West Germat exchange rate (2.06) and

U.S. price since ‘West Germany is the major importing

country, as shewn n equatwn (7.9). Supply (S’) 18

equated to denteetie p1u§ export demand or

(. 11) 111,510 [52,433 - 3.1112 PAU] +

[98,623 -2, 7534 PAU . ERWGU]

- Rewnte (7 11) ae

@G 1112 +2. 7584 ERWGU)PAU 39, 546 or

(1.12) PAU = 39 546/(3.1112 + 2.7584 ERWGU).
'- Subsututmg (7 12) 1nte (? 9) gwes B '
omeux= '

9% 623 2 7534 ( ...................................._.............39 346 ERWGU
LS 1112 +27584 ERWGU

l * 39 ERWGU

Substltute the exch ge rate (ERWGU =2.06) into

(7 14) and take the paftlal derwatlve of QUX W1th ﬁ.

e iR,
Rt
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SPAIN AND PORTUGAL AND
- THE EEC '

Currently, exporters in Spain and Portugal face the
European Community import duty of 7 percent. On
entry into the EEC, they would have a 7 percent price
advantage over U.S. exporters. One might expect a
supply response there to a more favorable price;
however, it is not clear where (or whether) this new
- ahnond area in Spain would be developed.

- Spain increased specialized plantings from 201,500
~ hectares in 1960 to 515,600 hectares in 1980 and
- production has increased (recall Table 8). However,
yield has remained low in comparison with the
irrigated California yield (0.10 M.T./hectare to

compared with 1.2 M.T./ hectare in California). Nor

has Portugal’s production increased appreciably.
Moulton (1983) has analyzed the implications of

- European Community (EC) enlargement on the

almond market. His general conclusions (p. 67) are:

EC enlargement would eliminate the already
modest EC tariffs facing Spain and Portugal.
Consequent changes in market shares would be
insignificant because of wide variations in
almond qualities, taste preferences, and terms
of sale. Considerations concerning anticipated
production increases and uncertainties about
trade policies will likely be more important
than those concerning enlargement.

Analysis of area developments in Spain would be an
important area of research. Perhaps of equal im-

portance would be analysis of irrigation development_

projects in all Mediteranean climate areas such as in

Turkey. Production trends of other nuts such as

filberts (hazelnuts) also should be considered. In
‘conclusion, an analysis of supply response by Spain
and other producers was inconclusive due to data

- problems, but we emphasize the need for further

research on countries such as Spain and Turkey.

U.S. SHORT-RUN SUPPLY

Production 1s dependent on stochastic yields and
bearing area. Information available in 1984 includes

~ bearing area, yields and production through 1984 and

also the nonbearing area that will reach bearing age
through 1987. Estimates of new plantings and removals
are given in Table 21 for 1984 using the equations in
Table 15. Removals for 1985-88 were assumed to
remain at 1984 levels, based on the reasoning that while
old trees would be removed, cropplng alternatives
would not be sufficiently attractive in the next few
years to induce removal of other almond acreage.
Yields were projected using the equation shown in

45

Table 15 (based on the years 1950-1980). Actual and
estimated yields for 1960-1980 are shown in Figure 9,
as well as actual yields through 1984 and projected
values through 1988. Although objective crop forecasts
of yields can prov1de a good indication of crop size in
July before pricing decisions are made, forecasts for
several years ahead must rely on past relatlonshlps
such as in Figure 9.

Projections of area and production are also given in
Table 21 for 1985-88 based on the above assumed
relationships. These results are indicative of continued
pressure for the development of new products and
markets in the years ahead. Although these point
estimates are subject to large errors associated with the
yield variability noted in Figure 9, and also with errors
In estimating removals and new plantings, the infor-
mation should be useful for industry planning.

THE RESERVE PROVISION

The reserve provision of the federal marketing order
for almonds was discussed previously in Section 2 of
this report. The reserve was used in the 1950s and 1960s
to encourage export sales and to maintain higher prices
in the domestic market than in the export market. The
reserve was not used much in the 1970s due to
favorable export markets and the decision to price

“almonds the same in both markets. Here, we discuss

the use of the reserve in the 1980s and the economlc |
effects of the reserve provision.

The reserve provision was imposed by the Secretary
of Agnculture for the unusually large crops of 1981
and agamn in 1984 at 25 percent of marketable
production plus July 1 beginning stocks. In 1981, the
early projections were for a crop of 450 million pounds
(204,000 M.T.). The actual crop was about 407 million
pounds (184,816 M.T.), and it was possible to release
all supplies from the reserve by May 1982 due to
favorable export markets. There were strong dif-
ferences of opinion in the industry as to whether the
reserve should be declared. If it had not been used,
prices undoubtedly would have been lower since 25
percent of total salable supplies were initially removed
from the market. The inelastic nature of both domestic
and export markets would indicate sharp price declines
which would depend on stock holding decisions
(ending stocks in 1981 were 33 percent of total salable
supplies). -

The 1982 total salable supphes were about equal to
those of 1981 but the reserve provision was not used.
However, a market devlopment reserve was estab-

lished at 3 percent of marketable supplies (i.e., stocks

plus recelpts less losses). Prices were set somewhat



Table 21. Almond Area, Yield and Production, Selected Years, 1976 to 1988

Nonbearing Area¢ Bearing Area

As of | ] Year 2 Year 3 Year | | Yield per
May 31 | New Plantings = 0ld Trees = 0ld Trees 01ld Trees Added Removals Total | Hectare Production
i -------------------- hectaree --------------------------- metric tong~—w—w-

1976 | 4,147 - -— - —— —— ——— ] — —-
1977 | 3,007 3,828 — ~—- ——— e R T —e
1978 | 5,008 2,614 2,888 — ——— e - | —— e
1979 | 9,558 5,008 2,614 2,388 ———— -—— __133 286 I | —— ——
1380 | 9,355 9,558 5,008 2,471 l 2,888 2,498 133,676 l 1,092 145,966
1981 | 11,867 9,355 9,558 5,008 2,290 2,078 133,888 |  1.380 184,816
1982 | 5,553 11,867 9,355 9,558 5,008 1,251 -ew137;6a5.| o 1.143 157,276
1983 - | 1,161 5,553 11,867 9,355 9,336 2,818 144,163 | 0.76! 109,723
1984 _""'""_"6_5 284C | 1,161 5,553 11,867 9,355 l"'3' 425 l 150,073 | 1.774
1985 | 5,284 I 1,161 5,553 11,867 | 3,425 ~ 158,515 1.22 193, 3R8
1986 o 5,284 | 1,161 | 5,553 | 3,425 . 160,643 1.30 208 ,R136°
1987 5,284 |_1,161 | 3,425 158,379 1,41 223,314
1988 5,284 160,238 1.30 zna,anq

3,475

8Rased on acreage data in Appendix C. |

bpashes indicate not relevant for present analysis.

Chata below the line are estimated as explained in the text. | o

dpstimated production as ef September 1985'wae 204,000 metric tons, somewhat ‘higher than ebteined frem the yvield
function. -

€Due to poor spring weather, the 1986 erep i1s expected to be well below thie eetimate et the time this repert was
prepared. ‘

18
16 |

1.4 estimated o ' L x

12
-
§"' 1.0 | |
= 08
s

06

0.4

0.2

1990

, 1980

_ 1970
Source: See text.

_ Figure 9. ' o
C:al_ntornla Almond Yields (metric tons per hectare)

~ Actual and Estimated 1960-1984 and
| Predicted, 1985-1988
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higher than for the 1981 crop ($1.33 per pound for
Nonpareil Supreme 23/25 for 1982 compared to $1.11
for 1981). Ending stocks were about 37 percent of total
salable supplies for the 1982 crop. The short crop of
1983 allowed reduction of stocks to 23 percent oftotal
salable supplles ‘with prices set at about $1.65 per
pound.

The unusually hlgh ylelds of the 1984 crop plus
increased bearing acreage resulted in production of 587
million pounds (266,222 M.T.) as noted in Table 21,
with cullage losses of 4 percent, and beginning stocks of
90.6 million pounds, total supply was 654.4 million
pounds. The industry continued the research and

development reserve of 3 percent plus the reserve
provision of 25 percent. Prices were set somewhat

lower than for the 1982 crop at $1.27 per pound, and
sales were at record levels in spite of the high dollar,
due to depleted stocks in many import markets
according to industry sources. |

It 1s difficult to quantify the short- and long-term -

This study analyzes the California almond industry’s
growth from 1950 to the 1980s with emphasis on the
domestic and export markets. Trends in production,
consumption, and trade are analyzed by country.

Consideration is given to market structures and
government policies that influence economic trends.
Particular attention is given to the effects of changing

exchange rates on market demand.
The econometric analysis centers on estimating
domestic and import demand functions for major

markets of U.S. almonds. Considerationisgiventothe =~
effects of European almonds on the demand for U.S.
almonds as well as the effects of changing real income

and competing nuts (filberts). The results indicate a

highly inelastic demand of about -0.33 in both markets.
The effects of exchange rates are analyzed. For

example, production and exports were stimulated as
“the dollar depreciated from 1968 to 1979, and then

effects of the reserve provision. However, with the -
sharp fluctuations in yields shown in Figure 9, it is

evident that use of the reserve allows short-term

stability to prices and grower returns. Members of the
cooperative have to pay for storage costs associated
with the reserve and other stocks. The level of these
costs depends on prices set and the related demand for
almonds. Thus, there is the tradeoff mentioned
previously between price and stock levels. The
prospective supplies for the next few years noted in the
rough calculations of Table 20 indicate the importance
of continued new product development and of new
markets. In the long term, the reserve provision’s

~ success will be influenced by the capricious nature of

~ weather on yields and producer response on new

plantings and removals. The reserve provision is not
intended for a long term withholding of stocks, but it
does allow time for the development of new products
which may be required to reduce high stock levels, 1n
certain years. |

depressed exports as thé dollar appreciated from 1979
‘to the mid-1980s. The elasticity of exports with respeeti"_ o
to the exchange rate is estimated to be about one-third =

as large as the price elasticity of export demand.

Supply response also was analyzed for "Callﬁifﬁl_'nia; B :
considering factors affecting new plantings, removals, - .

and yields. Although results were not considered

precise enough for long-term analysis of the industry,

short-term production prospects were estimated

through 1988. The highly variable yields of almonds

make point estimates subject to considerable error.

47

8. SUMMARY AND CONCLUSIONS

However, it is evident that large supphes will be

. produced during the decade.

The demand functions were used in esumatlng an
equilibrium price, given supplies and exogenous
factors such as income and population in various
markets. Findings suggest that errors in predlctlng
shlpments are compounded by a highly inelastic

~ demand when estimating price. Alternative demand

functional forms were explored but were found to be
unsatisfactory. |

Information on 1mporter s stocks would appear to
be an important variable to include in the analysis;

~ however, such data are not published. On the supply

side, there 1s considerable error in reported new
plantings compared with later published estimates of

- acreage of trees say three years old. Funds for

improved sampling of counties might be important to
the industry.
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APPENDIXB

~ provides the methods uwd in these calculations.

 Caleulation of Landed U.S. Almond Prices

Prices were unavailable for U.S. almonds landed in

the different export markets and so these were -
calculated from the known f.o.b. U. S export price m R

the following manner. |
PU_]t = (PUXt + T j()DU_]t o ERjUt

where RS - .
PU,  : duty paid c&f price in k-th country
' currency
PUX, : United States f.0. b (or L. as) exl:aort.
- price in U.S. dollars
TU;  : transfer cost from Umted_ States in
' | country k
DUy . ad valorum duty on US. almandsg_
' entering country k (‘7% duty is wntten |
as 1.07) |
ER;U, ; exchange rate between United States

ofj curnency/ $US.

Ifa speclﬁc duty were to be lev1cd then the transfer'

costs would include that duty The transfer costs used
were the freight rates. e .

The model was estunated in a common currency* L

. domestic pri
- domestic price and the export price [PXU = PAU

An cxample of the conversion is given for the West

* German price coefficient. The per capita consumption

(QCUWG) was expressed as a function of the landed

- _pncc ﬁf U S almqnds in Wcst Germa.ny (DPUWGt)

. whem
- (PXU : TUWG,) DUW, e ERUWG, o 100

'ERWGU g5 ® CPIWG,

o We now msh to express total shlpments in terms of
nominal U.S. prices (PAU,) and other variables. The

original coefficient associated with DPUWG;, is by 4
shown schematmaﬂy in - Appendix Table C-l We

~ desire to use coefficient B, ; associated with PAU in

Appendix Table C-2.
First, the export price can be expressed as the
e less the price difference between the

~ (PAU -PXU)]. Second, the additive transportation

- dollars and k country currency. In umts;.v .

(U.S. dollars), and following the arguments of - -

Bjarnason, McGarry and Schmltz a base year (1970)
exchange rate was used.

PU,($70) = PU, + ERY ;(1970)

by the (current) consumer price index.

. DPU-t($7o) PU,($70) + CP;
DPukt($70) . PUwG70)
~ CPI,

In the text the niotation ($70) is normally suppressed,
except in mtuatlons where to d{) 50 might cause

amblgmty

APPENDIX C

A final transformatmn used was to deﬂate this prlce o .:'.,;Table C"2

Tatal Shlpment Demam_ Tmre—Varying Coeﬁclents

Thc statistical demand analysis was in terms of per

capita shipments for U.S. demand and import demand -

functions for seven countries (or groups of countries).

For purposes of analysis, it was necessary to convert
the import equations to derived export demand

equations. Due to nonlinear terms, the total shipment
demand coefficients differ for each year. This appendix =

78

‘multiplied by the coefficient b,
B (POPWG() to ﬁbtalﬂ th@ ttme-varymg cOCfﬁGﬁnt ﬁ4 T
This calculation is shown in Appendix Table C-3. This
_coefﬁc1ent B“ then applies equally to PAU, to the

' '”calculatlons ﬁercaplta esum‘awd smpments multiplied

cost (TUWG) can be expressed as a separate variable.
The remaining terms in equatlon (1) .-are then

4 and by population

and 10 tramportatlon Costs In
tal shipments. As a check on these

by the population for a particular year gives identical
vahm as obt: neé by using the derived coefficients (/31]) '

vanabiﬁ gwen m Appendlx -'

o ix T able C-3

Equations for Convertmg Per Caplta Demand Co-

. efficients of Appendix Table C-1 to the Total Ship-
~ ment Demand-
' pendlx Table C—Z,

3

'_é:-'_'mt—Varymg Coefﬁments of Ap-

- United States

ﬁ (F b“[(POPUtO 190) CPIUt]
By b
By =0
Biui = bi7((POPU,» ERUUK)+ (CPIU# 10)]
By = byps[100+ CPIUJ
Bis = by [POPU POPU, ]
Biag =0

o 3?1'539 o “l,#i '[POPU&] .
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b, , [(POPC, ¢ ERCU, e 100)
(ERCU g7y ® CPIC,)]
where ERCU197O =1.0152

B |

b 10 .
b2’13 [(POPC, e ERUUK, ® ERCU,) +
(ERCU197O ® CPICt ® 10)]

by 26 [100 + (ERCU g5, ® CPIC))]
b, 34 [POPC, + POPC, ]

; b

a, [POPC,]

b, ; [(POPJ, « DUJ, » ERJU, e 100) =
(ERJU197O ¢ CPIJt)]
where ERJU197O = 357.575

-B3 |
B3 |
0

0 .

b3,27 [(100) ¢ (ERJU197O ¢ CPIJt)]
by 35 [POPJ, + POPJ, ] '
a3 43 [POPJ;] -

West Germany

By =

T
e
b
1

T
N
e

1

T
P
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by 4 [(POPWG, e DUWG, e ERWGU, e

100) + (ERWGU 979 ® CPIWG,)]
where ERWGUlg‘?O = 3.60

'ﬂ4,]

| B4,1

by 12

= by 2[(POPWG, e ERUUK, ¢ ERWGU)

+~ (ERWGU g5, @ CPIWG, ¢ 10)]

by 25[(100) -+ (ERWGU 470 ® CPIWG,)]
b4 36 [POPWG, +~ POPWG, ]

a4 44 [POPWG]

bs s [(POPF,  DUF, ® EREU, » 100)
+{ERFU 9, ® CPIF))]

Bs,)

Bs |
bs 3

/35,_11 =

Bs 16 -
ﬁ5,24 -

0543 ~

ﬁﬁ,l - b6,6 [(POPUKt ® DUUKt ¢ ERUKUt ¢
100) +~ (ERUKU 479 ® CPIUK)]

Bes = B¢, '

Be33 = B,

Bsg = bg 14 ,

ﬁ6,ll = b6,22_ [(POPUKt) - (ERUKU1970 ¢

- CPIUKy o 10)] -

Be,17 = bg 30 [(100) + (ERUKU g9y @ CPIUK,)]

ﬁ6,25 - b6,33 [POPUKt - POPUKt_l] .

a6,44 - a6,46 [POPUKt] . '

- Northern Europe
B7, = b;7[(POPNE, e DUN, e ERNU, e 100)
- where ERNU1970 =3.5890

By = By

Br3s = By,

Br9 = bys

37,1 ;] - b7,23 [(POF’I“E,t ¢ ERUUKt. ERNUt) -
ERNU g7, ® CPIN, ¢ 10)]

B718 = by3; [(POPNE,  100) ~ (ERNU g, o
CPIN, e POPN)] =

By = by39[POPNE, + POPNE ]

Q745 = Q747 [POPNE(] '

bs »; [(POPF, ¢ ERUUK, ¢ ERUF,) +
(ERFU 979 ® CPIF, @ 10)]

b5,29 [(100) - (ERFUI_97O ¢ CPIFt)]
bs 37 [POPF, + POPF, ]
35,45 [POPFJ

~ United Kingdom

Norway, Sweden and Switzerland

Bg, =

3

T o

j.'m 0

—_— o
1} 1

Bs s [(POPSC, » ERSWEU, » 100) +
(ERSWEU 9, ® CPISWE,)]
where ERSWEUIQ?O = 5.1788
-Bs
bg 16 .
bg 24 [(POPSC, @ ERUUK, » ERUSWE,)

~+ (ERSWEU g5, ¢ CPISWE » 10)]

™
00
O
1

81

bg 32 [(POPSC, ® 100) + (ERSWEU ¢,
o CPISWE, ¢ POPSWE,)]

bg 49 [POPSC, = POPSC,_]
&g 4o [POPSC]



Appendix Table D

Almond Acreage in California: Reported and Revised, 1966-~19832

82

Age
0 ] 2 3 4 5 6
As of (new |
May 31 slantings)
16,850 11,370 8,602 5,897 5,292 5,678 4,996
1966 22,701 15,850 11,453 8,331 6,948 5,797 5,760
' (0)4 (0) (0) (0) (0) (0) (0)
16,195 19,015 13,461 9,833 7,227 6,517 5,795
1967 18,915 22,701 15,850 11,453 8,331 6,948 5,797
(0) (0) (0) ~ (0) (0) (0) (0)
14,948 18,580 21,704 14,900 11,333 8,117 6,917
1968 € 18,915 22,701 15,850 11,453 8,331 6,948
- (887) (0) (0) (0) (0) (0) (0)
17,101 13,803 18,900 21,884 15,530 11,453 8,219
1969 18,535 14,061 18,915 22,701 15,850 . 8,331
(0) (0) (0) (0) (0) (25) | (0)
- 16,009 16,888 13,646 18,915 22,076 15,522 11,363
1970 19,731 18,535 14,061 . 22,701 15,850 11,428
| (0) (0) (0) (76) (0) (0) (0)
17,596 18,839 16,547 13,500 18,595 21,986 15,819
1971 18,436 19,731 18,535 14,06} 18,839 22,701 15,850
(0) (0) (0) (0) (0) (0) (0)
14,955 18,436 18,796 16,825 13,391 18,457 22,301
1972 o ° 19,731 18,535 14,061 18,839 22,701
| (19) (88) (0) (0) (0) (0) (0)
19,506 12,467 17,878 18,236 16,782 13,634 18,555
1973 24,154 14,936 18,348 19,731 18,535 14,061 18,839
(0) (0) (0) (0) (0) | (0) (0)
24,129 19,951 12,485 17,730 18,556 16,903 13,497
1974 33,564 24,154 14,936 18,348 19,731 18,535 14,061
(0) (0) (0) (0) (0) (0) (0)
17,992 29,213 20,744 12,643 17,891 18,707 17,201
1975 23,419 33,564 24,154 14,936 18,348 19,731 18,535
(0) (0) - (0) (0) - (0) {0) (0)
10,247 19,805 28,534 20,719 11,959 17,816 19,168
1976 "y 23,419 33,564 24,154 14,936 18,348 19,731
(789) (0) ~(0) (0) (0) (0) | (0)
7,430 9,458 20,269 29,983 20,808 11,422 17,842
1977 - . 23,419 33,564 24,154 14,936 18,348
(971) (2,323) (0) (0) (0) (0) (Q)
7,963 6,046 6,837 21,357 30, 604 22,031 12,878
1978 12,375 6,459 7,135 23,419 33,564 24,154 14,936
(0) (0) (0) (0) (0) | (0) (0)
11,091 10,521 6,459 6,666 21,647 31,391 23,569
1979 23,618 12,375 . 7,135 23,419 33,564 24,154
(0) () (353) (0) (0) (0) (0)
14,163 17,988 11,161 6,106 6,649 22,332 31,540
1980 23,116 23,618 12,375 o 7,135 23,419 33,564
(0) (0) (0) (448) (0) (0) (0)
24,975 21,803 22,974 22,928 5,658 6,976 22,532
1981 29,322 23,116 23,618 12,375 ° 7,135 23,419
(0) (0) (0) (0) (215) (0) (0)
11,293 27,998 22,562 23,618 11,884 5,269 6,876
1982 13,722 29,322 23,116 . 12,375 5,443 7,135
(0) (0) (0) (549) (0) ~ (0) (0)
2,869 13,722 29,322 23,116 23,069 12,375 5,443
1983 4,881
2,107 4,881 15,183 32,465 24,405 24,600 12,729
1984



Appendix Table D (continued)

Age - Revisnaed
7 8 9 1¢) 11 Other Non=- Non=-
As of Bearing bearing Total Bearing btarlngh Total
May 1}
(s s ot e e 23,399Cm e e ) 78,891 107,278 53,697 160,975
1946 102,290 113,847 65,283 179,130
(2,438) 2,41849
. 76,799 117,37} 63,731 183,102
1967 5,760 99 852 118,357 77,250 195,607
{n) {2,523) _ 2,521
$,775 5,48  (=meemneee- 231,096 =e—wanccnnua T4 ,23) 123,786 81,465 205,251 (124,165) (8),867) 208,032
1968 5,797 5,760 97,329 | 126,456 B1,576 208,032
{0) (0) | | 1,949) 2,836
6,948 5,769 5,726 (== 22,905 wnw=w) 72,395 133,495 87,218 220,71} {13),669) {90,062) 223,731
1969 ® 5,797 5,760 | 95, 3480 140,009 83,722 223,731
(7) (0) (1)) (1,058) | 1,090
8,224 6,923 5,764 3,721 (22,853%) 71,469 147,839 87,534 235,373 (148,429) (93,943) 242,372
1970 8,331 6,941 5,797 5,760 | 94,322 - 162,203 80,322 242,372
0) . Q {N (0 {},368) | l,444
11,428 3,331 6,940 5,797 92,955 169,016 85,077 £54,09) 189,762) (89.,602) 259,364
1971 ) . - . 98,715 184,832 74,531 259,364
{2,233 | | 2,233
15,765 (verucevvewmamareial] )] temrvoeraawn e mnaa 90,972 198,912 69,012 167,924 |
1972 15,850 128,978 200,429 711,857 272,086
(0) | | 2,977 3,084
22,619 15,850 ennrawneaell 38]Comansecamana) 88,420 213,44} 68,087 281,528 | o - B
1973 22,701 » 126,001 215,987 77,169 293,156
(0 71 - - : | | (1,397) | SO | SR 1,468
18,542 22,487 15,670 vwmenwd] 45 Ceanaa ar,153 230,259 74,295 304,554 ! | | :
1974 18,819 22,701 15,779 124,604 | 211,250 91,002 325,252
(0) 0 {0) - {931) | - 931
| 13,637 18,601 22,645 15,561 37,560%) B6,113 247,948 80,592 328,540 | | - o
1975 14,061 18,839 22,701 15,779 123,673 - 251,667 96,073 347,740
(0) (0) {0) {0) {3,365) - | S . 3,365
16,746 13,555 18,709 22,71 15,779 120,308 256,741 79,296 6,0 |
1976 18,53% 14,061 18,819 ¢ 136,087 263,238 91,384 354,622
{n) {0 {) (4S5) 4b,H83) - 5.517
19,731 16,959 13,734 18,819 22,654 131,404 273,417 67,140 340,557 |
1977 ¢ 18,915 14,0k} ¢ 154,060 282,664 73,871 156,535
(1,150) 0) (o) 943 },481 6,868
17,723 17,285 18,535 14,061 17,896 152,579 303,592 42,203 345,795
1978 18,348 18,581 ® * 170,475 312,654 49,388 362,042
{0) {0) '39) 80) (6,610) 6,729
13,594 18,273 17,784 18,496 13,981 14} ,865 322,602 34,737 357,339 |
1979 14,936 18,348 13,581 ® t177,846 | 329, M4 49,587 378,931
{0 {0) (0) {(267) (5,903) ' 6,523 -
21,9717 14,279 18, 348 17,981 18,229 171,943 324,878 49,418 74,296 -
1980 24,154 14,936 ¢ 18,581 190,172 | 330,309 63,213 395,524
{0) Q) {(52h) . 0 - (4,608) | 3,582
(,209 26,154 14,493 17,019 18,581 185,564 326,206 41,500 - &7, 106 o
1981 33,564 ® 14,936 17,822 204,145 330,833 88,431 419,264
[0, (124) ) {0 (2,752) - 3,09)
22,372 30,98) 24,030 14,429 17,822 201,393 334,258 85,471 419,729 |
1982 23,5419 33,564 ¢ 14,936 219,215 340,117 89,778 429,059
{0 0) (314) {N) __(6,649) | 7,512
7,115 23,419 13, %4 23,716 14,916 212,566 1%6,22) 659,029 . 425,252 | |
1983 227,502 356,223 69,029 425,252

SReported acreage, given in the first row for each crop year, {s from the Callfornia Crop and Livestock Reporting Service, Californis Fruit and Nut
Acreage, various {ssues. The revised acreage data, given i{n the second row for each year, represents estimates of new pIiE?TﬁE:-T;Ei icTeage
by year of planting based on subsequent reporte by the CC & LRS. Por example, the 1983 report indicates 4-yesr old acreage of 23,069, The 1982
report gives J-year old acreage of 23,618, Indicating removals of 549 acres in 1983 (see third row for sach year). The 1981 report, however, gives
2-yeat old acreage of 22,974, which is leas than that reported for J-year olds in 1982 of 21,618, Therefore, the vevised figure of 23,618 is used
for 1981 and ft alsc carries back to l-year old treés in 1980 and new plantings in 1979. Note that the najor revisions are made in the nonbearing
acteage, and by the time the trees reach bearing age, the acreage data revisions are a smaller percentage of reported scresgs.

bThe definition of nonbearing age was 4 years and older prior to 1972 and 3 years old and older thereafter, giving a sharp drop in nonbearing acreage
in 1972. The series on bearing and nonbearing age weve adjusted as follows: 1968 nonbearing acreage = age 0-1 acreage plus 80X of age & acreage;
1969 = age 0~1 acreage plus 60X of age § acreage; 1970 » age D=3 acreage plus 40X of age & acreage;: 1970 nonbdbearing acreage = age 0-31 screage plus

20X of age & acreage; and 1971 = age O-3 acreage plus 20X of age 4 acreage. The bearing acreage series equals the revised total acreage, less the
adjusted nonbearing acreage. | | | .

CReported total for S-year cohort.

dRemovals for period between May 31, 1966 and May 31, 1967, and similarly for subsequent years.
®Dot indicates no correction needed in reported screage.
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