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1. INTRODUCTION

This study analvzes economie relationshiye in the Claliforaiz almond industry,
inciuding sunply relationshipe for Oslifornm almonds. demand for California al
mends, aud supsly celatienships for Bpan. the key haolgn competivor 49 the Cal-
Fornia alipond industry. This isformetion 8 used 10 shnulate industey behavier
under alternntive parketing pabicies thuy van e fmiplomented wader the indusiry's
Almond Marketing Crdes.

The resuits from thiz dudy ars potentizily imporiant o the Califersis almend
ipdustry andd o the state’s ngricnbral cvonomy o general Almeonds are an impor-
tant agricsitaval orop in Califorsia, and the siate & the world's dominam supplier
of sleonds, snaually producing from half 1o threedonrtns of the world's supghe
The 1881 crop coosisted of 470 milhos pounds with a farm valoe of sboot ®# mil-
Eon doflars, maiting zhmends Cailforaias most importast tree crop amd s ninth
rrost important agrienitural peodues overall 1Y an aproved undesstanding of tho
eeopomic refationships is this mlastry can hely guide poliey to enbance industry of
ficieney Azl profitebility, the ndustry mptioipgots will el divectly and, through
multinlicr effovts, o will afhor sectors of the Califpraiz economy.

Califurnis aimonds are macksred vnder the auspless of 2 foderal marketing or-
der initiated in 1950, and sehepquently vovised several times. The mackeling o
der authorizes the industry [wilh the approval of the Socretary of Agricalturs} to
ropaninte the Aow of almonds to the market through implemontation of o reserve
polies Undergtanding the suppivedemand relatlonships In the industey 5 orucial
o conducting au optimal seserve poticy, Providing soch information and anelvzing
alternstive marketing stratenies are lndamestal purposes of the present stidy,

Fhe pext two chagters of the sepoert aanlyse almond sappety w Californin, Chap-
ter T anplvaes the determinants of vear-to-yonr Juetuutions in almond vields. Us-
dovstanding the determinants of vield le crucial 1o developlng crop Brecasis whieh,
in turn. are ey inpuis to developlng reserve strategies. 'Fhe work it Chapter 2
extends previous anaiyees of almend yield by demenstrasing the impoctapoe of the
aye distributisn of freos angd developing an mproved 2nadysiz of almonds’ alter-
mate besring cvele, The model 2l quantiBes & stzong negative eovrelation between
yields and rainfz!l doving the Fabruary Lloois peniod.

Chupror 3 focuses o short- to wedium-ras aoveage nospanse i ehe industry, The
chaptor advances the propositios tha?, seer the long cun, supply in the industre will
be very respentve 19 changes w price and profitability, implying sthay pelicies o in-
crease prices and profies will pvemually be offset by supansion of aeveage in almands.
Howerver, the thoe 1o $8 adjustment in a perennial <rop ndastry such zs slmonds
miay he rather long. soggesting that the magnitudes of short- to medium-rug sup-
oty adinstments hoth domesiically sned oversiss are the ey factors detsemining the
auecess of pragrams designed to reise prices thrugh supply restriction or demans
eNpaEion.

Chaptor 3 provides = sonespinal devviopmment snd statistical evtimaiion of aco-
aomic models to peadict both plantiegy and rememds of almond sereage in Califor-
aia. The resulis document = posisive relalionship botween plantings and expecied
revenuay and an imverse relationship between planting and variabie production sosts.
As expocted, these relationships arve reverved when semoyaly wre considered. These
awrdek eneble the analyst, armead with revenue vrofetions from a possidde wdus-
try pulicy. to guamily the vatdre of supply response o price changes and this o
projest the ong-run eJecis of policies 1 expand demand or restziet supply.

{mr analysis of slmond demand indiuntes 1hat the msin substitute for Cabifiraia
simonds |¢ phmonds growm elsewbere i the world, which today essenbally means
alponds grow s Bn Spain, Thus, owr sealvsis of competitar supply response in Chap
ter 4 fovused of the Spamsh Smond pdosiey, Vil and asresge response models
simnbsr to those estimaied for the Californis tndustry i Chapders 7 and 3§ ave ssti
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mated for the Spenish mdustry. Spaim hag the poatersial 1o Mires wde” an policies
ardertaken Iy the Unlifornin industry sledng to 2xpand demand or reseriot supply,
Thus, how Spals responds 1o these marker forces s imporiant to the success ar
fniture of gsuch policies.

Chapter 5 discysses the mponant domand conceprs $hat apely to the ahmond
industry. Chapter § presents the results foom aoalyses of demand for gimonds m key
attnondé-consuming counirizs, The specific countries studied aze the Unlted States,
Jspan and the Buropean Comennaty (BO) countdies of France, Gormany, Ialy, Tae
Nethorlands, sed The United Hingdom, The malesr abvond consuming countries
and their relative importance are depicted 1o Figure 1.3, A oy vonclusion smerging
from these country-level analyses of demand 18 that domand is inelastie {refutively
snroxponsive to price changes) in mst countsies, with the Untied States spoenring
ve be an sxception. This conclusion has kwportant impBeations for resorve policy
that are explorsd i Chaplers § and 7.

Anorher bnportant congiuvion from the demand analysis s that substitigios
refationships besween abmonds sud othey nurs ave rathey weak. Filberte appos
to he & modestly important sebstitute in Gorrsaey But are caiher wimportam
eigewhore,

Chapters 6 and 7 disouss integration of the supply and demand snalyses to
generare simulation and optimization wodels of the almend industry thar are thep
used e study hehavier aader alternstive moarkeling srder sientogies. Chaptor §
describes » Hexiblo simulation model that can project slimond industry resposse 1o
a witle range of markes shocks, Valldaticn of this madel iz alse diseussed in Chapter
% as 18 o of the model for shorttoom foreeastivg of productien asd price.

Chapier 7 iz favated 1o analysis of supply conteot srratepies suder the Almond
Marketing Dirder. Hae of the sizauiztion modsl te analvaze indusisy ousevmes under
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alternative markeling stratogies revealed an important tradeoff from tmplementa-
tion of policies 1o maximize year-to-year profits to the Califorpia almond industry.
Policies thst raise profits in the short run stimulate expanded alemond acreags, catls-
ing incressed prodoction and reduced profits i the long ror unless progressively
mare stringent supply controls ate applied. Chapter 7, thus, desorihes comstruction
snd anslysis of an sptimizatios model which, given the indasizy stoucture dovel
apad in Ohapters 8-5, sobves for the trajectory of supply management strategies
thar maximizes discounted profits 1o the Califernia almond industry over a Byeae
horizon. Various vestrictive sizategies are develppet and comparad with the overall
optimal sirategy.
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2. CALIFORNIA ALMOND YIELDS

2.1 Introduction

Tetal production of ahmonds during = gives yuar is a function 6f toisl bearing acreage
and average viekis, This chapter presents 5 model of Uslifrnie slmond vields shas
cat: be used to predict produstion from 2 given bearing soreape. Thapter § deals
with the longerran acresgs response that nchades adiustynents 1h beating screage
resuling from phanlings and remowab,

i the post-war period, total U5, slmend preduction grew fom 38,508 pounds
{kerned welightt in 1046 40 456,200 pounds in 1080, an wmorease by a factor of gver
11 in just 45 years. Figure 2.1 shows the time path of total production. The
tremendons growth in production is due to increases in both bearing acreage and
average yields. Dhiring the post-war period bearing acresge increased hy a factor of
four, from abeaot 0500 acres in 1050, to 168,500 azres in 1970, apd 356,800 acres
in 1992 Dwring the e period, avorage yield per acre tripled, from sbouwt 500
pounds per zore (kerned woight) in 2050 Lo 1,540 pounds per acre in 1992 (both
years s “high” yeays in tlm aberuate-bearing oycle)

The dramatic growth s average almond yields i Blustrated in Figors 2.2, Yiord
s afected in 2 sevnlor way by changes n tochoology and chiseyes in cublatal prac.
Heas, i oa cyclical fashion dus o siterate booring patierns, and by random vark
ations in wearher, post problems, and so o, Ip addition, besanse yields vary as
trees mafure {and sventuslly deprediatel, average visld depends sysfematially on
changes in the awe structure of the populaticn of traes which, in . depends on
the past pattern of invesimenis in new plantings and removals of orchards, I this
chapter we will clevelop models of average yields of beariog almonds that incorporate
variables to capture these eforts over time.
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2.2 Facts and Notions Abont Yields
Technological Change

The California almond industry has adopted a number of new technologies over time.
These include mechanical harvesting, improved irrigation equipment and methods,
and new varieties that permit higher planting densities and earlber achievement of
maximum yields. Some of these changes (e.g., mechanical harvesting) may have
had their main effect through saving costs rather than increasing yields per acre
but yield-enhancing technical changes have certainly been important, as can be
seen by the growth in yields over time (Figure 2.2}

Much of the techunological change in almond production has been embodied in
the trees and the land on which they are grown.! If infurmation were available on
the timing of the introduction and adopticn of new technologies and their expected
impacts on yield, such information could be incorporated into a yield model. Un-
fortunately, as is commonly the case, we da not have aceess to such information.
Because adoption of new technology tends to occur gradually and smoothly over
time, especially when that technological change is embodied in capital that changes
gradually, it is often useful to represent changes in technology by linear tirne trends
in yield models. That practice is followed here.

Vintage Capital—Yields and the Age Distribution

The yiclds of almond trees vary through their life cycle. For the first two or three
years after planting, nut praduction is so low that harvesting is usually not justified.
Yiclds for young trees have typically increased enough by the fourth year to justify
harvesting; in fact, the California Agricultural Statistics Service (CASS)} now classi-

"Hae and Carman (1975} discuss modeling supply response of perennial craps in the presence
of this type of technelogical change.
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fies almonds as nonbearing for the Hest three years and hearing in the fourth year.?
Yiekis of bearing almond trees ineresye until abent the eighth yoar when shey tend
to reach el maximum potentisl, This majiugs leysl of yields iz sustained yngi!
approxizmatoly 4ge 25 when yields hegln 1o decline. The eoonomivally optimum age
at which to vproot and replace trews depends primarily on the shape of the vielc
curve in the growth and deeling phases, the bickogival mintivnahip, It i abo may
bo seasitive to soonomly variables, sepecially the interest rais, beeanse a decigion
o replant presives foregng some current vield from oxisting (declising} trees and
waiting In order eveniually 10 #22 higher vields fom the replaconents?

If the age-rrofile of vields wore stable over Ume, or ¥ yighis for troes of 2 partie
ular age wevg kuown, &g they wore for the ching-peach orchards aualyzed in Franch
srd King {1858), i would be reasonably easy 1o relats tiw average yisld of a pep-
ulation of trees Lo ite age distribution. In addition, & stable yieid-age relationship
implies that the optimal age at which to replace trees would be to a great extent
cunstant, (oo, Complications arise, however, when new varieties are developed that
have different shaped viehlage profiles, ang when daiz s desenbe these changiog
profiles are unavailable. In addition. sther sspecis of new technology can change
the vield-nge relatineshin. For instance, mechanical harvesiers stress fmoos 30 that
their mselal, produriive life i3 shorter than if they were hand-harwgtisl, While the
gross relatignship hotween the ages of troes amd average yields wil be reflecied in
the sggregate daty 1o sane exteni, changieg vieldoage mrofies wwr thse wmean that
there mav not ke @ stable or meamingiul relationshin bevwswn the ape distribation
snd average vickds Thus, in the absence of data on the ihming of tochoolagical
change, i s ne? possible to have girong views on b relatiombip hetwees averape
¥ields apgd ihe details of the age distributien af trees althongh one would expezt o
see some cfficets of chaxges in the age distribution on average vields.

Alternate Besrig

Many wee crops a3e charactorized by abterpate (ny Dienniall hearing cycies in which
& *high” wear, witk shovenvorage yields i fliowed by 2 “low” vear with below.
average vielgs, Alternsteboaring cycles may be wt off by unsual weather svents,
At the industry level, when weniber is common avoosy wowers, alernate-bearing
patierns show up in the apgrogaie data. Allerpaie-bearing patterns are likely 2o be
tews smporiant in sggrogaie whes hifferent growess are subiect 1o differcas wosther
patierns 25 will happen when proeduction ik geogrsphically dupersed. The inpor-
tance of alternate-hepring patierns, thorefore, may dicimish over time if an fudistry
gxpands gengraphivally and may became maore hngorteny sver Hime € ao indusiry
hecomes ore goographically coucentrated. Aliernate-bearing paitorns may ehso be
controlled to sorne extent by cultural practices, and diffevent varieties may be more
or less susceptible to slternate hearing,

Tan orchard is clasvified o8 “bearing®” by CASS when i reaches o age 50 whith It can aormally
Lt exoectes (D produce & commergiadly signilcant guantily of tie oron. Hicee this de@iaifoe o s
wenprajizaiion, Fope muy b harvssiad Tom some wechards olassified s nonbsering. Por almonds,
the number of vears dyting »Ehh tvess am mentined ag monbowrey Ioes heen cBanged Lwles
19TE the momber of nonbeming years sas coduoed froem B do 4, and then e 1960 it was further
reduced froer 4 0 3. Aveenge duta seriss wetd BT the possent aterdy weve sgdiuzoed to 4 nonhearing
vears Bor the fotal yerind of ansbysie.

F3%en (1G58} Heeusers Lhe sooitmee of archard roplaremient and prosenis wi smpirical oxam.
g For almoeedz e his sppeeddiy table Uip, 11Y, O shows yiaids, conis, and returns &7 a new
almessi crohas) oo ioctod B yeass iobo the furere

FEar i ance. FEDRGEe Ehat the meradurtion of denser nianting e T 5 earlier achievernent
af maximun yiciis aid higher makimum yields per acee and that thisn techeeiugy 5 atroduced
progressively over thime us tvevs age and thetr replacemzud boeomes ecanomic. [k this scenario,
the data could shew that an averoge immature trees (embodying igher vield for age] could yisld
more per acre than matwre ey even though for each pasticulas vimage of trees the yvield-age
relationshin was o the other dircotion.




There are some questions about whether almonds are truly a biennial-bearing
crop, and if so, to what extent. Despite these questions, the yield data in Figure
2.2 show some clear and strong year-to-year fluctuations in state-level yields. In
addition, the fluctuations seem to have become larger over time. Whether these
patterns are due to alternate bearing per sc¢ or some other reason, there are cycles
in the data that must be incorporated in the yield model. Previous studies have
used different treatments in attempting to capture alternate-bearing effects in yield
madels for almonds. Dorfman and Heien (1989) used the simple procedure of includ-
ing a dummy variable for odd-numbered years as an intercept shifter (a year-to-year
shift in the function} to represent alternate bearing. Dorfman, Dorfman, and Heien
(1988) used a more sophisticated procedure that attempted to identify statistically
whether the previcus year’s vield was ahove or below average and measured an
alternate-bearing ¢fect in current yields that depended on the size of last-year's
yield relative to the average or expected yield. Both of these studies used county-
level data to cstimate yield models and in both cases, while the alternate- bearing
effcct was statistically signilicant. it was not very important as a compoenent of the
yield variation explained by the models,

Weather

California almonds are less susceptible to weather canditions than many other crops,
in large part because they arc grown under irrigation. For many crops, especially
those grown under natural rainfall, a significant source of weather-related yield
variation is rainfall variation during the growing season. California’s dry summers
are advantageous for many crops, including almonds, hecause they allow growers
almost total control over the supply of water to the crop during the growing season.
5till, for the California almond growing industry, rainfall is the most important
weather variable affecting yields. This point is documented by Dorfman, Dorfman,
and Heienn {1988, p. 27

Almonds typically bloom in Februnary and March during California’s
rainy season. Almond trees cannot self-pollinate, but must be pollinated
by another almond variety. For this reason, almond orchards always
contain at least two varieties of trees planted either in alternating rows
or in two rows of one and one row of the other. Because cross-pellination
is necessary, bees are vital to a good crop. If it rains too much during
the bloom period. pollination by bees is inadequate and the almend crop
is small.

Darfman, Dorfinan, and Heien (1988) and Dorfman and Heien (198%) found that
February rainfall was a statistically significant explanatory variable in their yield
maodels, While other weather conditions such as temperature mnay affect Califernia
almand yields, significant impacts of variables other than rainfall during the bloom
period have not been isclated.

2.3 Forms for Yield Models
The Production Function

Dorfman and Heien {1989) assumed that the production function for almands is of
the fixed-coeficients, or Leontief, type. Thus:

n
Q=Y wheAin, (2.1)
t—0

where @, is production in year ¢, 3., s the average age-specific yield per acre ol
trees aged i years in year . A,, is the number of acres of trees of age ¢ years in year
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f, and 1 years is the useful life of trees. As noted earlier, non-bearing almond trees
in the age categories of 1, 2, and 3 years will have average yields equal to zero.

Age Distribution Effects

In year f, the age-specific yields of trees aged i years are affected by the values
of systematic trends {73, random factors such as weather (W], alternate bearing
patterns (2}, and other factors represented by a random residual (). A linear
model with those components is:

Mo =tin+ oD+ oiwWo+ o, pDe + 6,y (2.2)

If the slope coefficients and random efects in this model are canstant across age
categories of trees, then equation [2.2) may be written as:

Wit —apt+oard +awW +apD +e. {2.3)

Substituting this egnation into equation (2.1} and dividing both sides by total bear-
ing acreage {A;), where total bearing acreage is the smnmation of acreage by age
{A;¢) for all tree ages in the bearing category, leads to the following equation for
average viclds per bearing acre (g ):

: Ay .
% = Z 24,0 I-?j arTy +awhs +apDy + e (2.4)

In practice, bearing trees of different ages are usually aggregated into 2 smaller
number of age classes—say voung-bearing (¥ B}, mature-bearing {M B, ), and okl-
bearing trees {Q84), as in Alston, Freebairn, and Quilkey (1980), where B, =
YA, + MB, + O}—and a time-series econometric approach is used to represent
the alternate-bearing component.® Thus:

ey = ﬂy{i‘y.g + ﬂ,ifé’,u,; + e @o  + ﬁ'g ~+ @(L]yt + £, (25)

where the @'s refer to the fractions of the acreage of hearing trees in the categories
voung (¥), mature (M), and old {3}, respectively, and ${L) is a lag structure
reprasenting alternate-bearing effects on yields.

Alternate-Bearing Effects

The alternate-bearing component could be expressed as an arbitrary distributed
lag. Experimentation with that idea led to the use of a second-order auloregressive
model {two lags of vield] to represent alweroate bearing. That is,

B(Lye = a1y + 022,
which is equivalent to the alternative representation,

DLy = byt Bty — vr_u)

where by = @1 — gz and &, = —as. This specification was superior to the use of
lower- or higher-order lags in (erms of yiclding estimated coefficients with plausible
signs and reasonable magnitndes.

How do we reconcile this structure with what we know about vields? One way
to think about this is to decompose the yield into two parts, 2 long-run normal
part {y*), which is independent of any cffects of weather, other random effects, or

3Dorfinan, Dorfman, and Heien (1958) and Dorfman and Heien (1989) provide explicit examples
of time-series approaches ta pick up alternate-bearing effects.
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alternate bearing, and the part due to the effects of current and past weather, other
random effects, and alternate bearing. Then the madel above may be expressed as:

Y — Lr; =+ (_‘tufl’Vt t 'I’(L}y! + €.

where
Y T ovevy — axda + 200, + arT,-

If the previous year's vield (v, _1 ) was above the current long-run expected value
{27 ), we would expect to see a negative alternate-bearing effect on yields in the
current year. But last year's yield might have been above normal for a variety
of reasons, unrelated to the alternate-bearing cycle. Une measure of whether last
year's yield was high {i.e., above its long-run normal value) due to alternate bearing
is if it was higher than the yield two years previously (i.e., w_| » m_32). These
types of arguments support the idea that to represent the current year's alternate
hearing effect we necd to include vields from at least two past vears. The idea here
is that the size of any alternate bearing effect on current yields depends on hoth
{#) whether last year's yicld was above its expected value, and (#) whether it was
above the value from the year before. Formally, this can be written as:

QL) =l —w) v {p-1 —p-2).
Substituting this expression into the yield madel and consolidating terms gives:
==y g v (o — 2t ap W, t e
Substituting for 3 and simplifying leads to the following regression model:
=00+ Fr @y + Jodon + 37D+ o b v (o — geo2) oW ey,

where By — ay(l — v, Jo = apf{l — ], and 37 = ap(l — ). Note that the
mature age category (M B,) has been dropped for estimation purpeses to allow
solution of the least squares regression model.

Interpretation of Coefficients

Some of the coefficients have ambiguous signs. The coefficient on trend is expected
to be positive, and it is expected that the coefficients on weather {measured by
rainfall during the bloom period), the [raction of young trees, and lagged vields all
will be negative. In the cvent that yields are distributed symimetrically around the
normal value due to alternate bearing (so that the magnitude of the “on” eflect
is equal and opposite the magnitnde of the “off" coffect) we would expect to find
<1 = — 1. This implies that this year's yield is expected to be below (above) normal
by the same amount as last year's yield was above (below) norinal. The coefficient
on old hearing trees (Q5;] is also expected to be negative, reflecting the tendency
tor yvields to decline for old trees.

The term involving the lagged change in yields is less intuitive. If it is measuring
alternate bearing eflects that are not measurcd fully by the first term then we
would expect to find vz < 0 also. However, it also might be picking up the eflecis
of improving technology: an increase in yield last vear, separate fromn alternate
bearing effects, ought to persist to some extent into the current vear. This would
imply 0 < v < 1. Thus. the expected sign of ~» is ambiguous.

2.4 Data for the Analysis
Almond Acreage Data

Data on total acreage, the acreage in various age categorics, and plantings are
reported by the California Agricultural Statistical Service, These data formed the
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basis for the series used for the analysis in this report. Appendix Table C2.1 includes
the data on total acreage (4, ), bearing acreage (B, ), and the components of bearing
acreage including voung bearing trees 4- 9 years old (Y A,;), mature bearing trecs
10-20 years old (M B;}, and old bearing trees, greater than 20 years old {0O5,) used
to estimate the average yield equation.

Praduction and Yield

Data on annual production {(;} and yiald per bearing acre (i), are also reported
in Table C2.1. The units for yield are thousand pounds per bearing acre, kerncl
weight, calculated by dividing production by the corresponding figures for bearing

acreage (ye — G/ F:).

Weather

Rainfall during the months of February and March can affect pollination and fruit-
set. Rainfall in the principal almond-growing regions is represented by the monthly
totals at the measuring statlons at the Chico, Modesto, and Fresno alrports. A
simple monthly average of rainfall at these three stations is used as the index of
monthly weather in February and March, reported in Table C2.1.

2.5 Estimation of the Yield Model

The vield model specified above was estimated with data for the 1950-1990 pe-
riod using ordinary least sguares methods. The equation was lrest estimated with
variables for both February and March rainfall included. The estimated coefficient
for March rainfall was not statistically different from zero (¢ = (L32}, thus the
March rainfall variable was excluded and the equation was re-estimated. The final
estimated equation for average annual California almond yield per acre is:

¥y = 05169 - 1.199 4y + 0.5099 (g1 —4_2) + 0.05648 T, {2.6)
[e=1.806] [t——6-33] [1=4.44| [t
— 08045 yb, + 1.B17 oby — 0.05149 FEBIAIN,
[t——2.74] [t=3.08! p=—d.21]
"2, =081 A— 118

where 1y is average annual per acre yield of almonds, 1,000 pounds kernel weight,
T is a time trend with 1950 = 1,...,1990 = 41, yb, = Y 3,/ 0, is the proportion of
total bearing acreage that is 4 to 9 vears of age, ob, = OB, /B, is the proportion of
total bearing acreage that is over 20 years of age, FERRAIN, is average February
rainfall {sum of Febrnary rainfall {inches) measured at the Chico, Modesta, and
Fresno airports divided by 3), and & is Durbin's A statistic.

The estimated ¥ield model does a reasonably good job of tracking actual almond
vields, as shown in Figure 2.3. The insignificant Durbin A statistic indicates that
autocorrelation of the residuals is not & prablem. All of Lhe estimated coeflicients,
excepi for the uld bearing trees variable, had the expected sign and were statistically
significant at the 99% level. [n particular, notice that the coeflicient on lagged vield
is close to — 1.0, supgesting that vields tend to be symmetrically distributed around
a normal value due 1o alternate bearing. In addition. the coeflicient on the change
in vield last year is positive and less than 1.0, consistent with the idea that some
changes in yield persist to some extent for more than one year {e.g., those due to
technolorical change or changes in age structure not ceptured by the other variables
in the model). The ceefficient on young-bearing trees is negative, as expected, and
the coeflicient on old-bearing trees, while positive, is plausible. The defanlt category
is mature trees {10 20 years old}. As the proportion of young trees (4-9 years old)
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Figupe 2.3: California Almond Yields, Aciusl and Prodicted

rses, pverege yvield falls, and ey the propasvion of old trees {over 3G vonrs old} rises,
aversgs yield rises. Thy latier vesnll was pnespected, but ot tmplansible # {4} the
szlority of trees in the olider catesory has bheon relattvely vonng (Lo, trees at their
peak rather than trees in declined and (&) If the Jews prodoetive trees of o partiontary
vintage are emifled early and removed. henee never appesr in the old-bearing
groug. Finally, ns wonld be expected, ineressed February rainfall s associated with
lower vields.

The cstimated vigid model compares favorably with provious me<dels of almond
wields publizhed by Bushpell and King {1686} Dorfmar, Derfmsn, and Helos
{1488}, and Dorfman sud Helen [1985) The prosent model offers two modifes-
tipns of prior work on aimond yields Fiost, B attempis to imcorporate the offects
of the age distribution of trees; second, W provides & more Hexible stregrure for
mcorporating the mepacts of altersate bearing,

2.8 Forecasting Average Almond Yields

The vield egustion, which s one conponend of the mednstyy medel, o be used
to mske shortorun yield forecasts. For svaomple, wields can by forecast one vesr
ahesd hy using current yields and average rain®ell or s fovecsst for the uproming
harvest <an be made when Fobruary ruinfall data sre avadlable. Loager fowenast
harizant will Tecuize the use of expected values for bath lagged yields and rainfnll
The use of the estimated yield equstion to predict the fall 1993 harvest vields, pos,
s be Hostrated with dars available in March 1993, The walses for the wariables
are; R8BI yield we = L33 1992 yield 4y = 1.54; Ty = 4% proportion of young
thaps yhyy = B118Y: proportion of oid feees obyy = 82106, and February rainfall
FEFRAIN, = 1.5 When these variablos are cnlersd i the egintion, the egtimaisd
1993 sversge yield iy 1,528 pownels per ages [horuel woight), An epvlier foraony of
15493 vields {mede after the I08% hapvesr bant befors Fadwwary wainfall data ware
gyailakie] using the average of rainfall for the IDGO-1084 period [2.552% inches)
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would be 1,424 pounds per acre. The actual vield in 1993 was 1,356 pounds per
acre,

It is a small step from the yield forecast to a total-production forecast. The
unmber of acres of bearing almonds in California in any year can be cstimated
accurately based on previous bearing acreage, plus plantings four years previously,
less estimated current removals. Thus, the harvest forecast is primarily dependent
on the yield forecast. Bearing acreage for 1993 is estimated at 360,000 acres. Dased
ou average rainfall, a 1993 harvest forecast of 512.6 million pounds could have been
made in the early fall of 1892 after 1992 crop yields were known. Once the actnal
February rainfall was known in early March 1993, the forecast would be 475.2 million
pounds,

CASS uses a sampling procedure {essentially moniloring the nut count on se-
lected trees) to predict the alinond harvest, usually with reasonably good accuracy.
The statistical yicld model developed in this study can provide a good supplement
to ihe CASS prucedure. The CASS subjective forecast, released on June 10, 1993,
was for a 1993 harvest of 520 million pounds. The CASS ohjective forecast released
on July 1, 1993, was for a harvest of 470 million pounds. Note that the latest CASS
forecast is guite similar to the March forecast developed in this study, but the yield
madel forecast was available several months earlier. In particolar, the model fore-
cast hasg some advantages in timing relative to the CASS proeedure: harvests can
be predicted as soon as February rainfall data are available, and harvests can be
simulated well in advance of the bloowm by positing various rainfall scenarios.
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3. CALIFORNIA ALMOND ACREAGE RESPONSE

5.1 Introdzetion

The Californls almond imdusiry has sxperienced phonomenal grewth in plamed
arresgr sinee Workd War 1L {n 1946 there wope 108,000 acres of vress {38,000 bear-
). Since then, the indusiry quadropied i size to 45000 soros {411,000 hearing}
in 138G Af ap average valus of approximaiely 37,000 per aore, this ameuds o
a fotal invesiment o produciive capacisy of over $3 bilion. As shown in Pigaee
31, most of the growth I planted arcs of almonds soovrred during the past thirky
years, espediafly dusing the decade 19861975

The purpose af this supply sesponse unalysis is 1o model histerical changes in
aimane screage and ompst with 4 visw o {4} explaiving pase chunges and {&)
Preciicting Tutnre Tespemses o alternative industry pebokes, Much—if not ali—aof
the abmond Indusizy’s supply response io price 1s the arreage roaponse and, fr this
Teasor, ot stadiss hove assumed thet pields are wnubicoted by prives of lapu
gnd outpet. Thos, the cnphasie of the analy= wil be on modsling the tnvestmont
respusse. Hesults of this type of analyshy can Rave severs] sses. In the context of
the shoond mdustty, vne of the most importan ases I o evabyate the lwplications
of the industry usisg the reserve proviskorn of the marketing order te soliectively
restricl sales Lo the prhmary mnarket nad increase prives. A key W undersiznding the
implications of ssing 1he marketing ordey to incronse price is the sise of the ongrun
wrpply tesponse {Le., the tofal svertual responsn tu a mice changed and the rade an
which (o ndustry 2diusts towaerds a new sqailibrinm {Le., the timing of respame],
Togethar these fagtovs detorming short-ran profits that can be generated by markst
ablocations that lesd woa nigher average price 1o predacers, and the duration of those
profits which wiil eveniually be sroded by supply response—wither dowiestically or
overssas - e the higher prives.
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The poalymm In this section has three sain componsngs. Frst, a qualliative
analvsis of the situation of the mdusery fits tochaaloey, nstifutions, structars,
factor use, and canditions of factor sueply) teads 1o a view that the long-rus supply
astioity (response 1o price) is very ehstic, poessibly perfeetdy elagiic, This view
fends to o restatement of the pooblom os one of oxglaining (&) why the shworved
sty resvomsse is eon bhan perfectly efastic in the shart and intenoediare run and
() mossuring the duraiion of e shoet ron a8 the period during which supply
responge i dees than parfecth efastic and, thus, in which profits can be gonersiad
by market allocahion policies that lead to greater avecago revenuos. Second, modele
of supply Teaponse s reviewed and developed, Two male threads ane explored
in this dovelopment moluding {4} the general liferaturs on porennial orogs supply
resgionse, and {43 2o alternative approach, following that of Doriman and Helen
1398G), 1hal wees a neodlsssice!l mronimont medel to study Bowstment respenses
in the abueud industiy! The thind component & empirical snalysis, based on e
madel development,

The final owtpur from dhie supply sealvsis in summarized in terns of 2 ser of
prgntions that con Be vsed to mopreseyr fhe supply side of the almuxd soomomy.
These equations may be uscG 1o derive () supply {aoreage and oetpull reeponse 1o
price clanges ever vartons lengihs of ran, {§) fupply respovss 1o other variahles,
fa1) 2 messnre of the nomdser of years requirsd B foll adjesteest 99 a permanent
price change. sl (frd projections of the time pach of supply reaponse (o 4 simeissed
price increase (ov chatge i othor econvemic variables),

3.2 A General View of Suppiy Hesponse
Disierminants of Long-Haun Supply Blasticity

Tetzsl inchesiey rupoly 35 the s of the sutpats of all individeal firmis in the todaes-
v, In s competilive indstry, individus! Brmg are sbie io influence the prices
+f any of the inpulis o putpuls hecanss svery fArm ¥ snall ralative to the toial
imdustrey. If 2] fnpwis were freely zasiable, and thers wire constant returas o scale
at the farn Bras lovel flo. 5 doubliag of all inputs, incloding human capital, Jeads
1o a denbling of ontpot), Individus! supply vspense would be perfectly elastio (re
spomsivel. In reality, the supply respouse decisloos of individeal Boms —and faom
sizes—are constrained by easi-fiwed inpats Cnpnes that are Bxed mothe short ruy
bud which may be vasisd i the lenger tun, such a8 boaring acreaged. While by
detizition Lhors are no Sxed Inputs in the long ron, massserial capacity of e form
v may be relatively fixed S lolermiedinte periods and {hiy is the fagiar that
cengtraing buth che optimal Bore size and ihe toiel size of 1he Industee®

The Indesiry supply tespomse functinn i 2 reflection of the supply resporse
dacisions of indivicluzl frew (ocluding current Brms and potenital cotrams to the
imehamtry} mndibed by thelr eollective imperts on the grices of variahle factors of
produceion that are spopialived g the industry. While priees of variabis inpuis are
xsganus (e the mdividual farms s competitive mdustey {sinee they are all price
takers in bipus and ouiput waerkets) Ry can affect prices of lepuls {and outpylsd
by their coljective actions. This woours when the industry fe0es an upward-slopiog

e general pervonial crops supply reanonas Beeaturs inchnies, for example. studies by Feaneh
wind Fiesssber {19621, Fronck and Matthews {4477} Pae and Clarsues (1975] Alston, Frectbsben. and
Crtficey £3980), French, Bmg, and Minams {48557 Fronch and Hisg {1587, Nuekioeg, Prench, and
Hiege {1903} and Freach and Willell {1388 Sevoral othezs s erviewed by Askert and Sammings
CEGTH U7 "Fhe neaclassion] investment anprasch had boon meed previously for ciker troe crops
fler example, by Wickons and Creeplield (1573 fur cofos znd oy Akivaoee sud Dhesdi (1987 Eor
YN

Tin the longer ron, dfemeprse I human capite] seong Fartdes cre Bhely 10 bi the priswry
detormrivania of pergilont iForenees In fairs gite. and fo accmins Tor an eendfivion dsorodativn
of caatimal furmy slece (Sumner LBEET



suoply curve of ans or mors inpeis so that Pactar use by the industey & a whole
affects fartor prices, A common szauple in sgrdestinge 15 land that s regarded ax
being lapproxvimately? Bxed In total sunply, even ihough individaal irms czn boy as
much ben! ss they chonse without significantly alfeeting s prive.” This, even when
# i reasunalile 1o expect the long-rus supply tesponse {of firms or the indastry) 10
b perfectly slsstic, the inwrmediaterun indugtey sunply response funehion can be
lens than perfectly wlastic [or 2 reauber of ressons. These inchude Exed factors 2t
the free fevel and oumsi-Bxed factors at the ndustry level.

Iy the almond industry, there are fow specislived faciors that are likely (o jend o
inporiai constraints on the lndustry’s sapply responss in the longer ren. Snitabin
fand (with prigation water rights? is refubively anuwmdant and it is unlikely that a
significant expension In slmesd acreage would bave important «Fects an the price
of irvigated kend in Califorria® The ndusiry i also 2 relatively small usey of
ppricelianal chemivals, sguipment, other purehased inputs, and agnionliore kbor,
and might roascaably by reparded as a poce taker in the markets for most purehased
gy, oven f che shoet ron, The supphy of ursery stuck could b Hrmdted in the
shert nun. However, for the Gypes of reasons prosented ghove, the suevery Industry is
itkely to be a constant-cost induetey in the long ren (e, able to sunply the almond
intdustyy's reguivements ab canstant prioesy Thos, the rode of an upward-sloping
supply curve In the sarsery stock andaustry, in modifving supply responss i the
atmond industry, 15 Gkely to be shorpdived. It m, however, one of the many factors
that lead 4o lags in almond supply wesponse o pise changrs {10, & contributor
to the short-coe dynamics of supply respunee tather than = smaree of longertis
inelamicity af supplyi

There are two ather faetors that could Rmit expansion of the industey & vespunse
to a price increase in the short sad lutermediase ran. They are (3} 1he naaiiability
(amel willingness) of people whe heve the neceasury expertize andd eiifls for humas
capitali (o eater the industry iz response 1o an incresse in profizability, apd {3}
the aratlabitivy of capiial 1o finance sn investment in new abrond trees by an ox
g o wouldule grower. In apgicuicnre, the traditicasl view has been pthat the
supply of investment capital is luked guite clostly to the mpply of capital swned by
frmers to 2 gress eatent vapital i agricultiure i the equily of Farmers vather than
che ety of general investors, oF i constreined by the equity of fsrmers ander bank
lendaneg rolos. Fann Reus fypically cansol Ssgo securitios vi pational markes, and
mmust instead rely for entslide finance ox banks or cther intermediaries ® indivadual
Brmms arv lkely to fce an wpward-sloping supply of capitat for investenent in partic-
niar enterprigss, swck as alrmopd produelion, bovzese the rigk of Adefault s jikely 5o
imorease as the nroportion of debt o equity increases. Thus, tho supply of capital
to the Bdustry will be Bmited tg the extent thatl the supply of fanm operators s
lismited {or hacause the supnly of souity to the fived supply of fuvmers is Bmied)
{ne view, then, is that in the ietormeadiste ran, the sopply of copital to Bnance
wvestments o slend prodection s upward-dloping beennse the supoly of farm
anerators s the ndustoy & less than perfectly slastic. These constealnis are sss
likely to he afective over tine and the bsngrun supply oarve shonid be perfectly
ehastic,

i sminary, the supply respense s compotitive ndustry s conditionsd by

FAlthereph sgricatural Jand may be roparded sz Hxad in fote! eupply, its supsls t 0 particsisy
mdusiry {ziek gy shmonds) may be perfectly elasis

FThe afeeorsd induerry sees wnly A small lracin of e total drpigated fead avnilabie in the
roanie® or pegiony whese almoudds are grows de Mpnificanl quentifés: Doite, Cuhess, £ootra
Tosts, Ghoan, Seliec, Bsiver, Tohnma, Yol sed Yoba counties i the Northers Region, Frismo,
Stadera, Mercad, Jan Jownin ond Brasiklyes coumies @ lie Oontral Hegioa, sed Keon, Kings,
Szn Luis Obispo and Tulare counties 3 1l Southern Heglnn,

“There are wialie svcoptings 14 chis traditivoal wiew i the Calilfboniz shmond ndustoy mich
the invelsement of Arms such &8 Daramount Passus, Ioe. amd Dol Ip2 B alnesd prodactios.
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its production technology and the supply of inputs to the industry. In the almond
industry, it is reasonable to assume approximately constant returns to scale in
the long run, at the industry level, as an artifact of competition (e.g., Diewert
(1981)). Combining constant returns to scale with price-taking behavior in the
factor markets, by firms and the industry as a whole, suggests that the industry
is one of approximately constant cost (i.e., perfectly elastic supply) in the long
run. Heowever, in the short run, there arc many fixities in almond production and
these are responsible for the important short-run inelasticity of supply response
and dypamics. Some of these dypamics and fixitics are due to the blological and
technological constraints on adjustment of investments and output in response to
price changes. Some are more behavioral and economic.  As the length of run
is extended, the importance of the techoelogical and biological sources of fAxities
becomes smaller and, in the intermediate run, the key source of less than perfect
elasticity of supply may be human capital—the ability and willingness to grow
almonds—-both directly and through its effects on the supply of capital to finance
nvestments in almond production.

Conceptual and Measurement Issues for Supply Response Models

Cassels (1933), in a classic Journal of Farm Eronomics article, identified the key
issues in analyzing supply response, and thesc have remained largely unchanged
in spite of the major advances in theory, availability of detailed data, computing
power, and econometric estimation techniques.® In fact, a signiticant portion of the
rather extensive literature on supply analysis during the past 60 years has concerned
treatments for problems raised by Cassels.” Primarily these efforts have related to
the dynamics of response and the formation of expectations. Early models used
naive expectations (the expectad price is the current price or last period’s pricc)
and typically assunied instantanecus adjustment. One major development was the
introduction of models in the late 19505 to represcnt adaptive expectations and
partial adjustment {dynamics) in supply response, and these models have predom-
inated in the literature since-- not without some critics.* Sowne of the more recent
work has attempted to incorporate rational expectations. There have also been
attempts to specify dynamics that are attuned to the biclogical and technological
constraints on production e.g., Jarvis (1974} for beef cattle, Chavas and Johnson
{1982) for breilers and turkeys, and Chen, Courtney, and Schmitz {1972) for milk.
This type of approach has been a particular feature of many of the models for peren-
nial erops.'? A few studies have attempted to incorporate government commodity
policy variables {¢.g., Houck, Abel, Ryan, Gallagher, Hofman, and Penn {1976},
Lee and Helmberger {1985)) or risk considerations {e.g., Just {19743, Traill {1978))

%Tn particular, Cnssels (1933) discussed the time character of supply functions, the issue of
asymmetric supply response {due to asset fixitics), the supply-response price and the idea of price
expectations, the question of the choice of supply response variable {acreage or ouipud), the roles
of weather and technical change in supply response, and the treatment of ceteris paribus conditions
including prices of inputs, prices of carmpetitg products, and technology, Cassels’ views on the
difficulties of estimating supply funciions have been echaed in much of the subsequent literature
{e.g., Schultz (19536) and Colman (19831}

TThere have been several reviews af the methodological approaches to supply tosponse analysis
and issues to e addressed in specifying supply response models since Cassels {1833), including,
for example, Nerlove (19600, Heady, Baker, Dieusslin, Kehrber, and Staniforeh (1981), Cowling and
Gardner {1963), Askari and Cummings (1976, 1977), Shumway and Chang (1977), Nerlove (1879),
and Colman {1953,

#Reviews of the use of this type of model have been written by Askari and Cummings (1975,
1977 and Nerlove (1979

9For example, Fckstein (1984, 1433} and Holt and Johnson {1889,

VI For examnpie, French and Brassler {1982), French and Matthews (1971), Wickens and Greenfield
(1973] Rae and Carman {1875), Alston, Freebairn, and Quitkey (1980}, French, King, and Minami
(1985], Akiyama and Trivedi (1987}, French and King {1938}, Nuckton, French, and King (1988),
French and Willett {1989), and Dorfman ancd Helen {1959),
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in supply mededs for annual crops,

Bynopsis

While some progross has been made in the aris of sypply analysis, a3 Colnan™s
F1983) rhorough review indicates, The maln stues that must be addressed in suoply
respense sualysis continge to be these Weotifisd by Coarsels {3333), and they con.
e 10 e difficult. This vonclusion is supported by vhe suvorisingly low vsrirmsten
of bg-run supply response elasticities slnained by most studiog. The sppsrant sys-
tomalic cownward bras in ssthnatad long-ron supply clusticities & aluost gurely a
consusnce of miggpecibed dynamics pred sxpectations, ang this i lkely 10 be espe-
cially important for perensizl crops for which the isses of dynantics and tming are
of overwhelming lmporiance, both dipsetly and in the definftion of prpectations,
As Cassels {1933 predicted, # has proven to be victually impossible to estimute
a long-run supply response. The fellowing diseussion will forns on wavs o speeify
supry modals for almonda 50 as to gob the best possille savimate of the kmger-rin
acyenuge adiustinenis to price changes,

3.3  Analysis of Supply Response for Perenniani Crops

Perennial orop production requires & reiatively large ;apital imvestment covaraitied
ayver o romber of vears. Sitice prodastinn decisions are simdar to other Invastment
declgions with kmy plamving hrieons, the appropriate theorsueal framework for
perensial croD supply response ¥ one based on Wvestmant theory. One coan bagis
with the wdea that the expamion of caphal cock, of ne? lnvesimiont. takes place
beoanse of a difference between the acteal ard desivad canitsl stock. For 2 perennial

vops, the Gifference hetween plastings and remmevslz oo given year is ned nvestment.
Tvesizeery may o based on expected profits or an the expenied presont valus of
ret sgvenuc aver the life of the investment.

The total annes! groduction of & perennial crop, suck as alonds, is the prad-
sct of the bearing screage and the vield per acre. Thus, the emmrical astimation
af supply response reqtifes expeessions for betl beadng soreage and fverage vivkd
per acr, Specification snd ossbuation of aw equation S annusl bearing acresgs
i wmore diffioult thae for sverape viekds beoause of peoblems associated with deter.
prining the approapriate conceptnal frsmewnrk, prablems associated with date, and
the difficulties of selecting proxies far unobseevahie wriablea. Sipnifeasn time lags
betwesny decisions 1o plast and production lead o probloms of modeling sxpocta
thong bt the future prafiability of 2 orop and the sctions talken o responss to
those expactations,

The tital bearing acreage of & pareanial crop in any vear £ 1esuits frop expecti
tiong and deciions made aver 2 period of time sxtcoding beyond the expacted Hfe
of & typical wree, The Dearing acreasge in the rurrent year & 4 the bearing nereags
the previous year {2 ~ 1y pius the addigies of new baseipg acreage from plantings
made & years previously [whess ¥ iz the momber of vesrs roguirsd froes planting a
tree ynid it = classified sz bearing), minus removals of treez during the current yvear
{(#}. This relpticnship can he expressed as

Bg = ﬁgmg + .(DLE__{,- e ﬂge

where # is bearing acreage. FL & cow plantings, B 5 removals, said & i the oumbaer
of vears afier plantiag i the orchard i hesriag. In this stedy, California dimonds
are clhasaified ax nen-hearing for the Brst four years after planting (b = 439 Thag,

A downwged hias in supply olosticitier could ali be 4w in part 18 che Bets that many
agedcabaral privey tend o move topether and the brpinx! memlysis duey wab praperiv conrsd foe
CeegErring offeets,

Wlee Bwtnme T in Chapier 2.
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a tree planted in year § - 4 will be classified as bearing in year £ [t 18 important to
note the time at whizh Lhe variables are measursd (enlondar vear, trop year, ete.} so
that the acreage relationships are consistent. H eae focuses on the bearing arreags
at the tirme of hervest, which is reasomabio ghen that productios fr & given yoar i
the product of bensing acreage and average pey aors viskds, then the plantingy and
rermovats 2l octur after the hervest n wear 3 and bofore barvest in year I, with
ihe tine after harves! designotod as ooourrivng in yvear ©.

The bearing sereage relzlionship presentsd above senuney thal ol remoavale aro
froo boarmy aoveage. 1o recognize fhat sotne romovaly may be from nonbessing
trews Jog 10 Oisonse of tahar runess, the bearing morepge relatlomidsiy &

Bew B+ PLi_p =~ Ry ~ 8P,

whers B, i the number of acres of vaw planting in (¢ ~ ki remeved before vear
£. This ean e expressed more conveniently as

gt = B«; i —i—ﬂpﬂgmg < Rt,

where g 3 a proporiden, sHpbly lese than 12, that arcounts S 1he sooadl smount
of removals from ponbesving 1roee.’” Sinco data on remuvals by age category ame
typleally a0l availsble, most ompirical work uzer a = 1.0

Apuroaches o esthmation of shis relalionship have included {2} separals ssth
mation of sow pladibngs sodd removals, which sre then peed 3 the relationship
above 10 caleuials Dearing scresge, or {3] estimarion of » chamgy In bearing acresge
relationship, whee

iﬁkﬁg ek }.3; - 85”1 — Qpngq - ﬁi,

Separate sstimation of the plaating and remavel relationships reijuires appropriste
data. Because of problems with the availability and guality of planting and re-
moval data, suee rescarchers have concentrated un divectly estimating the change
in hearing acresge relationship. YWhen acreage dsia ar avallable, bearing acreage
is Typleally messursd more socurately ihan s nenbesrizg sereape, pluntings, oF
remavals

Mipst yaseavchers sandeling perennial coop supply responsee Brove used an approach
similar 1o that presenied by French and Matibews {1071}, which sttempls o a3
pizin the Lobsvior of producets as a group based on sssumptions abont individas]
progucer behavior, French and Matthews' buske sssiandion ' thal producers have
8 degired lovel of produciion of a commedity, based on the expected profitshility
of the commodity and the expecied prabtabilisy of alternstive land uses. In this
rzadet, expected profitability is a funection af expected erices and costs. Prafit ex
pectatans lead 16 a desited level of prodietion for a future year §, which leads i
a desired level of bearing acreape for year ¢, and this leads to desired new plante
ings i year (# - 4) Since expectations variables were unobservalda and some data
series were not aveilable, French and Marzhews {1971} sicplified thelr mode! and
daveloped proxy variables®® The applivation of the modd was to asparapus.

Tabde 5.1 surmeparkess the similanities and «ferences o the approachss used i
models of porennial crops supply tesponse. As showsn 1 186 taldes, the empivical
sstimation of the sew pantings relationship T o pervannial crop typically uses ane
of wwo opims for the dependent variabier [y} tonal acres planted during vear 4,
or [} tosal acees plapted in year ¢ as a propoertion of acroage &F vhe coop {oither
hearicg acreage or total acresgel.

U Erench. King. snd Minams (1085, page 2211 Faund sweall perconiages of ching psach plantings
removed pach year belors reaching heating ape.

Vi Klatan, Bresbairn sod Quilksy (19807 showed that alternative foroulations of the desid
inveat it el of which French and Matthews (1971} atle] §8 one exinapie, ¢an al! lead Lo the
same reduced-form aquation for estitnation,

San improved werion of the model applicd W Aeparigus s cormtgined in Freach and Willare
{10883,
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ies in the Literature

Authors Commesdiry

PLANTINGS EQUATIONS:

French and Brescler Lotoons
11862}

Rac and Carman Apples( X}
{1975}

Alston. Freebairn
atd Qnilkey (1980)

Carman (1041)

Oranges (Aust,)
Almonds

Frenck. King. and Cling Peaches

Minatui {1983}

Bushmell and King Alerwnds

[ 1986

French and Nurkton Haisio Grapes
(19491
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ACREAGE CHANGE EQUATIONS:

French and Azparapus
Blatthews (1971}
Carman [1981) Almonds

Thior and Jesse Navel Oranges
(1681

Thor atd Jesse
{18A1)

Albisu anc
Blandtord {19543}

Kinmey ot ai, (19871

Valencia Cranguos
Uranges (Spaiu)
Lemniens

Dorfinan sl Helen Almoneds

{1955}

RENMOVALS EQUATIONS:

French and Dresslor Lemions
(1962}

Rae and Carman Apples (NZ)
(14733

Alston, Freebairn
and Quilkey (1980]
French, King and
Minami [19&h}

Oranges [Aust.)

Chng Praches

Bushknell agd Ky, Almongds
[1656)

French anc Muckton  Raisio Grapes
11581)
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Table 3.1: Summary of Main Perennial Crop Supply Response Stud-
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MNoles: A, M, S and Ay odenote sotal, bearing, nonbearing. planted, aned removed arceage in
year {. Inthe other variables, N = pominal, ) = deflated, YR = net tevemon, TH = total reverme.
A before a variable denotes average, with the range of the average indicated by the sulwetipts. For
examnzle, DANA_y o5 15 the detlated average nel revenue over the period - 1w d =30 Al g
denctes average bearing acteage during that period. “vo™

= "wvears old.”
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Biudies thar are bazed on the premige thal new plastings are a fuacilon of
axocted proftainlity of the crop ofien asswng thar profit expectations aze bagsed
oR recent experience. Thus, varighizs to measure recent profitability may sake the
form of panual prices, total revemue, total revonge mings costy, aed mdeves of
rosts, Thess variables naually suler the vouation as moving aversges ranging from
ane to Ave years, with the length of the moving avevage typically bosed on the
formuulation that provides the best statistios] resulte. (Mher warlables o moasure
prodil expectations or changes in expeciainng due is echeelogy o geavrament
programs [taxes, Inbar, and marketiog orders} Rave also been smployed. Home
stadies have aiso inchided variables for recent boaring and sonbearing acreage.
assunring that incresass i the sfock of voung boaring and sosbering tress sl
dapress profit expectadions snd plantings.

Trees may be romeved i respunse 1o number of fastors, with declinieg pro-
ductivily over {ime hoing Quite iuportani. Other factors such as urhan oxpansion,
= Jdamaging roeze, disease, sneest problems, or short-run profit sxpectations may
also affect remowvale, Since mest enpivicad studies do not have detafled data on the
aze distribution of ttees prod often face prablonis assomated with reliable reporiig
of annual vermovals, the estinated remowals equations tesd te be ghbtoviated, As
shown in Tabie 3.1, the removals equation may inchsde ouly one or 1o variables or,
i the axirome, ooy be a casian percontage of bearing acreage {o.g., French ard
Froggler (3062} 3. When details! data on the sge distribotion of treos are pyailuble,
ane may obuain very good sstimated romovale refationships baged on the age of the
trees fag done by Freneh, King, and Sinami (19848}, lor example, in their study of
the cling peach indusry)

Appraxtmusely hall of the stodiss reviewed have estimaied 2 change in acreage
{usually bearing acreage bat sumetimes sl acreage) relationahin that combises
plantings and removals, with appropriafe bgs, into a single sguation. As medined
peeviousiy, this approsch s often taken io responae 1o the svailability ssd//ur the
peroeived yualty of plastings and remavals data, £F the perenuial oo acresge data
twpically available, bearing screage is graeraily the most reliable. Sppeification of &
change ks bearing acreage sguation requires variables associated with both pluntings
angd pemowaly, with fzps o socount, for the fime required for plantings o ceagh
benring age. When plantings ave & function of lageed sverage revenuss, the lags
asgociated with change in beating scxeage in yesr 1 can be guite long.

3.4 Modeling California Almend Supply Hesponse
Yield Models

Aot perennind orops supply response models decompose ooips o vield snd
acrenge cormponents. Estimation of the shoongd vield equation was discusyed n
Chapter 2. 1t remains 16 specily madels 1o explain the chaspes in almond acseage
resubting from planiizg and removal decisions.

Models of Planiings

T aliernative approaches to modeling ahnond plantings wevo irvestigated, The
Fisst, hassd on featusss presemted by Pranch and Brassier (38682), French amt Mar-
thews 1971}, French, King, and Minami (16585) and Alsten, Preebairs, and Quilkey
IR0, an reviewsd above, sssumes that annual plastisgs are 2 ligesy function of
expected annual profitakility, she previouw year’s acreage, and cmgyesl removals.
The woilel, designated as the Traditional Moedel {TM), is specified as

Fle » g+ BiFeey 4 Jame_g 4 Bywpes b Tampeg w355 0 4+ S8y + 4, (3.1}
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where PL, is plantings in year ¢, 7, is state-average net (after-tax) returns per acre
in year ¢, K, is the stock of trees in year ¢, and R, is removals in year . This
incorporates features of the madeals used by French and Bressler (1962}, French and
Matthews (1971), Alston, Freebairn, and Quilkey {1980}, and French, King, and
Minami (1385},

The second model, designated as the ENPV {Expected Net Present Value) In-
vestment Model, is derived from the earlier work of Dorfman and Heien {1989).
It is based on the assumption that the amount of investment (/} depends on the
expecied present value of a stream of net profits derived over the productive life
of an investment. The annual stream of net profits {which may be negative for
several years) is adjusted for tax liabilities and discounted back to its present value
to arrive at a single dollar value. This expected net present value is the amount
of money a risk-neutral investor waould accept in exchange for an acre of almonds
which are about to be planted. It is assumed that an increase in the expected net
present value per acre of almonds planted will lead to an increase in plantings.

Changing income tax laws can significantly affect the after-tax cost of almond
orchard development as well as the income stream from the asset, There were four
major changes in tax laws with potential impacts oo almond investment decisions
during the period of analysis. These included (i} the reguirement that almond de-
velopment costs be capitalized during the first four years after planting, eflective
in 1970; (2] rules eflective in 1978 that required syndicates to capitalize develop-
ment eosts for all perennial crops; (i) the Economic Revovery Tax Act of 1982
that increased the investment Lax credit and reduced the Jepreciation recovery pe-
riod to five years for trees; and, {(#v) the Tax Reform Act of 1986 that lengthened
depreciation recovery periods, required capitalization of development costs for all
perennial crops, terminated the investment tax eredit, further restricted agricultural
tax incentives for non-farm investors, and reduced marginal tax rates.

The basic investment function postulated for this study is

fg = _r'gﬂ + 31 BJVP Vt

where the coefficients Jp and % are the reduced form parameters when investment
cost is a quadratic function of investment and ENPV, 15 the expected net present
value of an investment made in year £.'% This equation can be estimated by linear
regression techniques using either eross investment {plantings) or net investment
(plantings minus removals). Because of the time reguired for investment decisions
in almond development, adjustment costs, and possible short-run constraints {such
as limited nursery supply of tree stock), the basic investment function is expanded
to a partial adjustment investment model of the form

L = (80 + $1ENPV,_ ) + (1 — 1)y, (3.2}

where v is the fraction of the desired change in investment that is accomplished in
year f.

Models of Removals

Many studies have used a very simple removals rnodel that assumes a constant
proportion of total acreage (or of bearing acreage)} is removed from production each
yvear—u.g., French and Bressler (1962), Alston, Freebairn, and Quilkey {1980), and

15The quadratic investment-cost function captures the increasing costs of high levels of plantinga,
due to facters such as tmited supplies of nursery stock, planting teams, or the mansgement
expertize needed to increase capacily, Frofit maximizing growers will then increase plantings to
the point where the expected net present walue of the marginal orchard equals the change in
Lotal investment costs, which with guadratic costs s a limear function of the level of plantings.
Rearrangement of this profit-maximization conditian gives the equation ahove.
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Dorfiuan and Heier (1489}, In many cases this type of specification has been taken
&8 £ defzuli ontion becanse an aitempi to modsl removals as an economic response
has heen nomserossinl

n: principle, & removals moskel can take the sarms form s the Investment model
That i3. 3 devision to disinyost In an existing aren of slmond wses—-Ln rameve 1he
troes  wil depend on the expoceed nel presend valne of the henelits from relaining
the tress im praduction, the opporianity cosis of Bregose profits from 2ligrasibe
uzen of the land, gnd the costs of removing the troes From preduction. Bersse
viclds deciing a5 trovg ape. ihe deckion to remmavs tivee Fom productios will dopead
on their age {expeoted age-specific vislds) and prices snd coms, The opiimal age af
wrich te remove {reps frome production shockd vary with changes in prices aod costs
and thus, for a given population of irees, the average removal rate ought to vary se.
cording to ceoriomic contditions and the age distribution. As a further complication,
there may be differences m the nature of removals response Lo changes in prices and
comts between 48] senponils of {zees to replant with almouds, and {2} removals of
trees to free the land for some alternative wse. Bimilarly, plastings as replacement
invesimant may inveive Gifferent casts, and thersfore «{ifersrt 7asponses, than sltes
gether new planvings.’ As with slantings, two models of removals were specifind,
a fraditional meodel amd an ENPY model.

The traditionsl remormls reodel inchzded (i sume hagie axplioadory variables,
excluding lagged removals, as 9 the tradiional plantings model'® The removals
eguation ¢ sparified a3

Fr=ga+ Tyt ipm g +dame o+ Sper g § B8 s+ 5T+ (3.3

where A s ackes removed from production in year £, %, is state-average net [after-
tax] relizrns per aces in vear £, K} is total acreage in year t, and T, is a time
tyemd,

Sinre ¥ reasonsbie to expert remnovals £ be elated 1o the ENPY of an acre
of almends zmd bo the age of the roes, the Rilwing imwnment model 15 supgesied
far removain

s ow e+ HENPY, -+ BOLO, 1343

where f, s rompovals In wear £ and OF D, ¢ iz sores of Uoes nearing the end of sheir
producitve Bie in yeur £ - 1. This model s gimiler &0 the romevels model in Frenck
and King {19328}, excopt thai they were adls o cstbmste yemovals separaisy for
each age chw.

3.5 Data for the Analysis

Data were obtained oo 4 variety of economic variables to penmit the estimation
of the varicos camnponsnds of supply responsc. These date ste listed in Appemdix
Tables 020, C3.1, C8% and T3 3

Almond Adreage Liata

Tiata on toial noreage, the soreage in variouds aps calegoriss, and plantimgs are
wporied by fhe Californls Agriendtural Stavistien! Servipe {CA85) These data ave
anoi alwsys intoreally sonshetent. For insiamce, the mumbec of sores in a particular
age clags {gav Svear-ald trees) reported in year {4 & B semoritnes wreaier thac

17 Akiyama and Trivadi | 1987} Jisiipguish hotween planting 3 replicesiont RRd et Invesiment,
Olson (1985) pravides information on the efecis of changes in etonmaic variables such as nierest
rates and Lax laws an the eeanoemics of uprooting and replanting almonds,

1AL of the medels, whether or not traditional, wse Tagged wadues of prices s the cunstowcon of
the incestive variables fexpected el present valoe oe profitabiiiie . The differences betwess the
models i in D wars the wndetlying dats aro manioudatiod sad o Ghelr ntorprolation,
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the number of trees that ware reported as plasten o vear £ Tn some Instances 1he
roported srue of new plantings s loss than the cepgoted Increzss 1 toial tree numbers
for the same yvoar, uinplving negative rerovals of trees during thet year. CASE does
ok adingt prior total acreage snd nenhesriag acrengs 1o secount for unde-reporied
antings In prier yeers. Thog, i was pecessary (o adipst the date for plantings,
zeves of nonbearing trees, and removals to elieinate gross violations of the laws of
nature. The CABRE series on begring acreage were taken as ghven. Trees reponad
in esch sye class eavh year were revordsd Ior ten yeats after the planting dute 1o
Bnd she maxhnuam repostod acres planted for each yoar; <he maxbmum was vsed a3
the plamings for that pear, Planbings wore used 3o caleulate nonbearing acreage,
total acreage and removals, Becanse of ihese adiustoents, the caloslated acreagn
daka user] for the analysis differ froem those repened by CASS. I onost canes the
necegsary adjustrments were refatively miner, bnd the fact 1hal they were nerissary
adds an exphicit reasos for cancern about the guality of the disagpregated dats. One
of the advantagss of the more agpregative [net wvestment: motels that considey
oty changes o tolal scresge i3 thas they are lass valoersble to messgrement erears
of Lhese rypes. ‘

Tubles C2.F mnd 3.1 Include data o towsd soreage (A}, plantngs (P13, e
mowvide {H ) nonbearing aceesge (M0, ) with teeos 04 vears old) bearing acreage
{8:1 and the comporents of bearing aereage ingluding voury bearing { ¥&,} trees
58 vears old, mature bearing (M, trees 10220 vesrs old, and old bearmg (OO0}
traes, preater than 200 years ald. Removals sro compatesd as

B PL_ w8 - By {3.5}

which i an aceoyrting entity reffectimg that the change o bearing acvogpe niust
erial the slantinge made 4 veare sgn minus the current remevats. I auy culevis-
stons, removals according 2o Rhis Barmula are always positive numbers (by construe-
tion) while eocnovals ehtained using just she CASS dula seses can Le negathe,

Pronduction awd Yield

Brata on ascua! production {44} snd vicids per bearing acre {1}, 2t reporsed
in Tebk C2.1. The figores for yleld are thousands of posnds per bearing sere,
kernel wesght, calculaied by dividing the CAST Sgures {or total productioe by the
roeresponding Bpures for bearing acreage (3 = Q. /51

Almond Prives and Average Revenues per Acre

The duss on oricey for wlmetds (] in Teble ©98 2 are exprossed m doblare pey ton,
karnel waight, farm-pgaio equivalent, 10 compute average revenye por bezaring aora,
the prics wap reulfipiod by the average vidld per heasing acre. T express this in
real tering, the pominal revenuss per acre were defiased by 1he GNE defistor hased
BT = 10 {130 Thus ) meopenf i

Ezstablishment and Production Cosis

The Brsd step in caleulating the net present value of an acee of almonds & to deter.
mine the expected sstablishment costy. Eatablisheent cons for the Seat five venes
of an almond orchard sre ealeniated Dased on Brures compiled by the Unlversity of
Califpenia Coaperative Extengion Serviee Orop budgets {or the ywars 1965, 1881,
amd 1888 were used, A cost index for prices paid by farmers was emploved 9 esti-
mate patablishesent comts for yenrs belween Dudger uvndates. Fo smooth this geries,
comts for years betwosn published tusdpet vears are onbithated as a weighted average
of the budgets divecily before and divectly slier the year in question, wing the num-
ber of vears spart as the weighis i€, g Unesr nsorpolation?. Mathematically, using
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the years of 1970 and TH80 a8 an example, the costs for 1973 would he approximated

by

(193{! — 19?3}{:[3'{0 N flﬂ?S ks 19?6}:&333.’;
(LG8 ~ 1978 (LG8 - 1470

e = (36
which simnglifies to
erprs — .70 -+ Bl0mes. {17}

Costs o tho vears between 1980 and 1588 wore spprodimated fropm the 1960 data
adjusted for infation nsing the index of prices paid by farmers. Costs for 1985 and
15988 ware tonstractad is 2 gimilar mznoer using the 1988 crop hadget Sgares,

A series of vaniable cowts for each vear was also canstructed from the Extension
cost budeets and the tndexs of prices padd by farmers. Variable costs (orchard upkeep,
harvesting costs, ete.] are assumed to begin in the archard’s lourth year as a small
crop is generally barvested in that vear

The expected cost series for ap acre of admonds planted wday therefore conaiats
of establishment costs for the Rrst 4 vears and expected variable costs for yesys
337 (la., from wesy 3 ool the removal of the avshard, assuined bere to e done
after 3% wearst Fstablishment vosts, inchuding ol novenssry costs such as irvigation
systern inetalation, prusine, waler, and cheminsd ppplicntivns, afe assumed 1o be
known exactly a1 the ume of placting. Variable covta aiv not agsuined to be koown
ar planting, lustesd, evnecied warnisble custs for sach Tolure vesr are assumsedt 1o
He egual fo dhe variable costs for existing orchards ai the idme of plapting adjustad
upwasd by o expeotsd vate of inBation for costz Thus, wariable oosis » yoars alter
planiing would be expecied to egnal

ver,, = we (1 iy, (3.9}

where v, aze the variable costs in vear £, g 15 the éexpectod rate of veal growth for
atmend production costy, and the supemseript ¢ indicates “exported value” Nots
that 5¢ <an be eanal bo gere. Variable 2octs for the Hrst faily-beseing vear am shown
in Table 032, winle the csiablishmen! cosis oy an sore of almonds are shown in
Table €33 Land prices are nat incladed in the cvtablishment costs because i has
been assummed that the Innd can be rescld afier the He of the orchand for the same
real value g the original purehase price.

The formation of the oxpocied series of costy over the Bie of the orchard come
wietes ehe frst half of the ner present valus ealcuintipn. Expected revenves must
then be estimated Lo (omplets the exarcise.

Revenges

The calculation of the expectad sueamn of revenues beging by estimating the ywaid
per acre for each year in the orehard’s e, This is done willizing Olson’s (1988)
estimated yekl-age profile for o typical almond archard angd 5 moving average of
past slmong visids, Olsen (1986 develaped the vield proBle of an almond ovchard's
productive e Irom age 4 {when bearing I8 assumed 10 begind through age 50 This
profile s expressed 3¢ 2 fraction of che il matwre vield and & given by the vield
factors in Table £33 Eaxpecled mature yhlds for an aore of abnords planted
in a partienlar year are estimated using the age profile of the froe sinck and an
assumphivs of Hnear growsh in yields.

An zee prefie for slinceds was construcind from the data on aunual plantings
and removals, 1t was assmed that removals were distributerd across troes of different
ages with a fraction {1/n) of the removais being l-year-old irecs, (2/n) of the
removals being 2-year-old trees, ete., up to {35/} of the remevals being 35-year-old
trees (where e 14 24 - + 35 = B2} This divides the removals so that they
are cohcobtrated i older trees as wauld he expected. Uhe resukting age profie 5
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then adjusted by two further steps. First, any negative numbers are sct to zero.
Second, the age profile of ench year s mnltiplied by the factor necessary to make
the acreage of the trews ek the reported bearing acreape for each voar, The
age profle s only construoed Be ape 35 because almand troes in moders, Jmproved
orchards typically do not bt endil age 50, which wes the maximiom spe cousidersd
by Gison,

To estimade expectad mature virlde the prodnction fnction was speciBad as

oo AaaBes + Ssaie b b Aasaies b8 28]

where A, # the nuaber of bearing acres of age 5 frees in vesr { and s s the
yieid of age 5 trees In year § Yields are asswmed to Dliow the relation

Yo = Fo {Bu+ Y, (3.10)

where . s Olson's yield factor for age & treos and 7% 15 2 thne frend which equals
0 Tor trees playned I 1889, § For 295 plantings. 25c. Thas 4 i the expectsd
mature vield for izees plasted in 1980 and | reprossnts fhe pvernge snnual mpant
of technniogical improvnmonts on mature vields. Drdingry lesst sqnares peiimates
of the 3's result in an cxlimated mature yield for 1980 plaatings of 1744 b /aere (-
shefl with an experted wvease of 14,12 V0 /acne sach yeur. These expectipad {malure)
Aelds are alec shows In Thbie UR4. for 1861109, The esibrmaied eouation is

Hagow L DIT4G.0 4 35197 30

-

The expecterd yield {pounds per acre, kernel-welpght} of an s-year-old orchard
planted 1o year ¢ s given by the product of the yield fartor for g-yrar-old trees and
the expected viekl for year {0 For example. a T-year-old {roe planted in 1973 would
have an expestad vield of

TLEREI e (ETAS D J1402 2 1B)) = 16315 lhafacre,

1o caleulate the expated revimucs B a given vear, all that i needed is as
pepevied price with which 1o wmultiply the expected yield. The ronl grice of almonds
farecast by a potentad sleost imastor ¥ aesersed to b the tost tevest real price
avsiiabler the price in the year isnmedintely precsding plasming of the orchand,
However, the net present walue caleslation perfarmed alse sllowed Bor the investor
to assuimne that prices will grow at seme constant growth rate, g,. Thus, if we denote
the expected price by pf, the expected mature vield as ¥, and the yield facter for
trees of age s by [, we can wrts the sxpected gross vevenue in year ! + ¢ from an
acre planied in voar £ ag

Ry?«w = ey 1+ f?‘?-f {fﬁ}? s {3.1%;

In caloniating expacted gross rovene to £0is fazhion, a sobwsh musisd & sssumed,
which seems 10 Teqnire thet invastors hold Lhe naive sxpeciation thut Baowure pricns
wiff be equal to the previgus yvem's price. Alternative spacifeations might invalve
taking the average «f seversl previeus years’ prices. or meing the prodicted price
from a il supply-acd-demand model of the industry. Lador i the chapicr, the
resulis of an eximation wsing several lags of per-asee profitabilicy are reperied,
which approximates the frs alternative sirategsy. Thae weeond approach is teajly
not practical, since the large variations in indystry supplies ovoer the lifetime of ag
prchard meke extrapolation of a tied value into the Dyitwre no more accarate thao
as extrapolation of any ather valus.
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After-Tax Net Present Values

To comhine all the expected costs and revenues into a single expected net present
value of an acre of almonds, the tax impacts of the costs and revenues must be
considercd. First, all net revenues (revenues minus costs} should be adjusted to
after-tax values. Second, the depreciation allowance far the capital cost of estab-
lishing the orchard must be calculated and a tax deduction credited to the investor
for each year in which the orchard is amertized. Third, in years with an investment
tax credit [ L1961-1985, except for 1967 and 1970}, the investor shonld receive a credit
equal to the total establishment cost of the orchard multiplied by the investment
tax credit rate {e.g., 10 percent).

This procedure is most easily described in two steps, First, expectod net revenues
(BN}, alter taxes, are caleulated for each year after bearing beging by subtract-
ing expected variable costs from expected revenucs and then applying the income
tax to that total (including an allowance for normal depreciation deduction). The
second step is to deduct establishment costs and the investment tax credit to create
the after-tax, expected net present value (ENPV). Let MTi; be the investor's
marginal tax rate at the time of planting,!® /TC, be the investment tax credit rate
{7 percent, 10 percent, etc.), EC, be the establishment cost {not including land
prices), d; be the depreciation allowance in vear ¢, and r; be the real discount rate
{opportunity cost of money). Calculate expected net revenues lirst

ENRy . = (RVi, —uei J{1—MTR,) + MTR, (3.13)
[y (L+ gp)" (£T7) —wee (14 9.)°] {1 — MTR} + MTR,S;,

for s = 4,5,6,...,35 years from planting. The depreciation aliowances are based
on straightline depreciation with the capital cost amortized over from 5 to 30 years
depending on the tax laws in force at that particular time.?® Depreciation herizons,
marginzl tax rates. and investment tax credit rates for the years 1961-1990 are
displayed in Table €3.2. Marginal tax rates are constructed as MTt — (the sum
of the top federal and California tax rates)/2 - the sellemployed social security
tax rate. Thus, the tax rate used represents an average between the top marginal
rates and the bortom marginal rates {which are zero). This rate should be fairly
robust as investors in higher marginal tax hrackets are more likely to exceed the
social seeurity cap, tending to bring their total marginal rate back in line with the
ones used here.

The expected net present value of a newly planted acre of almoends is then given
by

30

E
ENPV, = -3 ECreng{l+r) 7"+ 3 ENR (1477 (314)

s—=1 =4

B
+ITC;{] —+ T‘i)_B E Ec:+5,

EE]

where the variables are as defined above, Note that the investinent tax credit is
applied to the entire capital cost of establishing the orchard, and is declared in vear
t + H, while the establishment costs themselves are discounted on an annual basis
to properly account for the impact on cash flow of the actnal cash dishursements.?!

191t is assumed that the investor expects that current tax rates will hold in the future,

W¥ote that the actual (economic) depreciation is subsumed in the yieid function and in the
expectation that the orchard will be removed 35 years after planting: tax depreciation then enters
the present-value caleulation as a tax benefit to the investor.

‘i Note that orchard costs in vears 2 +4, . 8+ B are included in the caleulation of EN Ry + 5,
hence do not appear in the first term of 3,14, but are also included in the computation of the
investment tax credit (Lhe last term of 3,140,
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The number B in the summations accounts for the facl that in the 1960s and 19705,
almond orchards were not considered of bearing ape for the first 5 years following
planting, s that establishment costs continue for 5 years, while in more recent
years, the orchard is deemed fully established and bearing after 4 years. Thus, B
is either 4 or 5 years from planting.

Values for the expected net present value of an acre of almonds were calculated
as described above for the vears 1961 1990 using discount rates derived from data
on the real after tax opportunity cost of funds. The intcrest rate on long term {30
year] bonds is multiplied by {1 — A TH,} to compute the after tax return, then an
expected rate of inflation is subtracted to vield an expected, real, after-tax rate of
return. This series is used as the discount rate cven in years when it is negative,
such as during times of high inflation. The expected inflation rate is taken to be a
four vear, weighted moving average of the percentage increase in the GNP deftator,
where the weights are .4, .3, .2, and .1 on the past four years’ inflation rates. The
values of ENPV in each year were then converted to constant (1977) dollars using
the GNP deflator. For example, during 1967, 1968, 196% and 1970, the percentage
mereases over the previous year in the values of the GNI? deflator were, respectively,
3.556, 2.57, 5.01, and 5.57, so that the expected inflation rate in 1970 was

£0.1)(3.55) + (0.2)(2.57) + (0.3){5.01) + (0.4)(5.57) = 4.60 percent.

The nominal interest rate was 6.51 percent, and the marginal tax rate was 47.5
percent, so the expected real after-tax discount rate is (6.51){1 — 0.475) — 4160 =
—1.18 percent, which was then applied to the various expected cost, net revenue,
and tax terms as shown in (3.14).

3.6 Estimation of Models

The plantings and removals models sperified above were estimated using the data
series as developed and described.

Plantings Model—Traditional

The TM (traditional plantings) model presented above was estimated by (LS using
data for the 1962 1990 period. Net after-tax returns were calenlated as (price x
yleld — variahle cost}{1 - marginal tax rate} using the marginal tax rate assumptions
deseribed in Section 3.5. These profitability measures were then transformed to real
terms {1977 dollars) nsing the GNP deflator.

The TM plantings equation was estimated with the variables as specified above
and with the same variables plus a time trend. Both forms were also estimated with
the dependent variable specified as PL;/TA, (plantings/total acreage] but these
results are not reported since they were inferior to the models using plantings as the
dependent variable.?> The estimated TM plantings regression equation including
the time trend, with associated statistics, is

PL, = —113870 + 35289 m_; + 25088 m o (3.186)
|t=—1.50] [t=3.50] 4=12.36
+ 047750 Ry_; — 049056 R, — 2023.0 7T,
=311 (t=—1.241 [b—--2.749
RZ, =0a8 oW, - 1.52

where PL; is plantings in acres, in year t, 7, is state-average net after-tax returns

25 number of alternative specifications were investigated, including the specificalions adopted
by French and King {1988). None of the alternative specifications perfarmed as well as the model
renotted here.
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por acre, in constant 1977 dollars, Ky s acreage in year ¢, A, is removals in acres
in vear ¢, and 7} is a time trend, 1962=1.23

The explanatory power of the TM plantings equations {as measured by R? 4. 118
acceptable but not as high as one would prefer. This is probably more a reflection of
the quality of the data than the madel specification. The Durbin-Watson {£). W)
statistic iy acceptable.

In the estimated TM plantings equation, farmers’ expectations of future profits
seem t¢ be formed mainly by the two most recent years' net returns. The capital
stock has a small, significant, and positive effect on investment, possibly reflecting
a trend in demand or a demand for replacement investment {for anticipated [uture
removals}. The most curious result #s the negative coefficient on removals; this
coefficient would be expected to be positive and in the neighborhood of one. One
explanation is that this variable is picking up a missed factor in profit expectations;
that is, large removals in the immediate past period are correlated with reduced
expected future returns.

Plantings Model—ENPV

Partial adjustment ENTPV planting eguations using hoth current period and one-
year lags of ENPV, were estimnated wsing OLS. The Rﬁ ds. increased from approxi-
mately .60 using the current period, EAPV,, to .76 when variable was lagged one
pericd (ENPV,_;). The specilication with the lagged variable is clearly superior;

the estimated equation is:

PL, = 32120 + 0.00068 ENPV,_, + 05810 PL,_, {3.18)
[¢=1.52) [t—5.58] A=6.08]
R =076 b= 118

where PL, s plantings (thousands of acres) in year ¢t and ENPV, is the expected
net present value of an aere of almonds planted in year ¢, in 1977 dollars. Durbin’s
h statistic is not significantly different {rom zero, indicating no antocorrelation of
the regression residuals. The signs on the estimated coeflicients are positive, as
expected, and both are statistically significant.?

Removals Model—Traditional

The traditional removals model was estimated using OLS with data for the period
1962 through 1990. The estimated removals equation is:

Rf, = 53988 — 5184 Mi—1 — 7.8458 M — 13.831 Te—3 (31?}
[e=1.38] [t——1.05] [t=—1.83] =-2.62|
— 28431 w4 + 00044 K., — 23356 D70, + 28375 D7E,
[t=-0.62 [e=0. 16] [t——0157] [t=0.57
+ T4 D2,
|t=0.10]
Rﬁdj_ = N.54 DLW, =211

where R, is the number of acres removed in year t, K, is ycar ¢ bearing acreage,
i 18 year t state-average after-tax return per acre, in 1977 dollars, and three 0-1

3ince the coefficients describing the eflects of per-acre returns, lagged three and four years,
were insignificant, they ewere excluded from the eeported equation.

241y addition to this plantings model, a model using net investment, plantings less removals,
as the dependent variable was alse estimated. This mode] also incorporated a partial-adjustment
mechanism. While the variables had the expected aigns, Durbin's h-statistic indicated significant
autocorrelation. This model was not pursued further,
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dummies to account for changes in tax laws are D70, = 1 for 19701975, D76, = 1
for 1976-1981, and 782, = 1 for 1982-1390. While each of the coefficients on the
lagged profitability variables each has the expected negative sign. only one of the
four has a significant f-value. The coefficient on the stock of trees (K, ) also has
an expected positive sign but is not significant. The three tax dummy vanables
included were not significant.

HRemovals Model —ENPVY

The ENPV removals model was alse estimated using LS methods for the period
1962 through 1990. The estimated equation is

Ry = -5.248 - 0.000052 ENPV,_, + 01370 PL,_, (3.18)
[t=—1.9%] [t —0.71; [t 3.85]
Rf“!j_ =038 DW. =122

where R, and ENPV, are as previously defined and LD, is the acreage of trees
over 20 years old and bearing in year {. While the coeflicients on the two variables
have the expected signs, oniy the acreage of trees over 20 vears of age (OLD; 1)
is significant. The explanatory power of the ENPV removals model is low, both in
absolute terms and relative to the traditional removals model. There are several
possible reasons for unexplained variation in the removals relationships. First, the
quelity of removals data is typically suspect and the accuracy of the almond remnoval
data is easily questioned. Second, the better performmance of the traditional model
could be due to removals being driven by short-tertn inarket conditions such as
recent profitability or prices of almends.®® Third, the almond tree age variable
{that uses an age of 20 vears based on data availahility} is probably too low since
most available information indicates that removals due to age often occur after
30 vears of age. Finally, almond growers may wait beyond what appears to be the
optimal removal tine in arder to improve their estimates of future profitahility while
avoiding sunk exit /entry costs (see Dixit (1989) for a description of such investment
models). Owerall, there are good reasons to believe that the ENPV formulation
is a misspecification of the removals problem; these considerations reinforee the
statistical evidence, which favors use of the TA model for removals.

3.7 Validation of Models

From a statistical standpoint, the best plantings cquation is a partial-adjustment
model using lagged cxpected net present values, equation (3.16). This equation
is used in the within-sample simulation model of Chapter 6, and in that model's
application in a revenue-maximization setting, in Chapter 7. The fitted values from
this regression are plotted alomg with actnal values in Figure 3.2, Our preferred
removals equation is the traditional model, equation (3.17}. Actual removals and
the fitted values from (3.17) are plotted in Figure 3.3.

Formal validation of these two equations includes the analysis of statistics de-
scribing the fit of the equations over the estimation period and the evaluation of the
strength of the equations at forecasting out-of-sample data. Pindyck and Rubinfeld
{1981} have shown that even equations with high goodness-of-fit coefficients, signif-
icant t-values, and good Durhin-Watson statistics may not forecast well within the
estimation period. In addition, if the equations are to be vsed for forecasting, it is
useful to evalnate out-of-sample performance. Having in mind this evaluation, we
reserved data for 1991 and 1992 for out-of-sample validation.

#French and King (1838), Nuckton, French and King (1988), and French and Willett {1989)
concluded that removals are dominated by age (productivity) factors and vaey with return factors
cnly 1 the short run.
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Table 3.2: ¥alidation Biailtics for Phantings and Bamssals Models

Estinaling _
{runkry Peorind RMEE  TIE rE £y i
Wikhin-zamphe:
Phantings 1G85 437% fa33 000 D.O8% D535
Rerovals 1547 46 chuG 0637 DOAR BERS DU
Ciat-of-sampie;
Plantings 1901 o2 1820 D2
Remenals 1991 5% 2081 D424

Motos: RAEH I Root Mean Sguee Brcar, TIER she Thoil Inanualidy Coeflisiont,
x normalizasion of BMEE 20 87 sud DV are respectivaly, the hizns, eariance,
and covarmane tomponenes of KASE Both sgsations are linear, Sigve ie AMOE
dosompesition (8 ot well defised for two o us ebservations, B & omined for the
i b BEErgE DNCICINE,

For both the withinsample and the sub.obsample validetion, we caloniated the
Thetl Inoquality eneliviens { TIEY, defined oy acinal values 4; and predicied values
Fy A

....... -

r:“;‘ Tr_f {F! — £ }2

T, (T
i3 3o X #
¥ Xfmi Fov oyl dm %
Notr that the numerator of TFE is the sgusre oot of the Mesn Sgnare Error,

N
HIE "
MBE = 23 tm = a¥.

hESq]

The TTE s psualing of the root measn square errer, so thal TTE = 8 imiphies that the
rtedicied and arcnal values ave wentivcal, while # vhe predictioms ave wnenvrelated
with £he nhsersations, then FIE — 1. In additisn {0 this soaling, the mour square
erron €2 be broken down loto proporticns of fneopuality,

{2 _ 532 32 “ .
iF -2} s 1:3? T ¥ L:C = “i§‘ " Py tplia

asE o C % UTINE TTTRERE

where §, and =, are the standard deviations of p aod a, respeciively, and gy, I8
the correlztion caeffiaient between poand g, Theie oreportion: are deseribod as
the biss. varfence, and covamanes proportions of the sinulation o forecast oo
D mpssures the difference i the meaps of the pradicted and zciual serios, ny
measures the difference in the varabilicy of the two sevion, while FF9 measures the

degree 10 which the swo serios move together, Notig that
S I m % e |,

i iy desivalde if TEE, UY and U7 mre smiall, ané ¥ is close to 1. The wlidaiion
statistios for the preferred plantiog and removal moslels are listed da Table 3.2,
Within-sampis, the two models perform very sell with TYE clase 1o zoero, I o

T {this is tre for olf QLS estimates), with 7Y Jow and U high, The plots of sctusl

U e




and predicted values Hlustrate the good overall fit, with a goed covrespondencs
berseeen turming-poinss, as indicated by the eovariance preporiies U5,

Oui of sample, the plantings model coniinnes o perform falrly well, TIE below
0.3 fwhick Pindyck and Bubinfeid {10817 desoribe as “small” and with most of the
“greor” Hgnd o the unsvsiematiie covariancy proportie. The perfarmeacer of the
rezaceals moidsd iy somewhat weaker, with relstieely igh TVE and with most of
the erver dus an inalility to maich the variability of sctusl vomengls (U 18 large,
while I'% iz smalil
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4. BPANISH ALMOND PRODUCTIOGN

4.1 Introeduction

Werld simond produstion haw changed considerably sincs 1958 o the sarly 1950,
Faly was the worid's sigtor abwonud exgorier and the Unitad Sates importad from
7 o 22 poyennt of s annun) sepsly of slmonds. The Unitod Stazes, with growing
aimond produriion, became a aob exvorter in 1958 and UE. sxporss have trendsd
up since thep. Cver the past 2% years Califorais has become the world's dominams
producer zad exparter of slmends, followed by Spain with #12 large aimond plantings
and growing production. As almond preduciion expanded t2 California wnd Spain,
ftaly™s production decreased, a change atirihutable in part 1o the growth io labor
costs that has accompanied Dialian economic development (Dushuell 1874, Italy
now inpuerts almopds. For the three marketing vears 1983-00 ihrough 100143,
Californiz accounted for an wersge of 66.3 poroent, and Spain an aversge of 171
pereent, of warkd almond praduction. Califoraia ang Spais acconnted for 96 percens
of workd exports: A1 percent for Caldforsis and 1E.D pereent far Spain.

Spamsh almonds copspete closely with Ualifornia slisencls in axpors maskets,
resultivg in highly correlated prices. Thos, sctions By the Californis mdugtre that
aftecy {he pyice of abmonds b oxport markets will beve an impagt oo the Spanish
glwond industry pod vice-verse. Hecanse Spain & an lmportant sompetitor, and
the response of Spanish praducars {o changing prices iy lwpartant to the California
indusiry, we aifempt S0 model the Spenish ndustry.

Spamsh altnond aceeags prew steadily Juring the 1860s and then expasded dea-
matsesliy during the 19705, Spals had = tosal of 438 380 sores of elmonds e 1959,
As shown s Figure 4.1, this amoeun! grew to T35, 1H aoves in 1976, then aboost
doubled to 1384500 acres In 188, expandiog to 57,000 acres in 188D, Of the
1989 iotal, 1437, 700 acres wre bearing, with the remainiog 75,888 aepss nonbear.

1606 " i
*{_.11
Tt L e
[ i3 ng% P /'.w-ﬁ' Lo i LA -
MompealEg v o s Y -
- -
e L
&/ . +
< ¥
E oW & ;
o : S
= B
b 0 b * J
¥ e
] L
&R - P s 3
= Bl oS e ]
- . ERERELL - B S L
JR- S LI 4 TR R E
0 . = : : ' :
kil iy T xS 143 HES R
Yoprn
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: Figure 4.4 Spanish Prodaction of Almonds

ing. The only recorded decrease in total arca securred between 1989 and 1990 with
a 700 acre reduction to 1,516,800 acres.! While the area devaisd 1o almonds
Spain 15 puch larges than in California {15317 million seres wa, 452,000 seres
190, Califarnia has barger sopusl prodection, Ouky L3800 seres (7 pervenr ! of
Spaaish almonds are urigaied, and average vields for nondreigaced almonds sre
low. Pdmailed dava on Soanish svresge and production are in Table C4.2 In the
Appendix,

The substamial increnses in Spamsh slmond sorsage have hesn partially offes
Iy reductions in average yislds. In Vigare 4.2 total Sparnish almond production wag
157,063 tong toeshell B 1908, ad increased io 28 bigh as 351308 Lons in 3978 an
1,37 200 bearing 2ores.” Wish inerezsed plantings, teta) proeducian peaked in 1889
at 358,100 tons on 1,437,700 acres,

Averapge Spanich almond yields per bearing acre for the period 1959 through
1989 arc shown in Figure 4.3, Qverall yields have varied {rom 2 high of 633 pounds
in-sholl per acre in 1967 o a low of 259 pannds per sere 1 1988, Beparate vield
daia for irrigated and rondreigaead almonds are available for §97] through 384
As shown in Fipwre 4.3, berigated yighds are wsunlly almost thres times as lrge 25
gyv-iamd viekds, For the 19 years shown, sverage irrigated viekds wore over 1068
pounds por acre (mealedl) during 17 years, with fhe Bighest viekd Beiny 1,434 pounds
per aore i 1883 Az » bask for comparison, during the same time Fame Califorsia’s
jowest pverage vield way LO00 powmds per arre {meshell) in 1978 2od the highest
yield was 288 pounds per aore in 1987, The downmmpd frend in Spain's oveml

PMNeote i FIBD s weo not included in Bgeres 41 and 4.3 slnie only 02ad production dnd
total acreage Hats wore svalabke,

Muntsl productian teparted i Spamish stanistics fchuedes werimated produeiton feom soablerad
trees (alngie traea that are mot pars of an organized alnond sivemise and tvpically receive litule
care). These trevs, which we not included in the acreage statistics, are estimated to typically
aecount for about [0 percest of tatal production. Because of this, muliiolying hearing acreage by
average rield w3l result in sorald production chat does pot inclile praduction tecm scatlzted roes,
and 5 a cesalt 1z leva thas tots! repoceed produstions.



Cannint Monegraph  Number {2 87

1600 d -t T T T T T T 1
Overall -= - . .
1400 - lripmed - i T o
Dryland - . Do :
B0 ‘ 1
G e e ¥
* s
E 10 F ' L : ' : . . 4
< %00 | i L 1
E H . B
.E L]
£ s00 f . . ; .
s \\_/ . """P"' ', fi‘ P P
”! ~ t \ i / Hl"'\. A
a00 @ S /}/ kY /., R \ - I i
R e N
Zm Il 1 ] 1 i L M 4 ..L..#’
1970 1972 1974 1936 1938 I9RD 1982 19H4  I9R6  ISER 1990
¥ edrs
Figure 4.3: Yields of Spanish Almonds, Dry-land, Irrigated, aml
Overall

average vields is in line with a dowoward irend in dry-land yields. This downward
trend could be due to several factors, including expansion on marginal lands or the
changing age distribution of trees.

4.2 Spanish Almond Acreage Hesponse

The model of short-run and long-run acreage adjustments in the Spanish almond
industry follows the general format of the model of the California industry, as pre-
sented in Chapters 2 and 3. There are, however, data limitations that require some
modification of the estimated supply response equations. These lnitations include
(i) a shorter data series extending from 1959, from 1964, or from 1971 through
1990, depending on variables, (#) no data on either new plantings or removals, and
(##) some apparent changes in sampling and reporting over time.

Yield Maodel

The almond vield model for California, discussed znd developed in Chapter 2, is
easily adapted to Spain. Diflerences in production methods nwust be considered
in model adaptation. A large proportion of plantings in Spain are on unirrigated
land. One would therefore expect weather conditions (especially rainfall) during
the growing season to be a more important determinant of dry-land vields than one
would find under irrigation. With the data available, separate yield equations for
dry land and irrigated land can be estimated for the period 1972 through 1989, The
data used in these estimations are listed in Table C4.1.

The preferred vield model for California almonds, estimated in Chapter 2, can
he adapted 1o the Spanish situation with the following specification:

ve = f -1y — ye-2. T, YR/ By FFo JFR MAR, JR.} {4.1)

where, in year %, y, is averapge yield per bearing acre, Ty is a trend variable, ¥B:/ B,
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Table 4.1: Begression Models of Spanish Aheond Yields

Dregs.

Var. et T: d{ﬁ(?&g F¥ Af ?i:% ¥ Ciis b Tr -

O LLEE SRR ABIG L1683 DESS L 1H3 Hﬁé; w i g2
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e ALLELE 4743 WR4RT 0 4578 §ETR PR &3z oW Rf:v,v, O IE:

b oeasn L3233 LRI (765 @a] A2 Hym 29| 4w .07

Naotos: Vs B brgelars aoe daptice. Dopeadonn variofe= are wicldy fhilograms for s e
irrigatrd aerongs i:;«_i;"!, drv acrcage sjyf”‘”"} arel totad aoresge (350 For emrd comation, By 8
the laggesd degretrlent vanabie, F; 2 ¢ Bear fiiee treed (T = 1 R i the sverage ronfall {in
shifiisorters | during Janvssy »nd Telwnary dveess rech of the T provinees of Lavad aned Andpiusis,
FF B the sverage aomdar of frodt s durng Febnosey o ek of tier Eawmd and imiadans
grosipess. ALAM, = aspage sminlall doviag, Bareh aad Aprll, asd FH i average caiofadl dasing
Jud For the D sant “Tatad” wguatinng, g i the lagged serow in s Carhmane-Chett Internaive
Ao, aE & i Burlin™ hostatistie bl The auloregrewism ssbtintion. Bor the “Fagapnl”
At Thpbine e o TR ded, *}giiﬂa&i?&g b 3% Eig‘niﬁ(aﬁt arstocorrbhation.

is the proportion of bearing area that 38 5 L0 U yeass old, ¥¥, is Febraury {rost,
,?Fi?x is Jannary and Eehenary rainfall, MAR, & Mareh and April radnfall, and JA,
i July rainfal
The warisbles used In the snalysis are defined as follows. The average vield
i¢ mewred as kilogmmens pet beanne acee {freshell). Spanib data on the age
EHatribniion of admeed trees are not awailable, but noobenring acreaice sdwanced
fve woars provides p measure of yoonng bearing acreage, assuring thal thare are
ne removils em that age group during the fve voar poricd. Spaneh almend
ptoduction i influenced by loth rainfoll sod fest. Raindsl duning January and
Fobreary afects pollinatios, thus we #xpest increased m’-aia%i duriap these monihs
to he aseocilad with decroased sverase vields, Rainfall di;z’?;g the growing season
i alvo Impodant znd ocveased raindad! during the oritical monvds ol Mareh, April
and July is expaciedd to he associated with inoreased average yiaslds. Frogt ducing
February <an hava an advorse impact on yields. The vainfall apsd dseer variables were
moasured for the twn malor produclicn regioms, Levans and Andalusia. Monthly
ramfall = measured in milimeters and s » simple average of the rainfyll i ench of
the sewm provisces I the twe emons., The fmﬁ!- variable i3 also 2 smple average
fover provinces) of the numbey of {rost days in Febraacy in the two reglons,
Hesnltz of sxtimating the average yield equations were in line with expectations
and mess of the varkables were statisticaby significant with corrent sieps. How
pvir, the second lagped visld variable (g0 — ;e o) wis fnsigaificant in each of the
equations and was dropped, The proxy venable used to messure the proportion of
pow bearing ares { YEH, JHy ) wag sise insignifican: in sach of the equations and wasg
dropped. The sesulis for each sguation are ghown in Table 4.1
There was a downward trend io ageregaie snd dry-land yiskds, while lrrigated
vickds inereased. Hadnfall and frost lme the bypothissized sign in ench enuation,
althorgdh not all coefligients were sprsficant. The ndividual onuations sepiaty a
respoctabie percentape of the ansual varkation in average yiclds o5 messwesd by 15,
Iz the equation for vield on brvipated acreape, Durbin's m stabistie i insignificant,
HUgECATERE thad Antoregressive evvors are not @ problem. Howerer, m the eguations
for visld o unirrigated acresge and on gl lend, there &= cvidener of antocurysisted
residunis with OLS pegression.  These equations were therelbre estimated using
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the Cochrane-Oreutt procedure. The Durbin k statistic is reported, indicating no
higher-order antoregression in these equations.

MNet Investment Models

The significant expansion of total area devoted to almond production in Spain is
shown in Figure 4.1. As noted, almond area increased about 740,000 acres dut-
ing the 1970s, an expansion that exceeds California’s total almond acreage. Two
factors appear to be associated with the rapid increase in almond acreage during
the 1970s. First, it was a period during which producers enjoyed favorable returns
and, second, the Spanish government was providing subsidies to encourage expan-
sicn of agricultural production {including alimonds). Spanish government support of
almond development, included several important features. Beginning in 1970, new
growers became eligible for low interest rate loans and a subsidy of up to 20 per-
cent, of the cost of permanent improvements in land and facilities. The government
alse provided assistance for procurement of inputs and improvement of production
techniques {Gardiner and Lee 1979). Government policy to expand Spanish almond
production was elfective for the period 1970 through 1977, but appeared to inAuence
net investment through 1979,

As noted in Chapter 3, new plantings and removals decisions are the major
investment decizsion made by the producers. Data on Spain’s total almond arca are
available, but new plantings and remavals are not reported. Net investment (0¥ ),
the dilference hetween new plantings and removals, can be caleulated from total
area data. As noted in Chapter 3,

A;f/‘qg..[-{-PLg—Rg‘ [42}

which can be exprq.':sscd AS

.

- £

L\‘\ Ag,.—Af..l :PLL—Rt - JF\'TM

where A; = total area (acres) planted to almonds in year £, &, = net investment
{i.e., the change in total area), PL; — new plantings of almonds and R, — removals
of almonds.

Total acreage of almonds is a proxy for the capital stock if planting density docs
not change over time and does not vary from region to region. Net investment,
based on the change in total almond acreage from one year to the next, is modeled
similarly to the area response models developed for Spanish oranges and mandarins
by Albisu and Rlandford {1983). It iy also similar to the acreage response model for
Spanish almonds in Bushnell [1978), although it includes data for all farm costs,
including land, which should capture the efects of changing returns from other
crops, indicated in Bushnell by the farm price of oranges. The net investment
function for Spanish almonds is specified as:

Ny = f(P, Cy, Support, Age Distribution) {4.3)

where net investmoent s a function of expected profits from ahnond production
{i.e., as represented by prices and costs), government support policies and the age
distribution of almond trees. The rationale for this model specification is sinilar to
that used for models previously reviewed, with the choices of particular explanatory
variables based on data availability.

Farmere’ planting decisions are assumed to be based on expected profitability:
a function of expected prices, expected yields, production costs, government pro-
grams and policies, and the profitability of alternative crops. Most Spanish almond
orchards have been located on marginal lands in arid areas where crop alternatives
are limited {(Caballero, Miguel, and Julia 1992). QOther nuts, sucl as filberts, are
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produced only ) Tarsgoua, 2 provinge of the Catalonin region Specification of
varizbleg to reprasont the profitability of alternative crops was not attemptod.

Rpanizh ghnond yiskds vary signifeanidy from yrar to woar (Figuere 4.3} ¢oe (o
sitornate bearing tecdencies and weadher conditions. Since most Spanisk almends
ate prown without rrigation, yields are very sensitive to weatber comditions, o
peciaily frosts and calnfal during the bloowming and growing sessons, resposiively.
Singe fanmars wee prosumably familier with vield variability, a0 attesipt was made
to somnbing inferszation on prices with icformation on gields to form a measure of
srpected peofitaialivy. Thie offort won onsuccamful. the giniple sverage of past prices
was a betier predicor of eet imvesiment decisions.? Notw that averags vields hawe
hoen approximelely conztant, so thut sspectationg regarding vields cas be freated
a5 g constant whes modeiting the formation of expecrations regardisg profitplility.

Expuctations segarding profrabildy apposr 16 have been based cu recent oxpe-
tiencs, Varimis averapes of prives deflated by & sost bulex were sried a8 prosdes for
expectad profits. A simple two-year average of prices deflaied by the o hudex,
isggad one and two yoars, provided the hoss afatistica! resuilin. This variahde can be
axpressed a8

AP, o ML T {4.4)

The age of the capital stack {the apge distribmion of trees] s expected o affact
wrvestment decisions. If the age disiribution of the existing orchards i3 relatively
soung, Liew ope would expect there 1o be & dogreased Incentiye Tor ney nvestmment
in new orehards, On the otier hand, i the exiting tapial siack iy very mature,
one woukl expect 16 see both planiings and removals io be greater for given prices
and costs. The mepact on Gsi irvestment iv uncertain. Spanish almond statistics
ictentify rrees as bearing Sve yoeos after Dlanting. B agpears that sheir produective
decline sisris when they are about 38 vesrs ol o aceouns for this, Yhe acreage of
trens oider than M yesr s measured s (35,

Oevernmant subsidiss and plasting incentives morease the proftability of al-
mond producties relative to sther scuivities and incroase nst investment, celerds
paribys, A zerceone dumamy vadable, whish assumes 2 velue of one for the years
1863 thrangh 1979 {execept 1972), caprures the aflers of the govegnment program 1o
sxpand ahnond prodastion. Dae 1o the exiranely Tigh inorease in mew slanting in
1072, we insiuded o dunimy variabde for this vear.

The wadel o annyal set changes o Spanish gluiond acvesge was estimated fov
the poriod 1965 throngh 1825 using the data in Table O3, The preferred meods!
invhuded variahles 1o measure the impact of rovenues, costs, governmint piznling
sebaidies, aml the acreage of did-beacing treos, The estimated eguation b

N, o= —1BL3% 4 0448 AF, ¢ 4363 STH, (4.5
== —4.34] =308 famd R
4 MERAR DTS, + 026 GH_,
ig=3g BT iee & L
nﬁgj_ = {hEG ELW. o 1A

whore N, iz the pel annoal chasge i Spanish almond acreage, I thowsandz of
hectares {1zl acrcage in year ¢ minus tolal sczeape In vear t— 13, AP is the
expected pratitability of alinomds (dallars per mesrkc ton} based on a shnple arerege
of prives deflated Lo the General Fans Cost Index, 1985—=300, {miblished by Spanish
Depurtment of Agricslture) for vears £ 1 and { - 2, BHEB, is 4 rerc-spe veriable to

TAg neted n Chapter 3, must peins studies heve wsed either pricss o tatal revenue as poowy
measuees ke erpected profis Both measomts wers peibfodted for the Spanish investrest moedel,
with {he prioe wirlable providisg the best stanlstieal vesults, Noto sha! abis kb different from the
prewEnt waiue model ssed for Quhforais muppty tesponse,
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.\_ffi}g’ﬂ‘fé 4.4; Actual and Predicted Changes in Tolal Spanish Ahnond
Adresge

maeasnre the mpact of Covernment nlanting subgidies {assumes 2 value of one fop
the yesrs 1968 through 157 except for £5725 D72 is a zevo.sne dummy wiviable
1 avcount for unussally high new plestings n 1972, 2B, ¢ B aures of ofd bearing
broes i year { — | {irees over 34 years old, in thousands of heclares),

These reanity are generally copsinent with expooiations in thst the cosfliciens
have the precicted signs, mre of plaosiide maguitudes, and are statistivally sigaid
want, The rosulte are abse consistent with the acreape responge equation for Cal
Horpia, The statisticel performence of the mode! was quite satisfaczory as well,
with # high proportion of the sample variation being oxplained by the wariahles
incluged ward there being ne svidence of autoregrescive residluale. o Figare 44, the
esiimated valuss {or net Investmoent from the model are plotied apd compared with
actual valiles

Spanish almond producers kave tepaed te ncrvese now almord plastings whes
average prices adjusied for costs increased. They have alse tended to increase
imvestroent ss ol almond avroayge increassd, Spanish producers rendtad as exproted
k2 govenuanent plasting/mredoctios incestives and sobsidies effective during the
vears 1909 through 1472 The sstimated coefficiert o the subsidy varlable indicates
that the annual increase v Spanieh acrepge was LELG00 acres move during the
peried L8 vhrough 1974, when the sulmidies sere effoctive, thas duving other vears
when subsidhes were ot weadlable 16 aboond producers. The sstimared corficient
a8 the dunany wariable for 1972 ndiestos that the soroege inorcased oyor 360,000
arres more than sxpected that yeax. While soree HIE00 ucres ¢an be explained by
goversrerst sebsidics, no seplomstion is ofvred for the other 252,060 ncres,

The gigrificant Increases in Apanish abmond acreage aad production that ee
curred duriug the HHUs can be fargely expialued by tww factors. First. the periad
during which Spasish governiwent planting subsichies and supports wees ofective was
assoeiated with o increase of about 175,00 aores. Second, asd wnosd mporiam,
alpagndd poiees wore gonerally fuvorahle over this period ang praducers responded 33
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eapected, by simitcantly expaadieg their investmen? in abpond produciion capas-
Py,

4.3 Forecasting Yields

The ostimatod averzge yekl enuation can be used o develop anoug! forecants of
Sparish alwmend vields, &y a maoner similar to that shows br Calforniz in section
24 The wdues for the eght-hand side veembisg ased i the viekd foregass will
depend an tlming. I, for cxample, one was making 4 forecast of noxt yonr's yield
ferr the Lotal area right afrer the fall Batvest, potust data would be svailable only for
lagged yicld moed thoer averagss woukl be peguired for each of the weather vaniables.
Oz eotgld $hen updato the fovecust 58 observalions besasme aveilat™e for caeh of the
variablon.

While we can predicy an anrmnal chanse in toual Speniskh arreage, we 4o pot have
an euaticn to predics heariag acreage Thus, we are suable lo tombing experted
vields with bearing atreags 1o forocass toiat production, Withoul o working maded
of produaction, and without either an acesmpanying domestie demand mode? or a8
astimate of Spasish ned exporis, oo chnnet ineovporate the work on Spanish acreaps
respoise &nd vislds into & il simalation model of the workd slibond industey
However, the estimuted acreage reaponse way seed 1o create 2 Spankh supply-
rsgpsnse function in the bngterm pelioy-optimization model of Chapter 7.

4.4 Coneclusion

e shogt-cun pesponse of Sosaich almond prodacticn o chanping yields aod the
longer-ren net rosponse of planted Aren o cronemin variablss have been magrleled.
Howilis are constsnent witH {Bowe T the Califoraie ndustry and sstimated relation
ships appear gnites reasonaiie

While the area nlanted to alouds in Spain & muech larger than thet in Jal.
forria, iotal production from Spain s smaller hecause of cultural methods. Whils
almost all Onlifeeniz almand produection is irrigated. 838 parnent of Spanish acreags
i= unirrigated. Spunisk vields are dependent not oaly o weather duting the Boum
perkad, but also on raieihl deviog the growing segson, and 55 a reduit yiekds me
fuite variable. Average vislds have bees trending down on diy land and rending
up on the zmail araount of frvigared area.

The set mvesunem model rdieates 1hat Bpanish almond produeess expand
nlaatings {ared perhaps reduce remiovsls) whem averags prives lnoreass and reduss
et investment wWhon oosts osgase. Spanish prsducers also react in the expectsd
mmanier to pianting/ production incentives and subsidies. Thus, artions taken by the
{wlifornia producers to increwse slwond pricss will enceurage inereased prodaction
by s major competitor i kigher producer prices are transuritted (an it & expected
they will bo] towndersational markess,
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5. THE DEMAND FOR ALMONDS IN NATIONAL
MARKETS

5.1 Introduction

Californis s aow the dominant producer of almends n the wertd. The decisions
wade by the Califorsia slmond indusiey have 4 major influence on almond prices
wned supplies in other couniries. Ag uspderstanding of thw relationships herwern
abmoml prices and guoantities wraded wall belp the Californin alimond Jndustiy to
manage #e wrang position i the world marker, This chapler preserds omimares
of the effecss of prices and todal cunsumption sxpenditures oo almond purcheses in
the Valeed Btates, Japan, and 17 major Faropean almorslconsuming oountrien

We begin the chapley with an sverview of the infernationsd almosd mackel. Joo-
$ioas 5.2 and 5.2 then desoribe theoretical and econmaetirie considerationg relevant
to the wark, and Section 5.4 discusses 1he dats sources ssed ie the analysis. In
Sprtion B4, wo presery the principal ossiation resuits, In Section 5.8 we itrass
various ceoncrieteie aeed, incloding the treatment of srices a5 oxogenous warlabies
in each wdividual fpnction, apd sur assumptien of 2 single, integratod atmond mar-
ket ie which slmonds frome California and other sources are clese substitutes.

The Iust twenty Hve years have Deen markad by twe simultaneous, and related,
magr developroents in the world alinend inclustry. First, the quantity of almonds
s};ld ix the werid's sarkets has more than doubisd, from about 120 806 tans i 1965,

Lo-fo oy 280000 tone 10 1888 The second develeprusit is the tremendous growih

of the Qalifernia Indusrry: i 1980 Californis avcounted for umler 45000 toms,
ar about 37 percent, of the world suppby, while by 1988 the Californis fudustey
groduced over 244500 tons, by #se¥f producing more than twics ihe 1960 world
supplics, and seconnting for over 85 percent of the world's traded wolume. Derigg
thiz period, the [tahap markol share wieadily disappearsd. The world's barpest
exparter in 1961 15 now, ip modt years, 2 wet importer of almonds, a shrinkags which
Bas been attribused {Bashnell 1978} to increnses in fabor costs i1 the traditionally
mhor-intensive Ralinn alimond jedustry. The world almoml industry bas changed
from a marker with severa! malor suppiiers to & larger market dominated by the
Calforoia industry.

The California simond industry 12 export oventet, Exports have excesded do-
mesiic vales annuully sioen the 1975774 crop yenr. Duding the 1551 /82 crop year,
the Cofiferaia industry reporeemd oxports of ahinit 188000 tons, or shout 60 pereont
of the Idustry's 1o1d Besl sales, Dxpotis bave growe faster than Jomestic saleg
¥ wo are to winlerstend the Califorsiz slmoad industey, we must have good models
of dernand i these sxport markets.

The Enrapean Union [BLDY, especially Germuny, bhas recently Become the largest
imperier of abnonds in the world and 2lse the largest export market for Caltfoenia
abmonds. The mogt wpid recent growth i abnond gemand has, however, ooourred
m the Asian markets, particulasdy Japan, which 8 sow the seoond-largesi single
pxport sarket for Calilorma abmouds. The changing sizes of £he varions consnming
marksis was iBustrated I Figure 1] iz Thapter | It & wortk nofing thas the

s is cadoudated as Californis Sandler receipts, plue suporiz b other coumisiss raporting
praductice: o the U9 Prod and Agriciliare Organination. For example, in 195955 4.2 production

hy otrer prodocers (Tarkey, Morooeo, Tunisia, Portagal, Clona sed Chaled wers 3,008 wong. S
7 jenal marked sixe of 382500 toms The tras wmarket sige if someedsar gy Chan shis, as this
mearere exrludes the congtitnpfion of Jesnestically peoduced slmoads in the nos- L8 produsing
vesg e, forr welisch refmble data are wot snasbable

TThe domwesti Harket hay ndne belees grown steadily, frotn arourd 37 508 tons par Yait in the
aarly FO70 to aver 100000 wons per vear mors tecentiy, and the U5 5 she sinele largest nazienad
mathed for Cabifrmin seemts,
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United States accounts for over 98 percent of the almonds imported into Japan; in
Europe, it shares the market with Spain and the other producing countries.

EU member countries, primarily Spain and Italy, historically have been the main
almond producers in the world. However, even though Spanish almond production
has risen, the EU has become an important net importer duc to the decline in the
Italian almond industry and the rise in EU almond consumption. This development
has eccurred simultaneously with the increase in Califarnia's almond production and
has made California the largest almond supplier to the EU.

From 1986 to 1991, more than 50 percent of California almond exports went to
the ETJ, and Germany alome accounted for elose w 30 percent of total California
almond exports. Between 1970 and 1990, the U.8. share of sules to the main almond
importing countries of Germany, France, Italy, the Netherlands, and the UK rose
from 37 percent to 70 percent, representing an bicrease in sales from 16,300 to
77,200 tons kernel weight.

Spanish glmonds compete with California almonds primarily in the F1J market.
The EU, however, has not used any significant trade barricrs to restrict almond
imports and protect Spain. The longstanding nominal import tariff of 7 percent has
not heen an important impediment to trade. Under the 1989 U.S-EU agrecment,
the tariff was replaced with a tarifbquota arrangement. A nominal tariff of 2 percent
applies to a quota of 46 million kilograms {about 50,000 tons), with additional
quantities subject to the 7 percent taril (Worldtariff 1992). The tariff faced by
Spanish almends in the EU prior te Spain’s accession to the EU was so low that
its suppression has not significantly lmproved the country's competitive position
(Moulton 1983). XNor are trade restrictions important for Llberts, a potentially
important competing nat. Turkey, the largest producer of flberts, has a 25 million
kilogram quota {about 28,000 tons) of filberts which enter the ELU duty free, with
a4 percent tariff levied on additional volutnes.

Past research on the European demand for almonds has treated California and
other almonds aa distinct products. Bushnell and King (1986} analyzed export
demands for California almonds, using the Spanizh almond prices or per-capita
consumption of European almonds to account for the eflects of European produe-
tion on U.S. experts. Bushoell and King reported difficulties in using Spanish
almond prices, as their multicollinearity with U.5. prices led to “wrong signs" for
demand equations for the United States, West Germany, aud Canada. They there-
fore included per-capita imports of European almonds in their equations for export
demand for U.S. almonds. Alternatively, one may take the correlations between
U.S. and Spanish {and Italian) prices as evidence against source-country differenti-
ation of almond markets, and analyze instead demands for all almonds, irrespective
of source, within each country. We report, in this chapter, the Hrst estimates for
total almond demand withiz each of the major European almond consumers; in Ap-
pendix A we present technical evidence in support of this analysis of an integrated
market for almonds. Our estimates incorporate several additional modifications to
the Bushnell and King work that strengthen the linkage between the economet-
ric work and the underlying theory of demand for almends or other commodities,
These extensicns and medifications perinit the construction of a complete model of
the almond industry, capable of describing, and forccasting, the evolution through
tirme of almond prices, quantities, and acreage.

An important distinetion between the European markets and markets elsewhere
is the use of substitute nuts, which is particularly important in the large Northern
European markets. Alston and Sexton (1991) have identificd flbert prices as an
important influence on California almond exports. The European confectionery
industry can replace almonds with flberts in many of its processes, particularly
as filhert prices fall and almond prices increase. In contrast, in the United States,
Japan and Great Britain. it appears that almonds have no good substitutes. We
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suspect that this vesult is related 1o their greater uso in these markets a8 a snack
food, and perbaps a8 a recognizable stand-slone ipgredient, such as the shiverad
almends i ceveals and o enkes, rather than as & ground-up, processed buredizm
for marzipan 2o sther confociions,

The appareat differences e tastes 2nd uses for almonds in diforent countriss
od us 1o ssthnaze separete Rupoiiess for the varie almonddmeariing eouniriey,
rather than teeating the K1 {for example} as » singde cmdny. Although treating the
E¥ as a unlt woukd sherphdy the analysis, it would abso load 16 a loss of information
about diffprences in almond cotstrmption behavior mmonp the sounteies. Given the
ulrimate purpams of this siady, 4 seorzed more anreopriae o B epecific models for
each country fow at deast (or the moss importart ouos) and Then to aggréegale thess
when there is fnterest in the eotal warket rosponss,

in addition to the BEaeopean countries, demarnd functions for the United States,
Canada, and Japan were alsh estimated. The California indusiry completely dmn-
inates the markeis in the United Siates and Japan. Owver 38 percent of Jupunese
mports are supplisd by Californda, while 118, almond imports gre insignibeanl.
Calferiia supplios over 75 pereeny of Coanadian almond Enpoarts.

Knowlire of domand relanionshing in 2 subset of the workd's markets ghves only
& partial acesunning of the egal dowand for shuonds. In the abonnd indostey, in-
ventories of auls are goversily carvied over from ope year e sule in the Bollowing
vear; un inventory demsnd fmetlon Is esfimnded 1o dosorihe the owolution of these
stocke. Finally, the modet i vhoged with a Rest-of Warld £8O°W) demand eguation
thai shiows the reletionshipn Letween priccs, exogenous rariebiss, and ibe guapsi-
tiee of abmond sales o othey markeds that are pooessery o clear supplios it each
vear. Since the ball of sales onisids the “large” counirley {United Stnfes, Tanada,
Japan, Germapr, France, Cireat Britain, the Netherlunds, and lizly) are to a sot of
medium-sized countries; we estimate separate demand fonetions for seven of these
conntrics o provide a mesns of checking the congtruried marketcloaning ROW
domand funetion.

In Sextion 5.5, Comand sotimates fur the large connivies are prosented, along with
the: eatimnded storage syustion. Spanish net exporis aee treated as noogenous. We
enpmtruct & BOW serles {osloviated a6 U8, pet axporis, plus Soanish oot exports.
vhus Halian exports, lese alinn Imporis, less net Imports by Gormany, Franee, the
Netherlands, Crosd Defiabn, Japon, and Causdal, and esthuste an BOW domand
Rmetion, also provented in Sectien 5.5 Then in Section 5.8 wo analyze sepazaely the
demands of ihe nevt soven Inrpest consnmueng consstries which, exeepl for Austeala,
arz ali in Eurcpe®

5.2 'Theoretical Considerations in Analyzing Almond
Demand

Lonsumer Demansd

The voomonic thoary of constuner hehavior peedicts thet & samber of factors in-
Huenre the amannt of 2 produee sueh ae almopds thet consumers buy, The most
important of thess factors i punorally the price charged fov the progiet, The price
fprantity relntionehip Is geucle? heosuse price and/or guantity placed on the market
are decision veriables for individusl Grme or an Industry-wicde organization such s
the Almond Bourd The relationship beivween poioe charged and quanity scld s
smeally guantified wming the price slastichy of derssod fibe prroenisge chanss In
quantity purchassid due 10 2 ope-percent change o pitee), The prive slasiacity estd

ASwitzerland is aetinlly a larger alrerond warket chan Canada: howaver, beetise Canada s 2
lacger market for Califernia almands, sl lrecause the close integration hetwaen the Canadian
sud the S markeis dictales a common traatment in any prge digerimination policy. Canada is
ireaied ar one of the large markets
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mate is a critical input into devising an optimal reserve strategy because it indicates
the impact on industry revenue from implementing various reserve strategies.

[t is also desirable to specify and estimate models that incorporate as many as
possible of the other factors influencing almond demand, so that their effects can
be held constant, statistically, in order to obtain an accurate estimate of the price
responsiveness. From ecomomic theory and previous statistical analyses of demand,
factors that arc likely to be important determinants of consumers’ demand for
almonds include:

1. Comsumers’ purchasing power, nieasured in this study by personal consump-
tion expenditures on all goods and services.

2. Market prices or quantities of substitute commoditics. Prior analyscs of the
almond industry (Bushnell and King 1986; Alston and Sexton 1991) have
indicated a strong filbert-almond link.

3. Exchange rates. Since nearly 2/3 of the California almond crop is exported,
the cxchange rate between U.S. dollars and the currency in key importing
countries such as the Germany and Japan is a major factor infueneing the
cosl of California abmonds in those countries and, hence, consumption of them.
Exchange rates are accounted for in the subsequent analysis by converting all
monetary measures into units of the demanding country’s currency, and then
deflating. This procedure accommuodates the concerns in Bjarnason, McGarry,
and Schmitz (1969) that the price series used n international supply and
demand analyses reflect the real prices faced in each country.

4. Population. The effect of population growth s captured by estimating models
of per capita demand,

Derived Demand

Figure 5.1 represents product fow in the California almond industry schematically,
with particular attention to the determination of prices and quantities at various
different stages. There are at least three price-determining stages in the industry,
which could be the focus for econometric work. With data on the prices charged by
handlers, one could focus on the price and quantity of final production, ageregating
the flows to demestic and foreign purchasers. With data on the prices received by
growers and other suppliers to the almond marketing sector, one could focus on the
prices and quantities of farm product and processing inputs. Finally, one might
investigate the derived demand for the inputs used by almond growers. A full,
disaggregated model of the industry would encompass alt of these sectors; earlier
wark, in particular Dushnell {1978} bas included elements from the entire chain
of markets depicted in Figure 5.1, Additionally, one might focus on particular
elemnents, such as the factors determining the markup between the prices received
by growers ard the prices received by handlers, a feature in particular of Bushnel]
and King {1986).

Given the close relationship between grower and handler prices, as demonstrated
by the margin relationship in Bushnell and King, one may simplify the analvsis
and analyze the derived demand for almonds faced by growers. This procedure
aggregates over all the uses to which almoends are put, and permits the identification,
in particular, of a single elasticity of demand for domestic almond sales. Since the
marketing orders governing sales of California almonds have had elfect at this level—
rather than controlling, for example, the quantities directed to different end uses,
sich as food-service, snack, or manufacturing  this is an appropriate place 1o focus
the analysis, especially since there appears to be a near-constant markup. However,
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Figure 5.2: World Almond Supplies by Producing Countries

sinee the latter feature is an important condition for the analysis of derived demand,
the constant-markup assumption is validaled o Appendix A,

The demand facing growers or the market intermediaries, illustrated below in
Figure 5.3, is a dermved demand. If marketing-sector services are provided under
conipetitive conditions, derived demand for any quantity of almonds can be found
from the final or primary demand merely by subtracting the cost per unit of pro-
viding the marketing services required to transform raw almonds at the farm into
the form required by end users.

Economic theoty suggests that derived demand is influenced by the same factors
that influence primary demand as well as an additional set of factors that influence
the costs incurred by market intermediaries in supplying the raw product to the
various end users. These costs, associated with transporting, storing, processing,
wholesaling, and retailing almonds and almond products, comprise the mamin be-
tween primary and derived dentand.

‘The derived demand for inputs inter a food processing industry depends on Lhe
prices of ather inputs (such as labor and capital), and the technology of processing,
as well as the price of the raw materials. Thus, the demand for semi-processed
almonds wonld he expected 1o depend on the prices of substitutes in food processing
as well as substitutes in Gnal consumption.

Residual Demand

California lacks a monopely on world almend production. Although California now
annually supplies over three-fourths of the world's almond trade? {see Figure 5.2), it

1We consider here the shares of the world’s marketed aimonds. bor the United Srates, both
domestic consumption and exports are included. The other major praducers consume nich less,
anel lack goud dats for domestic consumption, World marketed supplies are therefore defined as
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faces impord ant commnpetdtion for export sains from forelgn producens, most notably
Spairn. The presence of foreign competitors means that Callfornis slmocd producers
asunily €0 pot face the totz] demand for slmends in 2 given coualry’s mariet,
Bather, Califoraiz faces the demand that ronsins after talday accoun: of farrign
supplies. This resifead demend & Husteated i Flgiee 5.3 for o representative
country. Total dempand for almonds 21 various prices I8 royresentad in the B by
the hne DB Suppiy of slmeonds by foreign producers 0 vantus prices is indioated
by the schedels 357 By sultrariiog the &’;;im“;? of sussdde supply fromm wntal demand
at sach prics, we derive the schadule 8820 of residual demenid feeing CUsliforania
growers. Bur prices beiow § per won Luere is ne comperitor supply, so the residual
demand is equal to tatal demand.

This chapter presents statistical evidence that U5, and Spanish almends are
vary close substitutes in most constniing countries. Chyr approach in shis study s,
thus, 16 estirnars toial slmond demmand in the key conmming countries. Residusl
demand for £1.5, alpwonds 32 thon derived by netting Spenish sunply from the tosal
demand functions,

Time Framewnrk of Demand Analysis

A difficuls beun in snalveing derand 3 detormining the thae perlod or length of run
s wiich the soabesis shoudd apehy, Dus both to stoek-adiosimpent and balig effects,
st 1o dyeminiss in the Dod wocessing industey papomme, we expect a gradosily
increasing remncass I sales Lo a permanent price change.

Crpporinaities to incorpoerate length-of-ran consderations i demand analysiy
depend wpon the tyvpe of dats that arc available. In the ¢ase of abnonds, data ame
available primarily oo an annual basis, reflecting the fact that alinonds are a crop

tedal 1.5, cupelion, plus net expords by wther nut produgers.
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with an annual harvest cycle and, for the most part, an annual price determined
by the magnitude of thai barvest. Estimates of demand response to price changes
abtained from these annual data should, therefore, reflect buyers' short- to medium-
run responses, Data reflecting purchasing decisions over a year's time should not be
biased by consumet inventory effects, and purchasing patterns (habits) have ample
opportunity to adjust.

The short- to medium-run demand effects that are observed when analyzing
annual data on the almond industry are the important effects for purposes of af-
located resecve policy recommendations, because these reserve decisions generally
have force lor at least a year's tline; unoellocated reserves are normally released or
otherwise disposed of prior to the next year's harvest.®

Equilibrium and Rest-of-World Demand

We assume that net imports {exports) of almonds in each of § countries, {Q;, § =
1,...,J) are determined by the real price of almonds in the country (p,), real total
consumption expenditures in the country {5}, and other exogenous variables [(Z;).
Further, the sum of net imports and exports is zero {(supply equals demand}. If all
prices are linked, so that they can be represented in terms of one country's price
and the exchange rate (X ;) that expresses country j currency in terms of the base
country, then in each period the following equations must hold:

Qu — filpsenYieo Zsu) = 1. (5.1}
g
Z (e =0, (5.2)
i—1
atud
Pit =g, Xl f=2.00 0,0 (5.3)

There are 2J equations in this system, sufficient to determine J prices and J quan-
tities. One might then estimate the J demand functions o (5.1) and the J- -1 price
rules in (5.3); to simulate the model for diflerent values of the exogenous variables,
substitute these variables into the estimated equations, impase the equilihrium con-
dition, and solve. In practice, we explicitly estimate demand equations for eight
countries, as well as seven price rules, then construet an aggregated OW series
that clears markets, and estimate 2 demand equation for GW. The prices in the
demand eguations are the average import price (total value of imports divided by
total physical volume of imports, C.LF. port) for all countries except the United
States, for which the average per-unit grower receipts (or farmgate price) is used,
while the average German import price is used for RGW demand.

The Estimated Structure

The theory outlined in the preceding section was used to create a structural model
af the almond market, which was estimated and used in subsequent policy analysis.
In this model, there is a single market for the almonds grown in the United States,
Spain, and Italy, and sold in the industrialized econonies of the OECD. Interna-
tional trade in almonds is relatively free, so that stable relationships exist among
the prices of almonds in different countries. In the almond industry, in common

WUnder the almond marketing ovder, the Almond Board of Califernia (ARC) estinates the
proportions of grewers” deliveries to handlers that are inedible, which are identified as "T.oss and
exempt.,” The remainder of the deliveries are subject to the allocated and unallocated reserve
requirernent, Allocated reserves have a specified hnal destinaton or use, such as exports, almond-
butler programs, odl, or livestock feed. Unallogated reserves are held off the market, and may laver
be sold in the primary marketing channcls.



with many other agricultural industries, current supply does not depend on current
prices: the guantity of almonds in the markes in & particvlar vear is determined
Ly eariier planting docigons and weather-infienced yiekds, pluy stocks of almonds
carried over from the previous gesr

The prinriped almoad-cobsuming connteies of Western Burope, plus Japan and
Canada, are troated ws idicated in the proceding section. Net lmport demand for
shnouds Is determiaed by prives of almonds snd. i covstrivs where almonds ave
ased extenvivedy o marsipan amd other vconfectionerion. Hiberls, a8 well a8 by resl
comsumption expondilares, a5 In cpuation {51}

n almeond-producing conniries, Lhe apalvsls ment be diflevest. Wo caleudate
dumestic pyrchases in the Tinited Siates as the difference between cottempornneces
supolies {current Barvests plus uncommitted uventories carried In et dncommniitted
inventories carricd ontd and net exports. This demand s, of eourse, derived from
many demands for final consumer products, as most almonds, in the United States
and abroad, are processed further and combined with siher ingredients in a varisty
of prodacts. With carpyan predolermined, It rensains b0 ddeniily and sstimate 2
stoTage cauatisn to deterrmne ventories cardied] eut. The combinazion of this
starage sgaation with the {15 denand squstion and proedetersiined harvesis and
carried-in Inventories b sypubealent to 3 net miport {export enustion for the United
Biates, as speeified i sguntion {51}

i wonkt have been desiubh to use o sinular procedure foy she other two maju
slmond produces, Spain and Raly, However. the harvest dats G those counntrios &
untebzble, with measured harvesty growing rapidly {perticulariy In the aarly yoass)
while sxporis ramained spproximately constamt. The resulting measured series of
domestic consumption quantitics, for Lotk Spaic aed aly, are largely independent
of prices. This is Bkely a result of the different sources of the twe sets of serfes,
harvests and trade. Trade statisiics are coustrucied at a country’s borders, where
incoming Gr outgoing shipments ace sabulated.  Hurvest dats are the resulls of
noranr-as systematic sagpling procedures, aften depending upsn the goodwilf of
growers whe have Batle incenidve o participate actbeely, Forthermors, in botk Spais
sl haly large paris of ihe sloond rrop Bawe historieally vome from unirrigated
trees on marging! land, sollectad on an Informal bask. Such prodeciion s rarely
mussnred accurately. For whaiever veason, B has proves impossible to estimate
domestic demand eguatfoos for these iwe counntries, Instesd, hoport scd export
vrusiions were consfrnoiad and catimnted for baaly, wisdle Bpasish det expons were
irented a5 if they are imdependent of prices, 25 disengsed bulow,

The two eauntries are tresiod differently bscasse of ther bigtaries, whxh i
turn Influence oyr ahihty wo sweeassfuliy estimate behaviorsl relationships. Lialy
was, during the 19500, the world’s deminant almond producer. Due to [taly's de-
clisine role in the world almond market, data series describing the Italian almond
market increasingly resernhle those series for the pon-produving almond consiruens.
Howover, this change has lakten place slewly, with imparts exoceding exporiy only
cooe prior ke LBES: gince 10K, Haly bas been a net lmportsy of zlmosds, It bas
therafore born impractioal to auabee 3 nel import lor expori} funciios for Haby
tuead, two fursctions hove beon extimated, with the repl mrome indieator s des
rerpsimant of gross Mmports bat mat of gross experts, sad with both impens and
sxporis detormined by price and by messered homwesis

We kave been unable o develos umelel estinastes eithur of Spanish demand of
of Spanish net azparts. Therefors, wlhen the equations are sordined, Iater, intc &
simulaiim amd godiev-nnalysiy model, 10 s necessary 1o previde values for Spanish
siupplies. Fortunately, we hawe heon able to estinate 20 ACTEAgs respomse, which
can be applied to estimate the long-term responge of Spanish supplies to changes
in prices. The lack of a doniestie demand equation for Spain {which is implied by
the lack of the derivest bnport and, sopecially, swpor eruations) is asteally not
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very seripus, ‘The Spanish domestic market is small relative to the total harvest, so
the simultaneous supply response to, for example, increased prices, where domestic
dernand is squeezed out and product is diverted to international markets, is unim-
portant, compared with the large Auctuations due to the variations in harvests.
Nenetheless, this is an important area for future work, which may depend upon
improved technigues for treating systeinetically mismeasured data,

The simulation model involves eleven demand equatioms: the U.S. domestic
consurmption equation and carryout storage equation, in combination with prede-
termined supply, corresponding to equation (5.1} for j = 1, six net import equations
corresponding to equation (5.1) for j = 2, ..., 7, the Italian import and exporl equa-
tions corresponding to equation (5.1} for j = &, and the aggregated ROW equation
corresponding to equation (5.1) for the temaining countries in the world in combina-
tion with the equilibrium condition, equation {5.2). In addition, we will need seven
price rules, of the form of equation (5.3)—note that the German price is used in the
ROW cquation. In a later sectlon, we present statistical analyses suggesting that
such price rules do exist—there is a “Law of Oune Price” in the almand market; in
the simulation and policy-analysis applications we use a markup-rule derived from
historical experience.

We have, then, the elements of a complete model of price and quantity de-
termination in the world almond market. The estimated equations reflect closely
the structural form described by microcconomic theory: these equations can then
be used to simulate the evolution of the almond industry, and for the analysis of
alternative reserve, marketing, and production policies in the industry.

5.3 Statistical Considerations in Estimating Almond
Demand

Single Equations vs. Demand Systems

The static theory of comsumer behavior implies a set of mathematical conditions
or restrictions that must hold among demands for products as a proup. Estimates
of demand can sometimes be improved by imposiug these conditions on blocks of
demand cquations and estimating the eguatious jointly as a system rather than
individually.

Problems are often encountered in estimating demand within a systems frame-
work. To begin, when interest focuses on a single commodity such as almonds,
errors made in estimating other demands in the svstemn can pollute estimates for
the commodity of interest. Secondly, including a commodity with a relatively minor
share of total food expenditures in a complete foud demand system can he imprac-
tical. One alternative is to invoke separability assumnptions concerning consumers’
budgets and to estimate a demand system for a subset of goods for example, for
different types of nuts.% Serious problems limit the utility of this approach for al-
mond demand. The separability assumption, in particular, may be inappropriate
because almonds are used most extensively as a food ingredient, where they may
substitute with a number of different food products. In addition, in a partial sys-
tern approach, total expenditure on all geods is replaced as the income variable
by expenditure on goods included in the system. The resulting estimates of price
and income elasticities reflect only partial responses and are inappropriate measures
of the demand response to changes in income or total expenditure or the demand
response to price holding constant totaf income. The partial system approach to
deinand enalvsis is especially useful for analvzing the strength of substitution re-

5The separability assumption is that consumers allocace their budget to broad food classes such
as eat, breads, vegelables, nuty, et and that the allocation of expenditures within such a class,
a separable group, depends only on the prices of goods within the group and on total expenditures
on the group.
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lationships among related goods and testing specific hypotheses, but is not clearly
nzeful as o basls for an industry simulatien mode.’

Bemand for Consumpiion ve. Bemand far Storgge

Tae almond market 15 siblect 1o large venr-tovear price Auctyntions. Arn importast
conshiesntion in agalveing demand for slmcuds and I miplemotiing reserve policy
s that industris] ysers of abnonds may elect to arguire aed Mors almands across
rap yoeats. For exapmd, Bod meansfictarers sy puvchase almonds in excess of
tivedy current reanivements o high-produetion, lew-price yenrs n anticipation, based
uir the siteraate-bearing cyule, of & sabssquent low-prodnetion, high-pirice vear,

I measured disappearances of almonds include Both comspmstion and storage
wses, then sliserved responses of detaand to preice will Inciwde both consumption
demand and storage demand tesponses, and the resubing estimate of the price elas-
iicity of demand will e biased as an estimate of the elasticity of finsl consumpiion
Asmand responss. For example, o high-production, law-price years, if stockholding
ehavior causs abmond s o bay almords hoth for cgveent use foonsumpiisn
sud for luture use [stockholkding) in anticipation of higher falure jmives, the mon-
surod responsc of demand {0 the inw price based on dissppecrastes data would he
grasier than the frus comsumptisn response,

There & little information svallsble on stockholdieg of shaonds oulside the in.
dosiry, sithough ndugtry sepects congder that ¥ i not ax bmportan: phenpmengn
iss st countyise. We nvegipatod various szatistioal sppeosches to measuring any
stackholding effect on measnred demand.® These appeosches viskled no conclasive
evidence of a stockholding offoct, 30 the final demand sstimaies pressuted heeo o
frotively assumic that disappearances of ahnends reflect oely consumption responses
and not storage sutside the ndustry.

{zenera! Form of Almond Demand Equations

Tiaerd omn the theoratios] srmanenis ghove, it is assurped that the pev capita demend
for aimensls In coustey K| defined 35 net Boporks of mods, i3 a Insctios of

i. the prive of almonds haported by that coumtry {25}
7. the pricnizt of other romnetiyg nuts (POX¥Y,
A per capia consimpiion expenditurss 1Y R, and

d. the pries of other produssr or cousumer goods that affect the derived do-

mand for ahmands, as fopresentad by the consumer price index in that country
K
(CPTXY.

Per-capita demand can then be wrirten
QF = 1{PF PONE ¥5 orif). (5.4)
A8 of the moustary varisbles in this equation are sxpresscd B nominal domas.
tie enrrency uniE I ooouwney K. Uonsumers (sad processmors) in countty H age

»a

eoncerned with these prices and incomne i sorms of theic dorsostic currency. Sines

Firespite these misgivings about The vl ility of & wysiems sppronch {0 analvsls of simend demand.
we gl experime st with spacification of & partisl demand synien R ek Ulnited Nipfes comsinting
of demand for Sve mrw slmgrmis Biherls, pranuts, perans, and wiliavs, Fhe reulty for almod
Jemand weare brosafly comsisten: with fhe singlz-equetinn sesults reportesd in Beclion 5.5 moreaver,
the system results brndicabed that bhe alteniative mits were eot gomd sobatituies i Tiee Trited States
fur almonds.

*TFor exaniple, if namindustey gpeculative stockholding wers important, s variable such as yields,
which piven the airermative.bennng phenomencn is o significant prediceor of storage withia the
industry. wighe e AT importag waciabie i cxplaining Jdizappearances of almonds,
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consumer (and producer) theory shows that it is only relative {or resl} prices that
matter, we deflate the menetary variables by the CPL
Country K's per-capita import demand function for almonds, formulated as a
linear model, can therefore be written in terms of real prices and real income per
capita as
QF = ay + arpF + aapenf 4+ azuf + e, (5.5}

where the lower-case letters denocte real (deflated) values of the nominal variables
deficed above {e.g. & = YN /CPIX), and ¢, is 2 random disturbance. We expect
to find a; < 0 {i.e., a nepative own-price effect), az > 0, and ez > 0 {positive
substitution and income effects).

The econometric specification (5.5) includes as explanatory variables the prices
of both almonds and competing nuts {specifically filberts), varlables which would
seemn to be determined simultanecusly with quantities purchased. If this simul-
Laneity is statistically important, then the OLS estimators will be ineflicient and
inconsistent, and alternative estimators are preferable. Tt will therefore be necessary
to Investigate alternative estimators, and to seek evidence for simultaneity. This
investigation is describe in Section 5.6.

A number of functional forms were tried, including linear equations, double-log
models, where all of the variables in {5.5) are replaced with natural logarithms of
their actual values, and linear models with a quadratic own-price term. These are
relatively simple functional forms and are, perhaps for this reason, among the most
commonly used demand models.

5.4 Data for the Analysis

In this chapter’s econometric modeling, we use data from four sources: the Almond
Board of California {ABC) and its predecessors, the U.5. Department of Agriculture
(USDA}, the United Nations Food and Agriculture Organization (FAQ), and the
European Union's statistical office, Eurostat. The data used in this chapter are
histed in Tables Ch.1-Ch.7 of Appendix C.

UI.S. Almond Statisties

Two data sets describe the U5, almond markets: first, higures taken or derived [rom
the monthly and annoal reparts by almond handlers to the ABC, which reports in
turn to USDHA; and second, the USDA annual series on average prices received by
growers. The ABC handler reports include the volume of nuts received by handlers
from growers, and their disposition. as stocks, reserves, or shipiments to buyers
outside the industry. We define total crop-year avaifebility as stocks carried in plus
new-crop receipts less reserves and allowances for losses in storage.

In our cconometric work, we identify as U.S. demand the volume sold by Cali-
fornia almoud handlers in U.S. markets during a given crop year ¢, which runs from
July 1 of year ¢ to June 30 of year # + 1. This is calculated as total availability, less
UJ.S. calendar-year net exports NX "4 less stocks carried out Sp;;. Availability is
the harvest received by handlers H; {the ARC Receipls scries) plus stocks carried
in 5. Stocks are identified as handler uncommitted inventories as of June 30 of
cach vear. Ye have thus identified the sales in the U.S. market as

QSYSA = 8, + H, — NXI5A — 8, 1. (5.6

The domestic consumption serles thus calculated shows wider year-te-year varia-
tions than does the ABC reported domestic crop-year domestic-disappearance data.
There are two sources of the variation between the two series. First, the series used
here includes handler commitments as sales within the year in which the sale is com-
mitted, while the published series atiribute the sales to the year when delivered.
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Second, as discussed in the next subsection, exports are measured on a calendar-
year basis, while stocks and production are on a crop-year basis. It is argued below
that the calendar-year basis of the export data does not serionsly interfere with the
accuracy of the resulting estimates, while the inclusion of commitments in the sales
data is consistent with theory. The future availability of long crop-year time series
on California exports will certainly improve the accuracy of the statistical work.

To analyze demaud relationships, we need information about the prices paid by
almaond purchasers, or received by handlers. Since our data for U.5. consumption
are primarily on a crop-year basis, we wonld like a measure of the average price
received during the crop year by California bandlers. Such a price series is not
available. Instead, we ¢an cheose between (¢} the unit value of U.S. exports--a
measure of the average price of U.8. exports- -which is measured on a calendar-year
basis, or (i} the average farmgate price, which s total payments from handiers
to growers, divided by the quantity of almonds handled, caleulated on a crap-year
basis. While the export price is preferahle on theorstical gronnds—in a competitive
market profit-maximizing handlers will receive the same prices from domestic and
[rom foreign purchasers: the calendar-vear data are not appropriate for crop-yvear
demand enalysis.® The most useful price series for the U.S. market is the farmgate
price, deflated by the consumer price index to form pf4% measured in 1983 dollars
per pound, on a kernel-weight basis.!"

Trade Statistics

Eurostat and FAQ are alternative sources for data on international trade in almonds,
The FAQ data cover 1961-1989, and include exports and imports by all countries,
In addition, we use series from the FAO on harvests for Ttaly in the estimation of
functions describing the Italian market. The FEurostat data. from the Furopean
Union Foreign Trade Statistics (NIMEXE) cover trade by European Union member
countries, listing exports and imports, volume and value, with data for each memher
country broken down by its trading partners, for the period 1970-90.

Both databases include data on a calendar-year basis on both the volumne of
almond trade, measured in metric tons, and the value, measured in U.8. dollars
in the FAQ database, and either dollars or European Currency Units in NIMEXE,
Dividing value by volume vields the unit value of exports or imports, which is a
measure of the average price received for exports or paid for imports. The basis
of both value series is the value reporied at the reporting-country's frontier; unit
import values therefore include shipping costs to the country, unit export values
exclude the costs of shipping product abread.!*

In our estimations for the European countries, we had to choose between data
from FACQ and NTMEXE. The latter data run only back to 1970, However, the loss of
observations in nsing the NIMEXE data was in general rewarded by stronger results,
This may be due to more censistent classification of nut data in the NIMEXE data
base. For example, the data for at least Great Britain in the FAO data set appear to
be incorrect, perhaps due to changes in units of measurement or perhaps grouping

IWe constructed an approximate crop-year cxport-price series, using the industry's month-by -
meonth export serles, and found that this series conforms much more closely to the farmgate price
series than to the calendar-year unit export values, Theee remain important differences between
the constructed series and the farmgate series—it appears in particular that farmgate prices are
bich up relative to export prices (and, presumably, other handler prices) when harvests are smaller
than expected,

W Because most almonds are marketed in shelled form, prices and guantities in this chapter are
on a kernel-weight basis. For Califormia almaonds, keenel weight is about B0 percent of the inshell
weight, while for almwnds grown in Europe kernel weight is about 30 percent of inshell weight,

L Far importers the prices are C1.F.: cost at the receiving port including insurance and freight
but prior to landing. Yor exporters the prices are F.O.3. at the exporting port: the prices exclude
insurance and freight.
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of several nut varietios into the almeond commadity classification. For Italy and for
the Netherlands, both of which bave well-estalilishied alinond-trading systems {Italy
B = teaditines) exporter, while Rotterdarn is the siis of nportam almond brakernge
activities), the FACY datz and the XIMENE data are both cossistent, and plassible
prier 1o 1578, and 0 the lotger FAQ seriss & used. Bliwe some of the countries are
oaly estimaeed after 1970, the shotier period & med b the ROW serles, discussed
bolow.

Toegloniate UL consumpting, we sebtvaet U8 calendar-veor net exports fram
crop-vear ndustry sales. 1 il ULS exporis wers shipmed bobsvssn Jule ©oami e
cember Bi, our consumption stimats wonld be oovraet. However, sinoe sxpuris are
shigped throughout the calinedar year, we are faced with a timing proldem: exports
fram the Jagi half of the previcus crop voar and the Braf part of the cureent crop year
are used in the csleolation of curecot crop-year cousumpiion. The tinlog problom
is made somewhat worse by the industry’s shipping practives: due to lower tariffz
cn the frat BLOOY mietrie tong of ahaond sbhipiments 1o the Burapean Union each
yezr, thome s incontive o schedule shipments to amive iu Eorcpean poris at she
beginning f the calesday venr. As & resul, more than A guarter of 2a2h Crem-vear's
exports are typieably shipped during the Hest quarter of the following calendar veopr.

Two phenomens tmdizeie this thming problem. Fiss, there 35 heavy shipping
volume botween July ami Derember: more thar half of the rropyoar sxporis are
sypically shipped ducing thowe aix weonihs, presumably i afder (o meet holiday-
szason demand for shmeeds mothe Buropean markets, Sevomd, ducing mest of the
#irst gix montis of the calendar vear, 1hs peciod durisg winch the Uming probiem
mazifests itgelf, theee is sioflictent information 1o acourately prodiet the next hacvest,
and prices should aleeady reflect those supplies,

Onee the period of froit-set has passed, in February and early March, the year's
harveer van be wredictad acenrately. We expeet, then. that prices remain relatively
stable theaugh the remainder of the calendar year, and are governed by Lhe kywawn,
or accuraicly prodivied, harvest for the orop vear which falls within thet calewday
vear., A goodd oron In, for oxmmple, 19835 w1 be forecast tentavively in 1983 fom
knowledge of the carrent state of the aliornate - braring vyels and the agestructlure
of the tree atock, and relatively precisely in enrly Maveh of 1084, Witk no Buther
important information Umough the remmnder of the yegr, ealondarvear oxports
should he sxpected to be refoiively high. as storie are sold oF i anticipodion of the
EB0E CIGE.

‘To sumemanze, the shming of exports, I combination with the sarly avadtabiliey
of good information e poojected barvest, allows we o amociate abowt 376 of each
calendar-vear exports with the coincident crop year. The high volume of exports
at the Deginning of the year romains a problem, but has not, we argue, setiously
interfered with the accuraey of our estimates.

The series for BOW demand was construeted, The miarkstad world supply was
asgummed o be sgupd te S wuppby {ie, U5 harvests phus uneomnmbited inven-
tories), plus Spanish net exports, plus lalisn exports ¥ HOW demardd is then
the difference betweon thic supnly and measmed domand, whith Is L5 demand,
ples elian nports, st sel inports by Gmmany, France, the Netherlands, Groat
Britzin. Japsn, and Tnada, plis the sad-ofoyear nncommitind nventorics held by
Cabifernis ghmongd sundiers. Al these data ave from the FAC datahase, oxcent 7.5
harvests asd mveuiories. which aze from: the A B havdler repints.

EUThis crmasee differs Brar the total marketed supply discugsed wt the beginaing of the chapter
Ly the evporrs Teom seeall suonlisrs (Torkey, Moroees, Tupisia, Povtugnl, Ching snd Chile), which
scoommted Far about 20 percent of thay measare  That mcasure underaiaees trus total world
demeng by the comsumption of orraded almeads patside the United States.
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Muarcroeconomin Statistics

The csiimiated desiand cqustions mddude = number of Indicatos ard facrors rolated
ti: the heoader connopic envirgnmest. o convert uniz trade wmiues moaasured n
npormnal 1LY doliers to the warions netioeal cnrrescles in vesd haflation.diusied}
terms, we pse enlendaroeny armuabaverare marke exchunge raws imd [he consumey
price mdex (OP for sach renmiry, as published by the Dnrornetional Monotary
Fund {IMF'} To memune comurmnart’ purchasing powsy, we 830 the series oy private
domestic consumpiion sependhinoes, also e pubiisbed by the NP Consumption
cxpenstiinres are b defisted {0 vonstant pationsl-currancy rss wting the (FL
and beth monsumnpion expencdituses st the abmond guantitios wed is the denznd
cepations are transformod mbo per-eaptte termes uaitg the IMFs nopulation series,

5.5 Estimation Resuits

In this sectice we deserihe the preforred statistival models of Bral-rosnmntion
demand for alniosds In she United States, Bve mejor Burapeas conmtries, Canads,
Japan, ané Rest.of Waeld, a3 well a8 an estimated eguation deseribing snotomittad
invenioTis,

Popctional Fform

For sner of the rge-covmyy smmtiong, wo formesbed a BoeCox tam | which tn sl
cageg rejectad the hypothesis of 2 lnear relatiouship hebwren prices, consumping
sxpeditires, and almond puechases ¥ We conelude thar, mesept for BOW, demand
s non-imearn, We conid not use o sinitlar criterion o nvestigate & semndlogarithmic
specification, as the mmeric procedures to estimare mdependent Box-Cox param-
eters for the dependent and independent variables died not converge. To choose he-
tween semi-log and double-log spocifieations, we relisd upon Vhe adjusted B-sguared
rogficient 10 ndivate goodses-of- A1 Ju all rases exerpt ROW. the douible-log speee
HErativn BL hest, and we renort the results for thome meodels, For RO, the Baear
mudel was hess

‘Treatment of Abnorraal Data

Yo ewamined i residuads Hem initial eutnnation of the demwmed medels o an
atienapt o identify ouiter obeereations. Hypethesis tests rennire 1hat the stochastic
terms in the regresston equation be novmaily distribates abowl a gero mean. I this
eondition hkelds. we can state then the prehability of cbserving a residual which
ie mere than twice the estinestod standard deviatien of the regressien equatiun
iz less than 0,05, When we encounter such data points, we must decide whether
1 Mhelieve® that those points represent normal mwdomn fluciuations tm the data,
v whother they represent abnormal situations o cerorg in the data. whens Lhe
sxderiving model which we are ztyempiing to estheste camned he expeoied 1o hold.
¥ we inchide ahooreal siloations, then ouz parameter sotimstes may be endely
infizented by rircumsapoe: wionh wii racely, I ever, be repeated. As our goal i
£ hyild 2 mode! which i3 geefr] for 1he “aormal™ chonpmetanom, we hyve chosen (o
systemativally sxcinde data thal are idontifed as “abnormal”

We treated as “outhorg™ B oesch countyy's mwndels those years for which the
resicuaix in stnple OLE rogresdions are more then twlee the wanderd ermy of the
estimatn. The sxistence of surh wvinliers doos not mply that the L3 model =

B e b shmniation sad polievennalveie applic atiors of Chapters & aond 7. the double-log rmulas
ions must be Linsariged. The sanlveng lose of sccuracy & it measuced by the Box-Cox procedure
for values away fram the means of the linearized functanu, However, for the simple exercise of
whentifying che parametons of dunaid, the BonCox progedure Jocs seciirately meject the infreior
{linzar} Tanetiensd foins,



Table §,1r Outlieez i Simpk OLS Damand Regressions

Epuziion Yemsy
{5, Comsupmption IFPR4 Y, 1OTE Y, TIOR8
Germany ~Nez lmporss 197HL.Y, 194

3 Frapoe-—Net bports 15724}, 19751, 1983+
The Netherdands-—Net Imparns 1975(-), 198914
Great Britain. Net Iniports 1975
ftaly - Gross Tinpores 197E 4
Iealy—Gross Exports 1974{.), 198004}

valid: snch sutliess are to be expacred. Howovar i the model is correctly specified,
cuthurs represont observations wish large wanphing ervess, and the information con
tatned Its fheso outhors s nod poarfioulnrly useful Hanos, we oncluded ohservationy
froars such vears i the Basl rogression ostimates. The outhors, and the direction of
sign of the regresyion residual. ave Beied in Table 51

There ia 3 tradeoll botwesn the apparent greater presisdon of our estimates when
these vuiBors are excleded and a possible lows of information. I however, the
informative logt really relects only ore-fime eventy, then their funclusion would
reduce the acoumey of our estimates. On babince, we believe that the conslstent wse
of an ohjective standard  the exclusion of residuals more than twice the standard
error of the esthpsto-—contributes ta the aceuracy aned usefelues of our esthnates.

Detcand Fatimates: Large Countriss and Rast-of-World

The astimates fom owr preferred models are Bated 1 Tebis 320 The estimated
eguations Bt the dain very well {see Pigare 5.4 with adivsted 82 stativies in
excass of fL80 for the 1we largest hnporters, Cermuny and Jupan, z¢ well as for
Cansda, AR of the cocliciests have the sipns predicied by theory (note that the
coelfeients Bied wmder “Filbers Peice™ for "Halyr hoperis” and “laly: Bxpons”
are [or BEalias Almoud Harweste) To tesd hypotheaes, we would like to exchude ane
tocorrelatd dsturbances: tie Durbin-Watson stadisiics indicate no autocormelation
Yor the United Sistes, the Nethariaods, Japan, and the Halizn equations, and arc
inconclusive for Germany, France, Great Britain, and ROW . Only in the equation
for Canade is there evidence fr (positive] antoecrrelation of the residuals,

It sheuld e ngted that while the demand eguations fer ihe gther conniries
wvre [ per-vrpits purchuans, thoear for Cznada and HOW were Tor botal purchases,
BFor Canads. the oholor was made purely on pragmalic grounds the tosal-demand
eqguation gave & el better fin, altbough with siunby stk Hy estimales, than
did the per-vapiis sgnation. Presersably this ndioates some wenlinogses in the
specificatiun of the norcapha demand emuation, which B not soszpecte] given the
porossarily ardiirary seleovion of 3 ferctional form, maperfel measurs of mices
facing purchasets, sie,

I the rhsonee of artocorredation. the £ statistics provide reliable assessroomts of
the siatissical strengih of the regression esthmates. §o sl equations excepi the Ttaliun
impori and expert equstions, the almond price cocfficient s statistically diflerent
from zere, at the 93 pereond level or higher, Purthermore, for all individual countries
cxcept the Vmited States and Canada, ehe sstimated own-price cosficients, which
ass interpreiod as price elasticities of demand, are sipnifiescily less than ene in



Mongrazh o Nipmbar 22

i

Tebie £.2: Aboond Demand Regresston Results
| Almondg Fiibeers
Counery Prive Tiwe Prire e Loty B Obacrratioms
£nied Slags { Iam 115490 .58 2 LAG Lo
LOIE A g, 7HOTROREL
Ry WA 133 L3E EE R EREN {155 L 130 3,
RRIE W 3 e FEXE e, T
e I xe s GEERET HRET AR [ER 4 335 TR 2%,
bt Xt 3478 {449 ERRIET e, W, T A
Nockerinns HE% oI IR & FEeE iy B,
i iy 13 4 #Et Fa.
Grear Sriain P Rord £ 4 gL £y -1 b T
E-EE F S o iR
dazan okl (5.5 -F22 R ) 1. i LaGE 53
T KT [ Z=N-r
g 1LaHI Ihhl 197 -L2E IRE]] [\R >4 B2, "3 -11 8
1560 [ 154
T bupurts i 2,46 -LFIG [ER 2] Y ET [8: 3 )
55 e T s 72
By Fuperss © G X IS £ 53 3R 1961 #i
Lk 183 EEPEE S gae, B3 80
§
Moot Wadd | 4331 BEEE G038 .inde | T 1 W5,
CEEE TR foagt mhe BE
s pEgal LAGIE Dnd m

¢ siabistie: wEe iy
.cwx WA B TR TLEE
The erpraints o U Camra anst Hme-
vis, iuésﬁwa i i é&.&_a«ﬁ i gl

ot mated epaRin A

=ty AT L
AVITiRgL

o Neiberlarcs §g e g ‘aﬁﬂ L p.m ?n.u.wu u...»w:
nnite r? »ams Tr Qz a.x_x F »ﬁ, ":5 R _wufﬂ.r

«..v..,. i mx wg. %c& At »w@s: e T m&w& gttt BNEWRGE, L AR T 0y Chempds o
Efograrny Sinee ol vquittint prepd tham B Beotof Rl aee Snaledon, v e atd toatim coeifBesonta o
L i ppeaaed @.m...m.ﬁm.oﬁmm,a&&&% Fo Moo oF Tamhl ther vl iraies 27 ampuiied & 1he gy vk of the
dada, The vioe b of detaitnd S0 Cabdocse e et B egetion 35T0 & poeitdhed peles sluarioiny
= rernpeind 5eR iy S Mool Wirdd dewnnd nor fue Baly sepomis




i Alstor, Carman, Christian, Derfmaen, Murwa, and Serfon

HIKNWKD T T T T T T T T T

TFOXEN A

World Consumpdicen (Acieal) = -
HOOKKT - Demanil, 7 Coumnes (Agiogl) -+-
Demand, 7 Countries (Fited) =

SODMNE - £

Thumands of Pounds | Kemel Weipght)

anooo | -
i I0ONHKS - -
"/.& - 1
000 5y LE
100000

13 1 - : 1 1 4 1 1 1 1 i

10H) 172 1974 1976 1978 1980 [REE [REL RHEA 1083 1950
Yeoary

Figure 5.4: Actual and Fitted Values for Demand Regressions

absolute terms: demand is generally inelastic outside North America.

The filbert-price coefficionts are all positive, although smaller in magnitude atud
generally less significant than the own-price cocfficients. In most places a one
perceut change in filbert prices has less than half the effect of a one percent change
in alinond prices on almond demand. Finally, the estimmated income elasticities are
plausible, with estimates close to one for the United States, Germany, and Canada,
less than one for France, the Netherlands, and Great Britain, and significantly
elastic [or Japan, Ttaly, and ROW.

The demand estimates described above specify that the prices in the individual
cquations are statistically exogenous. However, the thecretical structure, equations
(5.1}, (5.2) and (5.3), shows that prices and quantities are determined simultane-
ously, [n addition, among the cxogenons variables (7.} in (5.1) are several filbert
prices, which might be expected to be determined jointly, possibly along with filbert
quantities, with alimend prices and guantitics. Faced with endogenons explanatory
variables, single-equation OLS would no longer be either consistent or eflicient, and
lower-variance estimates could be developed using instrumental-variable methods.
If, however. the contribution of each single conntry's demands to price determi-
nation is small, so that ahimond and Hlbert prices are statistically exogenous, then
methods that treat these prices as endogenous will yield highet-variance, although
still consistent, estimates. To evaluate the possibility of statistically important en-
dogeneity, the OLS estimates of Table 5.2 were conipared to 2-Stage Least Squares
estimates using a series of Hausnian tests; these tests, which are discussed in Section
5.6, support the use of single-equation OLS methods.

The pelicy implications for the California industry depend in part upon the
expected responses of forelgn producers [especially Spain) to changes in prices.
Divide the volume of almonds purchases in country 1 according to country of arigin:

Qi = Q7 +Q7W,

where Q5! is the volurne of California sales in country ¢ and Q% is sales of almonds
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tramn other couniries, Differentinzing with respect 1o price and reainplving through
by price divided Dy guantily wickds an expression for the price elasticity of resigual
demand Ty California aimasuds,

oo B 00T @ poa O p ol
R A QErQyde: QP QMY oy
T e py
= s{;ﬁ——;};;‘“f; ‘ {871

where s£% is ths CaBiforida market shere o countyy 4, s be Lhe wial prive slussicity
of demand for aimends in coumtry £, 557 s the price ehwstivity of reekiust demand
for California abvonds in cenniry 1 and £/ 32 he price elasticly of supply of other
{inainiy Spanish) almonds 2o comntry ©

With liivde evidencs of a strong Spanish response to changing prices, 2t lowst in
the skari run, the appropriate residuat prive elastivity faring 118 produeers oan be
ralculated vuder the gesumption thel #7% = 0. Such slastieities are displeyed n the
fth column of ‘Pabde 5.2, OF conrse, unequal prive changos in different neighburing
sountries wosld presumebly load 1o shifts of {Spanish) prodoct Bo one conntry e
the pext, thereby violating the assumpiion of no Spanish sueply response. Monsdhe-
tmen, there is & siriking similarity in ihe saaticities Fecing Califnin oxposetors in
mast ©f the European roarkets, with clasticities of spproximately 0.7 in Guertany,
France, Grear Britain, and Iraly. I wppesrs thar there is scope for profitable price
diserimination against the Boropean mackeis, 23 well a8 ngaizs the U5 ~doninated
Jaranese market,

These residusl clasticities are comparable to the clastieiiies 1 Bushinell and
Eing {1988], cxcept that the Busheell and King clpsticitios were estimated divectly,
whiler the olasticities In Table 2.2 are computed Fow the demand elasticiies in each
countiy for all almonds, The emstivitics tompwied here are pemurally somowhat
legher than the Bushnell and King cstimates. perhaps bocause, nalike In the prior
work, were Ll 8, debiveries 1o {he vaross counirios 3= not included ae cxplhnatary
wariables. Since tsese deliverics are corralatad with prices, the Bushnell snd King
parameler estimaies have relatively high standard errore. In section 5.5 beliw,
evidenes is adduced for a Law of QOne Price smang skoonds froes different ssumes;
this mplies that it i approoriate 1o esdimate solnl demand in oash country, then
compuie redbidual dessard elasticities.

We found thai there wan o signtficent Klhert-pries effest in Gerptany 2ad o the
wotherland: as well as, to a lesser sxtent, i Frasce, Tanada, z2nd in the ROW
equatices. In continental Europe, almonds are used extensivaly as ingredisuts o
margipss avd other comfections, in which fibherts can he subsiinted offutively,
In Japan and the Upiaed Sates, almonds are mere commony used Evered, ar
asherwise ag 2 recoguiaable additien 1o baked goods nemd other producis, aod flberts
are not used as sobstitutes, Incioding walout prices in 4 single-ennation demand
eaiimate for the United Siztes voniirts oxperiments with a pactial domand system,
at] indieates thatl walpuiz ace oot gond sobmiliutes for abmonds in the United
Heates,

Densund Esthmates: Uncommiitef Inventories

To elose & single-vear moddl of the almond market, so that orices aud quantities see
determingd by the exogenoss and predeterminss vaciables, one must acoment for the
iwventories held froms current supplics o {utare perisds. Following Scheinkenan
and Bcherhtmas {1883} and Willizms and Wright {1901} wo anaivee poaptoeyear
imventory holdings an an attempt o meet expecied foture Jenands. taking bite
tonsideraiing expected fotoee harvmsts, Williwrme and Winigkt {3580 have shpwn
that one can compute & sterage equilibrvm for any set of cuorenmt and sxpected
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Fature supply- and demand-determinimg varisbles, wiile Schelskaan and Schecht-
man {1983} demomstrated that spuilibvium storage wanld be dejermined by current
anst past values of yedds i harvests were determined by predeternined screage, an
anbaegressive vield function, and a swehaztic, serially-amcorreiatad shook such as
wrdLier.,

Yollowing this gpproach, we wrle & carrvoud storage cqnation that neludey the
mfonmation that & available when the faal storage decisions are taken. Sines by thiy
time the approushing bazvest can be accerately forecasted, handlers {and oihors)
catt alvoe predict harvests for the year foblowing, The storage egaatton ncludes the
yiold vaziables that help predict the demands for corrent harvests in fulure years,
We pressing shat end-ol-year cxirvont will be inBuenced by end-of year expectations
of vield in the comimg vear, &5 well 35 the expectsd difference in the sporoaching
marvest's vield over the vield of the previcus year: these aze the paris of the veld-
priviioting equation that account for weather shocks combined with the alterpate-
headng evcie in almonds, which 15 the malor seuse of Ructuations in year-to-yoar
storage of aimonds. In addition, we include 5 2ime tretdd, ay ioventories have rended
1o grow with the growth of the industyy's sunual sales, and a quadeatis yield term,
10 peccynt for the Bighly noo-licsar relationship betwesn sicrage demand and nther
vatiabiog, which is explaised well in Willians and Wiight {301}

Ag altornstive to Seheinkean and Scherbtman’s storagerule fwhich is implicitly
followad by Witllams and Wright} wounid be to estimate a storage-demand cquation,
whpre storage is determinid in pazt by price. As Williams and Wright {1891} argus,
there is 1o hasks i ecopamie theory Ing incloding storage 25 an cquatin: i a sttoe-
tural model there 5 w0 stiity derived frors simoly bolding stocks, Instead, stocks
are held <o meet o future demand, To estimaie storage structazeally, pne would
fopeeast frore deesands, conditional upon fgare harvesis, which can in turn be
farecast comliniznal ypon correst viekls 2nd acresge of vazious vintages. Iinposing
gepiibbrium relationships [especially an imtertcmponz) price condition sualogows 1o
= fnzncinl srhitrage conditiom’ would then permit the seiution of the model for
currest and expected fiure prices, with storage sultivient to geasrate a conditional
cxpecteed Futnee eounilibrinm. Whids this approach i intriguing, and may piove 2
fnitful avenue for fcure research, Schelnknian segd Scheehiman show that 11 is
fngienlly equivalest 2o the use of & sierage rule which includes predictors of fature
T wests rather than current prices. Ingesd. one can intorpret the Sebsinkmans
Scheehtman storage rale ay & redueed forw of a price-deiermioesd storage demand,
where fnturs-supplv-predicting variables have been mped as inssnaments for endoge-
wous price. However. the Srheinkaias-Schochiman storage rule adapts more roadily
£ £he inherent posedinesrity of a privesterage relationship, and thus avoids the
weaknesses of that approsch highlighted by Williams and Wyight {15915

We presuruy that handiees who hold gnmoremitted docks are rational argd well
tnformed, Daring the spring of = year, shey bave gnod inforniation sbout the liksly
size of the coming viekl, ‘We therefors wse the actual valges of the fojure vield wy
a proxy for sheir sxpecied values) when the equation s nsed for futare simaiazion
ant] forocasting, the yield model wili be used to generate thew data, Dur eguation
for uncormaiited Inveniaries ks, then, in thowsands of pounds {keruel weight.

St = 1200500 4+ 2PEIR00 g, - 1206800 4f,, (5.8)
fras —q.28| =407 B e 14
~ BEPE2E (g — ) F 46314
LR N fr—z.561

ﬁi{a 2= 8,77 FEN R 7
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The Integration of the World Almond Market: Tividence from Prices

Ity the ecvvmmetric resulis presented sbove, we bave asserted the evistenrs of a
single market for almouds in each country. Our medels bave suppestad that there
i gne produck {sliponds) Bot swe {Catifornie almends and Buropean ahmomds) wr
more. While this simplification i appealing, ¥ reguires statietical validation. We
cam examing, in parbicuiar, the timeeseries of prioes for California almonds and %o
shmonds from other soumes, to soe if they move together o7 have a muasure of inde.
pogtienee. To do this, we tan examie the correlations butween the vasious pricey,
a provedure discussed In Stigher and Sherwia {19851 However, under same circum.
stances rime series of indepmndeat variables can calibin spusiousiy high correlations.
in Appendix A, we check for shis possibility by appleiog the techniques of testing
for vait roots and tme-series cadnrsgration. develoned by Dickey and Faller (1970)
and Enghe and Granger (19877, and applied 106 comanodity prices by Audeni (1989,
for example.

Huppaose thal s fact Uslifornip asd Spanieh almonds aee nat good sehsices.
For sxample. supposs that buyers can vse Jpanish sbponds anly for some purposes.
Then s disreptian of the snpply of Spanish alnonds should deive up the priee of
Spanish alrmonds, withoit secessanily creating an incrensing demand for Califernia
almonds. i, on the nther band, almosds from the two copniriss are vory close anb-
stitntes, » supply shock 10 one will affst prices of buth, The prices of Califoraia and
Boanieh almends will move together. If they are perfer! substitiules, they will move
tn lecksten, wwhite i they are idenficnd cotimoditios, the prives should be Wepiical
Thes: clatras rest on the abwence of transpers coats and instaniavesus, ooupiste,
competilive arbitzege. Departures from porfect compesiting in the short rugn, and
reasureent orrors, o well as transportation costs ar bnperfect submgitatability,
van lead to departares from idastioanl pricing or perfectiy-cotrelated nrices,

‘Table KBS Bsits the computed cormintion soeflicients betwoss avwragys export
prives for Spaip, Ttaly, 2 the Usited Srates aml in the weeond part of the 1a-
Ble, betwesn the changes in the logarithoes of these variablus {roughly equivalent
to pereeftage or velative changas] There B 2 very high correlation hotween the
prices sarned by Spacish and Halian exporters in international markets. The high
catmpuied correlation kalds even I cne conpares rates of chmage. These coefficienty
ars strong evidence that slownids Bors Spatn and from Baly are close sebmtitutes,
The relatonship hetweay 1.5, prices snd Buropess prices, while gtoong, shows the
effects of iransportation oests, as well a5 sene differonces in product, due perhaps
i¢ Differences n the guaBity of the s eoming Tom California, ar the different ead
uies o which differerd mus and varisties are put.

One can sine examine the probiers ot the point of view of the supplier: cuald
one liave profited ez-prsf from roving almends from one purchasing markst to
another? The latisr guesbion Is imporlant Bor s simniation wmdel if the swwor
i« pegative, then we can assert a “Las of One Pricg” {LOF} whach sases solation
of the model and & characievistie of o slpgle efficiem? warld warket foe abmonds.
Therefnpe, in Table 5.4, we compute the correlation cocllicieds amang tha unit
vadues of Laports into the principal importing countries asd, in the lower half of
the table. the correlailen coefficlssis mpong the legariihome differenesz of thewe
variabied, ‘The dats in Tabie 5.4 suggest a highly efcient macket iz almonds scross
these countries, We weaken {his concluvon only slighily for lahs [taliag limport
prices are highly coreelazed with the prices zasd for fmponis in ofhor countries the
top panel of Table 5.4} slthough the refadive changes in bnpors prices [botzom aeusl
of the table} are somewbat meres weskly correlnied wiah prices in orher couniries,
The wmein difloronce betwoen the Hallan seriss wnd the earlier imDory price sefies
comes during the late 168, when the average import price @ Haly fell sharpiy
while olhor prives jnoreased. We simpert that tis reflents soawe transitory effect of
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Table 5.3: Correlations among Average Annual Export Prices, 1861-
89

;ﬂ'l‘fS 124

prSFa 1.00000

pxtTh 0.99055 10000
pri/sa 0.95892  0.93633  1.000O0O
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i pesFr ldpe’T A td pet A

Id p=04 | 100000
dpz'T4 | 002000 1.00000
{dp2xt54 | 0.84761  0.83648  1.00000

Note: pr! is the average value of exports for coun-
try j, F.O 0. shipping port, calculated as the total
value of exports divided by physical volumne of ex-
ports. Id px! is the log difference in pr?, equal to
the percent changes in the senics from year to year,

the change in the industry that was then taking place, as Italian sales fell and the
California industry expanded. Since 1970, there is no cvidence that Ttalian prices
behave independently of those elsewhere.

‘To complement the correlation analysis of prices, we carried out a detailed tech-
nical analysis of the interdependence of different price series, using nnit-root and
Dickey-Fuller tests for co-integration. Appendix A contains details of this investi-
gation, which considers whether or not varions pairs of price series can he statisti-
cally independent. Yor most pairs of price series, the hypothesis of independence
is strongly rejected in favor of the hypothesis that the series are linked by a linear
transformation, which is the form that the Law of One Price takes with transporta-
tion costs amd quality differences. In particular, the analysis suggests that 1.5,
farmgate prices, which are used in this chapter's demand analysis and in the simu-
lations of Chapters 6 and 7, are linked with foreign import prices by a linear rule,
There is, however, some persistent independent movement of T.5. average export
prices and foreign import prices, a result that is consistent with the results in the
correlation analysis diseussed ahove.

5.6 Notes on the Econometric Specification

The previous scction presents the cconometric results that make up a full deserip-
tion of the world almond market. Together with the Law of One Price rules linking
the prices in various conntries, discussed above and explicitly estimated in Chapter
6, the equations for consumption demand in the eight large markets described there,
for slorage demand in the United States, and for market-clearing ROW demand,
are sufficicnt to determine prices and quantities for alinond transactions in the
principal markets, given aimond harvests and macreeconomic conditions. Before
applying these results in a simulation model, we produce some additional evidence
for the plausibility of these econometric estimates. First, we present some addi-
tional demand equations, for the largest Rest-of- World countries, As these detailed
estimates are broadly consistent with the estimated market-clearing ROW equation,
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Table 5.4: Correlations among Annual Average Import Prices, 1961
80
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Note; pme i5 the average vatue of imports for country j. C.LF. importing port, calenlaced as
the total value of impores divided by plvsical volume of hnports. I g 15 the log Jifference n
pm’ . equal to the percent changes in the series fron year to yvess.

from Table 5.2, we Aud these estimates to be supportive of the earlier aggregative
estimate. In addition, these results are consistent with the individual demand func-
tions that are included in the full simulation todel, Second, we consider explicitly
the specification of demands used here. [n particular, we examine the hypothe-
sis that quantities are Hxed in the individual countries, in which case the correct
specitication would treat price as the dependent variable. We find no statistical
evidence to support such a specification. These tests support the use of models in
which prices are statistically and economically exogencus to individual countries.
Finally, we present the results of model validation exercises that compare actual
values to those predicted by the regression equations. both within-sample and for
two out-of-sample vears.

Demand Estimates: Medium-Sized Countries

In 1able 5.5, we present the principal results from our estimates of almond demands
in eight medium-sized couniries. These countries represent the bulk of almond
demand outside the major countries analyzed eartier. Since 1979, net imports (plus
Australian harvests) in these countries have been on average 99 percent of the
constructed ROW demand.** With the exception of Australia, these countries are
all within the closely integrated region of Western Europe, in which Spanish, Italian,
and Californian almonds compete most directly. These demand estimates therefore
represent a disaggregation of the ROW demand which is constructed to clear the
principal world markets of almonds.

These demnand estimates were developed following the same procedures as for

V4The sum of medium-country demands is not expected to be identical to caleulated ROW
demand., Almondds are imported by other conntries—India, for exampe, imports significant quan-
tities of California almonds—and there are cther exporting countries, such as Chile, China, and
the WNaorth African countries,
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Table 3.5 Aimoad Demand in Medium-Shzed Countries, Regression
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Apeerty gl LS Borviess. Aleaowd Drice s rhe averige peiey of ahGad JpODEs fad onnk cauntry, w
eapEtist psgorAabonertedy Buils g il herned b §ilet Poee & alie Svefage pise o anports,
in Certyl safiaad ey Rl g Boaind
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the larpe-country estimates prosentad earlier: # numsber of specifizations and fuike-
nonad forne were estimated, with special attention Lo the exisience of sabstitution
effects. Agzin, net imports of glmondy wus zeed 22 3 measuee of sodal purchissss,
except for Anstralia, for which harvests were inciuded.'® In conirast to the larse
countries, i these oountzies per-capiis spectications performed loss well than 44
gstimates where tofal demand was the Sepondant variable. Lisear demand fanctioas
ware specified for Swedes, Denmark and Australia, while for the other countries a
desrbds-log specification was peefereed ¥ The prics variabled are the nnit valusy of
tmports, vaine of Imports divided by velume of imports, sonveried using markel ex-
rhange raves and the consumer prioe lndex into real (1985) nationai-corcency units
por pound {kernel-weighi). The Income term i Domestic Oonsumipion Expendd
puves, frows the National Acconnts, also definiedd by cthe Consumer Price Index Intg
rend mational-carrenoy fermy. Apain. the sgustions were cstimeted In twi passes.
Aiter the first pass, shservations for which fhe actual valos of the depeadens vari-
abie differed from s fitted wolye by mure than twhe the stundard error of the
estiinate were idsatiied es outlery and excluded from & second estimsiion, Fov
most countries ihe functions were eatimated Dom 1981 through 1980, except for
Swedan, whicl &id aot report aimoal trale separately from other my brade priey
£0 1979, and Agsiralia, for which the alinond harvest secies stares in 1898

The pstimnates in Table %% H: the data f&irhy well, with seceptadble glatistical
properties. with the exception of Belgiom, where s low Durbin- Watson statistic
suggesis misspocifioation.

i the medivm-sized sountries {which sre Hsted i opder of the sl in 188§ of
their apparent aipand consumption), the estimaded pwa-prive elaxticities are all
berween O and -1, in ihe inclastic range. As such, they are generally copsizient
with the estimmated elassicity of the constructed market-clearing BOW demand.
Estimated incomne shxaticities were ol siguificantly positive, while Sibert-price effects
were wiSK of non-existent-—consizient with vhe weak crosgprice effert in the ROW
anuatin.

In mddiiien to serving as & validation of the sstimate of BOW demand, in the
sense of providing vlepesdent confirmstion of the parameters estimatad for the
comstrueted ROW durnagd, these estisates provide additional evidence fo the on-
clusi. based on the major countsy analyses desoribad above, that the demand for
aleneds 6 inelasiic with rospeet {0 peiee, and that subatitution relatuships are

Exogeneity of Pelces

Wi preseated above nige soustions that acconat for the bulk of world soude in
atmonds, 16 i roascnable 1o uguire whether ane can safily tread prices as axtgenos
in jhese syuations. Thurman (1988 has demonstrated that the question is subiect
£ empitica] iveptigetion, and its answer has impureiase smplications for the wdidvy
of the pararmersr safbtnates, When pries & statistically endogenoos 1o 2 particulay
sipuation, LS sstimares of the dewand parafeeters are inconsitest, and should
difler froun those provided by cthsr estimators, which are consisiont when price is
sadogenaus, On the other band, when prices are matistically exogenions, the OLS
estinsates are consistent and ars officient relative to all other consistant catimatom,
When the afwrnative estimator iy alse consiient, we osn apply Hausmarn's tese

Y aumtradian harvests sopear 1o be reiably mesmerd, 5o thes the awsivsis of Ausiesliss domen
& nnalogoeus to the Amsgioan aaalysis.

Whinte that the cemttutted Host of World series was veplaimed Letler By 4 Snesr domand
fregetion bhan by the daoble Jop spedification, while both speificacions were wsexd for diffeten
eumrpemend modivmesined countrag, Hinee the ROW secdes B an socounting constress, talher than
sots agpregation of Banown members, Thery I 0o reason 19 0upedt any particoalsy refarisuship betwees
b eoeeations for the wdividual sourmtzies equations wmd for the constrasisd aggiegate.
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(Hausman 19781 oof the hypothesis that prices ave, in fact, oxogonous to each courntry.

Far each of the equanons raported above, we ve-estirated the equations using a
two-stage leass.gonares {2-5058) esamaror, where we inciuded as exagenous veriabies
the Afer price and the comsumption series and woal exchangs rates Bor all of the
oountriee. Por sarh squation 4. the vertor

f;‘(:cgi—ga

was formed, whers 3 & the wefor of coefliclest eetimalas wming OLS, and 3 & the

2-5L5 estimalor. Wa then form the waniznoecovarienct mmtriy of ¢ a8
o L5 = cov {gi) CEFY {ja} *

If price is expgenous in eguation 4, then the Hausman test statistic b, is
L ﬁ‘ ii_u{@ziw‘ g ?{’i‘\_mjv

where K, is the nymber of sxplanatory vadishies n pguation £

The caicuiated Haonsmarn lest stafisties b, are Bated 16 Table 5.8, Hejeolion of
the hypothesis of oxopsnous prices requires that the staistic be in the right-hand
tail of the 7 disteibution: the woeficknt estimates rus? differ sipnificantiv. In
fact thers was almdwt no difference between the UL8 sad the T-5L3 estimators,
wiile the 2.ELY catimators are rather loss preehe. We consinde, thern, thas there
are T staziticsd ressons for ireating prioes zs sadopenons OLE & consistent and
officient 7

Model Validation

Tahie § 7 romining the Boot Mean Square Frror { BMIEY and the Thail Inequaliny
Conficient { T9E) for both the withinsample Ltied wlues and Tor the out-ofsample
predictioes for 10RO snd 1931, a2 well 23 Theil's deconposivion of BMIE o the
within-sampie Bied valnes. ™ Whin sample, the sqnations Bt very well, witk 7T7E
generaily quite small, shbough the squations by HOW purcheses and for szorage
demand {2 latde by welll I all coses nlmost 38 of the BMEE s acenumietd for
By the covarbpme povnion: although the series of Atied valuss 4iffer foom the sorios
of actual valoes, they ars 323 highly correlzted with actual values

Cut of smmmple, the BMEE ars generally quite closs 1o thelr within-sample vad
ues. Hewever, a3 ihere B8 s wariability i the shori ous-of-sample series {which
i what determices the detirinator of FIEY, the TIR coefficionts are considerably
larger thao their within-sample values. Nonetheless, they are generally small, with
values Lelow 0.4, with the excention of Germany {barely) and the equations for
Ttalian mmpores and exportz. Wiah oaly two oo-ofssmple ohservaiions, Theil's
Aecompasitien s unstable and not usefyl

Orverall, the velidating exercises indicate that the esthuated mordels provide gaad
setimates of the devsad prrameters, and can be webul in fscutisg and polivg-
simuiation exergisey.

7 4 similar analysls was verformed shere the hfbert price wis whs toeated s an eadogenum
variaie. (Hwer the sheonce of ovidence Jor statisyicad sinabianedty of shusnd pricm zod alwmenmd
demands, and the selstively weak infuence of Albert prive an shnond demmyde 1 Is oot curpeds,
img thet there was na evilencs ihat Bibarr prices wers dutspiminsd smulasccusly with abmenmd
demmarmds. The araivels swai alss alrempled uweing = medingsy maximinelRelibood pracedure us
ing the seb af double-dog and toear demand equatioas. price equarisos of the foem of (531 and
adding-up restrintions: sush & method 15 analogows 1o Enree-singe lensl-wquares poocedure, excspt
that it permive non-linear component equationa. Unfortunately, i€ proved impossible to compute
parameter estirmates, a Lhe sydtem sofution algotithm did not conterge,

1BThe last ssetion of Chagmar & contains a derbvation of e Theil deeompisition and dissussion
O 15 iptuerprekation .
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Table 5.6: Hausman Test Statistics comparing OLS and 2-SLS Esti-
mators, for Exogenous Almond Price

Eguation i df
United States 61-89 1.7 5
United States 70-80 0.9% 3
Germany 61- 59 232 4
Germany 70- 59 0.0 4
France 61 89 1.76 3
France 70-89 1.31 6
MNetherlands 61 89 418 &
Netherlands 70-89 990 35
Creat Britain Y0 89 0.71 3
Japan 62 89 o 2
Japan T0-89 .13 2
Italy 61-89 .29 4
2

Italy 7O-89 0.02
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Table 5.T: Within-Sample and Qut-of-Sample Validation Statistics
for Demand Equations

Estimation
Conntry Period RMSE TIE e Ly o

Within-sample: i
Uniled States 1061 §9 0.123 0.016 0.000 0.007 (093

Japan 1962 89 0,031 0.014 0000 0007 0.993
Canada 1561- 89 11313 (.01 0000 0042 0958
Great Britain 197089 (033 0.011 0000 0.035 0965
Germany 1570 89 0059 0005 G000 0.007 0993
Netherlands 1961 -89 0048 0006 0000 0022 0978
France 1970 &9 0025 0.005 0000 0.026 0974
Ttaly: imports 1961-89 0066 0.037 0000 Q.48 (0952
[taly: exports 1961-89 0168 (021 Q000 0.006 0994
Rest-of-World 1970- 89 97942 (109 0.000  0.063 0937
Sturage 1072-89 19214.7 0146  0.000  0.053  0.547
Out-of-sample:

United States 1990--91 0.218 0307

Japan 1990- 91 0.093  0.279

Canada 1990 -1 1152.2  0.368

Great Dritain 1990 91 Q.097  0.276

Germany 1990 91 0.641 0,402

Netherlands 1980 91 {L.041 0.187

France 1890 931 0.046  0.293

Italy: imports 1580 91 0.442  0.501

Italy: exports 1999- 91 0.291  Q.547

Ntest-of-World 1990 9 61365.0 0.394

Storage 1990 91 314708 {.163

Notes: RMSE is Roat Mean Square Ercor. TTE is the Theil Ineguality Cocelicient,
a normalization of BMSE VYUY and U7 are, respectively, the bias, variance,
and covariance components of RMSE. All eguarions are double-log, except for oqua-
tions for Canada, Rest-of-World, and Storage, which are linear, Since the RMSE
decompesition is oot well defined for two or less obaervations. it is omitted for the
Qut-of-Sample exercise.
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6. A SIMULATION AND FORECASTIING MODEL OF
THE ALMOND INDUSTRY

6.1 Introduction

This chapter describes a full model of the almond industry, which simulates the
evolution through time of the guantities of almends purchased in the principal
almond markets, the prices paid for almonds, and the acreage of almonds planted
and removed in California. This model uses the econometric and statistical results
described in previcus chapters, including the work on yields described in Chapter
2, on plantings and removals in Chapter 3, and on final and storage dernand and
the linkages between prices in Chapter 5.

Figure 6.1 provides a schematic depiction of this model, with simultaneously-
determined variables in solid boxes, exogenous or predetermined variables in dotted
hoxes, and lags indicated by dashed lines. In a given year, the available supply has
three components: California harvest H,;, which is the product of bearing acreage
B A, and per-acre yvield ¢, Spanish net exports N X fp , and inventories carried over
from the previous vear, S,_;.! This supply interacts with the various detnands
for current almonds, including U.5. and foreign final demands and demand for
stocks carried out at the end of the year, to determine the Calilornia farm price
for almonds.? Foreign prices in the model are determined from the California farm
price by adjusting the California price for marketing and transportation costs and
cxchange rates. This interaction is depicted in the lower half of Figure 6.1. Foreign
demands are determined by these prices and by exogenous variables. Based on
the wark reported in Chapter 4, one might also describe foreign supplies as being
influenced by current prices. However, since it has proved impossible to find a
strong relationship between prices and Spanish net exports, in this chapter Spanish
supplies are treated as exogenous. However, in the longer-term policy analyses of
Chapter 7, the estimated linkage between prices and Spanish acreage is used.

The top half of Figure 6.1 depicts the way in which current year profits influ-
ence future California plantings and remiovals decisions through the supply-response
madels, in this way determining future harvests. This interaction between current
prices and profits and futvre supplies represents the key dynamic linkage in the
simulation model.

The rest of this chapter 1s devoted to a detailed exposition of the components
and functioning of the simulation model, including various validation exercises. Its
application for forecasting and policy analysis is described in Chapter 7.

6.2 Determination of Prices and Quantities
The Linearized Demand Equations

While the estimated demand equations in Chapter § are useful for generating point
estimates of elasticities, and indicating the determinants of per-capita demand, they
cannot be used directly for any policy-optimization exercise. With the exception
of the Rest-of-World equation all demand equations are estimated in double-log
form. So long as complete supply response s not immediate, the optimal policy
implied by these constani-elasticity demands, with inelastic demand, is to sell an

TOrne might also consider Italian net exports as part of world sopply. However, since we have
analyzed both Italian exporis and Italian imporls as functions of price, and since [taly i now a
net importer of almonds, we describe these components as parl of world demand for almonds.

2This single-price model of the industry assumes that growers and laodlers possess similar
information about expected final demands. Tt should be noted that growers typically precommit
part of their crops before harvest, and sell other parts of the crop on a consignment basis: Lhus,
there is 1o sharp distinglion betwesn the information incorporated in the ex-post farpigare price
and expected final demands evaluated at different points in time thronghout the season,
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Figure 6.2 Linearizing the Uonstant-Elastioliy Estimated Demand

infinitesimally amall guantity, sormn infinitely laege profits immedintely, and then o
the leng ron take care of itsell The prablom e 1hat while the constini-slasticidy
demmand spenfication may provide a bevter stagistisal approdimalion (o Us data
than othor modals used, fou the raige of vahes of prives and guantifios acteally
oheerved, it s unitkely to hold when we extrapolale outside the vhuge of the sample
duta—ospecinlly Bor soudl guaniities and hugh orices. In ordey fo use our demand
sxbinates for potiey work, we gl dansform theas so el they barom more usefyl
af the valuss £ha? o policy opiimiaiion wiff sussest

In the model desoribad Lize, and applicd In Chapter 7. we Interpret the elasticity
pstimates fren: Clinpter B s gond approximations ol the oasticities of demand at
the mean values of all the variables. However, far shuniation purposes we assmie
that demand is approximately linear in the relevant range. In Figure 6.2, the curved
lige traces the estinated constant-elasticity demand fonction at mean values of the
cxozenmys varialles, passing hear the pomts repeesepting obmervations {adjusted
wang the resressing pasarsetss citimates for variations 1§ the exGeefinus varables).
We me In Lhe sinuistion madel x Lne that 5 parslled 1o the regrétuins roeve at the
mean values of price and guastity, where the mean & leslnlod cver the poriod
197058, Thus, the Buearlzed aprroxbnalion passes throuph the arBhoeie inean of
1he sample data while the siatebical model pamses throuph thor yeometzlc mean,

Consider & wypical squstion. The double-loyg regrestion estimates agive s pa-
ramatars Aa, L, An For she doinsed functioe

dzig

g ponne) — Tty

'

2

s
)

p;‘f’ﬁ 1}

Hince the cstimated parameters 4. As. and 4y in this form are the estimated
elasticities, the lnearization through the mean of (5.1 s

G 0+ P+ agy + aps. 6.2}
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Table 6.1: Linearized Demand Coeflicients

Country fig €x) 0z 13
Lnited States 0.814 -0713 8,283 -
Germany -0.093F -N.169 0.118 n.1i2
Franee 0.734 -0.0309 0.535 L.OB9R
Netherlands 0.676 -0.0495 1.50 0.0579
Great Britain (.463 -0.206 00442 :
Japan -0.01934 207 =104 3.01x10% —
Canada -191R -3800 B8l.5 6605
Italy  imports 0,152 -0.53% 108 00291 -8.19x10%
Ttalv—exports -0.566 1.86x%108 : 2.16x10°
st of World -1638% -11215 108 3441

Motes: g i the constant in the lnearized function. ) is is the almond-price
coeficient. s is the coefficient on per-capita {except for Canada and Tiest
of World) real domestic consumption cxpenditures. g is the filhert price co-
officient. except for the Italian import and oxport equations, where it is the
vocHicient on Ttalian harvests. All almond prices ame average priee of imports
in real tagionzl-currency units per pound kernel weight (1985 prices), except
for U.5., which is real farmgate price, and Rest of World, which is real German
import price. Filbert prices are canversions to real national-currency unity per
pound of average price of German imports (in constant Dentzchmark for Ger-
many and Rest of World). except for Canada, which is average price of Canadian
iports. Al equations cxeept Canada and Rest of World are for pounds (ker-
nel weight) por capita; Cannda and Rest of World are in thousands of pounds
{(kernel weight),

where

and

oy = oo agl — asfiy
@‘(I—AI—Az—fi—:i)-

u

If the regression equation excludes the Glbert-price term, then z’-ig = a3 = 0. The
Italian impaort and export equations were linearized in an analogous fashion. To
account for the excluded ohservations in the regression equations, dunmy paratne-
ters were ealculated to force the linearized form through the observation for those
vears. The parameters of the linearized demand lunctions are shown in Table 6.1,

Price Rules

We assunie that nominal prices in two countries can differ, once they have been
converted to a common currency, only by an amount that is constant in real terms,
representing the difference in costs of bringing almonds to market in the two coun-
trics (inclnding transportation and rnarketing costs). That is, if there are J coun-
tries, Dy, is the price deflator for country 1 in year ¢, X}, is the market exchange
rate for year ¢ {unils of conntry j currency per units of country 1 currency), and Py,
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is the norminal price of alivonds m eouniny 5, 5 = .. .., J, then we assort that
By . o
Fl!m%gfh r":z}iix‘iszfﬂza'*-:js i\§3!
Fi
whert o s the constant seal differential betwoern sonntry ¥ oand courtry 7 prices.
Iooewse derpand Fupesions, we defiaie samins! atmond prices by the consstesr price
imder. Therchore, wsiag the coustey I OPL as the dellator for oy, equation 16.3]
hecomes
P ir P » F ¢

T T PR X,CPlL TP,

My g oem N
g oo Tﬂ;n i =%......5
T

ove iy o= X 0PI SO P Is the resd sxchange rate that converts constant units
of -:mu:‘.tr;f f eurremey into cotgtant wits of country 7 cwrrenty, This is rearmanged
to give 1 prices in tsems of the conndoy | price

g = &“;z{}‘?:: "3"”:_:'}1 i=L....d

I sur statistical work, we have ealeclared U8, dempndd vsing srop-vear hasvest
and imventory dats, We fHund that 8 dermaned was bext syplained by Lhe crop-
yenr farmgats price, which iz the valag of nuts deliverad by growoss o hamdiers,
divided by the volume of deliveries, for nnts harvested o vepr 3. Heowever, o gubs.
stagiad portion of the yoar ¢ harvest is actualiy soll in year £ 4 1 Ag exporzs are
chasterad at the beglaaicg and end of the calendar yesr, the calendar-vesr fmpont
gata reflect approzimately equal gusptities of conrrent and proviews cropowear dara.
Wher the 1LE. farmpate prive B selected a3 ihe mameraite in the price roles, bath
itz enrrers and lagged values ;must be ncluded. Since tegrossions of realudollar B
wiga unport prices o gped and cerres fooapate prices yiskled positive coestants
ard price ceafficients that were mmilar and clos? 0.5, we imposed 2 egual-weighe
combigetion, so that

Bae R A0 D Pu b I P b2l P b A (6.4}
The average markups ¢, cahoulsted as
r‘migﬁi‘ Bit gy gy ?}
T BT (ffjf. RiNFc P s I I

are shown in Table 8.2

Selution with Xaovwn Yield, Acreage, and Spanish Nel Exporis

I U8, vields amd zowage sud Spanish net exports ave kanwn (a8, for oxamsle,
when the model i oused for a within-sample simulpgion of prices and guantities),
the storage eguation [(5.8) describes carrvout mventory demand S,y W imposse
an canilibrhern condition,

Si 5 yfdﬂ-"‘;i 4 nxf‘? . yG?;;gi}E g 4 mﬂﬂfﬁé' gi}gfﬁ “ ,F‘G"-'{ J'?aﬁ ?ﬁﬁ + ':ELE;}
RPN 4 j}"?‘f‘ JEN
papEE Ns.. ;;G.éwwfﬂ L . pop i}té
popf T {w;pi — ep] Y+

GFRS £ QPO 4 S

The wit-haud siae of (6.3} & marketable supplies in vear £, compogad of inveriories
carried aver from the previcvus year. phis Celifrnia harvests (handlor recoipts), plus
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Table 6.%: Average Real Markup of lmport Prices over 108, Farm-
gete Priee, in 1085 Dollars per Pound {Kernel Weight)

Csuntry ;
Germany 0447
Franae 502
Notherlands 44,358
Orest Britain £i,411
dapan 11.361
Canada 0.455
ltaly 72

Spuamsh per exparts. The right hand side is the warious dispasitions of the supply:
populazion times per-capila consempltion By the United Biaes, Japan, and the
large Buropess imporiers, population times per-capiie net imports for Ialy, o
denands for Causda znd Hest-of-Warlkd, with otherwise-gusold suppios carried over
st sincks to the next year,

Favations (580 amd £8.5), together with che 1 ingar domand funciions of Tuble
8.1 and e 7 grice rules (6.4}, wsing the markup parameters «; of Table 6.2, form
2 syster: of 12 sgmations, which ran be solved for 168 country demands, carryost
iyoatory S, 1, 7 mnport prices, and the LS farmaate peies.

#.3 Plantings and Remwovals: {he Long-BEun Model

In the shert rus, ahnond suppiies s0o determaned by & combination of the earlby
invesiment deciions that detersine heanng acrenge, by the shze of the stack of
simonds wngold a8 the end of the peeviong vear, and by vield, which In turn i3
determined by wealber, the age of the aiond acresge, and the curpent stave of
the abternaze-bearing eyele. There i uo costeniporaneons misence of pries wpos
supplies, Frice is therefore, in the short rur, determined on the demand-side o the
miadeh price adinsmg o clear the demands. There s, however, a long-ron response
of supply to prics, Potential o exissing groweps ohserve prices and costg, and
decide whethor an expansion of almond soreage will be peofitable, in which case
they plant adddftional aczengs in alimond orchards, ar whether their fand would #nd
more praffaiie ase under & diffsrent orop. 1 whigh rase ordhards wi# be rerooved.
in Chapter 3 »v disenssed the models which bese deseribed these plantlng and
remmoval decisions, Hers we discuss Beefly how those nsodels are combined with the
shertrun demand- clearing model to form 3 long-ron model LG determine aorcage,
peice, and eotmumption @ the shoned industey,

The Plartiogs and Rewovais Equations

The plantings madel, desrribed fn Chaprer 3 as coumion (118}, wses the sxpeciad
ner {afier tax) presest satue pet acke of ag orebard 0 vesr § - 1, BN Y 4, by
the rovious vear's plastings, P L., to pradiet plantings in vear £, PL,, rieasured
in thaousaurds of seres. The plagtings roodel is

Fi, o 2212000008 NPV, | ¢ 0880 PL .
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where ENFPY, iz exlenlated by appiving the yost ¢ deflated price toog visid curve
o get zn oxpected tme profide of orchard grass vecoipls,’ Year £ cosis are then
sulrtreeisd I get 2 gross margln, which s reduced by the estimated year ¢ marginal
tak rate. The ENPY cslulations alse take accoum of the costs of establishicg
ihe orchard, any investmend tax eredit, and depresiation deductions. “The cash
How, including =ales, growing costs, cstablishenent costs, and tax benefits, ls then
coapitalized t wear $ using the qurrvot veal bnzerest rete. To the simubntions, we ssod
the price generated by the single-period mode! 1o ponerate the ENPV of an orchard
for that vear. EN PV is then uzed 3o simulate plamtings & year $ + 1

The removals model, diseussed 3n Chaptar 3 as esniation (3173 sses the pet-acee
opetatiag mergin o, [price Gmes vield nanns prodoction cost, after Lax. i peal
termsl for the pase four xears, a8 weil 38 antual laat-perisd aereage and a sot of
duenrmy variablas o goronnt For changes in tax lnws, The estimated cpption i

B, = 539885184 ;o T 8488 5o 1TE31 # o 28431 m,.,

044 Ko ~2086 8 70, £38.3TH D76, 7384 D82,

where R, s removals oul of the &~ } bearing soveags, K. is total acreage in vear
tw i, and the three £ dummies toke the wuloe 0 for all years except IETN-1975
for DE,, 19761488 for D76, and 382-1990 for 2382, Again, we use the price
sarerated by the smale-period markeb-cipaticy soighon 1o caltylste past wdues of
profitability, swhich are thes vsed o sinmlats remoais,

Fhe Evolution of the Age Stractwre of {Uslifornia Qrchards

ia estimating the yield model, the nge structure of frees was built ap from tiEe
series of phsstings and of bearing acrezge. W plantings and hearing acreage are
keowts, thes one can caloniate acreage semovals as

RByow Ply_y — By — 811,

where 8. PL,, and H, ore, respectivaly, basrlisg acveage, tdantings, and remaovnds i
vear F, Year t retnonals ave thus takien ot of vear £ = 1 bearing acreage. s diseussad
o sertion 3.5 In the simnlation modsl, data on ¥ are no onger svadiable, bot we
can uge rhe piantings and removals models to generate simulated valoes of A, as
well a3z of the sge shares ssed s the yield meodel Oesipnating symnlated vahues with
. caret, we caloulate

By = B, .+ PL, o~ R,

where the values of plaatings and removals st given by substituting simulazed
prices inte the chlenlatioss of expected set present valus, in the planting sgustion,
and paracre profizabddizy, in the removals squation.

The shumiated age distrimitions are then eansiracted by sununing plantings of
various ages R vatng and maiure hearing-serexgs, and by subiceting the yooung
and mature arrcage from total hoaninz-acrenge (0 calendage old acreage. This i
eguivaient to agsanding that ali 1omovals are from the sock of ofd teees. These
#puations are:

¥ 41
ﬁf = S‘::.;‘j.,{-(f—fn J‘-ﬁfh, e Zg?ggman OH; =5 »{}g - ‘:"'ﬁ: e nﬁ;ﬁg
T=4 v

Hirgsmupably woorporating & were wophishicatsd expedidiions gentaiing schou than simply
Lok ivg At the enyronl prise wsabd lmoreve the performance of the simahdion moedel.
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Figure 6.3: Raal LS. Farmgate Price, Actual and Simulated {with
setual plantings)

£.4 Within-Sample Simuiation Exercises
Brice-and-CQuantity Simulation with Actual Acreage

The core of the withinsample slmubsilons i the set of sippultaveous eguations that
determine prices and danands for each pevied. lor gives harvesty, inventories, yiolds,
and the U8 fartgsate peive in the proviens year (sinee e foreign prices are a
markeag over the average of current and lagged US. {crop vear) Invmpate price).
The simplest simulation, which helps show hiow well the sinulisnecas core represents
the real sugpiy aod demand systam, ases actval vatoes for all of those predetermined
variables, The prices for this slavadasion are plotsed in Figure 6.3 ss Simalated-{al.
Next, in Simulsted (bl we use the siroulated value of sarryoyt in year £ for carryin
iz yeur 4+ 1. muther thae the acteal value. In Simuluted (o). we use aztual vebues of
phamtings and removals 10 roostrect fres-age disivibutions and aciual velises of the
raintall variable to giomiate vield within the model This simglated yield & then
nsesd instesd of actual vields with actusl bearing acrenpe w simulate harveses, amd
is alse smost for the future-yleld torms in Hhe cazry-out starsge equation.

To pyainare the simwation modet’s performance, wa piot (e model’s pradictions
af 1.8 fariigate price. This price is the key variabie lnking the varions components
of the model: theouph the markap souations it determines foreipn domand, 4 is the
peioe used in e U5 demand ecustion, and ® s the endogenous wariable in the
acreage-dotermining malols. If the modal cannot adeguatsly stronlate the evolition
of prives, it rannot simufate any of the ether endogencas variabdes either.

Al theee simulations track the large movements in abnoud prices fairly well
Az unge woubd expect, the largee by the nmunber of variables being smulated, the
less acourate i the simulation. Tt is workh moding, however, that replaring actusd
imventory caery-ia by values from the simulation {Simulated {3} thanpes the price
stmulation very Bttde. This suggests that, whatsver the wealinesses of the storage
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Figure €.4; Real U8, Farmgnie Price, Actual and Peil Simulation

wodeal, # daes ool make 2 maler contribution o the full model's seror. Drror in
the yvield sunle] i far more nnportant. This sedcowe Is not surprising: in a pwsded
with ipelastic demands, sl chnages n guontities trapsasted are associated with
lasge changes in prices,

Full Simulation: Acreage, Quaotities, and Price Endegenuus

The most difcult withissample simulation wihes on ne external ifurmation cone
cprning the almand ndustry: all prives, plamtings, removals, myventorws, and cons
srpplion are dotermined within e mode] (aliboush ore 1970 piantings yge actual
valyes), This sunsiation, for which the values of the rcal TS, farmeate price are
plotied 1n Fisure 6.4, difers from those dseassed above in thad the plantings and
semovals models are used to penerate boacing acvoage snd the age ditcibaiions
ased in the yield wmdel, T should b recognived thad eerors i the fudf simla-
fion are cngmlative: overpredicting plantingsz s one vear jvads fo 5 persistoptiy
high besrag-aoveage and barvest value. There i, therefore, an opporitinity ine the
model's pradictions o diverge from historical experience.

The Ml sisulsbion model was validated using the evaluativn procedures do-
seribed in section 2.7 The idemtibication of ¥within sample” and *w ol sample” i3
a litide predisieatic, an the vrdecdying demand squations were essiimatod over the
prricds 1961 1080 and (970-89, depending on the conatry, while the plestings and
romavals equations werg estimualed wer 156100 Bisee the plantings and remavals
aquations uze Jxgeed prices, which are deformined ai the demand side of the medel,
we hve dleniiBed 1000 as “ont of sample® for the entire model. This has the bene-
it of meking available three sheervations for the of-ofsamele wilidation, whieh is
necessacy if one is to refiably decompase the wean squared ertor,

The validailon statistics are shows in Table 8.3 Within sungie, the model
porlores vary well, with TIE clese to gere, and {with the posabie exception of the
removals simolation) little svidence of biss. In sl rases over 83 percont of the stror
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Table 6.3: Validation Statistics for Full Simulation Model

Fstimatton

Country Period RMSE  TIE e [ i
Within-sample:
World Demand 1970 89 1157194 0014 0030 0111 0839
"5, Real Farmpgate Price 1370 89 0310 0029 Q01 Q.03 0916
L5, Havvests 1970 B0 G014 0023 0037 000 DEM
L5 Plantings 1970-80 83713 00T 0037 0.041 D922
U.8. Nenwnals 1970) 39 0705 0068 0135 0002 (839
Qut-of-sample:
Warld Demand 10102 144645.3 0.21 0510 0,178 0.312
5. Real Farmgate Price LIAH)-G2 0.398 042 0182 017 Q701
U5, Harvests 1990-%2 11285842 036 0627 0174 0158
5. Plantings 1990-%2 107141 068 0636 (063 0.209
5 Removals 10802 4963.1 089 0706 0003 0297

Notes: RMSE is Root Mean Square Ereror. 78 is the Theil Inequality Cocficient.
a normalization of RMSE L% U7, and U'C are, respretively, the bias, varianee, and
covariance components of AMEF The validation statistics are caleulated by comparing
the values leam the fall simulation inodel v aclual values. Note that the valwes for 1999
are treated as "Out of Sample” for Dlantings and Rewovals even though the regression
estimation pertod included 195 as the denand side s esumated only throngh 19849 the
price simulation For this vear is toaly out-of-sample.

in the series is in the “covariance” component £, a desirable outcome. OF the fve
series, the simulation of U.5. removals is weakest, with the highest T/E and with
the most evidence of bias.

Ont of sample the perfornavce of the model is, not surprisingly, weaker. In
particular, the F/L for Lhe removals equation is close to its highest possible value.
We atiribute this to corrections in the data series made following the 1992 tree
census: the acreage was smaller than had been indicated by the CASS intercensal
accounting, suggesting that rernovals had been under-reported for a number of years;
the correction was made by showing high removals for 1992, This compounded the
poor performance that we expected from the weakest Mnk in the simulation medel.
We note higher Toot mean square errors for all of the other simulated series as well,
and a resulting elevation of the T/E statistics. We are encouraged, however, by the
decomposition of the AMSE 1o the case of the critical U.5. farmgate price, with
evidence that this key variable’s simulation is unbiased and prone to match the
turning points of the series of actual values.

Finally, we argue that since in the #*within sample” simylation the U.S. supply is
entirely endogenous, with only weather and exogenous variables coming from outside
the model, the strong within-sample performance of the model carns more weight
tlian in the case of a sitnple regression fit. That alter 20 yeais of simulated plantings
and removals the model still generates prices close to those actually observed, as
seen both in Figure 6.4 and in Table 6.3, is a strong argumerst for the utility of this
maodel for simulating the effects of changing policies in the alimond industry,
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7. RESERVE POLICY ANALYSIS

7.1 Intreduaction

This chapror disensees marketing orders aned reserve poliey and soulyzes atmond
miprket response (o specific types of rescrve strategies. Hesuits from 1we sconomic
menivis nre reported and anadyeed. First, in Ssction 7.2 the ecanometeie mode! de
senibedd in Chagpter O iz used 1o sfraniate marst bohavior over the period 19932118
wniier podicies of no réssyve or & roserve that maximizes Californta almond jedusry
rovenmes iy sach year, given the projecient Calilorsia harvest. Berause teserves are
s after the baresst, curvent alnosd produoction costs am sunk and, thus, rrelevant
B reverve deeiiion-making purposes. Therefors, the vovenue-maxinsizing reserva iy
also the shoriruy profimanivazing reserve.

Bezsits from this anslvsiz idustrale o short- ve. long-vun drsden fron markating
order policy: indusiyry actioas Taken 10 raise short-von profits wnd 1o be detrimontal
im the long tun beemse they stimulste sanry and cxpanded productivn. We thorefore
develop a dysamic optintzstios mmodet that Incerporates this wradesf and, for
grven set of raachar parasseters, derive the teajectory of resecve strategics that i
aptimal over & disceunuted 50-vear horizon. This model & dsrnszed in Seotion 7.3,
andd resnits based on the model are srescutad in Section 7.4,

Thes Almoend Board bas anthoity 1o s, with the concrrence of the Secretary
of Agriculture, both allocuied and nonstlocated reserves. Allocated rosorves divert
almords permanently froem peimary consuming markets to secongary marke's such
as oils, animal feed, or dissosal. Nonalloested reserves temporarily rostrict the Sow
of almonds o the market & gpecine poizts ia time. A persentage of the orop may
t owithield st barvesi and relessed ar intervals orver the wmarkoticg seasen, or it
may e withheld ever the calby soasion and relessed Invo the noxt croep yoor,

Ouy analysis of reserve policy focuses on sllocsted veserve srategies. Nomslo-
cated reserve policy was not studied in detadl for fwo reasons. Figst, the demsag,
supidy reaponse, vield, smd slorage egnaiions that are used in the sconcmetric and
apimizalion models are based on 2unest data, The usit of observation & the crop
goar. The models are not equipped o handn intrawesr storage declmbons that
determin: avallabiiity of almonds ar different #imes within a year

Sevomd, the econtmetric moedel can simulate the impact of Inter-vear sturage
decistons thar determine the avallabifny of abmeonds hetween yoma, However, sur
wiew In 1t the prevate wiarker ssually has inceptives 10 undertpke the optimal
gmount of both fetra and joteryear stotage of slmands. To elaborate brielly on
this point, storage from time {; W Hime & Iz profitable i the expected lnoroase in
price sxieeds the phvsical storage costs plus cuportunity cosis of helding ahnonds
for s peniod. However,  sorape i profitsble to andertske, private sraders and
banddiers narmally basve proper incentives o enderiske the correct armoit of storage
independont of mandatey [rovi the slmond board  Thus, these decisions are usually
bast left e maziet forces and we foens our analyveis on allocatedd roperve policy.!

The approach devolopsd i s chapter e medelling sarketing order behiay-
ior geaerally, and slocsied regervi policy spestheatly, departs from traditiona! ap-
prosches exemplifisd & che work of 3Minawi, French, and Wing (1076), Prench and

Pan altemative stafenwnt of this ronciusios s that thers aro tsuafly no swnternaiivics associntad
with the storage dedizign amd, ks, ne bnels for collective aetion, A poseibls exceplion Lo this
cimtinsioe setars when the eusadatavd fect of Indivadund slovage destlime resu ity i a “gtachons™
gitostion, o that bo shmonds aee wellable 1@ key uzose for o peviesd of wrme, Thezs wsees way
respiatid by permansoiiy replacisg almends o%E other Tngredicnts m sheair cocipes, sherby fore-
¢lemzg o markel putiet to the imdustry. We diseount the practizel significanme of ts phepmnemon
for twir teasons: Ove, the demand ansiysy comwdweted in the stody wvevtaled gemernlly limited
cuhstitution for abnomde. Seeond, stocbouts gre lkedy tu atzur i tighi-sepgEly vears, so rederss
policy te gunsd npsingl this aoeus rence woltld, parsdoaziadly, call for sssignpment of & nonallofated
peserve whan supibes ace R ang poioes ave relalivedy b




- Alstort, Carmen, Christien, Dorfman, Murna, ond Sexzion

Nuckton (1991}, and others. The traditional approach maodels decisions made under
marketing order authority as general functions of exogenous variables affecting the
industry. For example, French and Nuckton express the tonnage of raising marketed
under authority of the Raisin Administrative Committee (RAC} as a function of
current period raisin deliveries plus carry in from packers and the reserve poal, the
packer price for raisins lagged one period, and domestic movement of raisins lagged
one period. 3uch a2 formulation arises from a rather literal interpretation of the
objectives of marketing orders as stated in the original enabling legislation and of
the factors mandated in specilic marketing order statutes to guide volume allocation
decisions.

Federal marketing orders were authorized under the Agricultural Marketing
Agreement Act (AMAA) of 1937, with several states enacting parallel legislation
near this same time authorizing state-level marketing orders. The stated policies of
the AMAA av they pertain to volume regulations are to (¢) establish “parity™ prices
for farmers, (i) protect consumer jnterests, and (#4) provide for the ordesly flow of
product to market by avoiding “unreasonabie Huctuations in supplies and prices."
The Haisin Marketing Orcder studied by French and Nuckton (1991) lists nine factors
to be considered by the RAC in making volume recommendations to the Secretary
of Agriculture. These include (#) the estitnated carry in, (#i) estimated current year
production, {iii) domestic and world demand, {:#) desired carryover tonnage, and
{#) current and predicted raisin prices to producers and handlers. Similarly the
Almond Marketing Order specifies that volumne control decisions be based on “the
ratio of estimated trade demand...less the handler [carry in|. .. plus the desirable
handler carryover. .. to the estimated production of marketable almonds {§981.47)."
The link from the actual marketing order lanzuage to model specifications such as
French and Nuckton (1991) is, thus, clear.

However, from a modeling perspective, it is desirable to specify the hehavior of
these industry decision-making bodies within an optimization framework. Although
the AMAA specifies multiple objectives. including attention to consumer interests,
the fact remains that decision making in marketing orders 1s in the hands of boards
comprised exclusively of growers and marketers of the affected commadity.” Con-
sumer interests will be considered, if at all, by the Secretary of Agriculture in his
oversight capacity. Given then that effective control of markeling orders s in the
hands of producers and marketers, it is logical to assume that this group will act in
its self interest, i.e., it will seek to maximize in some form the profits acerning teo the
industry. Within the framework of industrial organization, an industry operating
under a marketing order is modeled as ap industry cartel. We develop this frame-
work in the subsequent sections of this chapter. As noted, this approach departs
from tradition, but antecedents can be found in the work of Kimmel (1987) and
Cave and Salant (1995).

7.2 Reserve Policy I: No Reserve vs. a Static
Profit-Maximizing Reserve

Model 1 was used to simulate the impacts of two alternative baseline policies, no
reserve, and a reserve that maximizes industry revenues for each year. These simu-
lations incorporate the world demand models and U.S. supply conditions discussed
earlier in this monograph.” They also incorporate conditions facing the industry in
1993 for exogenous variables including production costs, income and population in

?¥or example, the Almond Board of (alifornia consists of 10 members, with membership divided
equally between growers and handlers.

*Because the econometric model is intended primarily for short-torm forecasts and strmula-
tions, Spanish exports are given exogenously in this model and are set at 55.5 million lbs., which
corresponds to actual exports for 19808, considered o be a normal matketing year for Spain,
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Table 7.1: Simnleted Almond Price, Plaatings, Removals and Bear-
ing Acreage: No Reserve Polivy

Years  Farm prive Plantings  Hemewsls  DBrearing

£% 18R {avres) {avEgnl  ACTRAEE
Faaa 118 11433 v BN C e
1534 gay 15738 & FRERLY
1543 (L8] ERINE: 1 TR
1956 (159 6,467 3,734 V2074
1938 (.43 1236 B4 435,074
2000 0.13 0 L1588 426,115
2005 10.80 ] 106 389,112

21z 176 G.558 S YECIG 50

onsaraing coindvies, and Rlbert prices and veasonatds projucied prowth rales aver
time for thees factors’ [m 1By sease, the simmiations should provile s reascnable
inieation of cutootnes under the reserve scenarion povited. However, s simulations
are carried further beto she heiure, the sesubs beconis uorvasingly speculative and
are usaln! primoarily in indivating the jogical outoomo froms purssing certaim policiss,
uol as cuteemes thal ars expectad 1o actualiy seenr

Table 7.t reports resulis for seleeted vears through 2610 of & no-reserve-palicy
simulation. Under the po-reserve simdation, gach year's available supply is placed
on the market and is free fo move to various consuming countriss or into carry-over
for Ure next year. Abnond indusicy records indicats thes & high rate of plantings, ou
zverage zhout 10000 acres per year. has cecorred from 1988 throngh 1992, Thess
plzntings begin Lo bear In the simulation 25 £he indastry onsers the mid 1980s. Table
7.1 *hos forecasta a ratler rapid increese in Cailforeln besring satresse through 1855,
i turn, andsr a nereserve seenario, the farm-gate price reponted in real dollars pec
b kernel woight {deflnied to 1985 prices) is pregected to Bl from 31 18 15 1983 ¢
11 m 19857 The medel forooasts faviber price declines throngh 1he remainder
of the 1986 which eventuslly hepin to stimulnte sigpificant removal of acoeape
As boarivg aezeage declines, price hegins 16 meeaver after the year 2000, reacking a
prejected $1.78 in 2610 This orice iz saficient to gensrate a new wave of plastioes,

Mete that the extremely fow price projected in the year 2000 & not realistic,
Diversions of product to secondary markets (alreond batter, ols, fead) would oe-
cur éven in the alwence of & seacrve o impase a price foor well above $0.13/1b.%
Noneiheless the no-seserve atmolaticn ustrates potential protdems faced by the
wrbilstry in the sext seversl years fam expansion of Dearing acreage. The indus-
t¥r fnoms the prospect of desling with very large crops which, i the absance of 3
wail-conreived reserve poliey, aspsr perivcs of bow and declining prices

The vo-pesarve nmuiation alse indicates » tendency forthe industry to move
2 cychical fashing; high rates of planving in the rocent past and near future promise
to stimudsie large crops aud e prices. In tura. thess conditions indooe romovals in
excess of WLIHEN aores per veay from Z000-3007 i she dmalatior. Dearing acrerge
eventually dropns belbyw currem tevels, price rises, and 5 ooy wavd of planiings begins.

A8 monvtary weeables seee Beld constant in real teriag, Popilation in sotsuming founemies
was projected bor contioue to grow m sccord with cach cruntry’s recent growth experiancn,

e comttative mfation factor betwsen 1989 and 150% wae appioximately 745

fHlarvest costs alse place an effeciive deor on the farm prive. AL pricss less than the harvest
cost, catimated by Univerzity of Oalifornia Extension t0 he abowut 30019 per ib. bernel weight in
12, growers will preber Lo letivs the srop en the tres
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This no-reserve gutcome can be contrasted 1o resits ohtainad by strategically
designing a reserve policy to maximize a specilie fndustry objecitve, Wa frst con-
sider design of & roserve policy to maximize industey profis in each year, gives
markel dornand cemditions and the rolume of harvews an Californla and alsewhesee.
The Abnond Board may potestally incrense peofies fu any given vear Iy {4) rege-
lating the eotal wlume of almonds on the market amd 3] siratagicaliv allocating
almonds smony cossurmng markels. Specificslly, the pelicy we siudy allows the
imduxtry {0 distingoish among three mavkets for pricing parposss: {7} Nonth Amer
¥n {88 and Danedal, {4) Burepe, 2t (307 Japan, This fvee of reserve would
enable Ualifarsia te disurhnioalo betwean forelen and domestlc seles sred explolt the
relatively meinstic Sooign demands by vestrioticg sales and ssising price. Almonds
not allocsted to these three markats are disposed of i resesve.”

In Eurepe, the model subiracts Spanish supply from the total demand and
maxirmizes Califenia profits with respect to the residoal detwand in each perind.
Any Japm-Furope price dilference cannet, however, exceed the per-unit cosiz of
shipping between the two korations bezaose of arbiteage poesildlities from the low-
to higheprive regpne, Thas, picdsd T orostriots peice discrimination between Eurnpe
and Japan {6 be 5o gresisr Than the por-unii transaclions sosls [estimated o be
B3285. 1y 1993 of shipping betwesn the fwe regions. This arbitrage ¢constnaint iy
binding i the simulstion because Japanese demand i shpnifivantly loss elastic than
European dessated, calling for o couslderably higher Jappwnse prwe in the abseare
of the consizsat,

Tabie 7.3 prevents results for selecead years of this simulation. Soveral fzatares
of the rable merit noaive. To begin, the table suggesis the maguitede af price
differentials that eomerge bgically feom discviminatiog agaimet ihe luslastie-demiand
Furopean and Japanese markets, The Burope-Japan price is roughly 2.5 times as
farge as the MNerch America price. Caution s called for in inierpreting this result,
The price dferences In the profit-maximizing resaryve scenario are based upon finsay
versions of the demasd functions desoribed in Chaprer & Howewer, prices in the
vanges depieted for Eorope sad Japan have net heen observed to dawe, so we have
1 krovwledpe of whether indeed cormumpiton wanld follow » linear relationship o8
these high prices.

Another strifing reeeht B the magaitwde of the allocaled reperve. The madsl
prejects tiat anout o tiird of the 1993 srop should bave been held off the market.?
Fursait of & preftanmeimizing resorve o esch vear is, nol surprisingdy, projected
o stimubrte plantings and dimiaish removals. Beariag soreape mncreascs condin
ualfy throughout the simuiation pestod. Profected growth in production exceeds
projected prowth in demand in this simmlation. Thus, aitaiement of the profit-
maximiziag regerve reguires withholding progressively larger amounts of the crap
in each voar. neariy haif the crop by the year 2010 acenrding to the simualation,

7.3 Raeserve Policy I1: Optimal Beserve Strategies

Two key ohservations crasrgs from analysis of the shortrun profivasacimizing re
SEFVE SORARTIDS

Prhe Almond Slarketing Deler prosently affows the lontny to recomamend fo the Ssorsiaey o
Agriculiure the pereentags of mserve almeonds shat may be sohl fg export destinglions. Tipnresarve
sbmongs may be froely tosded Ik struetues of the peesent ordur o Uiy 2 allaw tosesve abnonsds
o ocsrlaln cases tor by Cdushpsd” oo the 2xport market, ao aetion HReiy o diminish indestiy
evenyos in the short vun based opon our amsiveis. The Markesing Order mae therelore, requim
revision in erder to ingplenent the reserve policics discusred in ihis chapier. The impact of such a
revision wiraid Bie ti ralse welfars of bolth US. atmaond oroducens and cansumers, the latter effect
due to sHowing diseriminastaan cgounsf the export mariest tather than the domestic markel,

*In reniity T Toserve was npternented for the U0 orop.
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Table 7.2; Simulated Almond Prices, Plantings, Removals and Bear-
ing Acreage: Static Profit-Maximizing Reserve Policy

Years NoA. Eur Japan | KA. Eur  Japan  Des | Plant  Remove Dear

P Price (8fillv.) — | — Market Allocation (%) _ | __ Acreage (000}

1993 : L25 3092 531 39.2 228 4.8 33.2 | 139 3.6 36a

1994 . 1.25 3.09 332 3r8 217 4.3 3249 | 153 1.1 373

1995 ! 1.25 3.09 332 0.5 23.1 13 3G | 20.3 U 381
L

1996 i 1.23 300 A32 | 30 221 46 343 | 199 1 396
1995 I 1.25 210 333 | 387 218 43 22| 184 437
2000

2005 | 126 311 33 | 335 194 36 433 141 358
2019 .26 313 335 | 320 161 33 4546 | 10 G26

3]

L2535 310 333 | 354 194 4.0 412 | 173 d 475
a
u

s California does have significant potential to raise average prices and profits
through withholding alinends and discriminating against markets where de-
mand is inclastic.

e Dopged pursuit of a statle profit-maximization stralepy will lead 1o greater
bearing acreage through increased planlings and possibly decreased removals.
Eventnally, this supply response vitiates the effectiveness of reserve policy.

The industry can withhold increasing amounts of almonds, but it becomes very ox-
pensive to do so in that production costs are incurred for reserve almonds and the
price to growers averaged across all production (sales + reserve) declines as produc-
tion increases. A highly successful reserve policy is eventually its own undoing.

The issue is one of short-run vs. long-run profil maxinization. An optimal re-
serve policy is one that takes into account that strategies designed to raise prices
and profits will stimulate a countervailing planting response. We now discuss re-
serve stralegies designed io maximize long-run industry profits, using =5 2 point
of departure the economic theory of cartel behavior. The model developed in this
section assumnes that the industry will seek to maximize the long-run discounted
profit accruing jointly to the industry producers and handlers al the iime the re-
serve palicy is set into plece. Foven though a given policy may stimulate entry into
the industry, the entrants” welfare would not be considered by the incumbents when
setting the policy into place.

Fundamentals of Cartel IPower

We arrue that an industey regulating volumes under a marketing order is acting
gimilarly to a cartel. Cartel behavior has heen studied extensively, and Jacquemin
and Slade (1989) have provided a thorough review of this literature. They list four
prerequisites to achieving cartel power: (i) an agreement must be reached; ()
becauss participants have incentive to cheat on any agreement that raises price,
cheating must be detectec; {ii1) cheating, once detected, must be punished; and
(#2) outside entry must be deterred.

These criteria help in understanding the role marketing orders play in facilitating
cartel power. Once the marketing order is in place, agrevment on a marketing policy
requires anly the concurrence of a2 majority of the Board’s mernbership and, formailly,
the Secretary of Agriculture. Once a volume control policy is set in place, it bas
the force of law, thus encouraging compliance even among producers or handlers
whao disagres with the policy. Marketing orders include provisions for inspections
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to help detect cheating, and the legal force of the regulations, of course, facilitates
punishment of cheating.’

Thus, the only prerequisite to cartel power not addressed through marketing
orders is deterrence of outside entry. For cxample, successful almond marketing
order volume regulations will stimulate expanded almond production from three
sources: (A) current California producers under the order's control,’V (B) new
entrants under the order’s control, and { '} producers outside the order's authority.
Each of these types of entry aflects a marketing order's profitability and optlimal
volume regulation stratcgy in different and as yvet unexplained ways.

First, given that the marketing order’s cbjective is to maximize the present
value of the stream of profits of its existing membership—i.e., group {4} above, the
costs of wasteful plantings and produetion undertaken by this group in response to
the order’s policies must he included as an explicit cost in the order’s optimization
calculus. Costs of expanding production incurred by new entrants and producers
outside the order’s authority, although likely to be wasteful from a societal perspec-
tivee, would not be considered in an order's decision making. Second, aithough an
order cannot prevent expanded production within its geographic coverage by cur-
rent producers or new entrants, any new production is subject to regulation under
the order. As such, the order cao limit the amount of new preduction that reaches
the market. In turn, this diversion requirement, if the order can commit credibiy
to future diversions. diminishes the profitability of new etury and thereby limits
the expansion of production within the order's geographic domain. Conversely,
production outside the order’s auspices is not regulated under the order, meaning
that outside producers can free ride on the order’s market control activities. They
can take advantage of higher, order-induced prices without submitting to volume
regulation.

Dynamic Entry Deterrence

Translating this discussion into the context of the Almond Marketing Order, we find
that reising short-term profits through reserve policy is expected to stimulate ad-
ditional plantings from current California almond growers, new California entrants
into almond production, and foreign {Spanish) growers. Spain in particular has the
potential to berefit markedly from exercise of reserve policy by California producers
for two reasons. First, short-run profit-maximizing price discrimination strategies
call for California to restrict sales and raise price in Europe, where most Spanish
almonds are exported. Second, Spanish growers will be free riders on any supply
management by California, enabling them to attain higher prices for their entire
exportable production.

A framework to incorporaie entrant response into the exercise of cartel power is
found in the literature on lintit pricing. Limit pricing is essentially the notion that
an optimal pricing strategy must consider not only the immediate profit impacts of
the strategy Lut also any impacts on future entry and, hence, future profits. The
concept dates to Bain (1968), who reasoned that a dominant firm or cartel would, if
possible, set output and price so as to render entry just unprolitable for an entrant
whe was assumed to believe that the dominant firm's output rate would remain
fixed despite entry.

*When cartel regulations are not legally enforceable, they must be self policing, Usually this
implics a conmitment by cartel members 1o respond to suspected cheating with aggressive com-
petition {e.g., price cutting) so that cheaters™ short-term gaing are more than offset by long-term
losses from upsetting the cartel agreement. Ses Friedman (1971), Green and Porter [1984), and
Rotemberg and Saloner {1986) for analyses of self-enforcing carte! agreements.

1) 3. marketing orders, including the Almond Marketing Order. regulate volumes marketed at
the level of the handler. They do not restrict the amount individual growers can procduce. Thus,
farmers are [ree to capand acreage and production in response 1o the higher price generated by
the restriction of sales under the marketing order.
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Gaskins {1971} provided the first explicitly dynamic treatment of the problem.
He observed that a dynamically oplimal pricing strategy for a dominant firm must
balance short-term profits to be reaped from monopoly pricing with the prospect of
reduced future profits due to entry from firms inspived by the high prices and profits
being earned in the industry. Bain’s prescription, which assumed entry deterrence,
was 100 simplistic.

(Gaskins showed that the problem of finding an optimal price path could be
formulated and solved using optimal control theory. The dominant firm seeks to
maximize the discounted present value of its profit stream, w, which is specified as
follows: o

y= f [P(£) —  Q(PLE). e~ dt, (7.1)
+0
where P{t] represents the product price, ¢ denctes constant unit production costs,
C{P{t}, ) is residual demand facing the dominant firm, and r is the discount rate.
The residual demand cnrve is found by subtracting entrant production X (¢} from
the market demnand f{P{1), )

QIPL).L) = f(P(L),t) — X(t). (7.2)

The rate of entry of rival producers in Gaskin's model, X {£), 15 determined as

a simple linear function of the difference between the dominant firm’s price and a
limit price, F: ]

X(t)y=k[P(ty-F , X(0) =Xy, Pz 0. (7.3)

Subsequent authors have modified and generalized the basic Gaskins model.
Kamien and Schwartz {1971} modeled entry as a stochastic process so that the
likelihood of entry is an increasing functicn of the market price. They later {1975)
extended the analysis to consider limit pricing by Cournot oligopelists facing uncer-
tain entry. Bourguignon and Sethi {1981} further generalized the approach 1o allow
heterogeneity among entrants and to incorporate advertising as a potential tool of
entry deterrence,

The primary criticism levelled against Gaskins' model and its subsequent re-
finements is that entry is not modeled as an equilibrium process. Entrants do not
hehave strategically nor respond rationally to the domninant frm’s strategy. Rather,
entry unfolds according to a rule such as that stated in {7.3). The optimal control
model developed for this study is adapted from Gaskins' basic framework and, thus,
can also he criticized on these gronnds. Tmportant factors, however, mitigate the
force of these criticisms. First, supply response for hoth California and Spanish
farmers is bascd on the econometric models deseribed in Chapters 3 and 4 and not
on ad hoc algebraie formulations such as {7.3). Second, the entrants at issue here
are growers or potential growers of almonds in California and Spain. Most almond
production is by relatively small farmers, and it is quite realistic that their supply
decisions are based on simple rules concerning present and/or recent past prices
rather than on conditional forecasts of future prices derived from economic models.

Gilbert {1989), writing in the Handbook of Industrial Organization, offers a sim-
ilar assessment of the Gaskins model:

Despite its theoretical bmitations, the Gaskins model of dyonamic limit
pricing is an appealing description of pricing behavior for industries that
are characterized by dominaut firms. The exogenous specification of the
entry fiow is not theoretically justified, but it may capture an important
glement of dynamic competition. .. The exopenous specification of the
entry flow is not incongistent with an environment in which potential
entrants have imperfect [in]formation about the existence of entry op-
portunities and where searching cut entry oppartunities is costly and
time-consuming,.
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Fhe Dyvnamic Optieization Model

The optimal contral mede! developed fap thiy study sske to maximize the dis
eoumied profits 1o currem members of the Cabifornia almoend industry ot the time a
styntepy s w0t into place. This group is denoted by the subseript '1°. Bew Califers
rin enitants o almond moduction ate depoted by "~ Nen-Ualiforia almond
prodection Is denoted with e F subecript. To simphiy the azalylic exprossion of
she model, we de nod distingoisk demiands among consdoies. Rather, ondy sggrogate
inverse demand PLGLE)L whove QU = ([0} 0024 Qe (). s considered and.
therefore, price discrimingtion i sot an Bspe. The empirienl progremming mode
redaxes this comstraing ang silows discriminntion hetween domestic and pxport mer
ksts. We assumme that meacessing/haodiing takes place ynder constant seturns o
seale, so thet e model neod not considor rents to handlers and P{Q2L £ can be
interpeted as furmgme demand for abmonds Lo, fnal produrct demand less per-
unit baudiing costs). (3 {344}, £} denores ourrent California grows” variabie sost
functiss for producisg aimends, [I{PE 623 4} denotes this group's iovestment Cost
Bsnetion for planting new alond asreage, PLo, and B, ¢ & (1L, ~ 1, F} denotes
neaving acooage B produest groep §, For conveniense ratnovals are assumed costless
oD ret Aun 1o she salvage vaive of the wosd., The Almond Doard’z control variahle
%1 2 {3 the pereeniage of the Caltfornis almand hurvest seloaged to the markes,
The nhijehive Tunciionsl is

Fe L .
#o= 0 PROILG + desd 2 Qe e il
£l
=] o
[Te@meras [T rivnmesa
1 L ]

Conxtraiats on (743 are w2 (orth belew, The key constrain: & (7.5} whish
sperifies outnut respunss by each of the three procducor groups:

Q0% = B, fm i, L F, (7.5)
where 31123 denotes exogenons vield. The squations 10 (7.6) ropregent initiud condi-

i
Gty o QY
S5 = L (7.5}
gl — 2%

Eguativns {7.7) provitde the Inbuge betwoen acreage sesponse, B2 = /7.8,
zud growers' plasting. FL,, ang rersova], B, dedisions;

Bty = PE{t &) - Bif w1} dim ]| w18 7%

Formaiation of the smalytical reodel is completed by replcing PL, and #; in
(7.7} with functionsd specifications for the plantings and remevals destsions, These
are dizonssed it chapters & amd 4 & Colifornia and Spain, sespectively, for the
almernd ssiosiry application. A npdamenisl complicanon is enoonmtered, howerer,
i distingiishing the supply vwaponse wishin {he markeling ordor srea that is due to
exparsions by curzeny producers from thas of new extrasts nte alinend predustion.
A5 noted i the precading disousgiom, such & delineation W crucial in esiablishing
the optimal trajectory for reserve nolicy, gven the objective of wmaximlving profite
of surrend momberz of the alinond ladustey

Conceptually i is possible fo speciy difforent sapply response foasstions for
the two groups of producers. Huwever, estimated sypaly response fmctions such

LT enucue, 3F ther abjeciive were, fnstoad, tn mzsimise 1he prafits of beth carsiat and promgped.
five Cahifsends growers, iU wonld be unnecesssry 1o diskingaish thelr suppbe pespanses, The sane
weadd gisg be wrue i} the alfecitvr were browdened 1o inelude the intermss of LS. consumees,
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ag those contained in Chapiers 3 and 4 will ordinarily capture the tatal supply
response for both eutranta and current producers within a geographie area; the
avatizbie diuta will not permit the responscs Iy onteans and ineumibents to by
iantified separately. We addrased this prohiom by developing 2 provedure (o
docnmipose & Ziven apgregale suoply Mosnonse NG Droporticns due o sniranls ve.
current produsers. The procodure is described dp dotall b Appendin B Briefly,
it arrays growesz or pofential prowers along 3 conlinpum ¢ € HL 1, and assumes
that sach grower of potential grower has 2 8xed valne Ag of sereage. Land is ol
homogoneous, and yiell ner werp i each growec iz a deccesdng function of the
sumber of acres. 5, planted huto the cropr Vo= AEEEY £ < 8 whers £ dencles
possible dependence «F viekd upon age structuze of the plasting. in medelling §; »e
assume that [if w 2501 for alld, wheea 805 1] e shifl prrameter and B < b < 1,
so that 8; = f ifmplies that 3's acreage Is absolutely mare snited to growing the
product than o's acreage and/or that 7 is an absolutely morg productive manager
of prodaction thar ©. [t is assumed that growers in [0, 1] are disivibmied uniformly
on (k. 1] with celative fregooney thus egaal 10 171 - &),

1t i then possilde 1o idontify o valne of 4, sap, &, where ¥ i sosnred Ut
#° £ {11}, sueh that growers whose ofichency ovels ave denoted by 47 Just varn
rore discounted expscted profite wiven the prokcied competitive Ino reserve) et
investmend sfremin, A5, from almond productios. Drowsrs vk oBeienny indics
in 18,3 cowsprise the group of surreny producers and produce muaniities Q.. and
those with indices fn 1, 8% sompries the group of potoniial srdrenis, Toial supply
wlir the no-rescree seonark is shnply

QR | e

1k

Supply response 10 o discountad roveuue change van be decomposed into that
of pew entrands and expansico by ipewmbents v using Liehnite's rsle, as shown
i aouations {1180 and (B in Apoondin B, An fmportast point Mastrated by
fhewe Couaiions i ihad when Axod ontry costs nre Bigh. enfranis ol prodaotios
discortinucusiy. Lo, 2t a Yhrge” onlput level, wheneas incnmbenis respond only
tneresmentaliy to higher prives.”” Thas. even thouph suirenis may be small in
sumher cosnpared with nowmbests, the mageiude of thaly supply response may be
ridativaly large.

7.4  The Empirical Programoning Model

An anabylieat setutban to the optimal comirol inodel sot forth In evations (7.4} (7.7}
iz not possible bocause the model mvobves delayed response and has two state vari-
ables. Delayed respouse f3 & consequence of the gestation poriod between pianting
and initial harvest mherent to porenmial crops. The contrel variable, {2} effects
cuarrest plasting deckions wiish sffect production after 1 fonr poniod lag. S
tatly, Tamovals decksions slfecs producion with a onepesing 15277 The 1wo sate
wariables are the suppiy responses by Califorsis andd forcign slmond produress ™
As an alternative £o anslyticad solntion of the model, 1 was calilrated and solved
ar 2 Bekehorteon poniineny eothnisation sroblem weing the GAUSE computer pro
gram. 'The various soiations presonted below wers chockes! and Dund £ be onbost

P Ihig result is st odde with sawventionnd wisdom which myus that bigh Sard sod sung enisy
eoals Insutate nCumbert g framr ey

Hiae Kamien and Sehwarts (Y for o discussion of delmved regparse (o the cantext of coateal
models.

L e procedurs deseribed in the apependie o this chapier esdureg the state variables from
threo to two by ereabling cwmlon predocers and emvanls wicthin the warketing.order ares Lo be
treated jointiy,
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to alternative starting values for the optimization procedure. The steps to develop
ing the model are described below, followed by the analysis of alternative marketing
order strategies.

Construction of the Programming Model

The empirical model was designed to solve for the trajectory of marketing order
strategies that maximizes prefits for oxisting (as of 1993) California almond pro-
ducers over a discounted 50-year horizon. In presenting & 50-vear trajectory of
marketing order strategics, the programming maodel provides & numerical solution
tc the open-focp version of the analytical control problem. In other words, it as-
sumes the industty can commit at the outset of the horizon to implement the entire
b0-year trajectory of reserve strategies. The model allows the industry to designate
almonds for sale into (i) the domestic market (Canada and the U.5.), (#) the ex-
port market, and (34 disposal. The export market was not broken down between
Europe and Japan to facilitate solution of the model ¥

The structure of the empirical optimization model is depicted in Figure 7.1
Almond demands in the domestic and cxport markets were based on Linearized and
aggregated versions of the demand functions described in Chapter 5, using the same
procedures as discussed in Chapter 6. Demand was calibrated to 1393 levels, and
allowed to grow at annual rates between (0.5 and 1.5 percent. Spanish exparts were
subtracted from total export demand to acrive at residual demand faecing California
in the export market. A modest value of 50.20 par lb. was assigned to reserve
almonds., Given the long-run character of the model, vear-to-year Auctuations in
inventories were not modeled: inventories were treated as A constant over time.

California almond plantings were represented by the “traditional” plantings
model contained in equation (3.15).'% The procedure deseribed in Appendix B
waus used to decompose planting response between incmnbents and entrants. '™ Re-
movals of California almonds were treated exopenously: Fach year 2.5 percent of
the total California bearing acreage was removed.'® Spanish supply response was
represented by the net plantings model (plamings less removals) summarized in
equation (4.5). Yiclds in both California and Spain were expressed as constants.
For current. California growers yields per acre were set at 2000 Ibs. in shell and 2200
Ibs. in shell for California entrants, rofiecting modestly higher long-tun yields for
modern tree stock. Spanish yvields were set at 350 lbs. per acre in shell.

All monetary variables in the programming model were specified in real values
{1985 dollars), and future returns were disconntad at a 2.0 percent real rate. Qrehard
establishment and almond production costs were adapted from budgets compiled by
the University of California Cooperative Bxtension. These costs in real terms were
treated as constants over the 50-vear horizon. Incorne taxes were set at a combined
Federal aud State rate of 34 percent,

15 The model, thus, involves cholce of 130 paraneters (3 market outlets times 30 years), allthough
only 1H are free due to the constraint that the allocation proportions must sum to 1.0

¥ The expected net present value model was not wsed in this analyvsis becanse of the bordensame
pregramming and computation problems it would have entailed. Essentially for each year of the
9l-year horizen. a new net present value caleulation wonld be required, incorporating updated
price inlormation,

17 1Jzing the nolation from the appendix, the key paramcter vaines to caleulate the entrant and
incumbent shares of investiment are B — 2450, K = 1800, £ = 1980, all measured in dallars
per acre. The slope b of the yield curve was set at 0.002. These Ggures result in estimated
shares of expanded acreage of 2037 percent and T0.63 percent for entrant and ineumbent growers,
respectively.

Y8 This specification is cansistent with the long-run character of the programming model, Under
an optimal reserve strategy. almouds would not be removed prematurely due 1o unprofitability,
Rather. ape would be the primary factor driving removals. The 2.5 percent annual remmaval rate
is congistent with a steady-state d0.year life for an almond orchard.
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Takle 7.3: thptimal 50-Year Reserve Strategies for Alternative De-
mand Growth Hates
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Tabie 7.1 sunmuarises reseits for the baseline opiimizntion moddd for allomative
demand growth rates of 0.5 1.0, and 1.6 perceni. The buseiing modsl allows the
Aleond Board to alloeate almonds between the doinestic and export markets and
to commit almends ta disposal cutlets. Table 7.5, when mmpmc(i with Tahle 7.2,
Hustrates the marked changes in reserve sirafegy thut emerge Toeni considering the
imglicasions of resorve pettey for futere supply response. Undsy diher of the throe
demand growih wenarios, the aptimal long-dorm rezerve strategy caik for Califrnia
to refrain From oxploiting the iselnsiic cxport warke? 1o the surly periods of the 59
wear Borison. With .8 poooend anouad demend growlys, dorinsinetion sgainst the
export rarket does pot begin eotl period 23 {year 20172} It sernos iphtly sooner
the mgpdelz with higher tates of dornand growth year 15 by the 10 percent growth
model and yesr (4 15 the L3 percent growth moded. Evon afler price discrimination
againsl the sxrart kel beging, the mapzituds of disepimingtion remains medest
through the middle vears of the horizon, and oaly approximates the static profit-
raxintising tagnitade in the last periods of thie hovicon,

Failing w diserimioace ugatinst (he export market aod, in fact, dumping product
abroad diminishes incantives fur expansien of Spanish alwond wroduction. Reeall
that Seain, ag a neoduger ouiside the marketing order’s comtrsl mnd 2 sellar char
cemphasizes the Foropean skl market, bensfits when Californls disrriminame
agzainst the sxport markst

A =zimilar story holds for the wmarnstede of the roserve Hself Undeor sach of
the threo demand growih wenarios, the perceniane of trop commiited o reserve
= sprall i the mitial yoars snd gradually inoreases over tme. AL the end of the
horizon abowt hall the crop s commitied o reserve gnder ssch domand zrowih
sesaari. By choosing st 1o 8ot tho stati profizanarhutzing smount of tesere, the
marketing order diminishes meentives for expanded production fnen both Califoruia
and Spain, thereby Inereastug profits In fotore perinds, The inermase over fime iR
reserves oerurd fop two peaspns, First, a3 almond produetion becomes increasingly
profitable. supplies grow faster than demand, aeesssitating cammilments to reserve
of aver graater volewes, Seconsd, as the horizon nnfolds, futyre suteomes becene leas
imporians, enabimg the ndustey to oxtract higher profis thoongh ageresaive rogeove
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polley fdospiie the effert such peofits have an futiee entry. The mapaitude of resreve
iz highest in the sarly yesrs of the hoviven ander the G0 perooni demaned groawily
simulation. Due 1o slow demand growth, the profitability «f alraond production 5
feze than under the ighoo-growth scenartes, cnabling the mdoyy {0 pursae & mare
sgprossive ressrve policy in the sardy periods withost stimulating too rouch entry,

Table 7.4 ggevides a meoro detatiod look at the sp{imization wsedel rogults for
the baseiine reserve policy madel with 1.0 peroent demand growth. The fivst theee
coluinss indivate the peroentages of prochietion commitied o domesdde, sxpog,
and reserve cutlets, The next three culurans mudicate the magnitude of annual aet
Investimnts (plantings less removais in ahuond acreage from CUaliforsin incembents,
California extrants, and Spanigh producers [0 dnterpreting the iable, recull that
Claliformia lnewnbents rofer Lo the eurrent prous of sbmond produeors s of 1093,
aial that semovaly of Ualifersie soresps are fzested oxngemously, so remuovals fog
the entrant aroud do net bemn unill veur . The Spanisk nvesimont mudel fom
Chiapter 4 prodicted st iovestiments Creetdy. The final coluwm of the table indicates
varimbie Mofits por aere net of taxes o Cshinruin innwmbents.

The porcentage dllocations 1o tbe aliernative market antlets reinforee the story
of mereasig s riraitation against (e export market told by the peie piths con-
tamed i Taide 7.4 The invostement response erdimas indicare the degrpes 0f gticomss
of the optima! roserve policy i allecting eptev. Ga net Spels distsvests in almond
oeehards through the vesr 2553 under $he eptiraal policy. Is sotul aver 275 HH ner
arTes of Spanish almemd archards (15 percert of total acrenge) are remored ueder
the optimal policy frop: 1003-2003. However, se profiabiite of Spamsh simowd
production increases in the later years of the boriran due to Califorsia disetiming.
tion against the export muarked, Spasish almond acrsagy boping o expana, Spain’s
peaning atvesze ab the eed of she horiwon totale LETR000 uures, & 9.7 porvent in-
crease from the 1903 sl

Comvoratly, the opiimal reserve nelicy & much loss effective 28 mitigating entry
in Unifornis. Both ipeumbents and entrants invest heavily in alinosd ovchards
threughout thz S-vear horizon i respotse o the profiis sarned by pursuiug the
aptimal ressree strateryt? Entey by Califorgia producers is less damaging to the

P The feres smpansion in Usldornie atreage prometad by the resevvs stratozy simuletion &
consistet wminh the conceplual Ewasion of supply rf8p0mee m the adeaid Indestry chutained in
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marketing order's effectiveness because the expanded production can be controllad
throngh the reserve policy. Raovebly 5 perrent of the cvop ¥y devored to resarve
o the iater vemts of ihe herbon. Prodoctinn o Spaiz, wiich is nod subjest to
she ardir's contoad, e the petertial bo be very damsging, s The optimal ressrve
peticy calls faf desressimg the profitabiily of Spanish slwond poevtuction ik ths
early periods of the Sloveay bovizon by dumping almonds in Spein’s peimary axpart
markers.

Teal variabie profits per aore to the Calforals incumbeny slmond growers wend 1o
be highest dusing the widdle yvenrs of the horison, reflecting the incrensing siringrni
reserve palicy coniinls Mnvederd durtog this time aod also the modest svpansion n
acreage that bas oeetirred o that podat i the barfens, Profits fall in the later
[eetinds because expanded acrezge and increased harvesis force incressing ameounts
of produttinn into reserve.

Analyziz of Allarnative Resorve Strategies

[a addizion to the baseiine reserve strategy, which snabled 1he Almiond Boand ig
sttocate simonds among domostin, oxport, and reserve markst onilefs, we also con-
sidered tws alternptive, more vesirictive marketing order sirategies. Dno sheategy
prechudad price deerimination between the domontlr and exporl markets buf con-
timnerd 1o allow alniends fo be diveried to svoonidary markets, This typs of sivategy
¥ consistont with polics that might emorge spder the Almond Marketing Order
as it i presently conlgured. In particular, ik prosont grder lacks provisions for

stricling the fiaw of afmonds inte the sxport markel, The secong restrictive strat
egy scenaric ailowy the Almond Board 1o price diseriminate between the domestic
and export mackels but dues not allow the Board to divert almonds to secondary
uses, This policy might be roosideced as a politically feasible alternative to the
more Boxible baseline steategy. 3pocifically, many almend growers are disincdined
to ser their produeiion dispased of as animal leesl or ntherwise diveried into seem-
ingly snprodnetive uees. Thog a reserve stratery that Jid sst lrvsive this typs of
dispasal up, raiber, elicg Infervention to siralegn allecatiae of nrodust ameng
markets Ior bucsan comipnpties might be preferred by prowers,

Table 7.5 sunonarizes the ontirpal reserve siratagy snd ensuing market rosults for
the no-price-discrizsmntion polioy. Withowt the rapacity 1o price disoviminatn, the
optimsl sirafegy for the markeling onder isvolves consigning considerably gorater
mranritizs of ahmonds o secondary warkets during the eardy vears of the horwon. In
cuntrast (o the base sncdel where ane percont ar less of the harvest was comnuited
to reserve through the vesr 2000, 13-19 pewsal is committed annually to reserve
usider a strateny of no price discrimination. Vhese large reserves produce favorable
prices and a high rate of plantings in Cahifornia through the 1990s. Spain, however,
due o the lower productivity of Hs almond orchiards, setually underiakes mmedest
dimavesiment during the 1950 Increased Taliforsia produsiion begins to drive
the teal prive down sfter 2080 The opiimal pulicy, hewvever, ealk for the regeree
{0 remam relmtively constant tm the 20 pewoend rampe, with ihe conseguenes of
cassing signifomnd disinvestanent in Spain mothe rage of 10860 acces annusily
and 3 significantiy reduced rate of mvostment I Daliforsds. Wih demand growh
vontimsng i L0 pereest, the reduced? rabe of plentings evootually sthoulutes an
updurs in voal prives in the ladter vours of the borlmon. CaBfornia per acre prolits
under this stralongy are hiphest n the £ret years of the borizos and then decroaze
dramativally pntd heginging 3 modest eprurn afrer 2033

Tablz V.6 iilostrates what zn aptimal markeiing order policy might ook ke
if the indusiry chooses 1o target reserve policy activities 1o wirategle allocations of
product between domestie and export markets and not allocste product far disposal.

Chapter b, which ahicaled that supply roapanse might be wery slostis & the Tong rum.
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Taebie T.4: Optimal Reserve Policy Anslysis: No Price DNseriming.
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Az with the Linseline reserve strategy, this resteletive reserve strategy adeo calls for
{alifernia to discriminate against the domessi market throughes! mush of the
S0-year horizon, despite the static profi-inazimizing prescriptian o Lhe contoary,
Fxvept for 1983, the optimal oxport price is less than the domestic price each vear
untd portod 37 of the horiron, Net sgrprisiaply. this poliey & vepy suceewfl at
eneonraging distreagtment in Spaln, which removes almonds on set throughomt
most of the Bivear porizon. Under the reservs shnudation, bearing acverge 1 Spain
falls from 1.44 million acrss at the outset of the horizon e L1 million sores az iy
copchusion, a decvesse of 209 percea,

Uader this stystegy, Investinend by Oalifornis incumbents Is initially bigh bt
then declines and approachss 2 steady stare after #0110 where plantings cssentislly
are matehed by removals. Per acre profits w California incumbents axe rather stalds
throupheut the harizon uader this pelier

7.5 Bummary of Heserve Palicy Alterpatives

This chapter has vonsidered evelution of the California almend lwdnstey ints the
ist eepiury uoder altersative scenatios for reserw: policy. Section 7.2 analveed
wdustry behavior £47 i the ahsence of reserve poliey, nud {37) tn the presence of 5
rowerve deshzaed o munimie profits to the ndwstoy e ench vear. Seetions 7.3 and
7.4 sualyzed the dynamic elements of reserve policy and diseised desipn and e
plementation of reserve polkoey that ware eptamal over 2 sedfivear horizon, Table
7.7 provides & summary comparisen of hearing acresges and digeounted cumula-
tive profits aader the alternutive steazegion for the scenariv of 1.3 poresnt demand
growti, 1% obialo consitent resalts, the ne-reserve aud siatic prof-maximizing
reserve winddels discussed in sselion V.2 wers resinnmulated withim the framewerk of
the smpivienl optimization model dagsribed in section 7.4
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Table 7.4 Optimal Reserve Policy Anabysis: No Price Diversion to
Secoudary Markeis
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Table 7.7: Corparison of Alternative Hegerve Stratogios

A A ! Discountad Profits
IEGIRIETS  PHTran: Esin 1o DA Incapbents

Bogrpe Stroresy Yror 5 Beoaring Avieags . (8 sl

1. N6 Heservn 438,325 ETLRES BT ARG

10,533
2 Brath Peofit-roax peeeten E62.R3T BEVHEY  LAEBEAD . LRG3
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Fhe present value of the gain Irem pumacing the folly optimal baseline reserve
stravegy {row 1) ag upposed {0 the shupler stathe profit-masirizing soraiogy {row
2y 19 BE3% willion, or abogt 52 poreent. The discownted zate uvey no reserve poliey
{row i}is much move substantial 2,409 reillies or 253.7 percent. The resulis fram
the modely of the restrictive meserve pabey Hlostrale the amews of profit foresgone
frent {ailing 1o utidize all of the tools at vhe indester's dpasal. Meost of the foregone
prafiv (§2.814 million § results from fadlore 1o diseriminate batweesn the domestic and
ouporr markets, “The discounted profit from this seeree sovatery {ruw 43 s enly 4.5
prgrent greader than the projected profitg from ciapdnying we poserve af af. Falhure
i dispose of almonds I secondary maskes frow D) 18 projected o reduce diseocnied
profits by 1765 million or 144 poereent, compared to she sovimal reserve sty

Tiw vartons models alse ustrate hew zrvestments ie simond acreage may be
mfluesced by altermative wpes of reserve shrstegion. The static profit-maxismizing
peserve, which taltes 00 acoongt of entry reeponses, resslts in 2 projeciod oxplosion
of abinood acresge i Spain o over 2.5 million acres, compared with the present
1.4 million aerss. This tvpe of profection mast be interpretod with cirewmspontios
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because the prajected acresge iz well beyond the range of the duts vsed Lo estimate
the Spamizh supply response model. Nonethebms, the resull s indicative of the
putential consenuences of failing 1o consider the dysamics of restrve pobicy.

The no-resaree outcome, beranse i vields the awest profiz, i most successtzl at
eortrobimg expansion of slmond acrengs. In fact, sersage In Spsin i projecied o
corttact over Yie 3-venr horizon under uo reserve o yider the restniotise reseese
policies. The borpest expuniion b California arresge ovrurs as oopectsd aader the
optinal basoline stratepy dus 1o 8 success in Funmeling sheond profits bra the
hands of Califersis producess and away Gow Bpanish produces,

7.6  Uonchision

‘this chapter has presented an abornative approach to studying behsvior of indus-
tries operating umder the avspices of a marketing order with volume regulations,
Based on econmmie theories of cartel hehavior and dyveamic Hmit pricing, this chap-
ter has studicd marketing order behavior within an pptimigation framework. On the
nther hazed, the traditiona) anproach. hased on the work of French and Kirg and
various sssooinies, has need an eroneimetric apprsach 1 predicl merkeling order
docinons In termg of exogcacus vatiebles belivved o nflucnce those decisions; no
explicit optimbration s hwobed,

Fach appremeh wenthd appear 1o have ndvantages and dsndvantages. The scone.
miet e approach 5 ueedul a8 a behauaored model bn that It sttemps te prodiet e
mehistey bedhavier through a function estupated from deta refleniing past imdimtey
aotinns. The apthnbation sppeoash of this chapter also may e wsdd B behaviorsl
analyses. The sssampiion of sotimizing hetuvior that snderning i i, for exam-

e fiundarmentally similar to eptiniization assumptions that are the feundaton of
the necclassical models of the firm. However, there 15 1o solid evidence to suggoest
that marketing order decisien malkers do optirnize in the ways postulated here, ie.
it i unelear that any of the general o constrained apdimizarion models describad
i thiz chapter veflect acourstely dhe aotual decitions made by the Almond Baoard.
Afgiirage arguments wod o demonsirate that feres mist oplinke 16 survive do
vot apely directiv 1o the sontoxt of & markoting wrder, ™

The optimbaiion Bameowork 18 more Hexible fur couduehing policy analyses than
18 1ie econcmoteis appraach. This lntier approach has been prmarnily need 1o sioe
alate indusizy bebavicer i the presenes wao the absenes of the marketing order,
with absencr sioualzted by suserially “verfivg 1o were” the marketing arder's son-
trol varisble. This chiapter has sliowen how tho aptimization Samework, threugh
the device of troducing eoustralers fuoo the cpfimisation prablem, ean sirmelaie
behavior under a variety of Industey strategies and policies. It s thus, useful as
a normative tool for industey decision makers to svaluste the vnnscquences of al-
ternative sirategies they might pursue. Even if industry declvion makers have pot
fully or eHectively wtilized the onle st their disposal the optimizetion framewark
Hlustrates the onfonmes thet can be achioved. In £hig seaze. 1% i also uselnd 1o
public policy mukers intevested in the potential effeets of marketing ordor wlpms
rEgniRiings.

Wlompetitive frrms that B! to maximize profies will be derven, from the wdugtry o Lhe lomg

ru. lmperferthy competitive firms that fil to optimize are vulnerable to reenganisation through
aequisitions or hoskile takesvers it might be arguetl that tarketing order decizion makers that
faiked to optimize would be voted o of office by mewbers of the industzy, but this arhitrage link
i wiuch smore teaucsn than the maried procssss chat cause Homs o optisstizy,
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8. SUMMARY AND CONCLUBIONS

This regrors Bas contnined the resnits of an extengive study of the California slmend
industey and related markets. Chapters 2-5 dovumested a mumber of key Sndings
eoncarning demand and sapply factors thet impact unon the Indnstry, Some of the
wpjor Andings see summarized below I chiecklist form

o Almand vields in Californis are highly volatile, but wichis can be predicted
with good accuracy as & function of past ylolds (the aliernase boaring effect},
Febroary rainiall, snd the age distribution of slmend fress.

+ Aeroage responisg fo Industry policles which affec orices and profits has the
potestial evemtually 16 offsef those poliies fully, Howewsr, somplete s
ply offset in the almond industry ondy talkex olace i the loag run, Shors
w0 medium-ren acreage adjustioenls through plarings and removal; sre af-
farted hy gressors’ perceptions of fature axpected revenuos and variahle costs,
Changes i tax poliny alse bave Lad some impast on investinent in U Cali-
fornia aimond indusioy

» The majur competitor 1o the Califorsis simond Industry is the Spanish almond
industry. Spanish almonds are a ofose substitate for Taliforoia slgnonds in
several key Turopean oavkets, Thes, shortrus aad seevlar changes 1a Spanish
almond praduction have imporsant effects on the Caitfornia indusiy,

o Sranish almond asmage bas been gradually on the rise siges 1870, bot #idd
angd protiuction are Bighly volatile. However, wo had pood suctess o este
mating Bparish yiells as 2 functies of past yiedds, age of treew, snd rainfull
during kev menths. In addition, an acreage respoase model for Spain indi-
cated that the Spanish Indestyy responds io incentives ln the mame way as
deores she Ualiforniz indusisy

® Lipelastic demand fr Calfornis aimonds inexport markels sugyesis shat the
fndusiry ven raise prices and profiss in the short run by restricting the fow of
slmonds wo these marketz, Pursuit of this poliey will lead 1o grasdaal erosion
of the {alifornis almaend mdustey’s shave of the world market, az competizors
ragpond Lo Digher prices with inercased rates of almond plastings.

s Price elasticerty of demaad differrnces ainong majer consuming countriss van
he expigited by restricting Bows of almonds o vountries with loss elamic de
mants. i particular, the demand fot aimands in the United $tatcs appears o
e mare elagtic than aimond demand s majar Imporiing countries. However,
whnere resale of almonds among coustoies Is casy {eg. within Eursps}, such
prien discrimination strategios will be unsnccessful.

= Promoticos! saipabgns for Oalifornio almonds s general peed 5ot foous on
positioning almonds relative to other nof praducs, becagse other nogs do
nct appesr o be Zond substitutes for wiwonds. Filberts in zome Europoan
TRESKELE A EN impertant axception o this rule

Cligprers 6§ snd ¥ of the repors disepssed ndegratios of the supms-dewssnd anal-
viis of Chapters 2 ¥ to develop both simulation and opiimbxation saodels of the
almongd Bulustry. Use of the simulation madel to project the ponsequences from
adopting a regerve sirategy desizned 0 imaximize achual profiis 1o the Califorma
almemed Idugtey demonstraied that such 2 policy may beeoms disadvaniagecus over
the g run boganse of Californis sad Spanish sopply responses Stirmulated e bigh
profits from abmead production, The optimizailon model treated the structire of
suply and demandd i the indusiry as given and devived roserve trajeciories that
woere cotimas! nver a dsecunted 5l-vesr hurizon,
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The opthosi steategy nvolved corsiderable moderntion on the Califoria imloge
fry'apart. In partieuler, price discrizsination againgt the export market. preseribed
a2 part of the stafic profit-maxinizsng steategy, did ast emerge under the eoptimal
girategy until year i85 of she S0-year hetizon. Rather, the ptimal reserve strategy
calied for California to selectively dugap product abroad 1o diminish inceniives koo
expanson f Spanish sunply. Only in levtsr pavieds of the Boviven did diserimb
nating wader the optimal stesieyy approgimate thad of the static profit maxfmun.
The industey was satimatid 19 gatn about Eve percent, $63¢ milfion, from pursing
the opiimal strategy v, the static profit maximisation rale. The incremenal profit
ey N0 Feserve griatagy at all was 257 peresnt oy 2.44 Blillon doligrs, demonstrating
that the abilizy 1o implement resesve stratogles is & powachil tog) ax the California
imdastry s dispogad,

The aprinuzation ramework wne alse ueed o shnolate the wrajectory of ke
oudesraes under varions resirictive resarve policy strategios. The results sogpesiad
thai fadiure te price discriminate Detween demestic and export markers could cost
she indostry sbout two Billen doliars of discounted profit over the Bll-venr horizon.
A sirategy of price diserimination but ne dsposal of almonds in resnrve markets
tesutted in an sstonated loss of £1.77 hilllon relative to the optimad stotoemy,

The reserve poficy analyses eonducted e this stady were opom loop in the sense
that they assume the industry can commit in adwince o s trajectory of siratagies
sl maintain It over the entive plaosing borlzen, Chreomt members of U Abend
Heapd, howsver, bave jttle aooDe ta tio the hands of their suefessors, A uselul
dirertion for future work, thus, will be g congider variows sdosed loop stratesieg
wheorshy commitiients 40 2 rorerve strategy can only be made for o finite indoresd,
c.B., the wnure of a group of Board members. Fach sucosssive Beard is oo iy
dasign its pwn reserve slretegies uoder these raodels. Work by Kaep (1087 in
the context of fnzernational tariifs sugeests the Biely corsequence of the industry's
wmability to comzuit heelf; as whe wterval of commitment approaches anly a single-
perivd commitment, wthe trajectory of closed laop strategles onilapses 1o the siatic
pEodr-manimizing tradectory.
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A. CO-INTEGRATION AND UNIT-ROOT TESTS OF
THE LAW OF ONE PRICE

This appendix describes the nnit-root tests nsed to examine the by pothesis that the
world's almond markets are linked sufficiently closely to permit Lhe replacement of
one price with a linear transformation of another price in a simulation model. We
test, in particular, whether a Law of One Price (LOF) helds in the almond market.

Co-integration techniques can be used to identily inlerdependence between time
series which exhibit pon-stationary behavior, If two series »; and y, are generated
by processes that are integrated of order I (written F(1]}, that is

Ty = Tt-1 + £t

and
e =1 tep

where the ¢;, are white noise, then simple regressions of z, on y, or of i on z,. will
frequently give spurious evidence of a relationship between y and yy, even when the
twe series are in facl independent {Granger and Newbold 1974). The independence
of the two series can, however, be detected in the residuals from the regressions
hetween the 1wo series: these residuals will be an {1} process. If, on the ather
hand, there 15 in fact a linear relationship belween the two variables (that is, they
are co-integrated ), then the residual 5, lrom the co-integrating regression

e = ag + oy + ol + (A1)

cannot be an J(1) process. The Dickey-Fuller unit raot test is applied to detect this
possibility.

In general, we cannot reject the hypothesis that the individual almond-price
series have unit roots. For each of the price series used in Chapter 5, plus the
series of average export prices for the United States, we used OL3 to estimate the
oquations

ﬂ;ﬂ‘t — g - "If'Tf + £4. {A2}

If the price series is f{1], then the estimated j should be close e zero, while if
the process p: is stationary the estimate should be significantly negative. Since
the distribution of the { statistie for this regression is non-standard, we calculated
critical valites using the formula in MacKinnon {1991}, The estimated parameters
and the associated ¢ statisties are listed in Table A.l. Only in the ease of the U5,
farmgate price can we reject the unit-root hypothesis at the 3 percent significance
level, while the average price of imports for Great Dritain and Japan show weaker
evidence of stationarity (the unit-root hypothesis is rejected at the 10 percent level).

The next step in the investigation is the estiination of co-integrating regression
equations between the various pairs of prices, using the form of equation (4.1). Ta-
blie A.2 contains the principal results from these regressions. If the series are in fact
stationary, then these regressions provide useful direct evidence of the relationships
between these series. We report only the estimated price parameters &) and the
H? statistics: since the standard-error estimates for most of these equations may be
ased downwards {if the processes are in fact J(1}), we do not report either these
estimates or the related ¢ statistics. If the processes are not 1{1), then the good fit
of the equations and the estimated cosfficients (close to 1] are strong evidence for
the LOP. We take the estimated cocflicients and the elose fits reported in Table 4.2
as evidence for a single price in the almond market, provided that the price series
are not 7(1).

If they are (1), then the LOP holds if the series are co-integrated. Suppose
the series are not co-integraved, which in turn implies that there are persistent
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Table A.1: Unit-Root Tests on Individual Price Series, 1962-89

Apr=ppe a+a+t+o

# t
praesM -0.86 -4.19°"
zpifA 00,31 -2.87
apl™ -0.30 -2.82
apUsa (.45 -2.6()
mptiER -0.49 -2.75
mp©EA -0.47 -2.70
npt R -0.66 -3.42
mp™’? -0.50 -2.78
mp! T -0.41 -2.47
mpttN -0.71 -3.53°

MNotes: ' and "7 indicate rejection of Hy - p = 0, at
the 10% and 3% significance levels respectively. Critical
values are [1058) —3.23 and (3%} —3.59, calculated from
MacKinuon {19913,

independent movements in the various prices series. First, under the hypothesis
of independent f{1)} price serivs, the residuals from {A.1) should exhibit positive
serial correlation. The co-integrating regression Durbin-Watson statistic {CRDW)
should, in fact, be close to zero. Critical values of the CRDW have been calculated
for large sample sizes; they are not, however, useful for the sinall samples of the
present. model, Instead, we use the CRDW in the conventional manner, to identify
serial dependence of the residuals fromm the co-integrating regression, which would
bius the calculated ¢ statistics. In the absence of evidence to the comtrary, we
then follow the Engle-Granger (1987} procedure of testing the significance of the
coelficients from the Dickey-Fuller equations

Ary = up_y + €,

where u, are the calculated residuals from the co-integrating regressions {A.1). Ye
use the formulas from MacKinnon {1991 to caleulate the critical valaes to be used
to test whether the estimates & are significantly different from zero, in which case
we can reject the hypothesis that the price series are not co-integrated, in favor of
the proposition that the price-series pairs are linearly interdependent.

Table A.3 lists results for co-integration tests between export. prices and between
exporl prices and the U.5. farmgate price. There is evidence of a statistical linkage
between average prices received by Italian and Spanish exporters. The residuals
from the co-integrating regressions for Spanish and Italian average export prices
appear not to be serially correlated, ns evidenced both by the CRDW statistics and
the t statistics from the Dickey-Fuller regressions. The U.S. average export prices
are tied in less well: we reject the hypothesis of no serial correlation in the residuals
of the co-integrating equations. However, the prices received by farmers appear
to be strongly Honked with both European export prices and U5, export prices.
Whether the diflerent Liehavior of the 7.5, export price series is a consequence of
the timing of exports, or of other structural conditions in the almond narket, necds
further investigation.



Tabie A.2: Bepgression Coelficients g 77 Biatistics from Price Co-
inteprating Eouetions, 104286

Fag = oy g + ol v

{4 2 {al b}
6, R ;B
eptih o gpTa 112 0.08 184 8%
eptEA et 8485 088 1.5 0.9
gt gptte 118 03 86 092
PR S D41 63 C&2 677
pTARM g TE 042 D7 113 488
gptPA GFARM L a5 083 935 .68
g ER gy LD 840 099 106 0,99
mpYER T 478 o4t 1OE .94
pptER gpFRA 082 590 104 698
mp ER pptER 0.86 947 105 #87
mptER PN 086 0. L 684
aples apyiTA 13t f9d NGk 0.97
splthl upTRA G857 599 057 GI9
g B CER GEO .95 B84 6495
mpNEE PN 2483 ooz 093 .47
mp'Th ppfRA 12 0.84 687 054
mpl Tt aptnR itgd  aal #8810 092
mpt A T GA% 488 3.78 GO0
st WA g OBE G838  4.84 N8 24
gt A gyt 981 4.9 0.93 3§
mpTER gl PN o8 (.97 898 647
Fgpdad g pfiRR BT (.98 Lag D53
zpf A 0.8 647 L5 07
T LT 068 B8 108 02
AU CER 632 133 0.8G &7
pFARA gptid 538 065 102 B8
pFPARA g 8N 023 083 572 0%3

Hotes: Columas f2) dependint vaeighie (s column {§1, indepen.
deat variable in ovimean (2], Columus {1y dependent variable in
colunamy (23, indepesdens varieble o eolume (13
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Table A% Test Statistics for Ceintegration among Fxport Prices and
ghe UG, Farm Prive, 1962-8%

Indepesjent varlyhle:

Leposiient gt prSEs st A piAas
vatiahie — .
pe! T - 1481 G903 142
- [-3.73] - 2.80] =373
pai T Lol - 19 1% 57
|—-5.78 . P-1,391 Lo 20
prl ¥4 £.800% 1041 153
RSN -1l - Rt
ppt P A 21t .25 2

5"?}.‘4&*‘*3 %_“”z‘.&{}“.] ‘g_,{'}.{;iﬁso:

MNotes: Dalutegrating Hegresalng DorbinAVasses staristic { GED®) above. 2
sratissie fom Dickev-Fuller reprosejon iu higakets below, TORSE Wy above the
A% upper i, JEEDW o, (3% 7770 Engle-Granger vests wjoit 85 ol
tegravion sc 19 33 and 19 levels respectively {rritien? vadues are, for 27 oheepe
vations, ~&8 (180), 438 (3%}, and - 3.33% (1%} catouinced from AlseHEinnon
{10133, ,

Table A4 reports the rasults fran similar bests perfonmed en the average impoer!
prives for the imparting constries whose demands are pnalyeed bo this dhapter
CGoerail, the picture thar emorges i oag of 3 wellb-mtegrated marker. Prioes nove
wgether closeiy, and deviations Brom LOF hehavior sre randow and tompezary. The
atily possible exception to this vale s Ttaly, whiclU iy alen the andy dgoificant alwomd
procduser mothe group. Dirthorwise, the TRIVW statistios are gpeperally satisfactory,
whibe the cosfficienis i the Dickep Fuller spitions are sufiiciontly large to portant
the rajortion of the hrpothbesis of no coslntegration, aften af the § percent Jovol,

A pirture aperges of s ipdusery In which purchasers exercise no markel poser,
buk in which compeiition Botweon scliers may be imperfers, gpermittipg sustained
mdependent deviations in prives received by exporters i different toumices. To
wivedtigate the phenomenion fusthor, wo investizale the relstiosithip between the
prices peccived hy LS. saporters, the prices roesived by U5 growers, and $he av-
arage prives peid by simond anpertees in three tiaioy markeis, The resultz Bom
theze gwdz age iy Table A5 Agein, 75 farmpare prices show no aamistical e
dependines fram oversess prices, with the by poihesis of no cointegration rejectod
az eitber the 3 porcenl or §opercent iovel The evidence froon E.8. export prices
is weaker, and coos not miect the adependence hypothesis iy the case of Franes.
Overull. it appests that 115, growers, at leasd, are well Hinked 70 overseas wmarkets.
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Table A.4: Test Statistics for Cointegration among Import Prices,

196289
o Independens variable: .
Tependent A mptfid A et 4 mpt PN LD
variahle:
gt 2 A6t Lt 1.46 115 193t
[7.33°] [-423"] [-387"] [-3.427] [-495
tpt A 262 2.7 1.1 1.16% 104t
[ 728 fG2s T [-3.23 [-3go+ [-5.08™
g R 1.941 9 TR . 2.22% 1.27 2.36¢1
[-5.08""] [-7.827"] o ST [ 88T [ 6T
pt A 1.29 097 1714 141 1.13
{—1.a3" [—2.0% [--4.39"7] [ 373" [ 313
mp N 1.306t 191% 1.33 199t 191t
|—4.28%]  [=&1007] [-ATIT) 560777 . [--5.047
mp¥ L0 1651 200 2,041 1.32 1.52 —
[~4.08°] [=527**] [-5.22*] {-3517  [-4.10°"

Motea:  Cointegracing Regression Durbin-Watson statistic (CRDW) above, b statistic from
Dickey-Fuller eegression in brackets below. (CRDW is above the 5% upper Limit. $OROWC
dr{5%). 00" Engle-Geanger tests roject no cointegration at 10%, 5%, and 1% levels ro-
spectively (eritical values are, For 27 observations, —3.80 (10%), —4.35 (5%), and —5.33 [1%%),
calenlaced from MacKinmwon (1991}

Table A.5: Tesi Statistics for Cointegration between 1J.5. Prices and
Selected Import Prices, 1862 80

rpl'sa pEARM

{a) (b} {a) (B}

mrptER 1.8} 1.50¢ 1.56¢% 2.36%
[4.17)  [-4.00] (<4281 [-6.16%*]

mpf AA 1.11% 1.081 1.58% 2.34¢t
(- 3.20] [—3.10] [-4.16"]  [=6.117""]

rrapd N 1.80¢ 1.40) 1.05¢ 2.25¢t
[—4.93*7*] ‘—§.80%] [=4.99""*] [—5.79°*]

Notes: [n columns (a), the foreign import price is the dependent variable in the
cointegrating regression equation.  [n columns {83, the U5 price is che depen-
dent variable. Cointegrating Regression Durbin-Watson statistic (CRDW) above,
£ statistic from Dickev-Fuller regression in brackets below. tCRDWis above the 5%
upper limit. ICRDW d.(5%). °,7".7"7 Engle-Granger tests reject no cointegra-
tion at 10%, 5%, and 1% levels respectively {critical values arc, for 27 observatiors,
=3.80 {10%:), —4.35 {5%). and —5.32 (1%), calculatad from MacKinnon (19913).
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B. ENTRANT AND INCUMBENT SUPPLY RESPONSE

A marketing order that raises price and profits above nermal levels faces expanded
producticn from {A4) current industry members, (5} new entrants from within
the area under the order's control, and { ) producers outside the order’s control.
Econometric studies of supply response will generally capture the joint response
from (A) and (D'}; data ordinarily will not permit entrant and incumhent response
to be differentiated. This appendix discusses conceptual modeling to decompose
entrant response from incumbent response.

Assume growers and potential growers under an order’s control are arrayed on
a continaum indexed on |0, 1], each with a fixed value Ay of total acreage. Land
is not homogeneous. Each farmer has some land better suited to growing the crop
ceteris paribus. Thus, yield per acre for any grower 4, Y, is 2 decreasing function of
the number of acres, 0, planted to the crop. Let ¥; = f;(5;,t), f{ < 0 define the
relationship betwecen yield and planied acreage for each grower i € [0,1], where ¢
denotes the dependency of yield upon the age of the investment.! In modeling fi{-),
assume that f,(-) — 0,7(.) for all {, where 8, is a shift parameter, so that 8; > &,
implics that 's acreage is absolutely more suited to growing the prodnct than ¢'s
acreage and for that j is an absolutely more productive manager of production than
I.

Supply of the marketing-order crop is dynamic because growing the crop requires
a nonfungible investment of K per acre in “establishment” costs, and the useful life
of this investment extends over multiple periods. These costs, for example, may
be the costs of establishing a grove of trees for a perennial fruit or nut crop, or
they may refer to costs of establishing irrigation infrastructure for an annual crop.
To simplify the exposition, it is assumed that the investment K has a useful life
of T years and begins yielding returns in the period after the investment is made.
Mareover, we assume that the investment does not depreciate over its useful life.
Thas f(B,, '} = f{B;, ") forall &.¢" = 1,...,T. Given this depreciation structure
the model need make no assumptions about the age structure of existing investment
because (1) by assumption age does not affect yield and (i) replacement costs for
depreciated investment are not a function of marketing order behavior because these
costs would be borne in any event under the competitive steady-state equilibrium.
Only the costs of net additional investments should be attributed to cartel behavier.

All actual and potential growers must develop a forecast of the revenue stream
over the life of their potential investments. We assume that, in developing these
forecasts, actual and potential growers act as price takers; they perceive that their
potential future production has no effect on their forecast of the future price path.
The investment decision depends upon the revenue Aow over the useful life of the
investment. Selling price per unit is dencted as P(t). Marginal costs of tending
and harvesting the crop are assumed to be a constant amount ¢ per unit of output,
and ¢ is also assurned to be constant over the life of an investment. The expected,
cumulative net discounted marginal revenue per acre is then expressed for each
EIOWET as

It

T
NMR;(B;.0;,p) 9,-;(5;-}]: (P(t)—cle ™dt forallie [0,1] (B.1)

Bt.IF[B:)R (P[:f).(‘ 'F"J 1

It

where R{-] is the discounted value of the unit Aow of sales over the life of the
investment, and r is the real discount rate.

¥ An assumption of this sort is necessary to achieve interior solulions to the acreage optimization
problem. Alternatively, one can assume quadratic adjustimenl ¢costs as acreage expands (Dorfman
and Heien 1989).
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Index growers on the continuum in reverse ranking of their &, values so that the
grower with the highest & value has the lowest index number. It then follows that
prowers will enter production in the sequence of their ordering in the contimim.
To express 6;, define units so that the maximum value for # is @nar = L, and the
lowest value of 8 is 8,4, = kByipy, 0 < k& < 1. Assume further that §; is distributed
uniformly over [k,1]. Therefore, 8 = 1, #) = &, and # is distributed across [0, ]
with frequency 1/{1 — k).

[n addition to K, each entrant incurs a fixed entry cost £ > 0 upon entering
production of the crop.? Define

a,
B} — argmax {rn =8:R{P(1). e, rjf F{BydB; - KB, ~ E} LIEIIBfY 2 0,
o

= { atherwise, (B.2}

Let PA{t) denote the trajectory of expected prices in the absence of any market
intervention and define R7{P“(t), ¢, 7) as the discounted cumulative net unit revenue
stream given that trajectory. Next define 87 [ R®) < {(k.1} such that

P
H"'IKP“IU).c.-*r*}t’r“ff f(B;)dB, - KB*{#"} = E. {B.3)
b

Given values for & and £, A = R° delines the set of preducers at time ¢ = 0.
All growers with @ values in [#*,1] produce the crop and all those with 6 values in
[k, 8"} do not. Expected harvest for any grower is

Qi{t) = BIY (B; . 8}, (B.4)

where Y is average yield, defined as

v g f " (B)aB, = @) FED, (8.5)
Combining (B.4) and (B.5) obtains
@ — & F( B (6, R, K, E}) (B.6}
Total supply, £ (t), for the current producers, given R, is?

_ 1 ' 1 !
Qu(R) = — Qidf = — 6 F(B{(8;, R°))ds.  (D.7)
1 A‘ !?'{RCJ l ""A. ﬂ.(Rc}

Now we can decompose supply response to a discounted revenue change ac-
cording to output by new entrants versus expansion by current producers by using
Liebnitz's rule:

dQ 8" (1) B (8, fi')) a8, (B.8)

1
(L&) = —Qu0™(R), R} —= + fe- ( 3R

- 1 . .
(1— k)g - —e'f{ﬁ*(e',.ra),r)% + H;I(B,-‘)fe. (W) d6, (B.8"

ZWhether £ is also sunk {nonrecoverabile) is only important if the model is used to analyeze
questions of exit (remavals].

4Note that the distinction between extant produeers and entratils must be determined based
upon market equilibrium in the ahsence of a marketing order. Values for B must be recomputed
given the presence of a marketing ovder,
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where (B2} is obtained by substituting from (T04] for Q6% p), using (B.6) to
anrplify the fotegral in (8.8}, and recognizing that 8; F/{8! ] s=consiant, so that it
can be transferred] throapd the inlegration nperation.®

The Brey exgmestion w (D#') v the produntion resposse by new emtrants, He
causz B > 8 e entrants enter production discontinnously. The second evprossion
tdicutes the expangion by sureen? producers. This sxpanvion consists eszely of
the viekd of & margina! sore (conslant soross ouyrrent producers) times the change
by acTenge for 2ach ourrent grower, all averepated aoross the murrent growers i the
semtinuumm,

The spporfanity of an spricubural cartel 4o oxemise wmarket power deponds
imnortantdy spon the sotal magaitude of dO/4H ac welt we the relalive magnitndes
ol the two uxpevesions that comprizse dQ/41. The above model reduces the celative
output response into one expression which inciudss one key function, the yield
function f(-}, and four key parameters: k which measures the efficieney dispersion
in ibe industry, B the mot rovwane per upit, A the fixed estgblighment cost per acre,
ani & Uhe stk setry cost. For example, i & is large, it implies that fermers are
eguaily swited o growing the coop Im questine. This teeans they the [revaeney of
any & value i3 Bigk and that the sheoiute entry responss 10 & change it price will
i great. However, & dioem not affecy the relative eotry resporse, Similarly, greatey
values of F tmply thet ihe mininmm scale of antry 35 the indesiry 8 large aad
that the outpat of each onizani stimlated by 4R o § will be larse. This hehavior
tntluce: Lhe paradodest reealt thal industries with & high wpgoitude of ety cost
sre seteally more vulneralie to disruption of cantel power through outside entyy
nocause cnftacie entty sroduction ab » large seale. The brger B 7 relative to K
the more profitable 14 the ndustry, In toers, bigh RAE tmnbes o kew valae for &
and a relativeiy greater incombent response.

For purposcs of consirocking the empirical dynamic optimization model, the
yisld function FO7L) was asswned 10 be linear. Yields can also he normalized to
ahilnin the following yiskd funclion:

HIny =155, for el € 141

A normalization oas akm be chosen for the monelsry measares. Sormaiizing ou
porounit establishment omis X, we define P — B/ as the novmalieed, discounted
porosmnit tevenne, and & e B/K 25 novmalbized onry eoste

Given ihree speeifications, the mteror salation S 87 ran be sobved from (710}
ta ohiain

. 8~
B T,
and
apy i
4  aP%g,

{13.3] van ihen be solvod o yield 8%

5F 410 SR ER  app

o P
aii{i
g -8
@ T P
From (5547 sutpus can be expressed ay:
. PEgE )
Uy

AN te that the lerm B Y s sinply the vield of the magpingd aore, which I8 toostant aceoese

i rurrent grewnss
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Substituting #* into this expression in place of &; obtains cutput for the marginal

producer:
E' VEE? 4 obF!

Q) = . ,
bEPEUer(H B +2bE’)
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C. DATA TABLES

The tables on the following pages contain the data that were used in the econometric
work in this monograph. The sources are discussed in more detail in the text.
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C2.1: California Almond Acreage by Category, Production, Yield, Hain-
fall, 1950-982

VEAR ¥ B, MB, o, B G yr FERRAIN,
1950 14.9 3h.1 29.5 %0.5 45,240 0.50 2,33
1951 18.7 37.3 37.7 .7 51,240 0.56 2,67
1952 16.4 38.3 36.7 914 43,680 0.48 162
1953 16.6 39.1 36.6 92.2 46,320 0.50 0.19
1954 19.8 39.9 32.0 92.6 51,840 0.56 1.91
1953 19.7 a1z 26.4 894 45,960 0.51 0.99
19563 17.4 1.2 30.0 A48 70,320 0.7¢ 1.56
1957 157 40.7 31,7 44,2 15,000 0.51 2.48
1458 153 40.4 33.8 BY.5 23,760 0.27 6.68
1959 103 12.8 35.0 89.2 99,360 1.11 4.23
1960 11 43.3 A48 80.1 63,600 0.71 2,88
196 16.0 9.1 3.1 39.3 79,650 0.5% 1.57
1962 20.5 37.4 35.1 93.] 57,600 0.62 6.72
1963 24.4 36.5 370 97.8 72,360 0.74 253
1864 27.8 46.3 377 100 8 00,480 0.59 . 0.08
1945 30,0 38.1 484 106.5 87,480 .52 0.68
1965 30.6 41.5 40.7 112.6 102,120 0.91 1.71
1967 32.0 43.0 44,8 120.9 91,920 0.78 0.34
1962 35.6 45.1 45.7 i249.5 89,40 0.69 2,25
1960 18.6 4TE 48.7 145.1 146,400 101 6.31
1970 65.1 51.6 4.1 1655 148,800 0.90 1.64
1971 771 52.3 3.8 123.1 166,504 .68 0.45
1972 #3.8 563 57.9 197.9 150,000 0.76 0.86
1973 £9.4 i3 377 213.4 160,800 0.75 4.9%
1974 92.8 20,7 56.7 230.3 226,799 0.9% 1.22
1975 47.9 101.4 58,6 2479 191,999 0.77 3,73
1476 34,0 1181 54.7 256.7 265,201 L.11 2,70
1977 wiy 129.0 51.3 273.4 313,085 1.15 073
1978 109.6 139.7 542 303.6 183,027 0.60 3.60
1979 nig 153.0 54.5 321.4 376,027 1.17 4.21
1980 106.3 165.0 55.3 326.8 321,797 0.98 5.03
1981 97.0 174.2 55,0 326.2 407,144 1.25 1.15
1982 85,4 192.1 609 338.3 346,730 102 L.&1
1983 792 n487 60.2 3662 241 803 0.68 1.83
1984 82.6 2359 63.1 3706 586,910 1.55 151
1985 117 232.7 64,9 400.2 162,263 103 082
1986 124.5 2426 61.6 412.7 751,597 061 5.5
1987 124.8 212.2 738 4109 650,676 161 2.65
1988 106.8 218.4 813 071 580,007 145 0.54
1984 Big 227 92.0 109.4 485,508 1.19 114
1990 1.1 2550 105.2 411.3 656,152 1.60 160
1991 3.4 458.3 T4.5 3683 485,925 1.32 193
1992 34,2 249.1 63.5 3668 550,000 1.54 5.76

NOTES: YH; — thousands of acres of young bearing trees (1-9 vears old as of May 41), MH,
= thousands of acres of mature bearing trees, {1020 yvears old], OF; = thousands of acres of
old bearing trees, (over 20 years old}, By = thousands of acres of bearing trees, 4 — total
production of almonds in thonsands of pounds kernel-weight, and g, = average yield per Learing
acre. Y and MB; troes are arrived at by summing over the appropriate Jags of the plantings
series (see Table (U3.1). 8, — By — YB — MB, where By, hearing acrooage, is lakea directly
from the (California Agricultural Statistical Service (CASS) data. FEDRATN: is the sum of
February rainfall (inches) measured at the Chice, Medesto, and Fresno airports, divided by &,



3.1 Plantings, Hemovels, amd Expectod Net Present Value of
California Abmogd Acreage, 186190

TEAR Fi. K. ENPY
1361 & 744 8,154 4,230
B G945 R #2061
oL B2y 1441 4,558
3% 15451 1,752 XX
1085  ELE BT 4,840
1965 FERTLH £42 #5845
1567 13,50 4 S48
mas 14,948 R 5553
Tieh 1516 L. I
1 i3 i 2050 1,934
149 1T EE 1,504 T AR
15972 16E3E ¥E F 108
HTD 24,154 1.573 SRSES
1974 34,564 2,350 15,040
WS 3,410 127 R,
197% 16,247 £.143 3, 7o8
877 555% 7ATR IL315
TR ] 13,375 SeEug A5ELE
i 23,4007 8841 Fhime
150 Xt 4,42t M, 128
lagd L Em 5,248 A0
138z 2T 254 -4,330
1983 8 DRG TS <3150
1984 £, 653 0idd <5738
S &A% 0,00 A [ER
L6 4041 LG R
1T 5,25 L4548 a4
LUBE BESI 340 184
H 1,575 Ay 55,03
352K 4,230 2148 AR0ED

NOTES: FLyow plaptings snd B - removsis, o thoussgds of acres. ENFL o
the swpected net présent wahst of ap acre af newly-plostsd almonds, i 197 Jollarg,
wrehucive of Lhe reuade value of the Iand. P1, is the highest sereape reported as planted
frt year ¢ feodn CATT susveys of staling srreage My venr of glasting. # = caleuhaed

from H, [see Table 020} snd PLy 1o scbele B, = A,

¢ of Uhagier 2

a Fly g

B See lomanste
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£3.2: Prices, Costs and Investmeni Parameters for California Al-
monds, 1951-1890

YEAR .Pg C: Dﬂf{f_ ITC’; MTH, d{l‘p}‘g ry
1961 0467 257 46,36 n.070 0.432 30 -0.0017
1962 054k 26) 4740 G.070 0.439 30 0.0022
1963 0.492 263 48.15 0.070 0.439 30 0.0006
1564 0.525 266 48.89 0070 0.439 a0 00015
1965 0.514 268 S0.23 0070 0.447 30 0.0018
1966 0.508 273 532.01 0070 0.449 30 0.0001
1967 (}.485 242 33.33 3.000 0.464 30 ~0.0057
1968 0.497 247 56.02 0.070 1.469 30 -0.0040
1968 0.505 4 549,14 0,070 0.469 30 -0.0084
1970 0.538 426 £2.41 0.000 0475 30 L0 E
1am 0.542 445 65.08 Q070 475 20 0215
L972 0.654 W66 69.10 0.070 {L4R5% 20 -0.0285
1974 1.242 48% T3.56 0.070 0,484 20 -0.0260
1974 0.750 42{} 8124 0.0 0,484 20 -0.0255
1975 0617 314 5512 0.07¢ 0.484 20 -0.0353
L976 0675 616 93.77 0.10¢ 0484 20 -0.0507
L9TT 0.853 649 100001 0.100 0.456 20 -0.0511
1978 1.402 B16 107.29 0100 0.486 20 -0.0442
1974 1.478 842 116.80 0165 0,486 20} -0.0389
1980 1.421 a50 127.35 0100 G 486 20 -0.0333
1981 0754 1053 139.68 0,100 0.498 a2 -0.0276
1082 0.909 1153 148,60 0.080 0.399 a -0.0213
1983 1.006 1203 154.40 0.080 0.445 o -0.0290
1984 0.748 1214 160.04 0080 0.336 5 0.0042
1885 0774 1249 164.80 0.080 334 3 0.0120
1686 1.857 1037 164,11 0.000 0,330 5 0.0124
1987 0967 993 174.46 G000 337 10 04207
1488 1015 1033 180.25 G000 0,337 L0 0.0214
1989 0,998 1093 137 68 G.a00 0.340 L0 00164
14490 0,800 1140 19541 .00 0.340 10 00125

NOTES: Fir = price of almonds ($/pound, kernel weight), Oy = average variable cost
per acre ($/acre), in nominal terms. Defly is the GNP deRator, 1977=0. [1'C, is the
investment tax credit for each 31 of investment. MT H; 13 the average marginal tax rate,
calculated as the top marginal California and Federal rates, divided by twa, plus the self-
employment tax rate, depry is the period over which year ¢ plantings are depreciated for
tax purposes, ri is the real interest rate, calculated as { - -y, where =, is the percentage
annual growth rate of Dy (the rate of inflation) and £, is the nominal Standard and Poors
long term bond rate.
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C3.3: Espected Masore Yiclds and Bstablishment Costs for
Californis Almoend Acveage, 196180, and Olson’s Yikld
Factor for Almonds

YA w B EC TN ECW B o A
FRA 17864 B4R 33y 487 B4 TiiE 1 TERNCEE
162 rre B4 EBL 43048 BhVE Ties | B Goiddada
1645 PFARZ GROLE BRTS 4235 &ita TIOHE | G unseRs
1934 A4 BEAD RS 4213 8IRd AL T GEINNS
1565 FE I GHRE FTEE 4RI E23S 0 TIO D & LOu00m)
sERE 0T GRS M9 AR SEIY As3E L B LOM0
a7 I8 5334 dBBY  41ES 5034 R | LO00008
L2 14550 ARt 3203 ITERS OS99 AS4T I Bl 10GMGDE
HEY JETRG AmdY BXIL GSMT s6TL 0 SRTE L OT) 1060008
1970 1EHT.L U7 F2RE 4TTR 543 §IRE 14 Lopnens
1971 W0 GMMA 33ER 0 NGR0D BERL 8030 | 14 Lonotle
1977 PRESS B4 383 3502 %1%y RTAA | £B L0000
EX i Wras G? TS 3387 4¥rY ADGR D6 OgEm
§674 Te4AE TR D O OREGLT 0 SFRG SATE O ABAG | §7 000000
s I9RT.Y FEH B3T.0 GBua AR40 BERE [ ER LO0DOND
BT 18718 TERE 3252 M4 BILID 4urs ot LD
e S5 MRS 405 4449 G1AE Zasd o2l 1.00RMES
tHTE 2ONRG IDILE EMEE 28Fd 0 8463 4uap | 2 FRCY e
TS ma4E 0 lUGYT B3 368 £ETE M1y | 22 O
IoEp B 112BS EELE O B2TS 45388 v | 25 e
195 MAdA 13BER BA32 3329 4041 00 | 2¢ LB
MR 20585  INTEE MO0 B4 4354 g0l o2 4ot
IHEE PUT0E  RBERl SELY RE e T o8 7 B BeTIN
igid MG RS 4774 mEg3 5235 G | oY 0abisd
19 HERE ORI BRL O EDD 0 ATRD af LM DOlBes
1956 S3522 TGRH BRSO V2D 3wl f3 | 3 DEGARRR
LOAT 2T TET.H  9¥i4 3837 4144 0.5 | 49 55kl
1988 2i4ll THEL O OERGG 2008 <S4V 0.0 | A1 ST
N3 2iB5% TR 2851 3i749 466% 0o 22 &R
i858 TG4 BERE 048 FED o 4Nt 0.0 0 L Jo5E668

34 fSllli
I%  .5355355

BT 37 b the expocted maalare vieid of O u o planled o yoar £, 10 pounds
per aeen fhahedil. B0 i the seeabniishunent ost of an acre planted in wam £,
incureed i vear @ alier plarding, f. s Olsen's vield faetee for almends, giving
tle promriion uf smature yisid {5,';“} # years after plarting.

iFF



Alton, Carman, Christian, Dorpman, Murua, and Sexton

C4.1: Sponish Almond Yields and Weather in
Almond-Producing Regions of Spain, 1950-80

YEAR oyl oyl g7 UFR FF MAR.  JRy

1971 1,187 412 450 4841 014 14504 061
1972 1,320 576 810 §3.50 D29 9074 .74
19731 1,080 450 520 MLAH 214 60,60 13.66
1974 1,286 &10 540 4L77 100 12819 1064
1975 1,267 475 290 4937 000 108.37 014
1976 1,184 576 Gan 4401 04 TT.8F 1649

1977 HTY 275 410 0 L d5.80 10449
1978 1,300 f20 540 41.09 157 6048 017
1979 #5909 03 340 13098 1.00 43.34 B4
1980 961 364 420 143.70 071 78.25 037

1981 1.530 472 oal) 3325 271 48.a1 T.64
1452 1.371 454 570 BLTI  Dg6 13157 1.86
1582 664 245 300 2118 471 168.07 1.30
149841 1,006 368 410 50.71 243 G300 0.13
1945 1.601 131 o0} 62.00 0OHG6 3409 026G
1956 1.411 315 A 3985 257 63.86 17.00
1987 1.415 33 Jog 1229 214 853 26,43
19858 GRG 247 200 8014 214 al.52 0.46
195G 1607 440 LN 8714 1 HG 10400 237

NOTES: 3™ is yviclds in irrigated orchards, in-shell kilograms per
¥

hectare, ynr is yields of unitrigated trees, in-shall kilograms per
hectare. 17 "' 19 total yields, in-shell kilograms per hectare. The
fallowing weather data are averages from the weather-reporting sta-
tions of the Levante and Andahisia regions: SR, is average rainfall
in centimeters during January and February. FFy is Lthe average
number of [rost days recorded during February. MAR, is average
rainfall in centimeters during hMarch and Apsil. SRy is average rain-
fall in cemtimeters during July. The data in this table have been
assembled from a variety of Spanish sonrces which are on file at the
U.C Davis Department of Agricnltural FEoonomics.
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C4.2: Spanish Almend Acreage, Plustings, Harvests,
and Pricess Spamsh Agrimaifurel Costs, 1965834

VieAR  AFP pER mEF gEE o pEE gBF 0 QREe
1% 240 NES IS 3 Mg 130 Ling
e M2E 2y 241884 RS 1548 e
T MTE Z0RT 4.7 vELE O BERY 1ETS EAE
IR Raza SELE R3O BRT 22Th 15u ISR
Wes  MEE 00 (Ew o jomE ERd9 e [RcieRes
18990 24T 6T TEER O OBHE s YeT 150t
g3y I8 Zozs ER 1408 dids 184 150 E
Y ADSE O EITE TON 23£I BLAA AT 1557
573 44l 28 454 282 46T 2mE% 1810
T ELE 10 R AImE andn 2733 1534
1975 BDA 488 13 @i dE3 M 133 ¥
1574 B3 LA S Y R LRG Bi0.4 SL47 84.27 1533
LS BRI 4812 163 1A5% HL4R BHE3 1&4G
T BARa gERS 45 8T BLAD 4137 SR
gy =LY T4 R R EY -5 P 35,57 indB
148 545 Sl1nG A 353 B S&491 1555
1481 #5t Riug hE 3TN H2 5 6529 35T
i 67T B4 L6 35 HLAE 7400 i
S BRRG 3BELE 00 WGAE S BB iR
984 ATRLE 53i4 15 =@} 12728 #ROT il
1925 TLE B3R AT e UMML: pgRGS iTla
15 3ITE Hub2 1.8 ¥ I4%3% sghwn iThi
1Ry ZR26 S4by £¢ 04 [¥ESa HILA0 1724
RS SUTT O EGIZ BA IGNT EMEER D061 1TTE
IEE0 AM4E O BRES 164 HFLE BRYE eSS F0LS

NOTES: soeenge Jabs are measweed in housands of hectazes.

[nF
¥

sotel simand acreage. Sfp s Beartsg acrenge. N7 = oet increame in
actenge fpfarmtinge jowe senvovais) P i slmond havvesis, in thes
sands of et ne tons, onoan Maahel] bz §3’f§5 s Lhe averape farmpats

preive of airmonds i Spain, pesitas per kikyram (in-chel hosls], O

g

b the Senera! Parm Price fndex for Spain. ORFY & thossands of
horares of tress older than 34 veuzs, The dang s this takle hovr been
sespnhind from & verkriy of Spwnish sourees, nod are on Bl oAb the

00 Daps Departamst of Agriculus] Eooncanios,



o _ j*’i&*“”*é‘“?.’“’“;. _t_‘“ﬂistn:i,” ;’,}ﬁr_{man, Murus, and §f§tan
C5.k Harvests, Stocks, Domesiic Tisage, Net Exporls, wnid
Prices of Celifornia Almonds, and MNet Exports of Spanish
Almonds, 18611
YEAR H, S 4PN NIEIAONKFTA L phAny
Gl iR 9.152 FEAR TR 3,773 45,127 {1468
L ) Y 4,080 52,447 12,716 Hi14518 11.545
19653 72,360 £ H3.6E: 1T b & M (3492
Hindg a6 45 Tl I 966 15,544 49 638 525
ines BY 4% 9,081 H7 421 21,4552 51,761 fbis
1544 L 12 2689 THBHE 24.012 GZ478 0.50%
JEGT 91,020 iZis: RDSHM 21552 AB.5%% 1484
k! E B 4} 28530 T, 786 2134 L4307 £.4497
jagn 146 446 2400 104,814 aE007 B Ay 055
1076 18 00 5,563 o114 £2.055 FEGT [} 535
19 1458 800 I.ANE BY.A65 FEa51E 41267 {1,538
LY 155 088) 2,574 THA2T T 2% 64,5099 {1,550
R 160550 3.219 L84 4,035 HE L8] 1288
P04 24,708 SER 2 97 3. 500 R v . 740
1975 81900 G127 28 300 G iR 44,699 .37
197G FRG HE LR G6G 8L T 123208 E A1 {6548
MY 313085 YEL 187074 134,063 SRALL f54%
1974 EE10Q7 EHIA2 65,472 13%855 58,753 1450
149 4 TR 1350 ET A0 J3LYTR 53,467 1530
T 3 nar 2,148 1T 08 IR0 7O 32388 14T
ifag 407.444 $REN4 210547 paRT05 S B0 {780
1857 .73 TRIET BRGNS b4 B 73345 £.94%
19834 24 HiEd BROLT  rygansd  1AGARY 43,580 L33
e oRtLGIE AT 30EXIE O ¥VRO04 55 220 (.7rz
LS 452,063 155 EGy 22083 2E3UTC =5 200% .050
1 Qi #1507 $E518 #7484 2B TET 54,755 1920
THET G 556 20,228 EBEFEE 0 20G6.49% 57884 HEYE
igkE SO00OT  LISATY e A2V AN LEZEE [.0%5:3
Rtk GER 508 15530 HAAGE e L Ba? LLEED
14960 Hoe 120 BW.FEG 282430 B8R YD 25,185 HRIXT
] AMEEER 135 FTRABY PAD0S 5 0al 1. 040
NOTES: F, & harvests of Osifoonlia afmosds, reporied in the &lisd Poned of

Califtesin Posttion Heporte be Becelpts n wear £ b0 thowands of pounds, keened
weight., 5 i useosemitted Investuries, eakoulated sx Carevls G July §of yoar 3,
teex comnis mente, 5 I domeitic wage. calonlatod e V0 e Bk Sy ¥y~
NEVTA NP g U8 ger exparts, i shawsandy of pounds becnel wilght, as
rogrorted By the Food and dgnositure Orgamzating (FAQT NYTT s Spanish net
vaports, in theasands of pesmds kerncd weight, as reporind by FAD, congirereed
by subtraetivng the vabp of shelled asd bl almnnd g from Loe valnes of
mehell and shelled exports and diviling by he average price of 2helbnl exposs,

- ARLE
&y

almoad groduction, Trom USTEAL Frait poed Tree ¥uis,

@ HHe aVErBEe EFowsr roUIND TR CslfnTaia per poned (Bl weight) of
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C8.2: Almoud Lsage and Prices, and ¥ilbart Prices, for Garmany, Fratite
and Great Aritain, and Rest-of- World Alwond Usage, 1970-81

vEiR GRRL DU pDEU gPRA B WA L gFRA OBE L OBA d{-’*a‘i"
g 487 4778 eIy 2EEGS LlsER L3 LR.AAE PiEs 13500
T o s B FEEE EB G 13630 BAa4% 146G EERTES 3 21,44
e 32550 4411 THEE 33.01h ukens 8000 imSGe gy 1raad
187 AR, T0 4.0 TG EOAET FRTRI TATE (ks EEY EILIF
i 4T 4 A3 24 B4 IRES RABZE  EA LM L.447 B ia
FETE HLESE LR 3,208 YR .64 I & B 2 T L3 FoXo
OTH H1.508 T 2064 HEFH: .650 H42F 1880 GRIR 414!
T [iEIEE L7 B B ELY 73496 FIEG 18148 H£37 A0
19TE [yt 050G s AR ® I T4 IR.99% R8T 30,433
1975 £2 454 3.7aE FHEE 32R5Y 4358 A014 17T Nl ArEER
14940 SEEEY 3.7T% # A0 36554 5413 a5 i6E5TE LT 41,473
1as TFinil aaze R Fadiz FEN Eaid A HER [E i3 Wi ]
1ERE sF 32T 5ER 2107 s 4% BELE LG .95 eSS
31k #4374 = 2,03 eam 6467 THE MM D§7E FHER
FUEq TR KR R O (] LR L Thw Al e T % Lo
[ L e 2§ EEFE PR BN .33 G0E PR ARY GEEE 110348
TORG HY BT 450 REEEOAGBIT BRI TONE IMETR BEve ALY
16085 Ly 4 8% FEEE AT A £.743 1NE ATE &.630 AT
142 HEH0K B.162 EEE 4T L& 0. EIDg 054+ Eed
Fhat ot ehi i AR, P - L) Sare 45277 RASEY DESY  pigasd
15T 122 YB3 A [ ¥ 57 Lt R | EERS - S 31 22
HErH 125,308 £.730 [ T A g LY 3R 28,54 348D M

NOTES: & I vou mpers of shoonds for counury F, i shionsands of pounds kernel weipght
while T3} and vpf] are ths sesrage grircs of slmoned operes ahed Eibert waparts for cousley 5,
ralouiated 25 the value of mspners (CF oty divided by the plevsical vaiume of unporss, and
messurad i vend pationald caetency nnita. The oviginat dats mee from B0 priovs are converted
fer RELONAL CUTFUney AR BRINR tinkar sechange rates and deffated using each moutry’s con-
wUEE price ader, el from she Teternational Monstary Fand (I8} fadoracetienst Finanoe!
Statistivs. F5% 45 calivdated 2s Y5 ot exporte olus Bpsin et exporia Tess meb imposts by
Goesagy, Franes, Dveal Beitain, ehe Nethoclands, sty Japan, asd Cansda. o thousands of
prinsdsn keruel weight,
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Ch.3: Almond Usage and Prices, and Filberds Peices. for Japan, the
Metheriands and Osnsda, 106193

vEAR d;**& &, i AL _,P:s.‘.!.ﬁ R e ;_a{"-i}!
s3] [ L £ TFET 417 R AT e {hAEE
10EZ EN S 11 PAE £i01 TA4TT et 3517 2 R35 1785
i 2463 1S 5393 %354 8525 3188 RS .00
1964 k3057 ] e 6457 BAFET i Rsi A RIES R §.042
1555 3852 L T 7o TS L ZEND 3887
1966 e a57 T 2H2 TLAG & 136 3251 2TH; 3578
1557 FAEED 5 TN 5795 £502 365 N i (R
1544 B.444 BRl TRES £.442 £,360 s nL] 2540 +.08%
1564 0,425 E AT TATH) £.5789 02 3587 Y57
1570 R B T B AGG 7118 0,049 R 2002 1043
1971 L1567 To7 7713 G.4Er7 2261 4,005 2.318 {1 RER
1672 td,634 Ei25 F4an a.448 50D ELbE M 8,77
£573 £7 Fan BRY TRk T.EVE g IHE L BRT 3576 2
574 LRI ®i§7 £ 15 G555 4 45 2047 13,7 O
T 31845 hifd T a58 453 ERcE1s AR A BT
1BIL 15, 2553 43% G, 5% 3.2 Pt N ) i.047 &5
1877 Z3.EER kTR R F 14 Rz F4192 XD ERE R LY
1978 2h 955 373 ijiaig 3445 IE GATR Y34 Q%
18T .33 54 545 (0382 5.7a 4,358 THE 3533 AN
ELEEE S0, na1 538 €554 54584 5ERS F A LLETE
ELF o H iIR¥75 46Y 19318 1310 4752 W 7ED 25T 1.1E3
195G 5,50 Jid LELBES 253 IE 13515 .00z FERFRSFS
tukt IR B Li4EE 4734 4018 13084 EREFE R Lo
1984 55,344 384 1404 S.0E3 Aty 18,561 EREE 3.524
1985 36 248 i 12,178 23,264 sA02 1asle 1742 3742
19R6G 52063 e 14,102 4080 4004 14ATH 3236 LBED
1987 A085 ol E1ST 4,210 A 447 121 2,548 i1594]
s B &0 R L4 R0 3201 9 JE 0D ] hL74L
JE¥E] B TEE TR .56y 2550 Ba2n I &0l BT
18 T Ve FEL O S3m P 2EN L% G3T ey HE i

[ &in2aF <R LT EHE Pk B R R 1.10F & 568

NOTES: « v wwt boports of Smonds for country foodn thoveands of pounds ket weight,
while rp] anad rpf ar the average priees of almomd Imporis sad Blibert aports for countey
7. measured i read natlnaa! oyrrtney units. Phe sogieal dats awe Iran FAD: prces are oone
verted to aational tatrenoy maits weing wmackel sxchange retes and defaked sing ek ooty s
COASHTKET Prios -ﬂiﬁﬁ'}:,. forh frewn [V Peternefions! Frosgmeisd SRafiglics
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5.4 Imports, Exports, Harvests, and Prices of Almonds for Ltaly,
3541-91

YEAR aarpiTa EXPTA 7iT edTA
if) bt Fiad £5A58 51658
EF o R RSER et Eraa 1 EU5 A
HE L3 vt &Y g 44412
F35:0 £X3 456873 Lt B 14375
34 A 63415 B4 ETT GRIED
IT8E PR &7.750 B S48 R RELER
PET ETe3] e v 5 £530 149501
R LadE B FAG 5,950 LA
He 1LIEG 57192 &i.470 2R
197G 0 36,052 570 a.leeg
a7ty 3,540 34,162 1,360 J5
1672 12,255 23 44 3510 34176
1973 1907 14,740 KE 7)) 4.679.1
1972 4 A5G 5104 43,450 3BT
1973 3ALE G52 B B0 38211
1570 2R IGERT e PR R
1977 1.5 WA 4TS BAEY
1uTE R TN g ¥ h 43 55 ZEREE
R TR £h 500 e AEre
4 H 1508 T.0453 41 5T A¥IBR
328 E55E 15 441 AT S Al
A2 % AT i%TET AP AR 22RTE
1583 ' % 04E 32 481 44, A8 25d8 0
134,31 447 24 230 I8 AR PeERT
IGEs Y A A 15 Fr RS AR 4
TG O 1i 165,530 Fi 040G 2,1172
1Y Fh S 6854 HoAaaY 1.9%4.3
1984 24,731 hATY ERIE ] 1.840G.2
1359 19604 12,452 AT 18953,
AL FhoRAA A6TH a0 HE T
104 I hiids A7 443 HIELE

NOTES: 23874 ané R XP T4 wem 13 volmmn
reapeciively, exnresied i thowznds of pounds Hrrns weighil, caleulated by gbiding the valup
of Liotan Fnporis sng waporty of almonds by the average prios of Ballen tmports and sxports
of shelled almonds FF7F & Hallan aimond harvests In thauemsds of pounds ernel eeighs.
FpiT * i the avernge prioe of GaBan impotts of shelled slesshe AT dats ape from FAQL
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C5.5: Real Per-Capita Private Domestic Consumption Expenditures, for
the Unted Staies, Germany, France, the Netherlands, Great Britain,
Italy and Japan, and Total Private Domestic Consumption Expendt
tares for Cannda, 186191

YEAR e W;,w;.f pyFRA A W?-;'H% %ff,@ ?"L@"P‘e‘{ yEaR

e ¥: HIRE B34 IDHINM BESEE  LTRAL 32423 4188 4.1
PR FoFiid TR M FRaE RpgRyY 1R E 24577 4TET 5
1563 £,4855  TNRZ T3S BIDLE  1MEL4 3Pl 4383 iV
gt 57704 TASRS  RISES  GYjws LSRG IITRE Mex pus
Eman 7O838 ROSLG  ISINAL  1BI843 1 8Ibe DRSS His THLE
Lb% FAREY O RIEED IBEIRET IDU6BT 1.83LA £135.4 Gan2 1370
1567 RN SRR ONEATRG MIZIRY 1BEER 4 dER2 R 1431
964 Foramg P T U 0 T S N T 4 P SR X 4% 1S 45440 . X 1L
1964 Tubl 9.7105.3 L5683 A8a23 2ty 48430 &20.0 1573
1070 74982 DG4 P2ASD T 138205 20TRT R B HHn5 1608
{971 #3490 0428 23,5600 13,2538 2006 AR5 K5 1605
1972 Bendat IGEGLD 353470 14,2730 230 B4 9EI N 15,3
HE bt wOHE LG EaMA SRR 2a0an BABTY  1LEEK Y ey
H ] FITRL O OILIM4 HERIS Iniinn MM R LI B ] BHA R
4TS TAATH  J1B4AT  EASRIG 153ATSE POTRE AL41F LEAT 213
1B76 BATEY  PREIRT  ITHGET O IEI2HNE 0 SIAGN ARME | 10882 2757

[EEE BYIRE  ITEAAB IAMT AT 23S EOOE.E LBl ZREG
EaYs £E504 Rmad ThARM: ITEIGS el FEATY nadR 3 8
TG BFIZE BB Meaagd yYEEy AR TEAT A 1 ¥ii8

HEAT BIBLY  ISESRT  30%ART O ITASAS T Y RSB0 Taul Y
L3HE SEG4S 1%M33 IERE0G LTIEDE TR B 12idn 243 d
192 ghigi s lEaFE  3RTMLE 0 084 jakse Ruke g L25E] 2EET
Iims SERA  VASRAN FLAGET  IB4fIE IA85S5 sA4%Ea L HE A
1444 24377 1RAM6E 32693 BTRTS 24T Y 8670 e o I
1855 1D40d.5  ia 0858 S2ARGE ITI0TT ETiNG L. B Y 2745
1656 PhETG.G 14,4878 305348 LT.5FE0 UM0H W E L aER.d4 265 5
k7 MEEIE 5482 347484 180606 F055H SGHG0 14323 206G

Rk PRAERE SRS ERATER IBAEES 4G4 160064 L300 F 4
fRerse 15.00% 8 48351 30ERRS BRSNS JH88L 164557 L3R 5183
REC 1% 5834 HLASEG AVARmS IBtn 0 5 $WRT lansl B
6333 IEZPEER MAIDY  BVAIAET  I8EAE EEDAL 1nETE Ymums 323

MNOTER: fsia sre calosisted by diveding she CUoasumpiion Hne from ihe Nmtipnal Acccums
by popuiation, aud deflsting with the Consumer Frive Imdys (OFI Dais are in real wsefonsl
curTency gnitr, seeept oy Haly nod Japan, which see o thowmnds of reel nstione! coarreoney
s, and Campades, which pre i ballons of real Canndian dottars. All date ave Fom IB4F,
Esbrrsraleonpl Fengmeind Sigfisticrs
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Chb: Consumer Prices in the United Ststes, Germany France, the
Notheriands, Greas Britaia, Italy, Japan, and Canasda, 19061-91

YEAR cpi T4 amPEE FRA g NeD CRR VA g TEN g Cai

Ll and 483 7.5 #HY % b= EL1 Ry Y ERH

58 249
a2 ALG 9.7 5.8 FrE it L5 i 25.2
b &L 3 B 304 25§ s iL2 B4 256
1964 3 524 3.3 0.0 213 e #a #.1
1965 322 54.1 #.a 41 e 12.4 418 7
1964 AR 5643 3y LR A 183 34t Y
1967 4.2 5689 KAl 343 et By Lad A%.3 Yy
1968 35 LR Rl i 24.7 134 514 iR
1y 3T bag 376 AhE 43, 157 Sk i
147 B2 B14 35.9 417 oy 145 364 2.3
8] 40.4 B4 421 3.3 30.3 T RS ]
19T 2.1 i EE R 455 323 156 1.2 344
17z 48.2 TEA 419 333 344 7.2 6.8 374
T 851 e B 351 413 PR 347 1.3
97 BE 210 Y .4 513 A &30 460
1978 s &5.4 €54 6.2 346 LR §8.2 494
1T el B2 bRy s £ 323 .8 i
10 T 911 TR T4 it b 5.1 543
1975 [T 9.8 252 5.5 338 £17 BLD &35
ELEH LS HEE: ity 818 LEkD 518 BT.2 8.
juiy B35 08,2 L ER |74 1119 818 914 T84
142 87 4 1118 26K 921 121 5 ¥i.1 94,1 G2l |
s .4 1135 130483 BT 127 1 B2y 55 Hr2
b 1413 % 1884 144.4 HrE s 2.8 w84 i
145 19158 13G:H 1378 JIEIRY 418 LA ELEER 00,0
WRe 8.5 13048 151.8 T LB4 16359 HiE D42
E 114.8 141 1873 404 B2E 1109 Y 108.%
1458 118.2 1228 7Ly 101! M 166 16:.4 Ik
1953 3 1264 1L 1042 172§ 10ES LT HET
19 157 1292 Lhd i 18549 iy 1089 igd.4
1993 T4 1335 1514 T 1988 L 1104 AR

HOTES: Cormumer mios idices Trom [ME, Infesaetiona] Fimanoaf Sosattos
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C5.7: Real Exchange Rates for Germany, France, the Netherlands,
{zreat Britain, Italy, Japan, and Canada, 1961-91

YEAR TIPEU r:r:,FRA r'.r?'rr‘n F.I?BR ”‘.;'I'A r‘:l:‘;-”',‘“'r ?'Sc;('.':’"v

1961 2.539 5.458 4,105 4,410 1.586.6 427.5 1.237
1962 2.463 5228 4,004 4263 1.808.6 405.0 1.299
1963 2.130 53.051 36413 4248 17283 3808 1.313
1961 2.405 1.968 3787 1160  1.653.9 3730 1.305
1965 2.381 4.937 3.640 40651 16222 356.7 1.304
1966 2.114 3.067 3.611 1115 1,662.1 356.8 1.31%
1967 2,387 1.368 3.530 3008 1.6344 3458 1.285
1968 2.443 1,909 3.9310 3130 1.691.7 336.8 1.276
1368 2.484 5,125 3465 3411 1,738.3 339.0 1.286
14970 2.3h2 5.457 3.527 3398 1,711.9 3328 1.272
1871 2.200 5.319 3.2068 3.246 16314 313.6 1.229
1972 1.9483 4.756 2.900 3.241 1,5377.1 270.4 1.198
1873 1.779 4486 2.679 3329 1.700.6 2289 1.289
1974 1.842 4.867 2 H58 3.136 11,7424 247.6 1.299
1875 1.794 4.209 2487 2600 1,701.2 244.5 1.322
1376 L8112 4.407 2.4h8 1867 1.69229 230.1 1.230
1977 L.715 4.409 2.280 1657 1,7185 204.7 1.304
14978 1587 4077 222 1L.B50  1,605.2 169.3 1.411
1974 1.543 3.854 2.095 1.599  1.503.7 188.7 1.474
1880 1.578 3.668 2117 2.019  1,538.9 6.8 1.4532
1451 1.990 4 486 2,684 1636 18142 196.8 1.428
1982 2112 5048 2824 1403 18507 2251 1.380
1983 2.195 5450 2,906 1.186 1996 2148 1.329
1984 2481 6.041 3386 1.033 21813 218.3 1.389
1933 2.571 65.012 3307 0967 1,772.5 210.8 1.442
1985 1.449 1.043 2654 1.087 18815 158.5 1.446
1987 1.692 4.100 2324 1235 12023 1429 1.391
198K 1.693 4.099 2.333 1315 13246 130.3 1.286
1959 1.848 3.447 2.586 1.178 12715 143.% 1.236
1930 1.644 3.879 2.312 2561 1.1977 783 1.235
1991 1.707 4.040 2,354 2577 1,215.8 167.5 1.197

NOTES: rz] converts from constant-dellar prices to real units of currency j. It is the
warked exchange rate, units of § per dollar, times Lthe US, CPI divided by the country
7 CPL For Great Rritain, it is the inverse of this exchange rate. All data are from IAIF,
International Finencial Sfatistics.
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©5.8: Popniastion of the United States, Germany Francs, ile Nether-
lands, Grest Britain, Italy, and Japas, 196101

YEAR p{;pi»‘S.ﬁi popBEY Wﬁfﬁg :?0.9?”' w;.‘;a& papi T4 mgpf
663 182.88 .18 6,18 1184 2,81 #4580 HERES

16862 188.54 56,94 47.00 1185 83.27 5524 G883
1963 189,24 HY .58 4782 11.97 DR 8118 G814
ihg4 19%.858 5297 4.3 12.12 5488 5157 97.53
T AIE I %01 3476 12.24 418 51 UL
1966 19856 £0.50 49.16 AR 5450 L3 0673
10487 L8871 5357 49.55 PR $iE8 HEET 183
1usg 260.71 6837 0.9 13.72 B5A5 52.98 HLEA
1464 202 .64 86 44 .32 12.87 53%.27 83.32 HELAY
YO e R b 60.71 BT PR NER: 55.63 53.64 10434
HITL T B1.20 51.2h 1%.1% 55481 3401 457
1472 208,90 BLEY 5179 Bl bR g1.41 15r.a%
1678 2114 Hi.07 5213 13.44 3521 HARE R

TaTh RN §244 W2.45 LT S6.22 8E 30 THL16
1975 FANRL Gi.H3 #2279 385 5.2t 5.4 111.5%
YT P TME $1.52 H2.91 137 b 4 A35.7 112,77

1471 aan. 24 §1.40 33.15 [ RR-H 318 5303 iI3EG
1678 RE2BY 61.34 F3a 1334 .17 5613 11490
LyTe 220 G344 53.6) 14030 HE.23 I S 1
1G9REG TET W G55 53.58 i 14 5631 5442 114 8
1381 Z30.04 4§67 B4R 1420 548 45 H0.50 iiigs
1052 23230 §1.64 B4R 14.31 534 5664 HER
1653 234,55 5l.42 5473 1435 BL.38 .54 11931
1485 A SR 513 £4.95 B4.42 06 4% FEAG 13008
185 3858 4a.a7 25.1% 1448 BE.6Z 3713 i3Hrad
158G 241.62 Gidil 5538 14.54 BR.TE H7.2Z 12148
1887 243484 H1.08 55.63 1445 546.03 a7.35 13208
19R8 246 31 6145 DIy RT 4.7 YR .44 12244
194t 248.706 #iak .16 1483 G124 .53 12432
s ib g3 8323 B3N 404 Y 41 8766 12304
55 252 4% 64,14 LR 1545 o737 5705 G2

NOTER: Date soe in millioms, fom IME, Inferusionei Franmal Sfefutrs,



REFERENCES

Aktyarnz. T. amd P, Trivedi (16871 Vimtape prodection approach to perennial
crop supEiv: An appiestion to ten in walor producisg eounitis. Jowrndd of
Exonametrics 36, 183181

Albiza, L. aad 13 Blasdford (1957 An avea tespeomge model foy porennial plasis
ami itz apphestion o Spanish oranges and mmadesing. Ewropion Aeview of
Agricuflorsl Economins 34 175 184,

Alston, & M, 3 W, Freehairn, and 3. 3 Ouilkoy {8850, Deverahory. A model of
sapply responss in the Avstralion crange growing indusiry, Ausielian Journal
of Agriculivrad Feonemics %4, 2458287,

Alaon, J. 3L and 16§ Sexven [1991). Califormia almond raarkets and resorve
strategics analyzed. California Agricedture {5, 1821

Ardeni. PG, {1985, August]), Dices the law of one price really hold For commadity
prices! American dewmnal of Agriceffurel Boonamizs 77, G831 H60

Askart, H. namd bOT. Qurondegs {19761 dgriculisesd Supsly Fespense: A Survey
af the Fronomefric Pridencs. New ¥York: Pracger,

Askart, Hoand LT, Comeslogs (1877 Estimating sagvicolrs] supnly responss
with the Norkwe wadel A survey fmisvaational Senemr Hewew 18, 257

243,
Buai, J. S, 11868}, Harriers fo New Compeiifion. Cambewdge: Havvand University
Presz.

Riarnason. H., M. MeGarry, and A Schmite (1869}, Converting price series of
internatignally traded commodities to a commen carreney prior {0 estimat-
ing.national supply and demand equations. Ameriegn Jowrnal of Agricuilaral
Eronomicy 51, 18%-19E

Bowgpsgnen, F.oand 8 P 2ctin {1951). Dyanantic opthnel priciuy and [possi-
Liv] advertizing in the face of velous klods of potevtial entrams, Journsef of
Froupmic famanries sod Confrol 3112 140,

Bushuoll, P and €. King {1888) The domestic and azpert markels for Cali
fornia almonds, Ressayeh Bevort 334, Glanuind Foundation of Agriculturad
Fronoinies, Divigion of Agricuiture aod Natars! Besearees, Undversity of Cal-
Horals, Cinkignd,

Tushaedl, Po G (16781 Dynamic Analysis of the World Atmond 3orks! and the
Inited Stotes Abmond Markeiing Order, PhD, dissertation, Department of
Agricuitural Economics, University of California, Davis.

Cabablero, P, M1 Migeel, and I, Jolia (1992), Cosfor i precios en horlofrif.
cultere, Madril Bdv. MeondePrensa,

Carveoan, H. F. B faoone $ax refore and Caldfornle orcharg doweloprant,
Wesforn Journad of Agricaltural Eoomorine 8 165180,

Cassels, J A {H3Y The nature of sfavistical supply corves. Jouwraal of Farm
Eromomis 18 3V8-3BT

Tare, J. and 5 W Sphwos {3585, Marchh Tartel smenns amder maioriy ke
Americer Foownomic Resise 25, 82 162 farthemaing}

Chaves, J-P and 5 H. Jobowes (1852, Anpist ). Supidy dyvsamiss: The case of
ULS. bredlers snd torkeys, Anerwan Jouvrnal of Aorieydbed Booncenics 64031
o8 F453.

Chen, I, B, Courtney, and A Schmirz (1972, February) A polynomial lag for-
mulation of milk praduction response. American Journal of sgricullura! Evo-
nomics 54181 YT &3



i

L] Alston, Carman, Christiorn, Berfman, Merue and Seston

Colman, 13, {10983, Decomber). A review of the sty of supply response analysia,
Brvizs of Marketing and Agricadtural Eeenomies $1{3), 201-230.

Cowiing, K. and T Gardoer (15633 Asnalyiicsd smodels fov estimsting suppiy
response elusticities n the agrionltnral soetorr A survey and orizigue. Journad
af Agricnbtaral Economics 18, 430 458

Drckey, 13 and W. A, Fuller {18783 Distvibution of eaupaies Iy auloregressive
thne serles with 2 umt oot Jowrna! of #he Amevoran Dialistiond Jssorter
Hen T4 437 435

Diewsrt, W. {16813 The comparative stutics of losgran indusiry opeilitrinem,
Cenadipn Jowrnnt of Econemics 14 TH 972

Bixit, A K. {1938, Juec) Entry and exit decisions uneder enoeertaioaty. Journal of
Political Reonomy 87, 620 638,

Daorfinan, J., 8. Derfmas, and DL Heien {19883, Cavses of almoiid yield varia-
tiomis, adifernia Agriculture 2{5), 3728,

Dorfman, ;. H aml [ Heen {3559, 3Mav) The sffects of crcertainey and adjiust-
men cosis on vestoackt 6 the almond industey, Resicw of Eronomine aruf
Biadetics 7212}, 2538 274,

Sokstetn, 2. {1884). A rational expeciations rwodsd of sgricubiore! supply. Journa!
of Politirnl Evonomy FE(11 1 18,

Ecksteiz, 7. {1985, Blay ) The dvnasmics of aericolturs! supplv: A reconsiderating.
American dowrngl of Agriculivrel Econginica €8, 3214

Engle, 5. F.oand €W J. Granger {1987, Karcl:}y. Ce-integravion ami error coreer-
tion. Representation, estimation. and testing. Foomometrion J5{3Y, 251-274,

Freach, B. O, and B (5. Bressler {1962, Noverabier]. The letmou cycle. Journel of
Faven Regnomics 44, 1021-10348,

French. I €0 and £ A, King [1883). Dveamic sconoumic relationshins in the
Cutiforsiy chng seach isdastry. Glaouid Foundation Rescanck Report 338,
Unbversity of Oalifornis Agricultural Experiment $tatlon, Berkeley

French, B. U G A Fing, and b Do Minawmi (1985, May) Plasing and remopal
refationshins or perenstsl crops An sopBoation o oling peaches, Anieriogn
Fournagd of Anvicaliveyd Boonoemecs 88 215 235

Frengh, 1% € and 1. L Masthews (39715 A supply respotss wmodel b prossuasd
eeops, American Journad of Sgricutlursd Eoenomers 53(3], 478 430

French, B. £, and [ 5. Willeti {1980). An econometrle modet of the Untied States

g
asparagus industty, Gisnninl Fouadation Besearch Beport 340, University of
Califormia Agricuitural Experiment Station, Berkelsy.

Friedhpan, J. W, {1971} A nonsasperative equdlibrinm for superpames. Hetdew
of Eepwonne Jtedirs 38, 1-1%

Cardiner, W, H. aud F. 13 Loe £1979). The shood indusizy of Spain. Techeina)
Report FARN 287, U8, Dept. of Agriealiipe, Forelgn Agrinnlturs Service,
Yashiggton

nskins. Jr, [ W, U971 Sepiember), Dynamic bl gricing Opthnal pricing
urder shreut of eniry. Jowrnod of Fosnsmic Theary ¥ 36322,

Gitberr, W, 00 {8385 Maolility Larriers and :he wlue of iocumbsses, In
H. Sekmalensee and R, L Willig (K050, Hondbeok of Fndustricl Croeniza-
from, Amsterdwm: North Holland.

Granger, ¢ W, and I* Newbald {1974) Spurious regressions in economotiics,
Sournal of BEsenametries 6, 1515 065,



(Franntnd Monograph « MNymber 48 729

Green, E. 1. and R. H. Porter {1884}, Noncooperative collusion under imperfect
price information. Feenometrica 52, 87-100,

Hausman. 1. A. (1978, November). Specification tests in econometrics. Econoe-
metrica 46{0), 1251-1271.

Heady, E., (. Daker, H. Diesslin, E. Kehrber, and 5. Staniforth {1961). Agri-
culturnl Supply Functions: Estimating Technigues and their ferprefations.
Ames: Iowa State University Press.

Holt, M. and 5. Johoson (1389}, Bounded price variation and rational expecta-
tions in an endogenous switching model of the .8, corn market. Review of
Fronomics and Statistics 71, 605-613,

Houck, J., M. Abel, M. Ryan, P. Gallagher, R. Holfiman, and J. Penn {1976, Au-
gust). Analyzing the impact of government programs on crop acreage. Tech-
nical Bulletin 1548, U.5. Departmient of Agriculture, Washinglon D.C.

Jacquemin, A. P and M. E. Slade (1989}, Cartels, collusion, and horizontal
merger. In R. Schmalensee and R. D). Wilhg {Eds.), Hardbook of Industrial
Organizadion. Amsterdam: North Holland.

Jarvis., L. 5. [1974). Cattle as capital goods and ranchers as pertfolic man-
agers: An application to the Argentine cattle sector. Journal of Political
Eronomy 82, 485 520

Just, R. [ (1974, February)}. An investigation of the importance of risk in farmers’
decisions, American Jovrnal of dgriceltural Feonomics 56(1), 14--25.

Kamien, . 1. and N. L. Schwartz {1971]. Limit pricing and uncertain entry.
Eronaometrien 59, 441-454.

Kamien, M. I. and N. L. Schwartz (1991}, Dynamic Optimization: The Calculus
of Varietions end Optemal Control in Economics and Manogement (2ud ed.).
Amsterdam: North Holland.

Karp, L. 8. (1987). Cousistent tariffs with dynamic supply response. Sournul of
Internofionel Economics 23, 369-376.

Kimmel, 8. (1987). Marketing orders and stability: The case of California- Arizona
oranges. Economic Analysis Group Discussion Paper EAG 87-7, U.S. Depart-
ment of Justice.

Kinney, W., H. F. Carman, R. D. Green, and J. (’Connell {1987). An analysis
of economic adjustments in the California- Arizona lemon industry. Gignaini
Foundation Resezrch HReport 337, University of California Agricultural Ex-
periment Station, Berkeley,

Lee. D. II. and P. G. Helmberger (1985, August). Estimating supply response
in the presence of farm programs. Americen Journal of Agriculture! Eco-
nomics §7(2}, 193-203.

MacKinnon, J. G, (1991). Critical values for cointegration tests. In R. F. Engle
and C. W. ). Granger (Eds.), Long-fiun Economic Relationships: Headings
in Cointegration, pp. 267-276. Cxford: Oxford University Press.

Moulton, K. {1983}, The European community’s horticnltural trade: Implications
of EC enlargement. FAER 91, USDA | Economic Research Serviee, Washington
.

Nerlove, M. (1960}, The analysis of changes in agricultural supply: Problems and
approaches. Journel of Farm Economics {8, 531-554.

Nerlove, 3. (1979, December). The dynamics of supply: Retrospect and prospect.
American Journa! of Agricultuml Economics 61(h), 874-888.



130 Alston, Carman, Christion, Dorfrean, Murpa, end Secton

Nuckton, C. F., 3. C. French, and G. A. King (1988). An econcmetric analysis
of the California raisin industry. Gianmim Foundation Research Rleport 339,
University of California Agricultural Experiment Station, Berkeley.

Olson, K. (1986, March). Economics of orchard replacement. Giannini Founda-
tion Information Series 86-1, Davision of Agriculture and Natural Resources,
University of California, Oakland.

Pindyck, R. 8. and D. L. Rubinfeld (1981). Eeonometric Models and Econgmic
Forecasts (2nd ed.). New York: McGraw-Hill.

Rae, A. and 1. Carman (1975). A model of New Zealand apple supply response to
technological change. Austrelian Journal of Agricufivral Economics 19,39 5],

Holemberg, 1. J. and G, Saloner (1986}, A supergame-theorstic model of business
cycles and price wars during booms. Americun Economic Review 76, 390 4107,

Scheinkman, J. A. and J. Schechtman [1983). A simple competitive model with
production and storage. Review of Fronomic Studies 50, 427-441.

Schultz, T. W. (1956). Reflections an agricultural production, output and supply.
Journal af Farm Economics 58, 748 762,

Shumway, C. R. and A. A. Chang (1977, May). Linear programrming versus posi-
tively estimated supply functions: An empirical and methodological critique.
American Journal of Agricultural Economics 59(2), 344 -357.

Stigler, (. ]. and R. A. Sherwin {1985, October). The extent of the market,
Journael of Low and Feonomics 28, 555 585,

Sumner, D. A. {1986). Structural conscquences of agricultural commodity pro-
grams. AEl occasional paper, American Enterprise Institute, Washington
D.C

Thor, I'. and E. Jesse {1981). Economic effects of terminating Federal marketing
orders for California-Arizena oranges. Technical Bulletin 1664, U.5. Depart-
ment. of Agriculture, Economic Research Service, Washington, D.C.

Thurman, W, N, {1986, November). Endegencity testing in a supply and demand
[ramewerk. Review ¢f Foonomics and Statistics 08(4), 638-646.

Traill, B. {1978} Risk variables in econometric supply models. Journal of Agm-
cuffurgl Economics 28(1), 53-G1.

Wickens, M. .. and J. N. Greenfield (1973, November}. The cconometrics of
agricultural supply: An application to the world coflee market. Rewirw of
Erconomics and Statistics 55, 433-440,

Williams, J. €. and B, D. Wright {1991). Storage end Commodity Markefs. Cam-
bridge, England: Cambridge University Press.

Worldtarifl {1992). Worldtariff Guidebook on Customs Tarif] Schedules of fmport
Duties of the Food 8 Agrieuwlture Sector. San Francisco: Morse Agri-Eneryy
Assaciates,



GIANNINE FOUNDATION MONGGRAPH SERIES

The Giannini Foundation Monopraph Series (155N 0575-4208) is comprised of
tachnical research reports relating to the sconomics of agriculture, The sertes began
irt its preseat farmai e L9687 siemilar technical sconosnic resenrch studies formerly
ware published 15 the Univorsity of California’s Higerdic

Eack Monograph i o spparzie repert of research asdestshen i the Californis
faperiment Hation by members of the Clamnint Poundstion of Agriculiural e
uomive, University of Ualifornin. The Glannint Foundation's goul B o encourage
resenrch in the various areas of igovest Lo agricelbure] eonomists and tu support thie
dsseminatinn of research findings (o other researrhors el 40 the publie. Founds-
yion membership invludes agricultaral coonmalits a2 the Depnrionen of Agriculfural
Booncmies, Davis and af the Depaviment of Agricobural snd Resourer Fronsmis,
Berkeley.  Asgociate members include forestry soonamists g the College of Nat-
ural Resources, Burkeloy and economists in Sodls amd Envircnmental Sciences at
itiverside.

The Monagraphs are weitten in technieat termee with professtonal evonomists as
the ingended andience. Fopics covered range frion anatvses of foem and processing
Hroms tg broader probdems of igtorregional rescurcn o3 and envirgumesial and pulb-
e patice. They se published st irregular interval 88 rossureh = compleied and
renatied,

Caples of Chaneled Monograph No. 42 may be ardered fromn Agricnitaral and
Natursl Resource Poblications, 6701 San Pablo Avenss, Usnkisnd, T4 94608 Exe
vhasges of similar matstials are welcome. Inguirics should be went to Libvarian.
Department of Apiieudoural Beenvmics, Unbversity of Califoreis, Davie, €A U561,





