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1. INTRODUCTION 

Th-,s stuCy anaiyzeo ecwi'lni<: telation~.hi].-<! in tt1P Cil.'...f0ruia al:noud ind-.•:1try, 
!ne!1.l<l•"g su~plv ,..,;a1!orv;h".ps for Ca!ifur•'-'ll alrnond>- denmnd for California a:-
1nonds. and sup;:>!y relationnhips :'"ur Sra.n_ the kf'j foh'lg:'J compctitt>r "' tlu Cai· 
Cornia n.lr,:oi:<l industry. ThL'> infor1:iatiu11 is uo.••ri to 8unula:e i:i:lustr;t ::1<1havio~ 
under alr<.'rlltti"l" 1.nark<.':;ng poL(:Es- tl1a: can be :111i:::c1nented un<ler the inf!J.atry's 
A\mr;nd ~1arkcting (Jrdcr. 

1°h1J fCTilllt~ '.ro:n tf.i; s:udy fl"' pot<'nt!.!!!y hnpor,ant tot~.<' California ah;;;iDnd 
l;;uiustry arw:I tu th<e ;;:,r_\(<s agr'.C'~lznral 1Xonomy in geJiera-- Almn:.dt art' a.::1 i1npor-
ttlnt agrici;]t1rml cr:.ip in ('a;iforiiia, ;m<l lhe st;;i.tc· i; thP w<;>~ld's dom:nant ~up;>E"r 
of ah:1oru.ls, ;,nnually ;iro<lm:i:ig frorn \;;If to t'.iree·fourt:.._~ of th<' 'vorld'£ supply. 
T'.ie 1993 >mp nonai'<terl c'. 470 rni!'1011 pound;; with a fnrru v!>l::ie of i>bout 90(1 mi,. 
Eon dollar$, n1n.k111g a.hnen<li; Cn:ifnr111,;'o moo\ iopnrt;v1t ~rce crop ""<l i•s ninth 
r;il·St imp(,;tll.nt agric11lt1Jral prod>.(~ '-'Vera.U If an in1prov<'<l l:ntle:i:>.tar.tlnig of t:v: 
~·ooa,;rnir rt"ltt1onshiJJh iu lhts industry ca:1 hfllµ J!.'.ll<le policy to ent.anca industry ct 
:itienc:• run: profitib:H:y, t~e indu~tr.v p:<ttici:;:inr,!s w1H :-,cwJlt dL,....:tly and, thu:.,1gh 
mu:ti:;iHcr ctf(l(~$, fU ,,j[ 0thtr sectors of the Cabf0r:•l\i; eccJno1ny. 

GaEfv~nia almJi.<ls ar~ 1r;arkct&l ,,ndtr !he au~vi.:es uf c. W<icraJ ru11rketing or­
der ln:tiated ;,., ~950, ;mi Kt:b&eq'.tently rl:l't1M s"':~~l tin;e;;, 'flw mP.rk"ti;)f!: or­
der a"thotlte;; rhr· hv:i'.l1try (•Nilh th1• approval of th" Sfil:mt1.ry ;,f Agt!(altuft,J to 
!'.!j\Uln:e tba H(i\\· ,)f /i.lJnond~ tr: ti:<:> tl>erket thtouglt inipk·Ulf'ntativn of a reS(lrva 
p1>!1cy, U11(!e•11<'.lruling the scpply-rn-mand rt>l;;uoushi,:tS \n the inciust:y :.. crucial 
VJ •·onCurting an ;iptim,.; rv-trY<: po-h<:y. Provi<lhig i'.lf.h infr>."U:lltton a..">d analy<u>g 
altenia!i•<> 1i:»rk~ting stn<lt.>fiie:; 11r<.> f:ir..Jaiu<'JJta.. purµ:;,.., cf t!.rl pre;;en: £tudy 

Thf :iext, tv.'P c:i.apt'°""' ,,f the rep0TI ana;y:;:~ alrn0n<l su;>ply ill Cal\fm-JJia. (~ts.p­

\.;r 2 ;i_na\vzi'S the rlf"'.('flllirw.n.tt vf 1·ear-t0y</ur :luct10tHYlt in a;11,<>n<J yrelrio. lln-
d<:rstand1:-is tJ1e det<.>rrru:ia:its of yi>:W i~ cru.--1a! to tlevei0pil41 crop f<)teCil>ts wl:l<"!-t, 
iu t'.lru. arn i\ey inpu:,; to '1~-<'t'lopinr; re;;<>rve ,;trateg;et. 'fh;; ...urk 111 c:,3ptcr 2 
.---xt-ends prrv1ous :>.n<>!y~> of ain1nr:d y:vlrl hy <lemonBtrat>ng th<'" irnpo:!a1;; e ni 1hc 
~ .-!l4t•ibu:..i;)lt ,-of :.te..."'S and developing an iinpr:ived aualysi~ c( aln;nn<!•' alter-
nate bl'llrl!i;('; eye'.;', f·he ffio<l"'\ (l\s:) (jll!J.\1f ifil'f (\ &tro<lif; 11.fgative Cl'.>f!?Ja~i:Jll betW('(;!l 
j-ield~ 1\nd rainf~ll duru:p; the f:etruary b[<;,nn !)('tJ:.gL 

Ch:<pl( r 3 fo,-i,;,,.c'S 011 :;he:-t- to 111«\i;un-rlln acr~agr !'-"P"!l"" '" the in<lutt ry. Tl'.c 
'.'haptcr a<lvan<:t'<'i th"' propofitinn Iha!, '"""r the long .-un. ,;u;>pl~· in the in<l>1&try will 
b,-. vrry :espDno1>-.:· tJ (hang(< 111 pr:e~ and pr0:ltab1hty. imply1Uf, 1hat p::L<!<'.":l IO ir.-
crea~ ;)1 l<:es anJ iJrofits ,,.-ill f\"ttilnally bt 0!fset hy nxpan~iou vf aer&1gt in ain:onili-
H:o""'-<:t, ;h~ tin1e w fJJI :xdji:.stmen: in a p;;r,;n:iial c:op inrius\:y s11ch ?-~ :i.lntond~ 

n1s.y 00 :ath;cr l:;1;g. SU&f,l'S!Jng t},;i.t ilv mJ.gnitcdes of 1lwr1- to m<>diam-n:u 111µ-
ply adJuITTm~u::s bo'.l> <lon1rso1~_._u,- snd ovefS<'illl ;i~c the ;wy fw:"1.or:; rict»:m1ning tl--.c 
~Uef<:SS 0f pro;;ra:JlS dC!ligned to rv.i!k pri(e& through ;.uppiy fl'1!t>ict'.011 or demand 
,·~ pnnsion. 

Chrp~('I" 3 ;irovkl""" wnc»ptnal <lBl't-iop1nent 8n<l <;t:1tistlf<1l e~tin:<>tion of r.co-
no:n:c motlrls tc pt<;tlirt both plantings 11.:td rem0'-...l£ ilf n:rnond µ.<:,:reqP'" in (';!-lifo;, 
nia. The rr,;ull~ C0cumcnt i. p..>ilitii:;;- relation-;;hip bet,veen p!o.n'.:ng:. an<i rxpoct"'d 
reven<.:<:s aurl an inv<:!'S>! rvJ;i.tioru>h\p h<:l'.'.'i:<:ll plallting ar.d va:-W>l" ;:iro<l l1rl iOJ. Llm!\' 

:\s exp<"<tt·d, th~~ :-elativnships a:i·2 rt'ver,..=d Nhen rei:mvah ""' tonsideti'd. Tl:et.t: 
nl00?"' rnab'.c :he «lla:ysl-. arn..od h''th revenue :;>rojoct101:s fruu1 a ptJW,thlt induo-
try pv\icy. :o quantiJy the 1:atonc of supply r-espuns'· to pric~ ¢l:~nge1 and thus 10 
proj~(1; tbe long-rna e.'lec\~ of puhcie~ \.P ei;pand d~:nand !)r r«iiri;~ anpp\y. 

On:- rnalysis of almuntl c_.,'.Ilalld i:;:;di,_atc:; !but the n,a;,, illl'.IB:,it.u tp for Callforoia-
z]rio:iru; l~ zJm..,nds gro,.-,, elww:~Pn' in the 11\rrld, v;h,CT, today e;5eot1a!ly mPan~ 
'!];-,,onds g:Yf"- a lo Spain. 'fhus, our nP.t>lysis of cou:peCltor ill pp!y respon~ in (~haf' 
te1 1 is fc•cuc.vd 011 the S:ia,,1sh alr:iund iu<l,istry, )'1eltl an(I att<:tag<e NO:q;onst n1odcls 
~imilat to 'J1nw e~dnv.tM fer the C::-:JifJrnia ir:dustry it Ci>s.pl.t::> 2 and 3 ar> 1liti-
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:; l; - Harv<>1> r·-,, '"'"'Jin 'th ~>ll)"••l I<""""' "'~t>l'I•  
0111¢- "c"'"""'" "SY! •~4"'"'  

l_ Figure t.1: Almund Purchn.!;CS by Major Contumlqg Countl'ie1> _J 
rnatetl for the Sµar.i&h industry. '.>pain hM th,i poh"'T>nal :o "fret- ~;;:.!</' er. polic1e~ 
ilnd-0::1.'.lkl"u by the CaLfo:uia irt<'.u~tr; ;iming to "-"P""d dcrnand oJ i;ostri.·t :;upply. 
'fhus, tow Spa.it responds to ti1ttt markft forces is 1mr<>rt11nt to tile >:ucc~f or 
f~ilurt> o: such policies 

C1<>l.pt<':- 5 discusse< the i:npurt;u-;t demand C()!IC!Cf)1.lj lhi>t api:;!y to "..lw alrrP'.lf.d 
induttry. CliapC<'r 6 prc:;ents th.c <\'Suits from ai:alyscs of ::ler:iand for idn1ond.-> (n *'Y 
almonC.,consurn.ng co1i11tr.es. 'Ilic spccific countr:ft. studied 11r<: the t:n'ted States, 
Japan illl<l •l:,; Eurv;:ican C-0mni111aly (E(;j rounlnes nf F~anre, Gcrutally, lCaly, ThP 
);etlterlt>n<ls, irtv! Thr Unit<ld J<inr:<lvm. The inajor aOmon<l cont•1mi1i.g ::ountries 
and '.heir relatlv;c imi;ryrtrn'l1X' are dep1;:,"t<:d '" Figure J.l. ,\ kty t'onclus:on enl<•tg1ng 
from Wie,;t> tOIJ!1try-ievi:l ani\)yr,e& 0f dea1and is that d0u,,1r.d i~ ine!~:it {reJ,.:rvely 
;;un:\por..!)ive to i:::i;-e <311;..'lg<'~) in nw;;t counr::1e11. w1t:1 :he '!J::iir_~<l Stll.tes ap;war:ng 
to lit ;:,:r. ;c;;;:-eptioll. r;,,, (")fu-:usion hM. ln\f")rtant impl'.cation~ for rtserve policy 
that are <'X;>k>red in Chapt0"" 6 and 7. 

/\Jiolthrr \mporta11t ::ontla,;Jon froni ~ho dcmi>l>d analy~i~ is that subs1l•.,,:10n 
r...-Jation~b!p~ bel.wef'n a:1uond1 mid othf'~ :it1:s 111'€' r:i.ther weak. f'Et€~ts aµp.:n: 
to bi• a ""'destly importan~ $Ub\;tic.1te in Germany but are ra.thM" u:iirr1portan: 
eiwwbrrr. 

Ch'1.pt<'!rs ti a.nd 7 (li~·;u~5 integr&llo1l o!' thP tiupply :.ad d<-nli<Tld anilly,,es t.o 
generat~ sirr1u!Mloa and optimizaC1'.J!l model~ ;if the a!rnond i!l<loHtry tt.at are t'.1eu 
1isKl w ~t1i.dy bel~vim nn•Je:t altern:<<i•e in.arketing Jrdet sLfnter,ies Chap!~.- tj 

describe;, a lle:.;;bi~ oimu!au..m i::iodcl t!~t can ;ir<)ject ak:1ond lnde>stry response tn 
a wide <ill'W' •;f rnarket B!w;:ks. \';;lldatic:, of tlu.~ model if, al;m d!v•J~~ed in Cl-.apt<.-r 
6 as is ·Jre ,,f ll1f u:todel fo~ sbort-'r-=r foreclltiU¥; <>f µr\1duc:ion ::md ptl('C-

('bapt.~r 7 ir. r!ev::rted :-0 <>naly>;it of supply <'\mtrol o:rat<O'gie; uadf'r "be .\lino:rd 
~·la:-keting Ordrr Ow of tht> sit:>ula11on ::node! tfl am<ly1"' it"iust::y qntt:t:laes undl't 



alternative U)arketing strattgies revPaled an important tra<leoff froln 1mplemen•a-. 
ti1>ll of policit>S lO UJIU'.11I1ize year-to-year profits to the (;a)iforniil aJ1U(lUd lndubtry. 
P<Jlifies thttt raise profit$ \n th<l shDrt run stimulate expanded a!rnoud acreage, cauo-
ing \ncrea~cd production and re:luced profits 1ci the lt>11i: rur uulcs~ prog~ively 
nwre stringent supply <:Dt<!7(>\~ are appEed. Cb..apt.e: 7, i:1us, <lc•r:r1be~ con5trw:::tion 
and analy!tls Df an opti:nization model whict, gi'<el• tt.;; ir:d·••t:y ;;tn;.J;ture <level· 
<ipOO in CJ1a))ter~ 3~:'.., s?!•-u~ f.Jr tlw trnjecto:y uf supply rnaTiilllf!CTCnt ;;1rategit:S 
that rnaxuniies dio;<::our.Vxi l'"~fi-:s to lhc Ce.li-:'crnia a::1nond 1ndn;;try !JV'" a [>(I.year 
horizon. Variou~ rcstricii•«" >tt.ategies are devel\lpixl and ooxpared wit!: ~hr ('Wl'••J\ 
D?tltrtit! str~teg:y. 



'  
2. CALIFORNIA ALMOND YIELDS 

2,1 Introd1ictiou 

T<:~al produ<::;;r:1r. of a!mon;.b, Jw:ir..g a given y<:ar ii a f\lnction 1,;f tvtfu be~ing .a<:c~<" 
"'"tl <>.v&"S" yi<lhl•-. "fhi,;. <:hapt= P'""'"""t~" nwdel of (:~u1.;,..,,;,. ,;l'*'<'ltul yiPlds that 
um be used i-0 pr<l<liet production (wm a glw-n bearl1ig, arreage. Chaptcr 3 deal;; 
with the long?r-run .acttage re;pcn>W that lnel11de~ 1Mij1J.1tn1ents in bea<i"g atr<"<Jf.>' 

resulting frmn pl::n:'.Jn~ t.nd rer.1cv111.~. 

:n tftt p;is'.--wn: ;ieriod, kit».: C.S. alr.io:i;: ;::ir<-<l'..!ctlf.:i .gre11' tro1n S&,\JOC pvundo 
(kernd we:;;h(-: in l\!4& to 656,2CO pound~ in lQ!lC. an incrra1e '.1y a f&ttot of o•er 
11 in just 4~ yo;i>r~. fignre :t.l oi:io,..·s the limt path of lotai production. Tl\e 
tren1endous growth iu production i~ ctue to increa~eo in both b<'aring acreage an<l 
average yield<;_ D11ring the post~"·3r period bearing acr~agt inetea.sed by a. fo.ctvr of 
foll:, from ahcut ll0.50C acreo !.n 19.50, to 168.5iJU a~res it 1[170, t1ud ::ltD,800 ac~s 
in !992_ 0ndng thn 1a:.ne per:<JJ, ,,~-"".age y:t::J pi"f :v:rr :rip!eJ, frc:n o.ho"t CiCO 
v::n:nds p\Jf a·.·:.:; (k.:r:1el \\eight) i:::i C95!1 L:i I,540 pn-11-ul~ per ac~-2 it 1992 ~botL 
}ell.I'S ;;.yr; ~hlgb" Y<'at> in the alt<_,,-na·,e..'.iear;ng ,·,ycle). 

The dramati;· gi:t111•th in azerag;c ;tlmond yields it U!n1tra.w-d in Figure 2_2_ Yiritl 
ii; affected in a. 1M1:11Jar W;'\.}' b.Y chs.ogcs ln lcthnolngy 4n<l <:hanges io cult«.rral prac-
tices, i11 a cyclic;;;: f;v;h:on due tc a;tM11$l(' ~ring pi;.tt;:<rns, and by rantlnn "an, 
atl0ns ill WEath!!t. pest prob:('fll~. 'i\nd so OtJ Jn ;illi:::it:.:111, be1'alll!e y\Fld;; vary fl.!. 

t:-Ees :nattL-e :and event'.laEy dvi,:~"ciate), 11-'<l"ril~ yiFl<J 'lependo s_votema~1ca!ly •Jn 
th&..'lgeo in the ar:e structt:.r(' of ~.h~ popuiation of trryP' lvhilll, ;n ;.u:r11. dcp;cnds ou 
the pa.st patt'!rn of investments in new planting~ and removal& oi 0rchaTds. In this 
tbapter ,.-.,, "·ill devel0p modi' ls 0f average yields <)f bca1 ing almondo that incorporatf' 
variablPH t•J captt:.re ~.h<:'se .--if,-~rt~ ov<"r time. 

~ioo - -

:, ' I"'I 
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Fig»re 2.1: California Almond Production 
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Figure 2.2: California Almond Yield per Bearing Acre 

2.2 Facts and Notions Abont Yields 
Technological Change 

The California almond industry has adopted a nurnb<er of ne\\' technologies over ti1ne. 
These include mechanical harvesting, in1prove<l irrigation equipment and methods, 
and ne"· varieties that permit higher planting densities and <earlier achi<evement of 
maximum yields Some of these changes (e.g., rnechanical harvesting) may have 
had their main effect through saving costs rather than inrre;u;ing yields per acre 
but yield-enhancing technical changes have certainly been irnportant, as can be 
~ern by the gro"·th in yields over time (Figure 2.2). 

1'1uch of the tf'<:hnological change in alrnon<l pro<luction has been embodied in 
tht trees and the land on \\'hich they are gro"·n.1 If infor1nation were available on 
the timing of the introduction and adoption of new technologies and their expected 
impacts on yirlrl, such information could be incorporated into a yield n1odel. Un-
fortunately, a.s is con1n1only the case, we do not have access to such infor1nation. 
Ilecaus.c a<loption of new technology tends to occur gradually aud s1noothly over 
time, especially "·hen 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 prartirc is follo\\·ed here. 

Vintage Capital-Yield!! and the Age Distribution 

Th<: yields of almond trees vary through their life cycle. _For the first t"·o or three 
years aftrr planting, nut produrtion is so lo\\' that harvesting is usually not justified. 
Yields for young t.rc<:s have typically increased enough by the fourth year to justify 
harvesting; in fa<:t, thr California Agricultural Statistics Service (CASS) no\\· cla:>si-

1fute and Carinan (197.5) dLSCu;s modelin~ supply reoponsc of perennial crops in the p~sente 
of this type of technological oh~ngc. 



, 


fies almondH as uonbear\ng for the lirst three years and bearing in the fourth yeflr.' 
r·ields qf bt;1.rin1; almond tr('eS incre~e until about the e\ghth yoar u·hen they· t<md 
to rea;::-h ;.heir r.laxiuum r0teutls.I. T'hi~ ma.;.u1·e l~ve! of yirll:S i;: sustained unti! 
appro.i.:ioa:.<:;y ~e 2&. wb<;r. y:<:>'.<l~ litgil: to derli:i.e. ':"'he econtm:.iral!y cptimcm """ 
at •••hieh tri 'Jµrcot ar.:I rn;'.&€ tr<£s depeads pr.w«ri>r 011 th!'.' &'<ape of tt:.e yiic!i.0 
('Uri<' i:i the gr;:iwi;h a:id d\!<<11u: phases, the bjplo;ri.e·.ii r<;!Thtinn;;Jllp, b'.1t it ;J.dn "'"Y 
he scns;tive to econon:\r vt1.1ii1bles. especially the ifit!'%till ta.le, because a decisior, 
to replant involvl's f<ll'gt>1n,g wme current yield frl;tn txIBling (declining}~ llld 
"'-aitlng in order "''iMJJ.ually to get lugher yiEl<l« frmu tht replru:en;ent!.) 

if the <1gf>-pn:;5le of yJelds v»e~ ~r+i.bk~ O>!o?: ~in1e, or if ylelr';s fo~ trees of a pactif-
uLJ.r age "'C're kncwi~, M the:;· wen; for tl:c cluig-p<>l:lch orC'bax! .. ie!alyud in Fr,,r_cl-_ 
~nd i<ing (19h&), i: ><.'Ould lw xa.~:inab'.y eii.'ly ~o rfl3te th<; ave:at<o> yield of a po;:>-
ulation <.Jf tree;; to its f>ge dihtrib11tion. Jn addition, J. ~table yield·age relatioru;h!p 
)Tnpli<'s that th~ optimal ngc at "·hich to replri~i; tre<;>~ would L<' to a gr<:at extent 
('(1nstant, i<:>o Complication~ ari8c, howl'ver, wh"'n n('><.' Wlrieties are dev~lopcd that 
have <li1leren1 shap0!'.' yickl-ng£ profiles, a:id v•h<;>11 data tri <lt'll(n\:w ~he;;<: rhangin!l; 
prt1[le;; ar~ •llla'1ai:ahk::. I~ addition- :>t'.:icr ..,;~"'fJ~ of u<:w ~--chnology ·:"<L"'1 change 
the yield-age f<;'iar.1"1c&b1p For '.nstaeCT:, mefha,,ira'. h11Tv'e!eT$ i;tT\"S~ t_-.:>:<; so tl:at 
their usef1J.!, pn;>d1,1tlivf- life is shorter ;;han if they W!'rr l1nnr'.~hx:'Vtl$ic'1 \\'!ule the 
gross «>liltion-.;hip hrtwl!!:n tbc ag<:r oft~~ an<). aver"!{<' yacid" wi11 bt rcll&ted in 
the agwegatf' data to ru:::iine <:Xten!. changing yield4.ge µrotik!:,. nvrr l]tl!{' ntean tbat 
tl:e:-e '.114Y 1101, be 4 $t.r.h:e or ;ne-11-ning:ful rclatio=l1ip b<:'t\l;'f'C'> th" age dic>tributlon 
ar.d av€;~ yi~kl; Thu~. ;n the abwr,-:-e of Uata 01: :hq 1-irnlng vf ttc'.:ir.olcglcal 
::'.'.Jange, it;~ D('~ ;iooihle to l:ave 5trong vic--ws on t'.Ji; rell\1io1u,.t1i? k:w"'°n average 
y'.~ds wd the Jrtallo. o'. lite Ill!" distributinn cf :ret:s altl:o11gh oT"' "·c1:!d ex;iett :o 
see wm0 c·ffc(.ts of (h11nge& in the ag" dIBLrihuLion on 1t1,·vrag._1 ,viclds.4 

Alte-rnate Bearing 

~1acy ~T*"-' <:ops !lM el:J.toctrriz<'d by al-W~n<1-w i i:;r bi>!11r1al) bimri::ig cycie~ i:'.I wl:irh 
a ~hig'.i" ~im~, with ;:.ho·":; av;:;·r:.;.;e yields v; [.-J!lnwPd by n "le><.·" ywr wOth lx::!ow. 
a>'('~«ge yields.•".l:e-rr.J.h•':><:ru:Hip; cyeles may l;iq :ii;\ off by ur~ "'"t"lt"'"' eve1::s. 
At th" industry level, whrn we:::.ther is rommo" \'-'TO'>f 67Uwers, a1tvrn.J.te-l:wa.rlng 
pJ.tterm; sho'<': np Jn th<; i\ggtegate data. l\lt&n\J.t•··hFar;ng patt?ms are likcly to be 
le~ i<nporiant ln B<gyi-~gat<:' wheJ1 differe::il grov.'?"- ar~ &i:bje(t to ddh u·nt weather 
pattern>. as w\11 h"'J'f)M"I 11ch121 predLe'-ion i~ geograph:cally d'11fX1=.:d. T'.ie impor-
t;i.nce cf ah€rna'.Erhee.ri :1g parte:n.;., thur,_.forr rr;ay t:.i<'il:nsli over 1-imc if irr_ i1:d:.iotry 
~xpa."lds geog~;;ip'ii(n-!Jy and in~-Y b"co:ne r--"'"' iinpnrtarJ ov"r ti'.Il~ if an ind-.is.::ry 
becorr.es TJIOrii g<:<1graph\c:1lly ronrentrat<O'J Alternute-bear\ng patt~rns nlay also bE 
rontrolled to "f>"'" ('':lent by cultural practiceo, and dilferen1 va11<:>ties n1a;• be more 
OT l<OSs SUS<"l'ptihlr t<> ak<!rnate bearing. 

>An <'<th~d io drurn\litd '™ "b•lin:r:g" '-,rr ("~SS·~-!>...,;; re"'*>.,."" <lt(O "-' "hkb ii=<> n<>=>ally 
\,~ e;,Po'XWC '" !>f<><i1'<~ "- <OffiW-""'"-'!y •igr.. :'.cdnl 'l'"'""'Y µf t::~ orC!p. S•r·"" th,. tloihJt>'-"' "' ' 
)(rnC.'<'li=•xm. ~'""' '""Y lw '"'-'"""'·.,-I frnm "'°""' <>l<-har<le ,;Jn;~\ikd ""'"'-'"""""ii'>!!;- fc:r o.1-:cn<k. 
the mimhfr cf )'ean <lu»nt wh!ct> I'""" ""' 1<lf,,1tific-d M '"'"*"""''"";,,,,, :,.,,~ ,3,,,_,.,ge<l """'"' m 
1$172 then""'""' cl 11<m4'-ari:1t ~ ''"'"' ,,,.i",;M from 11 !<> I, and tli.r ih tll&l 1t Wf>:! f~•tM< 
""1=ed irom 4 "' 3. A"'""!" J~'-" """;"" u.etl fu< th~ pc~ A~•h W<!t<' AJjntU\l tv 4 nvnheM>l1$ 
J-<0a.-;. fr>< !h!" U>lal flM"'J '-" p>~Jyt.i• 

'OI°"" ( l!l&J) Jlxu-~ \hi: '"<W""""" of ,.,,,t.ar<l MpiAf'=.~fat "'"'- l'"™'~t• ''" c>m?i•k<.: ~xam. 
p:C fvr >.'.=iur>'h Jn).,, awwwiix ULtk l •p. i;). Ob<>n •hew; y4:<:fo, wot~. "'*'tl f<-tu•n~Cvr all<" 
;1.hnu...-~ ""'''"""-' pce_,><.H"'- l\C I""''' c~.to 10~ fo«n<>" 

•for im>canoc ""!>!-'""' lh!H tht invoflnct>V11 of*""'~ <>;an\u1~" ;c00~ \<1- nn ~"rh<r a<:h1,_,.~*""' 
,_,£ rn~x,cn.um Y•C''-'~ ,;,nd hitfi<.r ma:<:w•Jm yi~l<l~ per ao;-~- ,.m,! thv,t thi. t<><hnolup 1; .::tro<luc..:l 
prQg.,,s.sive!y OY~f ti!!>O 11$ tf"<.0 ~f,~ <>nd the" revln<:€1Uq" lx<t>me• !XOnt>mic h\ thi• >e~nari1:>. 
1ho data r<!uld Sh(•"' 1h,t an at«m9~ imma~ua· trees r_ombod)'\nf, high•r ~·~l<I fr_,r ag~j could yield 
n1~,-.., per AC(<' \f-""1 m~tH<• !"""" "'~" ~hO"-!!h for =ch pa't"·ulat vi"l~i~ bl tr~e• the yield-«~C 
,-..,1.,.~'""-'hlp "'"" ;., th~ -0<h•r di"''"~l"-
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There a.re son1e questions about 1'.'hether almonds arc truly a biennial-bearing 
crop, and if so, to what extent. Despit.f' thesr questions, the yield data in l<'igure 
2.2 show scnne clear and strong j'ear-to-~ar fluctuations in state-level yi\'kls. Ju 
a.ddition, the fluctuations seem to have bccon1c larger over time. 'Ao'hethcr these 
patterns are due to alternate bea.ring per sc or some other reason, ther" are cycles 
in the data that 1nust be inrorporatcd in the yield model. Previous studies have 
used different treatmPnts in attc1npting to capture alternate-bearing effects in yield 
1nodf'ls for almonds. Dorfman and lleien ( 1989) used the ~irnple procedure of includ-
ing a dummy varia.blr for odd-numbered years as an intercept shifter (a year-to-year 
shift in the function) to represent alternate bearing. Dorfman, Dorfn1an, and Heien 
(1988} used a. 1nore sophisticated procedure tha.t attempted to identify statistically 
whether the previous yrar·s yield v;as above or below average and measured an 
alternate-bparing effect in current yields that dependc<l 011 the size of last-year's 
yield r<:lative to the average or expected ~·ip]d. lloth of these studies used county-
1Pv€l <la.ta to esti1nate yield model5 and in both cases, v.·hile the alternate- braring 
fffect \\'US statistically signilicant. it was uot very ilnportant as a componrnt of thr 
yield variation explained by the models. 

Weather 

California almonds are less susceptible to \\-eat her conditions than in any other crops. 
in large part becau&e they a.r<' grown under irrigation. For many crops. especially 
those grown under natural rainfall, a significant sourcP of ,,,,·rather-related yield 
variation is rainfall va.riation during the gro,,,,•ing se<1.,on. C:alifornia·s dry su1n1ners 
are advantageous for many crops, including almond'. because th<'y allo11· gro,,,,·ers 
almost total control over the ouppl) of 1vater to th<> crop during the gro1ving season. 
Still, for the California ahnond gro1'.·ing industry, rainfall is the 111ost important 
weather variable affecting yields. This point is docun1rnted by Dorfman, Dorfina.n, 
and Heien {1988, p. 27): 

Almonds typiC"ally bloout in February and /\-'larch during California's 
rainy season. Ahnon<l trees cannot self-pollinate, but must be pollinated 
by another ahnon<l variety. For this rf'ason. aln1ond orchards ahvays 
contain at lea~t t1vo varieties of trePs planted rithcr in alternating ro1vs 
or in two ro1vs of one and one ro1<· of the other_ Because cross-pollination 
is necessary, bees are vital to a good crop. If it rains too n1uch during 
t.hc bloom period. pollination b;' h"''" is in(l(!equate and the almond crop 
i~ srnall. 

Dorfman, Dorf1nan. and Heien {1988) and Dorfn1an and Hcicn (1989) found that 
Fcbrua.ry rainfall '"'"" a statistically significant explanatory variable in their yield 
models. Vl'hile other 1veather conditions such ftO ten1pcrature 1nay affect. California 
al111ond yields, oignificant impa.crs of \"driablcs other than rainfall during the bloom 
perio<l have not been isolated. 

2.3 Forms for Yield Models 
The Production Function 

Oorfn1an and Ileien {1989) assurned that the production function for alrnonrls i~ of 
the fix('d-coef!icients, or Leontief, type. cfhuo: 

' 
Q, - L y._,,t,,,. (2. I) ,_, 

1'.'here Q1 is production in year I, y,_, is the average age-specific yield per acre of 
trees agf'd i year; in year t, A,.1 is the nuniber of acres of tre<Js of age i years in year 



t, and n year~ is the useful life of trees. As noted earlier. non-bearing almoud tr\'\'S 
in thf' age categories of l. 2, and 3 years 11n!l have average yields equal to z<>ro. 

Age Distribution Effects 

In year I, the age-sp<'cific yields of trees aged i years are affect<><l hy thf' values 
of systcn1atic trf'nds (T,). ra11dou1 f>tclo1·., ~"'-h = "eathcr (ii-",), >tlt<;ruate bearing 
patterns (D,). and othrr factors represent<Cd by a ran<lon1 residual (r,, 1 ). ;\linear 
u1odcl 11;ith those con1ponents is: 

(2.2) 

If the slope coefficients and randon1 effects iu this n1odel are constant across age 
categories of t.r<>es. then cquanon (2.2) n1ay hP \Vril ten as: 

(2.3) 

Substituting tbi~ equation into equation ( 2.1} a11d di, iding both sides by total bear-
ing acreage (131), 'vhf'rc total bearing acreage is the su1n1nation of acreage by age 
(.4,_1 ) for all tr<'!<' ages in the bearing category, leads to the folltnving equation for 
average yi<'lds per bearing acre (y,)· 

Q, ~ T ' D[A,' I-B =L.._.01.11 -- (IT~r+o-H-H-'1+rtn I (2.4) 
1 •= 4 Rt 

In pra<"tiPP. bcanng trees of different ages arc usually aggregated iuto a s1naller 
number of ag<' clru;ses-say young-bearing (YB,), n1a1.nn~bcaring {;\./B, ), an<l old-
bearing trN:S (OD,). as in 1\l8ton. Freebairn. a.nd Quilkp~- (1980). 'vhere B, = 

Y 131 l A-f D, + OD,-and a tin1e-serieo econo1netrir approach is used to reprP~cnt 
the alternate-bearing component.. 5 ·rhus: 

!11 = ayd>y,, + o.<1".11.1 + 0:000_1 + "11' 11-', + <I>(L )111 + fr, (2.3) 

whcr(' the 9's refer to the fra(·rion~ of the acreagP of bParing trees in the ca1.Pgories 
youug (Y), n1ature (;\-!). and old (0), respectively, and <I>(L) is a lag structure 
reprPsenting alternate.bearing effects on yields. 

Alternate-Bearing Effects 

The alternat~-bearing contponent could ht expressed as an arbitrary distributed 
lag. Exµeri1nentation with that idea led to thp use of a second-ord<>r autoregressive 
model (\\VO lags of yield) to represent. ait,\•rnate bearing. That i_.,, 

1'."lnch is equivalf'nt to the alternativ<> reprPSPntation, 

<I>(L)y, = b1Y1 i + bi{Yt-1 -y,_2) 

\vhere b, = 01 - and b 2 = -02 This specification 1vas superior to the use of o2 
lol'.·er- or higher-order lags in lern1s of yi('ldiug estin1ated coefficients "'ith plausible 
signs and reasonable 1nagnitndes. 

Ho"'' <lo we' reconcile this strucr.nrc ....-i1.h \\•hat 1','C kno"· about yields? One way 
to think about this is to <lecompos(' the yield into t\\'O parts, a long-run norinal 
part (y"), ....·hich is independent of ;tu~- rfft~cts of l'.'l'a.tber, other rando1n effects, or 

0Dorfonan. Dorfman, and I!•ien ( \988) an<l Dorfrnan a11d Hcicn (1989) provL<le expl1c11 ex~n1ples 
of tin1e-seri<'S approathe< '" pick 11p alternate-bearing effect< 
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;iltrrno.te bearing. and the part due to the efferts of current and past weather, other 
randoin cffN::ts, and alternate bearing. 'l'hen the rno<lel above may be expressed as: 

'"'h<:re 
y; - Uy<PY,1 - '-",v¢,w., + aud>u,t + a·rT,. 

If the previous year· s yield (y1 _ 1 ) was above the C"urrent long- run expected value 
(y;), W(' \\'Ould <"Xpect to see a negative alternatL~bearing effect on yields in the 
current year. But lo.st year's yield might have bt>un above normal for a variety 
of rc&;ons, unrelated to the alternate-bearing eye).,, On\' measure of 11•hether last 
year's yi<'ld \\'<>.;;high (i.f', above its long-run nor1nal value) due to alternate bearing 
is if it was highrr th;in the yield t\\'O years previously (i.e., !li-l > y1_ 2 ). These 
types of arguments support thP idea that to represent the current ye<tT\ alternate 
bearing effect ll'C nerd to include :o-·ields from at l{'ast two pa.st years. 'fhe idf'a here 
is that the size of any altcrn1tte bearing effect on current yields dependo on both 
(1) \\'hether la.st year's yield \\'(L~ abovc its expected value. and (ii) 'vheth<'r it 11·as 
abov{' the value fron1 th{' year before. For1nally, this can be \\"ritten as: 

Substituting thio exprrssion into the yield model and consolidating ter1ns gives: 

Substituting for y[ and simplifying leado to the follo\\·ing regression n1odel: 

!11 = {].:, + ,3,,¢_.,, + !30¢0.1 + SrT, + 'ii Yt-1 ·+ r2 (y,~ 1 - y, 2) + 01t· ii:, + '1, 

11·here (3y - oy(l -11), 30 = ao(l -·T1), and iir = nr(l-11). '.'lot{' that the 
nl<>turf' age category (Jo,,JB,) has been dropped for estimation purposes to allo"· 
solution of the least squarf's regression 1nod<'L 

Interpretation of Coefficients 

Sonu· of the eof'fficiPnts have ambiguous signs. 'Ihe coefficient ou trend is expected 
t.o bt· positiv<:. and it is expected that the coefficients on \\·eather (measured by 
rainfall dnring th<: bloom period), the fraction of young tr<>es, and lagged yields all 
11·ill be n<"'gativc. In the event that yields are distributed synunetric;illy around the 
nortnal valur dur to alternate bearing (so that the inagnitudc of the "on" effect 
is equal and oppooitc the 1nagnit.nde of the "off" cfft'<'.t) v.·e \VOulJ expect to find 
; 1 = -1. This in1pli('o tl1at this ypafs yield is expectf'd to be belo11· (above) normal 
by the san1e an1ount ns !not ycar·s yield 11·as above (belo\v) norrnaL "!'he coefficient 
on old beanng trees (OB,) is al&O experted to be negative. reflecting the tendency 
for yit•ld8 to decline for old treco. 

The term involving the lagged rhang(' in yields is lf'ss intuitj,·e If it is n1ea.suring 
alt.Prnate bf'<>ring pffects that are not 1ncasurrd full:--· by the first term then 11·e 
v.·ould expe(·t to find 12 <: 0 also. !!011-cvcr, it al"o might hP picking up the effects 
of i1nproviug technology: an intrea.\c Jll yield hist ye<>r. separo.te fro1n alternate 
bearing effects. ought to persist to so1ne extent into the C"urrcnt year. This \\"ould 
in1µly U <: ~,2 < 1. Thu~. the expected sign of ~·2 is arnbiguous. 

2.4 Data for the Analysis 
Almond Acreage Datll 

Data on total aercag<', the o.c-reage in various age categories, and plo.ntings are 
reported by the C'aliforuia Agri~ultural Statistical Service. 'fhe~e data forined the 



basis for the series used for the analysis in this report. Appendi::i: Table C2.J in<:'lndPs 
the data on total acreage (A,), bearing acreage (B,), and the componentb of bearing 
acreage including young bearing trE!<"s 4 9 years old (YR,), mature bearing trcc:s 
10-20 years old (JfB,), and old bearing trees, greatPr than 20 years old (OBt) used 
to estin1ate the averagf' yield equation. 

Production and Yield 

Data on annual production (Q,) and yield per bearing acre (Yt), art' also reported 
in Table C2.l. The units for yield are thousand pounds per bearing acre, kernel 
"'eight, calculated by dividing produ<:'tion by the corresponding figures for bearing 
acreage (y, - Q,J R,). 

Weather 

Rainfall during the nlonths of February and l'-Iarrh can affect pollination and fruit.-
set. Rainfall in thf' prinripal almond-gro\ving regions is represented by the n1onthly 
totals at the m<'a-,uring stations at the Chico, /l..fod€'sto, and Fr€'sno airports. A 
5irnple monthly av€'ragc of rainfall at th€'se three stations is used as the index of 
n1onthly \VCather in February and lVIarrh, reported in Table C2.l. 

2.5 Estimation of the Yield Model 

Th€' yield 1nodel specified above was estiniated "'ith data for the 1950-1990 pe-
riod using ordinary least squares methods. The equation v•~ lirst. e.,timated with 
variables for both February and 1'.1arch rainfall included. The ebtimated coefficient 
for 1'1arch rainfall was not statistically different. fron1 zero (t = 0.32), thus the 
l'-larch rainfall variable wa.' excluded and the equation ""'-' re-estiruated. T'he final 
estimated equation for average annual California almond yield per acre is: 

,, 0.5169 -· 1.199 Yt-1 + 0.5099 (y,_, -Yt-2) + 0.05648 T, (2.6) 
[•~'-8G] [t--6-33] l!-4 44J [t~Y 02] 

- 0.8045 yb, + 1.817 ob, 0.05149 FEBRAINt 
l•--;!,741 [t~3.081 "i=-4 JI] 

R-;0, = 0.81 h - 1.19 

where Yt is average annual per acre yield of almonds. 1,000 pounds kernel weight, 
T, is a ti1ne trend with 1950 = I. __ . , 1990 = 41. yb, = Y D,j D, is the proportion of 
total bearing acrt'age that is 4 to 9 years of age, ob,= OB,/B, is the proportion of 
total bearing acreage that is over 20 years of age, f'EBRAI!·i, i~ average Feliruar.v 
rainfall (sum of February rainfall (inches) 1nea-•ure<l at the Chico, J\.lodesto, and 
Fresno airports divided by 3), and hi~ Durbin's h statistic. 

The estiinated yield model does a rea-,onabl_y good job of tracking actual alrnond 
yields, as shown in Figur" 2.3. l'he insignificant Durbin h statistic indicates that 
autocorrelation of the r<l~iduals is not a prolileni. All of the estin1ated coefficients, 
exrept for the old bearing trees variable, had the expected sign and wer€' statistically 
significant at the 993 level. In particular, notice that the coefficient on lagged yield 
i~ close to -1.0, suggesting that yields tend to be sy1n1netrically distributed around 
a nor1nal value due to alternate bearing. In addition. the coefficient on the change 
in yield last year is positive and less than 1.0, consistent V.'ith the idea that some 
changes in yield persist to some extent for more than one yea.r (e.g., thost' due to 
technological change or changes in age structure not captured by the other variahlf's 
in the model). The coefficient on young-bearing trees is negativP. m; P:>:pcrtcd. and 
the coefficient on old-bearing trees. while positive, is pla.usihle_ Th€' default category 
is maturf' trPPS (JO 20 years old). As the proportion of young trC<'S (4-9 years old) 
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Figur"' 2.3: California Almond Yleldi;, Actll..lill and P ..edicted ___ , ______ 
rises, avvraze Yh'~d fnl!s, and™' tLe propor•\011 of olc trw:~ (01er 20 y.;;-,rs o!d) risa. 
avcrag<' yielri rioo~ The lat""' ri;~ult W!!S \ltl<;Xpw.:ced, but ::ot iru;:ilau~ihle if ( il the 
maj<:"·~itv of tree;; ia the cWcr fat~Of) has ':.>c:on rela':i-nJy y0ung ('-<'., tr«>s at thtir 
p<!ak rather than lr!i':i lll dcc'.ii:") and '. i') if th.; ;.;.e; prc>t,Uftivc trecr. of (l part1cuki.r 
v1nta,;;~ ar? idf'!!!lii~d early a.t"l ffmovi-0. bent<: n,_,-er app<r.1r ltl tl-.e old-l.EJ£inng 
J',T'.>t.:p, FinaLy. as w;;;;Jd be t'xfA'Cted, 111\"rell.SOO Ffbruilry r:Unfall i8 fl.'lsotn>rt:d wlth 
lowtT yields. 

Chi; «Stir::ianxl yk'.tl n1ode\ >:1>n1pare;; fat·oraLly wltL ;:it<'vious :nOO,,.Js of 1>\rnond 
yirJds p11blisbed by Bu11huell :;.ru:l King (19SO_L D'.:lr0rnan, Dorfm::.n, and ll<J'.;::n 
( l \:158 l. ar.;J :Jorfn1au 4 ad 1Jt>icE i1DSG)- The prc~cnt Jio<lel offer;. t "'" mo<:hfiv~ 
tl'.l!lS <>f ;:ir:ur work 311 aanond y1clJs Finit, •l attcm7ts to 1acorporatc the ;::ff~ts 
of the a~e distribut><Jll of tr('{o:>, seCTJnd, ·.t pro-.:i&>~ ii n:.ore f!exiiJ!c slru<tnrt for 
inrorporll-ting the nt.pact.s 0f &lti'r.iate hParir.g_ 

2.6 1'-0recasting Average Almotid Yields 

Tf:f' yif'l<I f:\l.Ua:lo1:, which 1$ Q!lB ron:p<1neH\ of th11 :11<ins1ry r:ic~lel, <an br uiilcC 
to mal«c shor1-run yi<:l<l forN:as:s. For ~xarnple-, yi.:1.-is c;i.n b« f=ast one y~ar 
ahP&d hy using rurrent yipldil and ""''t'ragc rain!'all or a for...~t for the u;>t\>trtin,; 
;~;in'('$f CaTI be cn:tdf' wh<"TI F0b:uary n.dnfO.:l data ar~ availacik·. Lofi.3"•7 fn,-1<cas1. 
h<>rizon~ v·ill ru;uire tilt' usi:- t:·f <:Xf!t<rted value:; fm- bath la11ge<l yi<"lds ard rainfall 
·rh<> use 0£ the estimatl'd yk4d eq·-1l'tion to preiict tte fall 1993 lmr\<'\t yiclds. l,'<ll-
cm: b>' il!us:rat~d 1•;it:i r1AU1 avallahW in :,farcll 1993. Tl-,,,e values for tlli: -..--ru:ia.ble; 
at\l, 19&: yield s1: = l.3:.'. 1&92 yivhl Jro1 °"' J.54, Tn = -t;: pt<iportion of yc;1ng 
trr.es yb 9 ~, = '.J.tllJl; ;in)JH)tt\on of old '..fees 0-0,.1 ""(L21J6; and Februa11· ra;nfat: 
FEfJRAJ.'i 1 = 4.SV. \\'h,or. t!ww v:criablos »r~ ('nlel'OO ir. the eq;1atlon. :l": "-.~tima:<Jd 
19-93 ~,vqrage yield i~ l,32tJ pou.~doi µer «::T!! \k:rt1e! 1"'Rig:h:/. An <:arHcr fonocp:1t 'Jf 
IWJ yiqJJS (ms.de "-ftcr th11 19\):1 h!tn'BSt but l!-efor.; ~•ch1uary rainfall d.c.ta wure 
avai'.ab;~) uWng ±0 averag" of nainfa'.I for thf 19.YJ-1991] ):X'ri('tl (2 5525 n1ch.es) 



would be 1.424 pound; per acre. The actual yield in 1993 '''a.5 1,3.56 pounds per 
acre. 

It is a small step fro1n the yield forecast to a total-production forecast. The 
number of a.ercs of bearing almonds in ('alifornia in any year can be estimated 
accurately based on previous bearing acreage, plus planting» four years previously. 
less estirnatecl current ren1ovals. Thus, the harvest foreca;t is prin1arily dependent 
on the yield forecast. AParing acreage for 1993 is esti1nated at 360,000 acres. Jla~ed 
on average rainfall, a 1993 f:tarvest forecast of 512.6 1nillion pounds could have been 
made in the early fall of 1992 after 1992 crop yields ;vere kno11.·11. Onc-e the actual 
February rainfall ,Vas kno11.·n in early "!>.-larch 1993, the forecast \Vould be 475.2 million 
pounds. 

CASS uses a sampling procedure (essentially 1noniloring the nut count on se-
lected trees} to predict thr alrnond harvest. usually with reasonably good accuracy. 
l'he statistical yield n1odel developed in thi; study can providP a good supplernent 
to the C . .\SS proredurc. The CASS subj<><:tive forecast. released on June lO, 1993. 
;vas for a 1993 harvest of 520 n1illion pounds. I'he CASS ohjcrtive forecast released 
on July 1, J993, wa£ for a haf'l:est of 470 rnillion pounds. Xotc that. the latest CASS 
forecast is quite snnilar to the !>.'iareh forecast developed in this study, but the yit>ld 
rnodf'l forecast 11.·as available several rnonths earlier. In particular, the model for,._ 
cast has some advantages in tin1ing relative to thf' CASS procedure: harvests can 
bP predicted as soon as February rainfall data arP available, and har,·ests can be 
simulated well in advance of the b\001n by positing various rainfall scenarios 



3. CALIFORNI_i\ ALMOND ACREAGE RESPO~SE 

3.1 Introduction 
fhe Cal<forn!A almond Jndusiry has expcficnccd phcnomPnal gri;wtl< in ;:ila1,tcd 
acreag<' &incr World \\'3r IL In 1946 tl-_,.,,,, Wi'T'C' 109,00'J !l-(Tt~ of i.r(>{s (9CJ!JO b.oa:-
lng) Sir:cc rhen, tl.<i' inrl :ie:ry r:;ua<lr•; plcd 111 >Jiif to 432,1.nJ\.l IM'rca { 4 I I ,000 bc~r1ng; 
in Jl}\i{i. At an average value(•: approxllllille;y S7.000 po:r acr<'. t.his an1rr:::11ts to 
i!. lct<>l ill>'es:me:rt 'n prc<lLc:iw ca.pa.city of ever $;1 !::Jlit>n" .>\s. ~hown in F:!gntl' 
3 l. mt.st of the g:<:.JWth in planted "-'\¥ nf ahnond; oc:nrred duri:n;; thi:; pa.~;. '.hirty 
J'<'llf'>, copec\.a!ly du:-ircg the dccarl<" J(lth3~l975. 

The purpi~"-' Jf this suyply rt'SponY" a.1aly~is is ·_o modrl tliswr,cal chang<'--" Jn 
alnwnC acreage anC Dll:i;ut w:ih. a view to (1) .;-xpiaicing pru;t changeo 11.-:d (h} 
pre<li1;;tlng fll:!lr<l rtsp<m.._"CS to alternat;Ye n1Ju;try ;:ir<i~ttf\, !i.ft:.th-if :i:it &ti-of 
thf s.lr:111r:d icd:.J:;<:zy'~ -S>:p;:ily reJ;JO:l.J" \0 pr1i;e ls tlle tMC'<igf· response a11lL f~1r this 
teaor"'-' 111o;;t ;o;tudie$ hhv(' a-o;s-,a:icd lhat yielJ~ ilW nnaifccted by ;:;rlc~ of iu;iuw 
and outpcL Tln>J, the ~m):hnsis of tt>G anal;-;;1s v.·ih he Qn rnoCe;lng th<> i::ivest1r.'IBI 
te~p:1cs;,. Rcsu!t1; of ~h:S lype of analy•i$ can ha<•,-, s~•Ttal i.;se;_ Jn thr ronte>'.t o! 
l h~ al:noad indu~t :~, 1l1IB of th€ fil'J>t important ""CS i;; tn i'Vahiate Lhc i1r p:iratlolls 
of the 1nCustry 11sn1g the reserve prm·<Slo:io of 1-h« :n::rrket:ng urder tr: collectivl'ly 
re~trict 6<1les to tht ;itllnary markel and '.ncreas<' pri<·PS, A key t<J und1r:stan<ling th<' 
il::iplir.~tions 0! i.;sicg the n:ark<>ting o:der t-D ir.<:7<'l"-W :irttt' is the .;:Z,; ,if ll:e lor:g· run 
~-•rpply ~e,;ponµt (i.e., th>e tot:tl .,.,·a11tuaJ rt,;i1i0•c'*' t;; a p1~tl' .;ha:~) :cud the rote At 
wh%h the industry ad~1.1sts tow;irdfu a ntw t-quJi'.>rh1n1 (i,e., 'hE tin1ing of respon-,:j, 
'f<J?t>ther th~r f11i:;tox~ de~(-;nline >.hurt-run profit~ t:i~t zan be generated by m11;k,;f. 
alM:at.1on5 tl--2.! !.:ad to a iligh<'r average pri,-e to producer,, and the CuraUon of thos<' 
p:nfit~ w'iich wlE even!ually tie er\Xlcri by ~np)i;y response-----+i,her dotne~dca!ly or 
ovr.rse.a;:; to the ::.igh~r pri::cs. 
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'rli,o «ll?-lymo ia this SfftiOll i:;;;.s tJ-..r,x: n13in rOrrtpOD"1ltl;, }~1n;t, <t qua:natt>'l" 
analvss of tht· >litaatloa cf''"' i11<l•1<;try (it,; tcch11o!c.gy. in5tJf,1ti011>. struttnro. 
!'actor 1JS€. and C<l!1<:11tions 0f fa\ wr supply) lh~d1< to a Vift\'-' that the klrtg-run supply 
0\astlcir_y (r1·~1NnSft to ;:irire) i:; verf t1u;Hr, pf\"'lil:i!y pttfe<::-tlv f:lMli<. This,,><.,.-
!('ads to" r.-.slatane:rt of the t:"4hlor:1 V.fi '>ll« ,,f .:xplaini:1g (;;·,,·Ly rhe ;:;h~<'rvor: 
supply r<'•:,0nw is-"'"" than .,,.,ffftly cJa~tlr. :n the sh01·t and lnterm.,,ji11.r,- run a:ui 
(i-1) rn011Hur1ug t3e dw-at'.on cf thf" ~hort r·J11 as ti",e period f.ur:ng v:t:ieh scp;:;!y 
resp.:•ik<w ],; l?Ss thru1 P<t1feetlv t>lastit· a~,;:, :hw. in 'l''hicl: profits c1>n bt' 6('\H.'tated 
by n:;;.rktt a:!o(llll'.•I: f"Jiictes tLi>t lta;I to ;guScr a1·er11.g<- re.-i'lluc1 Sw«>nd. nttdeb 
of ~npply r1•sµon-;r a.TI! rf'\":e;1•e-O ;;nd •h:vtloped. Two 1n:J.ln thret1-:lt II.I\' >'Xp:ore<l 
in this rlc-velop:ni;ui; :n.:luding (1) lht- gr'::~ral littrllt\IN'. O'.l P"ren,-,i;;..' '7''11' supply 
~~~;imifc, a,-,d (ii}~-" altcna-::ve "P>Jl\lttch, fo]o,.·ing that of JoTfma" and IIeiea 
'.J989), !lw.!- 'lst'> 11 netA:li!SSic;d ir_v;-ctn'.<'1!t iundl'l t,-, >tud~- iL>"f'ct:nt•r.t rc"['()USl'fa 
HI the ahnt-t:d ·,udustry. 1 Tht- ttii:il corapOllffil- 1' e1nµirn:a: ll-nnlfi-i», b..sed = lhf'. 
111,)dc•; d<C•-,.lop1n<Cn~. 

'fhe fir.al outp\u froni the hllJlp!y an:Jys•s i• hUU1nwxiuC in t<1rir..ll of ll- set or 
01nn:\01:s chflr t"-" l:c used to "':>"''*1lt !he sup:::i!y <Jde <:<~-Ch<" a:u:,,,;<J e<"Ouc-"ny. 
1'he>e ,.quati,-,us rr:r.y ':>e ui;cd ~o <:~-rive ( l f 5Upply ( ;i.er'-'1\gf' nn<l 'Ji;tpul _\ rMpon"" tc· 
µdte rlcnig"" mer >11r1aur :n:ngll:;. o[ rnn. \fr) hupply resp(u;,," !c G!-her variah!.--s. 
( ;,; ) 11 1:1ea,;nr<> af the aua.ber of years requirwl tor fn:l a<ljustnv·nl t'.:I a ~rn1nnent 
p,-i~e >h:tng<'. and (;ir_l ?rojf'tih;;oo (•f the tim.-; path nf supp;y re~pm,£t \(J a simul1<v-<l 
l"'r;,; 1ner-c1•st· (or ,·l:i.'.l1ge JJJ oth<'r o>:OJ\Vli'<: ':nria.\.Jlr~). 

3.2 A General View of Supply Re5ponse 
Detwmlnants of Lo.,g·ltun Supply Elasticity 

1'01,., indu&try ""pp!;-· :s :Iv' o.1m of the ;;ulpal" cf iii! indi•·idn!ll firn19 ln 1:i.~ in'1a~­
try_ In"" <--"01nµtti1'.\'B ind.,~1-ry. iudi\'tciaal fir1u~ arr ~icahk- •o \1:fluentl" the pri~f5 
0f &ny 1,f tho: i11put1 nr c<:tput-li h<:(#!lS<' '"'erJ fi~n> ls 1u111] relatlvv to \}:e tocal 
ln<li.:~try. If a] J.npu:n "'Pt<> freely 'l;lri;i.:ilc, and t'.:~"' w«t<' coustant retunil>. lo scalf 
<"C1 th~ fnr111 firni li;v<'I (i c, a doubEug er o.ll input;, in,-J;,,-J.ing hi;m;,.a <api!nl. lca<:l;; 
Io a dt>nh!i;ir; of out pnl), !nd1-.._Vh;11.I supply r:-,,pcaFt' "~'nltl b-.o pttfl'<-'. ly elastic '. ~ 
spor.;;iveJ. !:1 r~alit.y, t!ir SU;>ply f~~P'-""'e dm::sh,1:.0 of indiv1dunl iix:i10-ar:.'1 farm 
oitt,-an· const1ainf'd l;y qua_.~l-flxoxl inputs (:npnt~ that lire fix~t. Jn thr sbort rnn 
hut ,.-bi~h ma;- bf- varied l:1 th<" IG1:!1,-,,.- t'.ln, sn'h a~ bttcri::g ac-reaye) \\'h;le hy 
rleh:n'..un there AfT nu 5;..eci inpu:s 1n !hi:' '.olig run, :Ulllit.geriill 1;apat~l.'" of !be f(lrm 
linu ll!ll) b~ :<"lati,·i'-IY tixt•' ;-,,, ;ntfr:nedi0-tl' fl"-"iod~ ¢-nd thi~ ;~ the fe-c:'lr thr1t 
\"nno1t·21ins both <!1c <1ptln:a! fir1u s:~e :-\Jid t!or t<..:,;,ol i!Ze 1Jf t!Je '.nJ\!Stry 1 

Tt<" '.ad!lo/ry ~npp!y re>p!ltl'il' funrt1oi' i\ " t<'f'.ection of th<' So.pply rf'.>[Xlf!W' 
n,-.,.;,:<Jns ot" lndivid,;c! fir1n.> (ir.,-:ull.ing current lir1ui 211:d ;:ictr11ti.al >'tJlrt.nts to th" 
il:<.hwtJ:y) ;uodifit>d b:- thc:r ~oilk•(t:ve lll\jhll.:'.-:< oa tht prk-e. v'. v<1rinblt f11,;ton. of 
pt\'<ltH:li(>n th;ot are i;;cr.iltl\?~d iu ~ht :uCu~irv. \\'hLt pdl'O\·~ of varWb"3 inµct' are 
M<Ol;tUO\l~ \(:th" i11d\v;dultl ll1r:1~ in 11 (.:;n1prti:1ve indu0::y (sln~-e tL<-y Ill'! all pric;o 
t::tk(·t" in inpu; ""d output m:.rkr!s). flrn1~ ,·an &fffft pnrt'<' •!f Jn;:>u!~ (;o.nd outp0tJ) 
by tli~ir rv!kietlve actio:1s This vecurs w Li"'' :h? h:d;,:;try rz..,,,. '.ll\ :ip;;;ard- ;;.'.or!ng 

'. 'fw> g-cn~:-~I J>•t~n<Ha: ""'>"" ~~;,-p-ly '""!><''"- li<•<c.:,.,,- in<'lm\"'- Ovr e.:arr.p.e. •tudi., Tf F,<o.ch 
>114 fir""'l' r ( l %~) FfM>d1 ..,-,d !datth~w~ \ 1'471) fu>< and t 'arnw11 ! I41C,J- Al•ton, ?r•d.'1<itn. aud 
qullk<•r ( )!!!;()), F<««ch, ""'f: ~t<d \!onam1 ( 11161'; ft<'noh ann l{lng ( l 18~). :--iLCckt '"'- fui>ee., and 
KH'l( ( l~ro I '""' .-,,,,"';, ,,,4 V.' illtU '. !lrol!) Sr\'<0.:-~I ~!h<ll• ~,.,. "''"""~d t.y A,"-a;-; -mil c ~mmi11,;t. 
(L, 7& !~117' 'l"lw nMC'."'1<0<~1 !!)Y•ot •:;e"1 -•11pro&h ha<l h~en ""'°" pr•vt~u•ly f,,, o.!wr '""' """f'' 
;r~r cx.,n>;:>l* by \\'i<k.,,.,, and (;_,-,held ;1;,73\ W< u•ff,_o .o~d "'l' -~klr~mn ~'-"" 't;-;,,J, (l\1$7) fqt 

tea). 
'ln '~-" 1-'>~4'' tw.n, cliff~""~""" hi k .• ,-n~n ~"l'i•~1 "'"""'"' f4'"'""' """ lfr.<-i• '"be !l.e ""'""'! 

<l~l,·diu"~-l• uf p~rtut<·u~ <l•ifcr~n• '"' 1n I~>'''' <'~e ,.,-cl lu a(C•>"h' fx "n "f"ili~""''" dt<c-,ht<w.. 
M '1><itru>I £<.rm ,,;;<.t {S<lm;,,.,- 19~5] 



su;::iply cur•-<" of QH':' or n10,,_,, n>µHL• su that r'?-rtnr use by the industry till a 1v!wk> 
affects factor prices. A oon:rEOH i:xa.taplc ii: ¥,rien'.!1ue is lan<l that :.s reg;i.rdri as 
boi_ng ; aµpr;ix;nui.lely} fi:.0-l. i" tfrtal :Htpµly, ""''--=> t:i,,ugh ir,•:Evi<hial firms C!'-!l b9y a! 

n1uch Ja..-11! m; tlu"f d:irwl wi~hout sig.<iiil a:illy affecting ''" pr_.:n.3 ·Thus,""""" w~1en 
it :s tea..5o!l;1ble to E'XfR<"'- the long-run ii!..P-01; t~sponfe (qf llrnis or tltB indu,,~ry) to 
~Xl J)'Orfrc1 ly o:-!Nrtl.;. th•· inv;rrr:wiiatf'--run iudus-try sn:Jply rospo11se function can ~ 
:e'>'S tha;, p.orfectly <':!!~tic for a nun;bcr of Till.o/J~>- Th<'f.e '1!cl·1d\' Ex<'J_ fattors at 
th>" fi~n1 Je-.1::l 11,-,d ']lni$i,fixffi f11Ctors ;i! the indui;tty level. 

:r thB 11:mond :nClliliry, th•:r~ ate kw ~n<'ritili~<'d fac<<iv; t!:at are lik<)!y \c ii':u1 hl 
hnportan1 tomt~ziuw on '.he inthstry's S>.l;>ply rr;;;pJIIBE ir. t:i~ longer rtn. S:iitablr 
lan;l (v>ith iµ\g;i.tion Will(!< rif(hts) LS :<r:an,Tly aO,uud!l-nt iJ.tHI i:. is un\ik.:Jy that a 
signilic;1nt expai»<1on in ?lnnnd acre.<1g(' W<)u>! hll>'e imµorta:it effect~ on 1he prio:e 
of i~rigattttl land in C;;!iforniCl. 4 Thf' i'1d\L'4ry is also z relatively ::;1n,~~l u;,cr of 
agricuhund che1nit"11'.:~. equipment, o+,h<'r pnrelL"!hOd in:;:n1t:., and agricnlti;r;<l lahor, 
.and might ri:'aso:iahl; bv r\";;arded ai a p<kc takl"r in th" "''ar"<.e-ts for m<:«t puwhased 
j,,pu:s, ''''tn :r. th<" sl11.>.~t r11u. Thf' ~apply of nursery ~tuck could h<· \irt1iXC. in the 
sh0rt n11; HO\\l'"~:, fur thr typ,,,,; of rra~OllS pt(':5f'ntR<l above-, the- nur~•·r) industry IS 
!tkl·ly to Ix·"' (YJnITT.ant--cost lndus:.ty iu th" long f\n1 (i.t., abl8 tn supply th,; almood 
iudu.stry'5 :~'IJ\lU'c1uents al f'flJJ,tant pri-u>;;) T'::lus. the nle <:! a:i up11·a:d-sloping 
$upµly c~ir..-e ii:: lh<! nursery ~to;ic1<. 1n<lusl.ry, ''' inoC:if:ring }\lppiy rcspo140 )r. the 
Almond Jnduotr}\ •> :ikely to b<c .;:w1t-Ji>:~-d- lt is, !wweve:, oni:' .!f ~h<e n1a.1y !act= 
that lead ~o lag:; :n fllmvnt. supply cespous•' !L' ptl<c (hangc-i; ii,,, a ("'lntributur 
to the short-rur. dynamk·~ o( fic-pply r>:Rpv=" rath,-:,r rhar: a ;rour<e of lon!';er-n.in 
inelas1icity ;;f supply;_ 

There 1re tv.v <dJ;;;r f,;ct0ro that ~oulJ li:ii:t e:l(p;,,nsi011 of tL« induosh:y H• re!!pcnsB 
to a ;>rice inc~l'-GI; Jn the short ,,nd lnterniedi;;t<~ nut, T!:.ey <er" (f; iii<" 11va:O;.htlity 
(a!IG wi!Jr.,;;-ne:;~) of people "ho h;.ve the ne<:'esJary (Xpertiee 111:<l skills :,or huma:1 
cnpitfu~ :o ""t,-:,r the n:d'.l<>tf)· in r,ooponsc tn ua '.ncre1:111e ii: pr>>llt.11.bility. ;;.n.-! {it} 
the a·:ailat<ihty of capttaJ h.J Jina.nee an lfl>{".<tr::.ent !ll nc"" almJ1Ld trees l':t an""· 
:sth<g c-~ "·:;nld-'.Je grm1w. In ~i;ric:.i.!tcre. :h~ traC.il!(·f!lll >icw hru. hfRr that tile 
suµpl,j· of iuvNitmf<nt t'apit.c1l ls h:ike<l qu:tt tl08l'lY ta the i;1;p;ily of ~apitai nw11cd b;· 
fnr1ner1- to a great t:trent ~ap;tal iu agricult \tre is th<' e(i:Jil·Y of fa:rmers ntther tl1iL'l 
rhe NJ.c1ty cf gvneral 1nY,;o;;;tuN, ;ir :S tons1rair:td by '.he equity of fanl\eto un<l<:r h~nk 
lending rul<:s. Fann .'i.rn:s typ;;;.,J]y t;t.ra01. 1si;u<J e<Kuritl?$ "" 11at1ooa\ ma<·kf':t. at>-1 
::nus> inst('nd re~~· for <;n1s'.Jc fina."lCB nn l1:11tks Gr r>~her inkni1e::liari-0~ \ :1Jilv1<lJal 
lir;r,L a.-c like:y 1-D fa;T 1'.n Uj)IV~rci-<;!oping ruµplv o: (il.p:tal fc;r inv()S!rr1<•nt :n partic~ 
ulm- ,-nterprisffl, ~ml:: dS almn;1<l pr<x'.nrl1or1. brrau$~- lf.<· risk ci' rlefault ls likely ;o 
:n<"rci'.&t' as :h.o prnpurtl0n cf rt .. !:t co eqwty inrrirasa. Thus, th" r"pply of capital 
t" tL<· 1lhiustr:- will Le !i1ni'E6 to- ttv:: e.'itent •hat the supply oi f~_nn open).1l!f) is 
'.ii:,it~-0 (ot b.etau"e thf' 1\\p;ily uf et;!!tl} to tl;e hxet! supply,-,{ fm·rr..-·rs is Emiti'dj. 
0n<: •·\tw, tht-n, i;; thll-t !n th.e ir;".flrn1edi11te run, t!J• BUPf:>ly of (\J,p~t!J lo ~nauc1' 
\:;vest1nc11tt iu al1111:~.:1 p1·od<.:<'tJOll is :1pw;ml-sloping !J01·a,i;,e 1!1c snpply rrf farn; 
<.>[1<i'raturs tc> tLf indu~try is l<'i£ t.han i•u•·Wtt;y eh;;:_.:;_ Tix~ rou~lr;(nt1> a1e leS$ 
hkely t:.i he e:Ttctiv~ 0-..-,-r lane and the lang·f1!ll supplv <;'lr>e slw11;d \)P perfectly 
eh"5l ;~. 

lt< sum1nary. :in: tapµ-;y rei!X'!\\<i' 1n a compt1t:t1.-o iu<l:.i.otry if wndtlionl'd t'Y 

:;1\lth<'>';gll •&i<<>):,,rdi ian~ "'"Y k re\Oa;Jod "'' Sxd JP. i?i~! nipply, •!->~"!'Pl> .,, ~ porri<;;:ar 
i"tl""'"l' \""'" '*" ~hnvnds) rn3y h~ 7",-'actl~ "h-•ti<" 

":-11~ '"'""-'nd ,ud""'Y ~"'' <mfy (\"""II Ira<'.!'°" ,;f ,;.._,. t<>tal in.z..t>i<.l l;.o.J a'o"abl~ in t!w 
""'"""" '-"' ,.,g;,,,,, wb~f~ ch~0\\(h '"~ #-"''" "' '-'l";i;o""l qu"""'""""' f)ulte, Cul"'-" Cvctra 
(~,., (:luin, S"l;,r.<-, Sniwr T~ha'""' Yu~5 "'"! Ynba oo:;ur.litf '"th~ x~rth~r" R~11:«>:1. "'"""-" 
\l~J,,'"· \,j~,.,,,~d. SAA J""'1'''" and si..111-J)~< C~Ul\<lf'(' •a,,,,, C<--011«'1 R•v:~m, ~nJ K<1'll. l\in;;.' 
S;c;: r.ui' Obis;><> ano Tul~re «>-c.t•~s ;,, th.1 South~'" TlfSi""' 

'·Th8f<" ""' ,\6\,>\,le ~~w;>t!'J<"W 10 <,bi. tr..-JlliWul>I ·;l;<w \,, ~~<' (',.hf;r;:ni;t, ~h>!'JCd <00uotp- "-'it\ 

!ht in'-cl'"<"ffief,\ (,j firtno ""'(, M f'>.,>.t;:ounl P;<,."""' hl< _ ~nd f\>)•. Jn' ln ;r,'-n<>f><{ p1udHOt~-"'-
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its production technology and the supply of inputs to th\' industry. In th<> almond 
industry. it is reasonabl<> to assume approxin1ately con~tant returns to scale in 
the long run. at the industry level, M an artifact of co1npetition (e.g .. Diewert 
(1981)). Combining constant returns to sea.le \Vith price-taking behavior in the 
factor markets. by firms and the industry as a whole. suggests that the in<lu~try 
is one of approxirnately constant cost (i.e., perfectly elastic supply) in the long 
run. However, in the short run, there arc many fiJ1:it.ies in almond production and 
these are responsible for th(' important short-run inelasticity of supply response 
and dyna1nics. Soine of these dynan1ics and fixit.ics ar" due to the biological and 
technological constraints on adjustn1c11t of invcstm€nts and output in response to 
price changes. Soinc arc more behavioral and economic_ As the length of run 
is eJ1:tended, the importance of the technological and biological sources of fixities 
becomes sn1aller and, in the intcrn1cdiatc run, the key source of less than perfect 
ela.<sticity of supply may be hu1nan capital- the ability and willingnc.~s to grow 
almonds--both directly and through its effects on the supply of capital to finance 
investn1ents iu al!noud production. 

Conceptual and Measurement Issues for Supply Response Models 

Cassels (1933), in a classic Journal of Farm Econo1nics article, identified the key 
issues in analyzing supply response, and these have rc1naincd largely unchanged 
in spite of the major advances in theory, availability of detail<:d data, computing 
power, and econon1etric estin1ation techniqucs.6 In fact, a significant portion of the 
rather extensive literature on supply analysis during the past 60 years has concfrned 
treatments for problems raised by Cassels! Primarily these efforts have related to 
the dynamics of response and the forn1ation of expectations. Early 1nod<'ls us•·d 
naive expertations (the expKted price is the current price or last period's price) 
and typically assun1ed instantan<>ous adjustment. One inajor development Wa.9 the 
introduction of 1nodels in the late 1950s to represent adaptive expKto.tions and 
partial adjustment (dyna1nics) in supply response, and the~e niodels hav!" predorn-
inated in the literature since , not 1,1,·ithout some critics.8 So1ne of the 1nore reC!"llt 
1,1,·ork has attempted to incorporate rational expectations.9 'l'here have also been 
attempts to specify dynamics that are attuned to the biological and technological 
constraints on production e.g., Jarvis (1974) for beef cattle, Chavas and Johnson 
(1982) for broilers and turkeys, and Chen, Courtney, and Schmitz (1972) for 1nilk. 
This type of approach has been a particular feature of many of the models for peren-
nial crops. 10 A fe1,1,· studies have attempted to incorporate govern1nent co1n1nodity 
policy variables (e.g .. Houck, Abel, Ryan, GallaghPr, Hoffman. o.nd Penn (1976), 
Lee and !Iehnberger (1985)) or risk consideration~ (e.g .. Just (1974), Traill (1978)) 

6Jn particular, Ca.sscls (1933) diSC\OSS<'d the ti1ne character of >upply functions, the '"'ue of 
asymnietric supply response (due to asset fix itic<), the S\Oppl}-rC>pouse price and the 1Jea of pnce 
expectahono, the question of the choice of supply response variable {acroaii;e or output), the roles 
of w<tather and t"'hnLcal chauge in 5\0ppl~ '""ponse, and the treatment of ceteris paribus conditions 
including pricf'S of inputs, pric"8 of competing product<, and toechnology. Cassels ,·iews on the 
difficulties of estimating supply functions have been whocd in n1uch of the subsequent literature 
{e.g., Schultz (1956) and Colman (1983)}. 

'There bave b""u >ever al re,·1ews of the methodological approaches to supply rc<ponso analysis 
and issue> to he addressed in speCLfy111~ supply reoµon•c models since Cassels {1933), including, 
for oxo.rnple, :--'crJo,c (1960), HcaJ;. Baker, D1e>olin, K•hrher. anJ Staniforth {1951). Cowling and 
Gardner {1963). Askart and Cumn1ings (1976, 1977), Shumv.·a} auJ Chat1g (1977), :<ler]o,.,. (1979), 
and Colman (1983). 

"Rev,ews of the use of thL> type of model have been written by Askari and Cumming' (197.S, 
1977) and .'l•rlo'"' (1979)-

'For example. Eck.rein (198~. 1985) al\d Holt and Joh11son (1989). 
1" For example, French and Bressler ( 1962), French and \1at \he"s (1971 ), Wickens dild Greenfield 

(1973) Rae and Carn13ll {1975), Alston, FreebaOTn, and Qu1lkey (1980), French, King, and ~11nami 
(1985), Akiyama and Tc-i,·edi (1987), French and King {1988), Nuckton, French, and King (1988), 
French and \Villctt (1989), and Dorfnian and Heien (1989). 
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Syno}"!'is 

'h'liiiP "01111' pTOlfn'l.$ has bef'n 111ade tn th" a_·.-L; nf i;t.p;;ily anaJy~ffl. a,; ('nhn11n's 
( 1983) tlwr::n:gh rcviuw ii:d'.cauo. t:Oe main lifats that n1uITT be MdIT,;;wod in si:pp!y 
ft'Bpo;ru;e ana'.y~i~ ;:ont:llte lo be thO& :dentt±ltd by Ca • .,~clli (1933). and they •·on-
t'.n11<; to :::ie diffiru:t. l'hls t;;inclusior. IB surrort<'.'d by ~lie SJQtisingly kiw tstimatflii 
µf ku:g~run supply re>PQn4e (!]~ikitits o\Jtained by moot ~•udirs 'fhu 11.ppi;t;,nt sys-
tenIB!k Cownwai:d bias in tr~ti:nat"'-J ]µng-rur. supp!y ;.!asti{'ities 1t i;l:;100! s•irely a 
co!lll!!<tut'Jl<'e of niiaspecilim! dynamifs 11-110. i·xpe<::tat:vnti. a.nii this i~ JL'<cly t<i t<O e;pe-­
r.ial:y in1portat1t fer µerenn:Z! r.rnps for vrhv:l:. the i~-;;ue~ of dyna."11\(S acd timing are 
of L»'er.vheln1iug la1portan,2e, bo<:h <:iir,:ct:y and :n th<e ,Jell::iit;on of r.X;.><'cta'.J(ll\ij, 11 

As Cassels (:93J) predk·tet, Jt hat p~v-en W he virlual~v impo1'k!ible to l":\t.irnaU: 
a lon~-run $11pply resyouw. T'.!e fr11011.-ing di&:l.-'ih.ou ¥>"ill forw> 011 ways to "Pri'ify 
s1pply mode!~ for a.l::i•on<l~ so a.s to gt: tltE b<ost poS$i\JI,; f'Stuu&tc of tl:i" longer-rim 
acrV!l.ge ;i.djus~;oei:ts to pric(' cl'..ar.gf\l, 

3.3 Analysis of Supply Rc.iponse for PerennUti Crops 
Perennifu crop productitll\ ~E[iuire$ a relatively io.rge wpit&I 111>cstn1Pnt committed 
iff(ft a. nu1uber cf }'Phl'S Sult€ p;urinctil"l:i deri~iOI\$ lit2 5llni!ar to other inv011me.nt. 
<letisiQna w:th loog p!a.rl!ung huri-£;>1;f, the ai:prcpriate theor;,t,ta! framl'"''(Jtk for 
perc::tr.n:ii c,rop supply res;_,onae 1s 011~· based <)l: iuve.stmeJ•t 1hoory One rrtr tegln 
v•itl! th<: idea th"! thr. exp;im;ic;n uf ~.qilta; s~ork, <:>r r.0 inveswne.nL ta.lws place 
bcrau:re 0f a di ffercnt.'>' b.:rweBn ~}<€ arlua.'. ar.rl dcsi~W. (:(tpital stQck f;:r a perecni!J.l 
rroµ, the dili"tteat''(' !:.ecween plautiugs and r('Ir'(W!l.!£ in ii given yr-;;r '5 n1"t- \nvestnie.nt. 
fnvemtine.1:t ntay be b11scd on expected ;:iro.'itt <X or. the expected ::>l'f«"!nt value of 
net reve1J1"c- il'l.'t't th!:' life o{ tile investn:e'.1L 

Thf' t"tal .ann1i;;! production "fa p<'rennial cccp, ;;nch as t<.hnond~, i" the prcd-
uct of the bearing i«'reagc a.r..d the yiEL::l per ;u:re, Th1;J, ~hl' en:piti<:al !15<tin1ntion 
of supply respon;;e reqcif<Js exp«:S$\Ons fer btth beai.ng a.;ron.i;e and average yi!:'hi 
per 4CT1', Specifi(ati01: 0.'ld e;,-iilnat!on :,£au equation f;;r anuual b01-J:ing acr<'ag.: 
is more diflitult titan for a.ve1ag(· ywJ<ls b<;>;><c;ae of prnblr,ms associat~<l ":ith detu--
win'.ng the apprr)p;:\a.te conrl'1•t:1al frim€!Wt1rk, problem:-. a.'llJOtiated with data, and 
th" difficultie;; cl ~ecting J>t<ixie>. r!>r \1nob»ervahle Vlltiablee. Sign1fic,,11t tiffi.(' lag;< 
betwff':I decisli,ns to plwt <.nd produ,;>i;iu lead ~o problr.Jus o( n:,yieling .;;oq:u;irta-
ti<>m abv>1t the future praf:labiEty cf a cr0p and th<~ actions t~u in re~pnns;; t« 
thr~ expert~tions, 

The ltJ~ill hearing a<;;rt,ai':,; cf a pill ('nnial crcp in any ;·eilr t 1 e:snits frao '1Xpectiy 
Hons (!.."!ct dec11l1ons math~ \NBr a. period of: thn<" cxtcnding b<.Jyortd the expr,rtcd life 
r>f <1 ;ypi\"112 tree. Tl-:.0 (w;uJng acrflfl.~e in thP :<1rrent }WU' t m the beari:i;: aneage 
tlw prvvious y('at (t - 1\ plus tLf' additl<:'.1 :if new berul.rig <l(t€t\lile '.rr::n plantings 
inade k yea..'5 pl"fcvloJ&;y ( "'~<l:f<l k is th0 u11m~<'r cf yean; rc·quired irm:a pl21ndng a 
tr<:<e uuti: it is rlai.sifled as ~ir:g), 111inu~ TM11ov1tl~ ": trf!e~ <l'-lr.ng ~ ilp curr"llt ye;i; 
(t). Thi>: relati<.:·nHhip •·an he f"Xµ<eMcd as 

B, = f!,_: +PL,_, - fl." 

;vhe1·e Bis beatir • .; acreagt\ Pl. L~ t:('il' p!ant!n;1-", R ts reniri,·als. and k i~ tho numb?r 
"f '°''""''" ::ifte,: planti:;g u.ntil tr-~· orchard i~ b<!a1i.ng In tl:.b ~tudy, Calif1lr11ia :<lmond~ 
ar;;, elassifiod o.> r:OH·b<:Ming fnr •J1e hNi fcniJ )tar;; aft<• plariting {lc"" 4j. •2 Tims, 

ll A down.,.,4~J hi.., O;: tup)>]y ~h>tkilit• ''<>nld al..<.o 00 d"~ in l'"ft W ,~.,. !Mets <h~t <"'1.1\Y 

"if'k~ltu•~; P''"'' U,nc! \() :r.G~# W~e:; ~nd <h• t;,pjrcl '"~~1y.,s <l<>o• <«11 !'"""'""';)' ca:t•f<"A IC>t 
"'""'·r:-ii:>t ~lf""t>. 

'.is,,,. fw:tn<>'.~ 2 in Ch"!'ter 2. 
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a tree planted in year t - ·1 will be classified as bearing ill year!-. It is nnportant tP 
11oie •he time:> aJ ,,..h i(:h lh<' variables a.re rne.a..~urcd ( <lllct1dar y,.ar, crop year, etr.) so 
:ha: :he acreo.ge rciat.iunship~ ate c::;.ns<Ster.~. If oae f()c~es on the bearing a<:r<:ag<: 
.at ~he time o:' hu~vest, «·h1t'.1 JS r~onal;i:: givei: :ha~ pr,;du::J'.lf; fur o. g:'·~n _y~-ar i;; 
the product ni benr;;1z ;}(701,\it> and avrr;,.gc (¥': 1\fl'>e ylt-:da, thc:i. the plan:inv< <1r.<l 
'"'nm.-<l.k; all <Xcnr after the har'>l;$t ;,-, ;,*llr t-1 and !x;fcre ht>r>'tc'~i in Y"ar t, with 
the tin.e after hi!!rvest de:;1gn11tc<J as 00:1urlug :n J'\la:t t. 

'f!te bearint: !>treag<t rel&t.iunship presented aboYIJ 4iY1.ll1\I!> tlmt all removals are 
'.rc:11 bearn<g arreage Tc rro;gnizc that l'Ol:-•e rem';v11ls mav Uv front tlOlllx>arlng 
~,;. Jt1~ to ciwtlS€ er ;:x.hf)r rat;$f0!, thl> t¥.:?.r\og !>treJ.ge r-.<ativn!>.'iip ;~ 

'''h<:rr R,P,k t~ th<: 11u1nber of acre.5 of ""w planUng fn (t ~ ki rerno•·ed b~for<: year 
t. Th;s .;an \;c eltprcssed 1norv conv,.nieutly as 

B,=B, 1 --T-a!'f,~~ Ri. 

whei:e a:.~ <1 pr:ip::r,;oc, ~Egt:l_y '.(,,.~_ :han 1.0. tl:::.t atr»unts f0r ;lo~ "'::iaL-an;:i,,;;nt 
::>! r;:,u;ov,ill, fron1 nonbkaring •~0:!i.•J Sintt da",J. on rcr.icv~I$ hy "i;" cat\!i.;cry 11~ 
t_yph.:al]y not J.'l."ai!ab!I>, :mo..'4 trnpirical work uses a= I (l 

Approathts to e.itl:ma.tfun cf this relalionship havf intln,--J,,,J (i) separaW rstl· 
:nation Qf new p!an:ing" nnd rcrnovah;, v;l.:.ich s.rt th<:'n :ired iu the relli:.10r.ship 
at<.W<:: :-0 ealct:lare ;,ea.r:ng /1tn:si;r, er (it j ef.WlnJ.i:ion of \1 cha.rig,: ln Lear,1ig atrea;m 
~:a.tiooahi;i. where 

Ll.ll1 ~ B, - 81~1 ""a I'L, ..1 - fl,. 

Separ<tte wtim11!\on uf tht• planting and r<onl<)v~l r\>lnt1onships requires appropr1atD 
data Ber;i.u.~c ()f problcn1s v:itb the <.1v<11!;i.bill(\' .u1J quality of µlauting and re· 
rnoval ITT.ta. ~0!t!C f('b(\;r~hrI> have concentrate<l nn d1rtttly <:"$l!!nati11g tht> rhange 
in Warh;g ~cre~.g~ r.-111-tlon~liip. \\'hen acreage ci~t<.1 iL"C :r1.·iillabJr,. bearing acreage 
is i:ypieally m<ei!l~l!rt'\l UH•fe .w.:xura~ely ~ha:i 15 nonh:a:-ii:g :i.~n·Jgr·, pluncings, O! 
rem.qvsl~ 

)<!o'1; r~ar<.:"lwN c1ndt'ling pffl'ennia! .::cnp ""l'p!y : esp;,ore have '.l5t"d an a.ppr>.-,'.l-<:}1 
simiiiJ.f to that pr!'Mnted. by French and Mattb.:~f jlD7l), which atkrnpt~ to <;X· 

plain the Whav:or cl p;-odu~rs as a group hau<l nn W&1.1aptious about indivkl.usJ 
p:Y•dnc\>f 'ee1'>4vl<,;. Freueh auJ :Ylatthe«".'!' h"l>li: a11~.impticu )5 !.hal pro<luc-ff':> havB 
a dwirv<i Jv,,.fl of pt"0d11c\lun of a c.on1m"i'.ty. hw:i'<.l on th.:- exp<'<'t<ed pr-::ifi<l>hility 
of tl:...- CO!!unoCity and :he expectirl pro£tab1tty of alterr.11ti•-e la::.:! u~- Jn :hi.ii 
r;:;od«t expectf'd prof.1abiEly is a f;_inction of cxpe.-tcd pncei; J.ud crn:.t~ Profit ex. 
pectatiom lead to a deoired i.,,,-.,] of production for a futi.rf year t, v;hich i._-ads to 
a de~ired lev<el of bei!dng ocr<'agt· for y<·ar I, and this lead~ to d"Si•ed 11<;"' plant· 
ings 1:1 year (t ·- f;) Sinr~ expectations variables were un0bserYi!bJ;, and so1ne data 
ser:es \\"<'ff ;i,"Jt availah!e, Frt:i~ a:::i.d l>.-1atthewo; (1971) si(apli!'.i"'--1 :hei,- lllDd<>l and 
de\·efi{'ftl p:qxy var:ab:"!\. 04 The app!ica:ioi: of tt<1 :nc•d<C! 1v<>S to aspa:-.a,gu.~.IJ 

ThJtle 3. ! ~Jn1nariz«~ t:ie afraLar1tief and dilrereix:e~ iu t:i~ ap;iroache~ ·Jsed in 
:no<lelF ::.f p<'rfillnial c:r:>ps su;rply r<o>epollf<'. N; tihowa it tlie tabl<o'. t:iz unpirira! 
eslimati;m of thf nfw plantings r<Cla.li'.>n&h1p f>r,. ;;erenuiai crop typically uus onF 

cf twu opliaus for 1he dep>"ndent variable: (;)total at:tfil planted d•1ring year l, 
nr (ii) lfrtfJ a<:NS µ'.anv2C i:i ft'& t ''''a prgportiou of atN;);!A of 1;!1€ CT::>fl (cithvr 
h<-dric& aCXil.g:f' or ~taJ: ae«:ag~j 

13 j-',-e.~rfl- King, :>t'.d !\!inam> I_ '.~&O. l"'g' 22: ,\ f,.,,,,_,., >ma:: P"'"'"'t"¥>- vi din;.; j)Orn"-': pl"*o(u;,,
"'ffl"'''-'" •=h year bt!cr• •~~chini_ ~~ating age_

14 Al<,on, ~1'0wura "'"' Q"1ik.;y (1980] •howod th~t altern~t<>~ forn1ulat<O"' ,,f ~h<> de<ire.1 
ll1'"e"rna11' m<><lol, or which Fl'~il~h and l\olatth•w• '( 1971 ) tc\odd ii 01\~ ox«mplc. <'<>n all l•ad lo tho 
same rOOue<ld--lorm M]l111tk>n fur t>timation. 

·',>,11 ;mpffivo.l w&.cn "1 th6 m»Jd "ppliod \~ M!>'lf>lj\U$ fo cont"'"·"" m Frc...ch iUld \\l;\i<)ft 
(:9S9j. 



Table 3.1: Summary of Main Perennial Crop Supply Respons<J Stud-
ies in the Literature 

Depen<l1•nt 
\utho,.;; \'drtahk 

PLA:'llTl"iGS EQUATIO!'iS: 

Freid• dn<l n,oul"' 
'.1002)  
Rae a:"l Carman  
{1970)  
Ai>tOlL Frwbairtl  
at"I Q1>ilko)' (1911())  

Carman (19811  

Fren('I'. King and  
~!Lnami { 1 qg;;)  

Buolrndl ~ml Kmg 
(1986) 

French an<l '.\"LH'kton l\ai>in Grap<'> .l, 11,
(1991) 

ACREAGE CHANGE EQUATIO:"IS: 

Pf,,Lemon< v,_, 
Apple,(O.Z) i'L, 

Or=~e> (A1"t n, 

.\lmomb n, 

Clrn~ P<•acheo .l, R, "' 
.>. hnomJ., /'J,, 

/'L, 

Frencb and 
~btth«w• (1971) 

Carman (1981) 

Tlior "'"I .!('«1' 
(19811 

Thm m><I .Jo"o 
(1981 I 

Albi"' anct 
Blan<lfo,d :1M3) 

KrnnO} <'t d•. (19871 

Do,fman aB<i Heien 
{19!;9) 

Almond> 

Yalenria Orani:"> 

Lerno:i.< 

REMOVALS EQUATIO:"IS: 

Frc-urh "'"I n""''l°' 
(1952) 

R,ao and Carman 
(1!17,\) 

Alet<m. fr.,•IMir<> 
,,nd (,lllilkeJ (19&l) 

Frt'nth, Krng <>.nd 
~1ir.a,,oi :1q85) 

lJuo),nell ""<l K:ur, 
(l986i 

French 'md N1J<k<on 
(1991) 

Lemon< 

Apple> INZ) 

O"'"H''' (.~uo<) 

Ch"~ P<•a< h•·' 

.>.lrnond-' 

R•t<in l;'"P''' 

JJ,-LJ,_, 

H, ·- H, 

13, - B,_, 

8, 8, 

.~. - .4,_, 
' ' 

~ 
/I, 

,, 
~ 
Ii, 

~ " 

l"dept''1<l••nt 
Ya,, able< 

N4TR,_ 1 ,_.,, D'.> 25y.o.)/ D,_1 

D.4TR, '·'-7 

IJ4T/l, IJ, ' ' '·' ' 
JI, - L 

DAf',_,,,_ 1_ ""' """""·'· labor 

V.4/'.'R, ,,_, i<md squart<l!. I, 
I::((j). (.l, , - //, _). <lummv 

DATR,_,,,_,_ 
l>oo ""lox 
D~:V/I, It _, 

ND,_, D,_,_ la-

(DI', , All, 
DAI',_,-'--'· 
.4lJ,_,,_., 

'·' ·,). 
.4lJ,_, ,_,, 

DA!', '·' ,, .4, ,, t'x <I""'""· 
141"'r rndex 
DNR,_,_ DNR,_,,. D:VR,_.,, 
1>rice ri•k. l', -•·urban 

DNR,_,, DNR,_" DNR,_ · 
prwe ,;,k, i; •· LX< 
OJ', , ll(o- 7 .'-"-~· IJ(> 14y" ). 
dunnn_,-

DATl/,_1,,_,,, D4TI/,_,,_,_ 1ax 

n>k. '""' '  
f'\', , 1'1', 1'1-, ,., Pl', 

rr,_,. 1 1Pl)  

U, , , /JI', 

D,_, 

DAN/I,. H"''" drop <lurnm1 
earl; "'movol dummv 

IJA 'fl{, L, NB, 1• B, 
hor in<lex 

OAT!/, ,1 

i'ole>: .4,. IJ,, NI:!, ~"JR, d«oo:o total. bca1ing. HOt>b«anng plan0<..-1, and r.•mo1·1•d acr1•ago• in 
)-ear I. ln th~ other v•nahl<~. ,\" - nornmol. /J - <'c-flatcd. ·VII~ ""' ""'"'"'· 'fli. = !ntal ''"'"""' 
.4 before a 1·ariahle denote> a' era~e. ""Jth 'bt' n•n~t' of the '""''~~(· rn<llC~"·<! I,_,- r b•' i''lU.criptS for 
cxa.in?I<', DA!>'R1_, ,_,, " tho deHate<l aver,ge ""' re,enue o;er the p1•no<l I - 1 to I - :; .4 V, , ·' , 

<I""'""' ""''"'~" ~'"'"mg acro,ge di:n:.g that period_ .._,·.o · - "i·ear; old: 



--Altlan Ca,...na'-· Chn<l<~n, Durft>1'L~. !A>d"tta, ,,.,,{ ,4eJ:JVI! 

S~ud1e; tha~ are based on the pr-fflI!;w ilia: new p\w:;tlllgs art a fu;,:uon o! 
•.>x;;ccttid proiitab1li'"Y of th<J crop often ;iv;u;ne that r.:ofit ex;ie~"tat:Ous are lxi:l<2\l 
on recent experiB:t<:XL T'.-ius, vaMb~ to m('il.l)Ute r~ent prof.t(lblliiy n'l\f take th1: 
form of s.nnual pr:ws, total ~VBnt:e, t;,tal r.-v~nu<? ninus cott1, ;rnd 1ndexe~ of 
co;;to. T!:ww varlables n~cu!ly enWr ;.ho er;ua:ion ~ :novir:g ~'"lf!lget. ~anging •rpn1 
one to P.vi" yea:c>, with 'h<' leLgth of !l;e movi".lg average to-·frica'.!y bai;;er:I on th.; 
fon.nnlaticr: that p?<n·i<les the be~t ;;tatlsti<:al result~. (lther "-ariables 10 mPru;.ur.-: 
profit ~xpecta~;ons •lr cl:'.l.nge~ 11:1 expe.-:tRtfD11S due to :.et:hnology or gm1M::unent 
pr0grwns :taxes. lnb(!r, and mai:ket.tl!( orders) ha:;<e 11:.S;:. been i'illlplcyed. S01ne 
o~udi~ bl\ve also in1~h1deC raria.bles for recf'n! br.;i.:ing and 1:1t1nbearing l!.frt;i#e, 
assu:n:ng dtat :ncr<'ll.."t~ 1n the m:<Jek of yo11"g tcanng a..-,C noobearing ttt'«l v6L 
d1<p.-e;.~ profit eJ1:P'-'<'t11.tloni 1<nd plaJJtings-

Trees nit-.\' be rt·u;ov"d in r>'1p.;r1se to 4 nu1nbt'; ,,f f;ie-tor:;., "·ith d;xJlnlr:g pr<;i-
du<:tivity o-.-er tinH' 1:,01ng qui;e iruportan1-. Ot!-icr facton; snch as ur'.mn c;;;pansioll, 
a damaging fr;;a't<;, diseae. ''"*'" probl<emh, <ll' sh0.ft·rnn prufit expe,,tations m:1_v 
ai!;(l a!fe<:t removal~. Since mf>Sl enipiric:i.I stud;t>s ctn not l<att" del!liled data on the 
ag" dJStr;butiun of :rees nn,J ufl.eu fa;:::f" proble11ii 1'1\~oo,.ted witb rf'lia!:ile repor! it..; 
of &nnt:a! re11:1(•vab. the e~t11ua1ed remmals equatJ'>rs W!lC: tc be n'.1bttViate<l As 
..hewn in TabAl J. l. tJ-Je r<>nio;a!s eqt1,;C011 Ill'\)' '.nclude c:,Jy one <>r \f>'O variable~'>!. 

:u th<' ex:rcme, 1r.t1,,v b" a c'.ltl$lac:'.. j'.l(!'!'CCntngt' of b<ca~ir.._;J" acreng<> (t.g., F:€nch ar<l 
Bressler (1262) }, \\'1:-.B'.l <l,,_Wilo>.! C.ata on t!w w;e dlstrib'Jtio11,,f :rNs are a\'1!iL,(.;le, 
one mny ob~ain VflfY good :;stimat.00 n;n,ovR;!$ re!atinn.sh:ps bi<md on t~e age ,,f ::ie 
trew (as done by Frv:u:h, Killg, """ :\1lnlll:li (l\11$5), fur exa..-,,pl<:, in the:r \\:.vdy of 
the cling p<:.,;c:i ind>Jsrry}. 

Appro:i!hmttFly l:alf nf the :&tndit'li re\•ie,,...:d have Min1aterl a ehuagF in a<T"age 
(usual:y hea.ri:1g acNage but wm<:time:s tot.;.! acr<:age) ~.-41ion.~i:.i. that cnmGines 
plantings and rl'nlt>l''l.is, ,..;tl: appropr'.atF l~o.. int(J a ~ini;Je <A\Ut.tion. At rr~'t1a1:.Ed 
pre-vloa~:y. thi~ approoeh ;soften takM.t ic. reoporu;r to the availability and/er chc 
perceivf"d quality of plantings and E"mo.-als data. (Jf th~ perennial crnp acreage data 
:,yvically a;·a\lable, bearins th:t~ is gc11trally tM Ill.OSI relia:•le. 3yee:fication of a 
cllillll? in b11at>ng a'r".i,g<· equnti•_>JJ r<:>quites wriab'.ct: a:isoc.iattd -... i~h both pla:itings 
ilJld tilt.'l.tr;ds, with lags w MXouni t0r the time reriui:-00 !or plantil:;gs t<; w.a;-!-, 
hBaring 4gt. Whtn pLu:ting:; are a fur.!"tion of 1'.l.gged aw.rag~ re,·enlZ't. the lags 
w;soriated with cl:;ange in bear!n;; J<"Rage in ;rar t can be quite· >Jng. 

3.4 ~lodeling California Almond Supply Response 

YiirlJ Mvd..ils 

.\{::st pet<?:iniill crops our11ly response II\Odels d.E(Omp;ise 01tput li1tn y\el<l ar:<l 
acr"agc G">rnponents. E~tin,atJ(•" ;if the -'>liuonci yitlrl eq1W.ticn wa>. di~cu;,«J in 
Cha:;:>l.<'r 2. :t rcm~uf ';(; s,,ecify m,idcls to f'XpL).\u the c;111llg<% iu aJmond ¥'l>:llf'! 
r~ulting fr<>m plar.:~i11g and rcmova1 dR"u;ieuo. 

Mod<:lls ITT Pinutings 

Tu:o al!-tn11:ive app:.i ..C:1es to m0Jehn;11; c.hnond ~•!hlltillg.s w11:\' investigati.<t ]'he 
Jira\, ha,;td on fea~H>Wl J)res<Orrted b,v Fr<:nch <1u<l l3r'2'.ssler (10021. Fren<::t aad \iat-
:hew& '.ln71), Freneh. Klug, an'l ~.t:11ami (1%5) .uiJ Alston, r:·ri.'<:·b11irn, nnd QU.:!key 
11980), as revii.•u:e;:l above, 1\.'>!lU!r.es ~hat iuu111al pl111tinJF< are a linwr f'.inction <Jf 
~xpcctOO ana?al profital;.!lil.>', thf' pr«vioWI yrur's a.("rFnge, a:id i'Hr:e:it rem;:i\-a.l'i-
'l'h.; 1:11orl~l, ()qs!gnated as the Traditicrnd A-1<.>del (T!>IJ. is !if!{:Tificd a.~ 
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where PI,, is plantings in year t, rr, is state-average net (after-tax) returns per acre 
in yea.r t, K 1 is the stock of trees in year t. and R, is removals in year t. This 
incorporates features of the models used by French and Bressler (1962), French and 
Matthews (1971), Alston, Frcebairn, and Quilkey {1980), and French, King, and 
1'.linami (1985). 

The second 1nodel. designated as the El\'PV {Expected Net Pn:sent Value) In-
vestment lvlodel. is derived from the earlier work of Dorfman and Hcicn {1989). 
It is b[l8ed on the assumption that the amount of inv.;stment (I) drpends on the 
expected present value of a stream of net profits derivt'd over the productive life 
of an investment. The annual strean1 of net profits (which rnay be negative for 
several years) is adjusted for tax liabilities and discol!nted 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 would accept in exchange for an acre of aln1onds 
which are about to be planted. It is assumed that an increase in the expected net 
present value per acre of aln1onds planted '"ill lead to an increase in plantings. 

Changing incon1e tax laW5 can significantly affect the after-tax cost of almond 
orchard development as well as the inco1ne stream from the asset. There v.·ere four 
major changes in tax la"·s with potential impacts on aln1ond investn1ent decisions 
during the period of analysis. ~·hese ineluded (i} the requirement that almond cte-
veloprnent costs be capitalized during the first four years after planting, effective 
in 1970: (u) rules effective in 1976 that required syndicates to capitalize develop-
n1ent co~ts for all perennial \Tops; (iii) the Eronomir Ret·o,·ery Tax Ac-t of 1982 
that increill!ed the i11vest1nent tax credit and reduced the depreciation recovery pe-
riod to five years for trees; and, (iv) the ·rax Reform Act of 1986 that lengthened 
depreciation recovery periods, required capitalization of development costs for all 
perennial crops, terminated the invest1nent tax credit, further restricted agricultural 
tax incentives for non-farm investors. and reduced marginal tax rates. 

The basic investment function postulated for this study is 

"·here the coefficients /30 and /3, are the reduced form paran1eters v.·hen investment 
cost is a quadratic function of investment and Ei'llP\1 , is the expected net present 
value of an investment made in year t. 16 This equation can be estimated by linear 
regression techniques using either gross investment {plantings) or net investment 
(plantings minus removals). BecauS<:> of the time required for investn1ent decisions 
in almond development, adjustment costs, anct possible short-run constraints (such 
as li1nited nurs<:Jry supply of tre<:J stock), the ba~k· investment funt·tion is expanded 
to a partial adju~t1n<:Jnt inve~t1nent 1nodel of th<:J forin 

(3.2} 

where 1' is the fraction of the desired change in investment that is accon1plished in 
yea:r t. 

Models of Removals 

l\Iany studies have used a very simple removals rnodel that assumes a constant 
proportion of total acreage (or of bearing acreage) is removed fron1 production each 
year---.c.g., French and Bressler (1962), Alston, Fre<>bairn, and Quilkey (1980}, and 

16The quadratic in>estn\ent-cost function captures the Lncreasing costs of high levels of plantings, 
due to factors '11rh as limiterl suppli<'S of nursery stock, planting teams, or the management 
expertise needed to increas~ capacity. Profit rnaxin1i>.ing gr<>wer.< will th~n inc,..,ase plantings to 
the pOLnt where the expected net present value of the marginal orchard equals the chang~ in 
total investn1ent costs. whLcb with quMratLt costs io a linear function of the level of planting>. 
R<arrangement of this profit-1naximitation condition give> the eqLLalion above. 



Dorf1non "-rid ll<;ian {1989) In rnany <::ao<>o thi~ typr ;if tpoeclficotlon has been t?ken 
as l!- ;:Jcfi<'Jl! optinn l:mo:a\1sc an a(-:.em;::it io mc,,J.,l r<'n1ovals u a:; ecnnoI!'ic r<;~p011sc 
has -"""" """'IC('CMful 

Tc pri~ciple, <> !'f!l\OVllh; :niy,kl ,~2r; ~k" ~:1c ::w,rr;e forir J$ t'.1e i:ivestr.icn~ 1:1cd\'I 
'fhai; is, a de;:'0!01l t0 <ll$lt::,\'ft ln ,,11 exi?tii.;;: il!K> cf i.!nw::1d :.~~-- tr. remc'<\' th<; 
tr{'(!I; -v:il1 <lepl'nd (>!l tlvc ('X}lCT'tffi n~t pwwnt •l!.h:" of the bt'nefits from ff't>J-ini.-,g 
the tn:<J5 \n prr);Lu,-tl"!!, the nppcrtunity cm<lt ,,f fon•guw p«:tlik~ from alt<crn1J-!i•«' 
'.JS<CS :;>f thl' '.and, 11.u.i thf' coots c'. :£mvvivg th" tl'l')!% fror:i production &>ra.""f 
yiel.;~ (l?r'.1nc ;w, trixt ape, lli( Jecision t(> r\'m<lVt: 1.;<J'S ftoui p~oCuct'.un '!!ill d<,p('11d 
on tht'r ;ig" { <:xpeMrd age-spe<::i5c ;.i'.O'ld$) ;;i.ml priees >!:nd cnS".s. Tl:I' opl ioa: aw tct 
which tu r;;move !r<:es frcm prnductior. ;;hatc!<l vary with clv~ng0" in :;ir'c\'5 ;end ca,;~s 
~,11d chus, fnr a give11 population o'. ire;»;. the averag<C re:u,~val ratP ought tn -.-ary 11('-
cording to toc0no1nlc conditiono and th'-' a1;c <lis~rihution..<\~a fnrlh('r cornpErat1011, 
thrrt may be d11fert'nl'CS in Lh\l nature of reinovals re>pon~e to changeli iu µrices and 
;:cr-;t;; btotv:Bel) (i) ren10111Jls of t~s to reµlant with alrnr;tl<iR, and (ii} removal;; of 
lr0'.'r5 tc free •he Ian•! fQf 001r.e altErr:at,ive use_ Similarly, plru;tir.;;;:< as ce;i!acement 
ii:\·cstn:f'nt m,a;y ;nvo>:~ 0:il'.'u-rnt oosts, anJ thnf'fcrc <lilft1Utt :c:<ponses, ·Ji.-..:1 alt0o 
gether ue11c plantlrtg«-17 As v;i~h p!a.'!t1ngs. <wn mo<lt!t ,;f rurucvuls '11.-er-e spenlie<:i. 
a traditYmal mcdcl aad an ENP\l n;odeL 

Thr trruhtlOna! ri:1ao''ak mcdl'l ;ru:1,,Je<:J thF aamq h1111i,. "xpL-utatory Vll.riabla;_ 
i::«hi<lir,g lagged :emoval~ ~did !lie traditiona'. p'.ant'"i0 ln<><:itt_ ;,; 1'hc rtr:iOl!als 
"t:"atior, lll ~plT:lied as 

wher~ ll1 Ill ;;,cres removed fro1n pt"dueliou in yeN t, -ir1 i.\l statR-av»ra"'e uet (a.ft'-:'t· 
tax) r(•(1;rns ptr acf(' in yrar t. J;."1 is t.\1t11l acreage in }"ear t., H-nd 1; is a t\rae 
tr1"nd. 

Since it 1~ rl'"'-'lOl!atllF to "x::><'ct rr':nova!s t;:. br t<':att"! '<J th" Et\P\-- of an :u:re 
Gf a::ruond~ aru! tG th<-: ng" cl th•: trees, the fo:lo11:ing in\"\\4~11:..nt l!t<)de: is s:igwos:cd 
for rnnovai--;: 

L'L-'1) 

whero R, ls rvrnoval;, Jn y+nr t and OLD,.. J ls ;wr>:S ,_,f txx·s ru-nring thn end of their 
pro:Ju(th°" !if? in yG?r ! - :. ·rhIB :iiodcl i1 sirnilar tn tf..<> rcr1nvalF model JC French 
and King (198&;, t<u1cµt tha;. '.hPy were a";;\ry to 1;.Cimate te:J1u-;M !«.-pamtciy fo; 
ea<:l: ilS<r ,_.!;u;s. 

3.5 Data for the A11alysis 
Data weri> ph•-alne<I VO a V:lri<::ty uf <"COnt;in1ie varnihlcs to per1nit the estl!nati<-111 
of th" ><tiio"> t"111µonent~ of suppiy re5P"'-''"'· ] hnre data .are listed 1n App<cn,Jb-. 
Ta-~!e• C2.1. C~.l- C3.2 ar.d C3_J. 

Almond A;;re~c Data 

Data on total w::reagt, thf' acreal"" in >1Uious al{" c1tegcri"1, anil plantinJ?I aIT 
n,-po;tOO by the ('.ahforni;: Agrieii!turul S\i>iisilefil Scrvitf- {CASS}. Them.' data art 
no; alweys :nternall.r ,"1.lt1Si$\~nf- _Fur :i1s~11nce. ;he nr;;nl;ec "'.acres in a parilcllla: 
ag<' ~l1'SS (J"-Y 5~year·cl<l rn;1t.-sl tCJY.r.te<J 1~, year t + & n ~c:ucti:u~& ~n1n\~r than 

1'A~iyo.;;ia "oo;J 1livoJi : ~m<T) d ;,, ino;<P5'> b.•lween pian;ing f.>r ro\)h1..;~,"~'" ~"" «~t inv<'S,Olffi\. 
Olsnn ( lf!l:!6 l pr.;ovid~, inf•Jrt));i.t>Pn on tho elfe;::ts of <:h~"K"" i!J <X"<»l<nHk Vl<r\abl~s •><ch "' tnt.,,-eo\ 
rat~s alld t~< \!\W• ~n tho °""nqmic• of uprouting ><nd r~pl.-.ndng ahnnnrl•. 

'"All <>f <he m<tcl~lo, wlw! ll<'t oc not traditinn~L "-"" la;o;gecl valtt<',\ DI' P"<e> '" the cu•"~,-,~-1 ion .Ji 
.::Co inoon!.--e >"'at)-.'lh!rs {~:.p.,,;t<l<l '''" µr<ser.O v~'~@ '" profit ~biii\;->Th~ .hlf.:r<·nce• l><t •:"''" '"" 
rr.-cd,,C,. ie "" tt~ "'"I' •ho undfrlyo~g ""'~ src ma~iµul1'Wd ._.,!) ,;· \ht'" "'"'<"P<«lat~-'--~-



tl:e nutnbrt of l1~0 t:,a1 1•;er.e :rp<1tt(·C. as plantet! •rt ;rear L Jn 6)!ll£ lruit<1nces the 
reported arga cf new µlanti:-1g.~ ii. !<.:'.'!> than the repcct%d il1<'t<',a;;f 111 tot :i.'. tree nurnb~rs 
f<>r ;he same y€;i.r, i1:,pl;'ing negfltiv~ rer;101al;;c af :rce> d11nr.;; that }iillf- CA.SS d;:>8J 
WJI: adj1;.1t ;irior total nrr<:ai)" end no;nhBiriny acrenge Z> ;,ux-o:ir: for und~r-reptr'.4d 
;;ranting:. iii prier yca.-s. T1n1s, it '''as ne<:•'!lsary <:o ;uijnut tlie data fm µJ.intings, 
&NM< o-f 1'e>nl>ocarH1g t ;i'('~, and re:n0•-;<'.5 to eh~n'.naw grr- violations c'. the Jav,·s oCC: 

natort'- TI<10 CASS ~fril'o on bet.ri:<g acreage were :.,,ken M g;>"'r'l:L 1-·_:-ees repo<.>"<l 
in ea<:h ~ class each year W<Or-2 l'fil'(mied for um yell!'~ alter th? p'auting dat,. t" 
f.nC :he :11a:.:ilnurn r<tp;ITTOO ll{:res pl11n!t<l for each yt111·, ilie maxirnun1 was u~ct ii.$ 

till> p!«.-.tin~s for that y;:ar. Pl1tatio~ \\'etc used :o tAkuiate nonhear1ng R:::«.--.tg<-, 
total a~-rea;~e :>ntl ti>mov;J:,\ Beca\W" <.>i rhese ..Cjue\mentt, the c:-dLula!eC acr«alf" 
daw ws,.,J fe: t!\e P.nalys;;; diffcr frorn thr>:ie :"Bpcrt.-.d b:r CASS. I" :no,;t Cit"''!i :ht' 
nel~il!)' a<ljuot;rnrnts "'ere re]J.~Jvt:l} miner, l;n~ ~~"fart tL!i>l tbey w<:'!'~ JICF!®i41)' 
add~ 11n P;.;plicit rLa.MJ!I fur "'-'Tl'-"''u a;_,n'-ll th.; qua.lHy of th<C dl'.<agg:;egate<l d;U,a (Jue 
:>f the advantag'-"l 0f the more n&regnti-n' :uet iuv.:stmf'r,~j :nodeU. that t«Wih:!er 
<m\y ch.angea ir; total acreo.ge ;~ tl,at they are J.~ Y11lnt•ral>!e to 1ne'lAtrMncr,t ~rrors 
nf th"* tYP""-

Tllhles CZ, I an,\ C3.1 lnclttdf' tiata on t0tal "creage (,4,), p;anl-ing~ ( PJ,, ), re. 
n:;0vclt (R,). 1v,n!:irarffig acrEagc (/\'E,) -..:ith t:«>s 0--4 years ulJ, bearii;g rv:reage 
(H,), nnC. the (OHtpcnents of bParing: ill'ttag:0 in~lcJ'.ng your.g bearit.g [YB,) :.rees 
5-9 yeiU-S o~d, n:aturv be11ring (:WIJ,) t:Ees 10-20 )-Yfll'$ okt anJ 1!d be1ir:11g i Ofl,: 
tr'*.-s, greater than Zfl y'*lts <1kt Re-:uovz.ls Bre !'(;;r;por~d as 

(3.5i 

whk:h iR an <K<'Ollriting '.dencity rerlw::ti"g that thr .;-hauge it: b~arili:g u:i-eage 01ust 
e<;:.ill-l. 1,he ;;!a::iti!lgf made 4 ~""-"" 1:<gn ntinus thc e11rr~t retn!..'l'tl-1$. ln oi:r Citlruls-
tian~, ren:ovab !><Xc>rding to t-l:iis f<•1rnula 1tT~ alwfl)'t µo~itive non1t.Jrs (b~· con'3t:nt-
tio11) v•h1lf" rcc-.ovu\s (liJt?-irwd using j1.:»t ti:<- (;ASS d(l.\a Hn1es v.n be nrgat'.~'(-. 

Production and Yield 

D;;t« on an1:ui>-!_ prod11<"tio11 (Q,) (lr:d yield~ rwr h<"aring u~~ (y1 ), ;;1·e rppnrt<'rl. 
in T,,.b:;; C2.l The fill;ure< for y'R\d are t'1Du&<.u.U~ of pound;. pf'r beari!!fi IJtre, 
kernel 'kYJght. <:'al<:ulnt,-0, by d;vidinr, th" CASS S.gllres for totul producci::in l:y the 
nrrrpgpondlng l:if;l;rcs for be<i.ring atr"...ap;: \iir ""' CJ, In, j 

Almond Prices >Uid Ave.rage Re...-enue~ per Acre 

'l'he da:a m' ;irlce~ f<1r a::monJs '.p1) iE 1·10bii' C'.l 2 ar<' expressed Ill 1iCJllars pi't tnn. 
kl'.rnel weight. fa.r11:-{;;Jto >Yjciv11lf'nt. 1'>; rom:;11te average- novrnue pt•r beann;; arr<\ 
thf' priti' "'a!i rn•~l1iphffi by the av<:mge y:f';d P"r ':lt::.th'lg <l<:rc, To e:,::tir!"SS tLio iu 
rwl t"1'ins, 1J:f' oomi:.al rt•ven•:'-''li P"'f aero were rlcflatcl by thP G\;> df'fi'\tor ba.'it'<i 
1977 = 100 '.f),j. Thus G, ""Pttit!IJ,. 

Est:<;hllsbment lil!ld ProCuction Costs 

1'h?. lli$t \\<?fl iu ralcuh1tlng thr. :::;')1: ptN\".:1t valu;; ;:;fan acre ,-,f almon•i'>"' to d<:-ter· 
ni;11e th<J i;xpectcl f'rtabl\shn1~nt cwt~, E~t:iblisi;1nPnt :"O.~ts for ~hv fin.: ii;e ye~t) 
of an a.!1n•.>n<J Of<'.'hard nre <'a].;u(ated [)~~<OJ OU figu°"" f.,1111pill'1 by t!-1<1 ;Jnlversity ,-,f 
Ca!ifJrnia Ccop<.'rat;Y., Ex1rrs1on Servi<_,., Crop ))i_;_dgets for lhe yvar~ 1\lt\9, 1031. 
and lfl!IB ""°re ust:(, Au.st ir:d11x for prtceo pald by fannen; n-as r-1np!oye<l tn 0.>ti-
n;a!-(' <MtaGlis!w.:ea! ;r0t;; for y<ea:,; btlw&"n bndgt'r !lj)tlatRs. Tu ~rru:oth th;,;; ser"''· 
ccsts fur vear~ betwi::i::n published huq;et yea:t< n;<:> N-ttn;atf'd as a nti!';h'.ed avrra~.o 
of thn b•idgets dlr...-·:ly Jefure anrJ circctlr af:icc \hB )'t'tlt ln q1;~ti•;n, a;;Jng th<· n.:111-
btr of ~'€afs 11part as t.he wciglns (i e .. a \i;;rxr '111~~polatlon·;. '.I latll~matirllll,>·, usiU£ 
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the )'i"W"S of JlliO and 1980 as an exa1nple, th<:' cost~ for 191~ "'nuld be apµroximated 

"' (3 6; 

\:i.7) 

Cosrs f0r th,; y>'>!t> hctwem 1991) ,,_ad 1958 "'ere appwx'.m11;t"".i fr01:1 th<e 1009 dr.ta 
adjlliltt<l f0r iullat\ou 1)1i:l!'; ! b.; i"rlex Qf ;'.)ric,e• p:i.id by fant~. C:m:.S (.;o 1009 a.Id 
1900 Y."to:i" t<)nstr-1MOO in a si1'1.i'..s.r &l3Tiner 11sill{; the 19'!S tro? bJ•l.$~~ 5g-.:ires, 

ll c>CCieo ?f vnriablc co'lt;; for each Yf'-<U v.·a.~ ali;o constru~le<l fr.;;i:i the ExtensJJn 
cost b'.ldg.,ts ""d tht inde~ nf ?rio<cs p<ild by fur1n('l'.~. Variable ('05ts (or~~1ard upkeep, 
hari:~sting costs, i"tC.) ar<; a.~s11med to begin in th<: orchard's fourth year 3S a sniall 
crop is gcnt·rally hat\•r:sterl in that :-·<"ar. 

The expected cost (klri"" ((-,, ;i.n ac~e of almnnd& planted t:iday tl:e:"efofi' consi~t~ 
of establi.;hml'nt ;:osts fur tt.. f,rst 4 Y<"JJS ;>.rd rxpNted varia:::.J<:i cost,,_ for years 
5----3"> (:.;;., :r,,m yi:ar 5 i;11t.J t'.>t rerr.ova: of the <:>:t<?fH1rd, NlJ'.l!nOO he;e to be C.oru: 
after 3'1 )Tl!i'$}. F"1itabllshr:1eru eoo-W, includiiig aE nf:t:'AAi1lfY tolit5 su,·h as :rrig11tion 
t.)"Sletn ll'ltta:!At,nn, pruning, waler, and cherniraJ aj)J:>li<:Al.ivns., Ml't &:¥>'-''"ed to l:w 
knOll'll eitMJly ;)J thf' t\me r;f planling. Variable wsts an: not !'filUmOO W lw knz;wn 
& planting. l;vttad, txf}{'rtetl >'3.riable <:'M".-s for <:'.ad! fD!nn; ve'.\r are asi;a::iiOO tc 
ue equ&i to tht \llTHtbll' eosts fur Pxll;t:ug orch;.rrlJ al- lh<: time of pJan\ing a<lja~"t?'<l 
;1pwat<l by r11: exp(•<'tiXi rate of in!lation for ;;;oot;,. 'rtu,,, ~u~;;tl)!e ;;;est;; ~ ye~ after 
planting "'O'.l!d. b<' f'xpoc;etl ttJ equal 

C ••O»1+.•=•·c1 (1+•"'' • 13.8)·'•' 
' 

whet~ t•(o, are th>: variahlr. r,osts in year t. g, 1~ th<:- exp-ectud ratf' of re<il grow'.h for 
alL"lf,nd pro<luctioo tO&b, !;lr-d the supe;.cript e (odicatcs '\ry:pf:!:ted value," !'i'Jt\J 
t/-.at ::;; t!>n. bf< t<:;.ua: tG tt'rf,_ Vp_riable costs f0: t~.e fi:st fuJy-bc:.rin_g ~.,,a~ are sh.:'"'" 
Jr, 1aJle CJ 'l.. ,.-ni;f tlu ""'"b!i~hrr,<"-11! oo>t;, lor ;i.n w:-rr of a:motl(lt :..re :;Lown in 
Table (;3_J.Lan.d p:ic<!! i:u-.; r>ot 1ncl.ided in lhe t•rtabLsUneat eosts be\:a.use it has 
b€e;1 as,um!!<l that ih<:< land '"'" b<C resold aile.r tfw life of the on:h,,.r<l for the srune 
r<eal -,t.luc;;.;. th<.- orwr:a! pu:<'.h11--<e pii.:·t>. 

Th;: focniZ>tio.11 of t-!ie ""();;<:t\!-1 ser,<:s of l:'oot1 O".,,r tht llf<· t)f tC.~ orcha...J C'Jct· 
:J!et'-'5 t;•e !itsl hall 0£ t:i.<' i;.r" pr=t .,.<>IJ~ (!.i\!cu:.1tion. Exix.'Cte~ re•:eTIL{iS r.iust 
'.lten h? eot:m;i.11Xi t<J co11:1,;'"" t:1~ exerci,;e. 

Revenues 

T'he cal<:"ulation ,,f the <~:<pect?d screa1n of rewoues begins \:iy e;;tirnat-ing tlk y,..Jd 
P'-'' ai:re for e¥h year Jn tb;: or(hard's Jiff. This is done utilizing Olson's (1986) 
estinatt-<.: y:ocil·aw.' :;ir1>">lc "or e. ty;iic.ll aln:orJl ori:hard an-1 a n:ovi:ig avErage ,,f 
past uinionc y;r.ris. ()]N)il '. 1Jf.:<t,; d.,..'CJ;:ipe<l I he ylelti pr-)fle of a:: a:rnood o:-.:U!.rd's 
;:rroduc1.ivC ::f,. fron1 age 4 ("·!-" n l;ienriTig is 1!.Afunw<l VJ lJegiI,) lhro~ ilg>o !)(;_ This 
profile ih e";;ww«! as a fra.·tion of th<c full. rnatare yi<ld and is ,¢v<'n by thf' y1<:1d 
fact-Ors '" ·rahk· ('3.J. ExpcrWd mat-11re yield;; f<1t ar. w:rc of alinon<ls plant~ 
in a ;xu-!itllhr y<'lf are estin1ateri i.i~ir.g :he ,;.g~ proli!e of the tree sl:1ek l!nd Rn 
.asst:n:p'dvt of !inec.r growth in yil'id.>. 

!\.r; '"5"' pn;fEt< fo1 11lu1.>nd~ "'"" z:ur.st~n<"trd fr<>m ;he Catu on ann:ial ;:ilant1ngs 
and ren10>.-,ili. It wM 11.ssum<:<l t!..;.t remo•·a;s v.·ere dist:iburco:'. Z>cr0r;s tr'X'-'> vf C ilfere.nt 
age> "-i1li n 1rw::tiDn {l/n) of the rt>movals bein.g l~year·old trees, (2/n) of the 
removals b.cing 2·y<:>ar·old trees, etc., 1•p to (35/n) of tbr r<:tn('vals being 35-y<i>ar-o!d 
tr<?es ('>»Iler<' n = I + 2 ·j· · - - + 35 = 530). Thi~ dividiln 1t.e Nmovuls so that r'.tey 
'1rP ''-'r..o::tr.:rutell h; aldilr t:-eeo. a.s "·au;,J he "xpe<.:ted. 'fhi; !'1:"51.<lting age proflio :s 
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thf:'n adjustrd by two further otep~. First, any negatiw nun1bera are Bet to z;,ro. 
Second, ~he age profile of e«ch yl'ar is nntltiplied by t.he fa~tor ne~r•~rtry to make 
~hi' acrroge of the ~fM:'G 1nuo~·I; Che reported bearing ilcreage for e;;ch y..-;ar. '?he 
ag•, profile is only :onstp,;(:..B<I w a.se 35 bec1•;.1~e aln;ond trees H• 1nodrrt., On:p:a\cd 
otchartls typical!y do not last un!i1 ~e 50. whic'i w.as the w~x0t!1UCI ag>.> D.J!l5it'.e=ed 
by Olson. 

Tu ""tima.te exp«:tlhl nE!J\lre yinlds the production fuuetion was sp&iflqd '* 

whetl" A,,, is ih0 nuul:Mr of beeri'.lg a.c'.\"S c: f4?;C .1 trees in year i ar.d v•.• is th<: 
yieid ni age ~ trees in year t, Y\ek'.s ar.; as~1u:1c'.l to !'oliOVI' ~he r.,!ation 

wher.,, j, is Olson's YJ(ll<l !;trtor :'.;1r ages trcr.s :;nd T, i'l /!. tb:nk tr;:>:itl ""·hieh eq"als 
0 f::r :rees plar.w<l i:i 19iSiJ, 1 for :001 pl:;.::ings. e:<: Th"Js, 0 is :he expe<:~ed 
matu.~ yield f(:r treim pliU:'.rd in 1%0 and l reprownt'l t:-.<: sv<irug<' Rnnaal imp7oct 
of te.:hmlogi;-,,,J. ;mpwvt;1u<:nt~ on mature yield"> Ordh:,.ry kasl sqnarrs estirn;i.te'l 
of the ,3, 's nowlt in sn <;}ii11mtcd mature yield for 1960 pl1J.ntingf. of 1746 JL/acre (in· 
shell) with ;;n <"'JA'<-i( ,; in<:r!!!l.Se of l 4.12 Jh/aCT'l {'()<;h yv;1r. 1'1'.l:'Se cxpe<:"I r<l (n1at11rv) 
yiC:di; an>~ shO"-'" fr, Thble C3.3. for 19f:~l!l9C. Thi; ~;;;Hmat(<l c<::_uati;:n1 :s 

(J.1 l l 

The expected yi<:>ld (pound> p6r acre, k"rnel-weight) of <tn s-ye3.r·old orchard 
planted in y~ar t JS given \:ly the product of the yield fat'tor for s"yr\i.t"old trees and 
the expe<:"t..d yi.,,l(l f<!r year t For exainple. a. 7·year.nt<l tr,;.e planted in 1975 would 
have an exp(!v-+.;;)d yirld of 

(D.334~ x (l74B.0+ [14.l? x 15)) = 16'.ll .S lbs/acre. 

"ib caleu!ate tilt' PXpei:tul "''"'""0i in a give1 year, all th«t i'> n0l<:iwl is lt.!1 
""'""'~«.! ;;rke with whieb t.JJ rnultirly the e-.:pccted y11cid. Th" P.>lll µr°;('l' vf abn'~'uls 
'.arK~l by a potc!lti;tl r.1m•)l"1 Cn'lit'.ft"r >8 11.<suncd to he :hi>. mo'it xeC"<'tlt rf',,;;] i:~io= 
d>-aii11bk; the prire in th" .vt:iu i::n:tit·diatcly pnoeerli'.lg pla:ni'.lg 0: tl:<e orehard. 
However, :h., net p.'V\W~'lt vale1e <'a);:,ihtiun p<>rfonr.ed aloo allcno·pd f:.:r ~he investor 
to 3.5Stlme that prirti.~ will gt()w at soine constant gro1vth rJ.te, Yr· 'l"h·.is if "·e denote 
th!' expected prite by pf, the i'xp~ctud n1ature yi<~ld as }~'. and the yield factor for 
tte('s of age,. by J,, v;c ct111 "'r1t(' the j>Xpectcd grus& ruW'l\UC in ytar I+ 11 from an 
oc:e plan1Rd \r. yea. t M 

\J.12;  

Jn calCtJlating expe<:"Wd w·ne5 r+w1,,;e \n thls fashion. a cobweb nv>dc1 l'l ns~-umed. 
which Y.'fillS w nrn.uire that lnvp;t<:>B hnid the lla!Vf expect;i.tion that f11tnl'f' prh.·0i 
"'ill be equill to th'1' pr!!viJ4l> y.;ar"s p:-icc A!t<c.rn;,.tl\"1:' l!pBciF.calicr> might Involve 
mki:Jg ti-.<! a.v<;'r;;ge if. &?ve~o.l p:M<·ic:;s years' ;;rief's. or ult:ng 1'.1c ;1redi;;t<;:J p:i(~ 
frou1 a full ~1~ppl)·"ax~·l"d?1nand :nGdel of til<: indu~try. lal<:r hi the cnapt{·r. the 
resu\cs of (I.TI !!Slirnati;in u&ing ~Yr<!.! lags of per·a~rr. profitability arf'. ~epcrc.00, 
,,,.hirh approidwat.'1'~ the fir~• alternative sirategy. Th.1 ~crond appro;u;h is really 
not practi~al, ~inC!' the large variation~ in ind11stry ~upp\lrs o\'('f the lifetime of <'ll 
orcha:rd make oxtn.polatlon of" fit{ed value into the future no u10re a::rurate th;;.n 
3.H extTe.polation of any 01 ht>r va!u~. 



After-Tax Net Present Values 

To comhine all the expected costs and revenues into a single expected net present 
value of an acrP of almonds, the tax impacts of the costs and revenues must be 
consid(•rNI. Fir.;t, all net rcvPnUPS (r<>v<>nues minus costs) should be adjusted to 
after-tax ,·alucs. Srcond. thf' depr<'riat.ion allowanc-e for the capital cost of estab-
lishing thr orrhard 1nust be \'alculated and a tax deduction credited to the investor 
for each year in v:hich thr orchard is amort.izrrl. Third, in years v>ith an investment 
tax credit ( 1961-1985, cxrrpt for 1967 an<l 1970), the investor should rereive a credit 
equal to the total cstablislunent cost of the orchard multiplied by the invPstment 
tax credit rate (e.g., 10 perrl'nt). 

This procedure is 1nost easily described in two stt'ps. First, experted net revenul's 
(E!•IR,). after taxes, arc calculated for each year after braring begins by subtract-
ing expected variable costs fron1 expected revcnut's and then applying tht' iucon1c 
tax to that total (including an allov•ance for normal depreciation deduction). Thl' 
second step is to deduct establisluueut costs and the investn1ent tax <"red1t to rrcat\' 
the after-tax, expected net present vitlue (ENI'll,). Let AfTR, be the investor's 
marginal tax rate at the tin1e of planting,19 ITC, be the investment tax credit rate 
(7 percPnt. 10 pere!"nt. etc.), E(:, b!" the estahlish1nent cost (not including land 
prices), J1 be thP depreriation allolvance in )·ear Land r, he the real discount rate 
(opportunity cost of money). Caleulate expected net revenues lirst 

(RV;.,., - ve;·+,l (1- ,!,fTR,) +MTR,§, (3.13} 
~11-1 (1+9r)' (f,T() - vc, (I+ 90 )'] (I - A!TR,) + l"1TR,J,. 

for"= 4,5,6.... 35 y<'ar' from planting l'hp depreciation allo,•rances are based 
on straightline dl'preciation '''ith thr capital cost amorti7.ed over from 5 tn 30 years 
depending on thl' tax la,.·s iu force at that particular time. 20 Depreriation hori7ons, 
n1argino.l tax rates. and investment tax credit rates for the years 1961-1990 are 
displayed in Table C3.2. /..larginal ta.'C rates are constructed as ,,fTR - (the sun1 
of the top federal and (:alifornia tax rat<"s)/2 the self-en1ployed social security 
tax rate. Thu~, the tax rate used represent~ an av{'rage h<:t,.·een the top marginal 
rates and the bottoin marginal rates ("·hich are zero) This rate should he fairly 
robust as inve~tors in higher rnarginaJ tax bracket.s are more likE>ly to excCTd the 
Hocial 'ecurity rap, tending to bring their total 111arginal rate hack in Jin~~ "'ith the 
ones used here. 

'fhe cxpc\'t!'d n .. t presrnt ,·alne of a newly planted acre of alnionds is then given 
by 

B 30 

-L t:C,-'-s-1(1 + r,) 1-• + L f;f\'R1+,(l + r,)-• (3.14) 

-"-lTC,(l + r,)-B L' FJC 1+•• 
•=0 

"'here the variables are as de/in{'d above. Note that the in,est1nent tax credit is 
applied to the entire capital cost of establishing the orchard. and JS declared in year 
t + B. "·hile the establishment c-osts tbe1nselves arc discounted on an annual basis 
to properly acrount for thE' impart on cash flo"'· of the actual cash disbursements.:i 1 

"'It LS aosumed that the investor expect• that current tax rate• will hold in the faturr 
'"Cl:ote that the actual (economic) depreciatton os sub•umed in the yteld function and in the 

expectation that the orchard will be removed J5 years after planting; tax depreciation then enters 
th~ presont-,·alu~ cakulation a.< a tax b~neflt to the in,estor 

" C"ote that orchard costs in yea" t + ~. . . ! + B are ind,,d<>d in the cakulation of E '-' n, + o, 
hence do not appear in the first term of :!. 14, hut are also included in the con1putation of th~ 
icn-.-stmetil tax <re<l1\ (the lat.t !erin of 3.14). 
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The number Bin the suminations &counts for the fact that in the 19G0s and 1970s, 
almond orchards were not considered of bearing age for the first 5 years fol\ov,;ing 
planting, so that establish1nent costs continne for 5 years, '•<hile in more recent 
}"Ears, the orchard is deen1ed fully established and bearing after 4 years. Thus. R 
is either 4 or 5 years fro1n planting. 

Values for the expected net present value of an aC"re of almonds ,..('r(' calculated 
as described above for the years 1961 1990 u . .,ing discouut rates derived fro111 data 
on the real after tax opportunity cost of fllnds. Thr intere~t rate on long tern1 {30 
year) bonds is multiplied by (I - AfTR,) to ron1pute the after tax return, then an 
expected rate of inflation is subtrac-ted to yield an expected. real, aft('r-tax rat(' of 
return. This series is used as the discount rate even in y('arS ,.-hen it is negative, 
such as daring times of high inflation. The expected inflation rate is taken to be a 
four year, v.•eighted moving average of the perrentagc incrca>:;P in the G:;-.IP deflator, 
where the weights arc .4, .3 ..2, and .1 on the µa.st four years" inflation rates. The 
values of E1\'PV in CfU.'h y('ar wrrr then eonv{'rted to constant (1977) dollars using 
the GKP deflator. For {'xan1ple, during 1967, 1968. 1969 and 1970, the percentag{' 
incrPast'S over the prPvions year in the values of the GNP deflator \Vere. respectively. 
3.55. 2.57, 5.01, and .5.57, so that the expected inflation rate in 1970 "·as 

(D.l)(3.55) + (0.2)(2.57) + (0.3)(5.0l) + (0.4)(5.57) = 4.60 perc-ent. 

ThP nominal interest rate v.•as 6.5l percent. and the marginal tax rate ,..al> 47.5 
percent. S-O the expected real after-tax discount rate is (6.51)(1 - 0.475) - ,l 60 = 

-l.18 percent. v.•hich was then applied to the various expected t"O'>t. net revenue, 
and tax tern1s as shov.•n in (3.14). 

3.6 Estimation of Models 

The plantings and re1no~<1ls models specified above "'ere ~timated using the data 
series as de\·eloped and described. 

Plantings Mod<Jl-Traditional 

The TM (traditional plantings) model presented above "·as esthnatcd by OLS using 
data for the 1962 1990 period. ""t after-tax r('t11rns "'rrc calrulated as (price x 

yield - variable cost )(1 - marginal tax rate} using the niarginal tax rate assn1nµtions 
des<:ribctl in Section 3 ..5. These profitability n1easures "'ere then transforn1ed to real 
terms {1977 dollars) using the GNP deflator. 

The T'.\l plantings equation \1·as csti1nated "'1th the 1·ariables as specified above 
and l>>ith the sarne variables plus a. tirne trend. Both forms \vere also estimated "·ith 
the dependent variable specified as PL,/TA, (plantings/total acreage) but these 
results a.re not reported since they \Vere inferior to the n1odels using plantings as the 
dependent variable.:i 2 The estin1ated T!l-'I plantings regression equation inC"luding 
the tin1e trend, 'vith associated statistics. is 

PL, -11387.0 + 35.259 11"1-l + 25.988 11"' _, (:J. 15) 
l!--l.5D] [t=3.50] :t=2.36-

+ 0.17750 K,_i 0.19056 R, 2029.0 Ji 
!=3.ll" ,l=-1 20; [1--, 79: 

DW.-1.32 

l':here PL, is plantings in acres, in year t, r., is state-average net after-tax returns 
22 A number of alternative specifications w~re investigated, indudtng the specLfication< adopted 

by French and KLng (1988), :-lone of the alteruahve specifications perforn1e<l "" well as the mod~l 
reported here. 
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per acre. in constant 1977 dollars, K 1 is acreage in year t, R 1 is removals in acres 
in year t, and T, is a tin1e trend, 1962=1.23 

The explanatory pov.•er of the 'rlvi plantings equations{~ rnea.~ure<l by R;,dJ ) is 
acceptable but not as high as one would prefer. I'his is probably rnore a reflec'tion of 
the quo.lity of the data than the model specification. 'The Durbin- \.Vatson (D. w· .) 
6tatistic i~ ac(eptable. 

In thr C6timatrd T'.1.1 planting,.; equation, farmers' expectations of future profits 
seem to be formrd mainly hy the two most re(ent years' net returns. The capital 
stock has a srnall. significant, and positive effect on invest1nent, possibly reflecting 
a trend in demand or a demand for replacement investment {for anticipated future 
removals). The most curious result is the negative coefficient on removals; this 
coefficirnt 1>·ould be expeetcd to be positive and in the neighborhood of one. One 
explanation is that this variable is pi(king up a missed factor in profit expectations; 
that is, large removals in the imrnediate past prriod are correlated with reduced 
expected future returns. 

Plantings 	Model-ENPV 

Partial adjustment ENPV planting equations using both current period and onc-
year lags of ENPV, were esti1nated using OLS. The R~dJ- increased from approxi-
mately 0.60 using the current period, El>'PV ,, to 0. 76 when variable wru; lagged one 
period (EJVPV,_ 1 ). The specilication with the lagged variable is clearly superior; 
the estimated equation is: 

PL, 	 3.2120 + 0.00058 E/li'PV,_ 1 + 0.5810 PL,_ 1 (3.16) 
1•=1 92] [t-5 .\8] 

R~01 = 0.76 	 h,.,J.18 

where PL, i~ planting,; (thousands of acres) in year t and ENPV, is the expected 
net present value of an acre of aln1onds planted in y<'ar I, in 1977 dollars. Durbin's 
h statistic JS not significantly diflcrrnt fron1 zero, indicating no autocorr<elation of 
the regression rrsiduals. The signs on the estin1atc<l coefficients are positivP, as 
expected, and both arc statistically significant. 24 

Remove.ls Model-Traditional 

The traditional removals model \Vas esti111ated using OLS v.•ith data for the period 
1962 through 1990. The estimated reniovals equation is: 

R, 5398.8 5.184 1ft-l 7.8458 ,,.,_2 13.831 71",_3 (3.17) 
I•~• 56] [!--1.0&] [t=-LU3] :•=-2 G2j 

2.8431 rr, 4 + 0.0044 K,. 2335.6 D70, + 28.375 D76, 
1•=-1162: [!=G 16] [!--O.Q2] l<-0 57] 

738.4 D82, 
[f=0.10] 

R2,,, = 0.59 	 D. i.i.-·_ = 2.Zl 

where R, is thP number of acres removed in year t, K, is year t bearing acreage. 
1ft is year I state-average aft<lr-tax r<eturn per acre, in 1977 dollars. and three 0-1 

23 Sinoe the ooeffic1ents describing the effects of per·acre noturn•, lagged three and fo\!r years. 
were ins.gnificant. they ewere excluded from the eeported equation.

2•1n arldition to this plantings model, a model using net investment, planting> less remo,·als, 
as the dependent '"'riabl• was al.«> estimated This model abo incorporated a partial-ocljustmen\ 
mechantsm. \Vhile the variables had the expected •ign<. Durbin'< Ii-statistic indicated SLgn1flcant 
autocorrelatLon. Thi; model was not pursued further. 
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du1n1nies to account for changes in tax laws are D70, = l for 1970-1975, D76, = 
for 1976-1981, and D821 =1for1982-1990. \Vhile ea.ch of the (·oefficients on the 
lagged profitability variables each has the expected negative sign, only one of the 
four has a significant t-value. The coelf1cient on the stock of trees (K,_ 1 ) also ha.s 
an expected positive sign but is not significant. "l'he thrL'f' tax dun1my variables 
included were not significant. 

Removals Model-ENPV 

The ENPV removals model >Vas also estin1ated using OLS 1nethods for th<' p<'riod 
1962 through 1990. Th<' <>stimated equation is 

R, -5.248 0.000052 Et.'PV,_, + 0.1370 PL,_1 (.1.18) 
i'=-1.99] l•--0 7lj l'-"-80] 

D. \-\-'_R;.,_ = 0 38 = 1.23 

where Rt and EiVPl', are as previ<n1sly defined and OLD, is the acreage of trees 
over 20 years old and bearing in year I. \\'hile the coefficients ou the two variables 
have the expected signs, only the acrea~ of trees ov<>r 20 years of age (OLD,_ 1) 
is significant. The explanatory power of the E.'\P\l rt'1novals n1odel is low. both in 
absolute terms and relative to the traditional re1novals 1nodel. Tb{'re are several 
possible reasons for unexplained variation in the rernovals relationships. First, the 
quality of rein ovals data is typically OllSpect and the accuracy of the almond retnoi.-aI 
data is easily questioned. Second, the better µerfor1nance of the traditional niodel 
could be due to removals being driven by short-tenn inarket conditions surh as 
recent profitability or prices of almonds.~ 5 Third, thf' ahnond tree age variabl!' 
(that usc,s an age of 20 years based on data availability) is probably too lo"' sine" 
most available information indicates that rc111ovals due to agP often occur after 
30 years of age. Finally, almond gro\vers n1ay \vait bt~yond '''hat appears to be the 
optimal r{'JnovaJ time in order to improve their estin1atl'S of fut urC' profit ability "'bile 
avoiding sunk e:ii:it /{'ntry costs (see Dix it (1989) for a dt'scription of such invesllncnt 
model~)- Overall, there are good reasons to believe that the ENP\.' forrnulation 
is a inisspecification of the removals problem: thesf' considerations reinforce the 
&tatistical evidence, i.vhich favurs use of the T:...f model for ren1ovals. 

3.7 Validation of Models 

Fro1n a statistical standpoint, the best plantings equation JS a partial-a<ljust1ncnt 
model using lagged cxpectf'd net present values, equation (3.16). "l'his equation 
is used in th" within-san1ple simulation model of Chapter 6. and in that niodel's 
application in a revenue-maximization set.ting, in Chapter 7. The fitted values fro1n 
this regression :are plottrd along with artual Yalues in Figurf' 3.2. Onr preferred 
removals equation is the traditional u1odel, equation (3.17). Actual f{'movals and 
the fitted values from (3.17) arc plottt'd in Figure .3.3. 

Formal validation of these t\VO equations include~ the analysis of statistics de-
scribing the fit of the equations over the esti1nation period and the ,,,-a)uation of the 
strength of the equations at forecasting out-of-san1plc data. Pindyck and Rnhinf{'ld 
(1981) have shown that e\·en equations with high goodness-of-fit coefficients, signif-
icant t-valucs, and good Durbin-\\'atson statistics n1ay not forecast '''ell within th<' 
estimation period. In addition. if the equations are to be used for forecasting. it i~ 

useful to evaluate out-of-sample performance. Having in rnind this evaluation, i.ve 
reserved dat.a for 1991 and 1992 for out-of-8ample validation. 

'"French and King (1988), Kuckton, French and Ku>g (1~88), a11d French and \V1llett (1989) 
concluded that removals are dominat~d hy age (productivity) factors ao><J vacy "'~h r~turn factor> 
on!; ie1 the short ru!l-
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dicted 
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Table 3.l, Validation Statistic~ for Plantings and RemO\'als Models 

--------~ 
. ---· 

R•f.•>>1i!l11>r. 

Cvunlr!I f'ent>d R:\!Slc.' TJE L' H r.;" li" 
····--· 

\.\'lt hin-srunpte, 
Ph1:11:11g:.- 1951-0C 4 2'13 f) {r13 OtJOO (),:J&; :J.9-35 

IJR1J1ovals 1002 90 2.209 {;_()37 O.OOCI UJIB9 0.91 i 
____________..__ 

Out-of-sample;  
Plandn1?< 1991 ll2 1 92{) ti 28:) 

j{('llJ(J\';).;$ 1991 92 'l 001 0.411  

N<:>t<J~' fl !JSJ; h R4vl )I.lean 51Jl>W<' L-<11r, 1'/E i~ the 1l;('il l1<etl''a!lt;- CMffi~1,,:·n, 

a normA!i?ll\;o;. Gf RMSE. {;D, U'. '--'".! 1;<' '-'f(_ n:sp ...ctiv;;ly. t:'i;: b1u. <mianec, 
""d G'"'""'"-"''' ron1pom:oi:s cl' .'lM.'!E l3nth c<jUUiou.~ '"" Ii"""'· Si.ru'o 11'-0 Rlv!Sh' : 
du:crn•p<,,.ili"" ,~not \IV;:; <lr:ri""d fr:< twv ct :.CM oM<-••~tir>n-.., it _-; om.:tu:d fo':_j\h"1 
nu! •;;f•AA1Hpi•• c•xcr-ri'"L ... ------ .... 

Fol' b.Jth th.-:- 11•itfj11·w.mple af'.<l the (H.<i·of·~a1np!.: »a!i.-<.l!llnn, we ca:culeteJ the 
1'hri'. lr..-,.1uality cneffic1er.o {TIE;;, Jefinf"1 for l\\'l''"! ,,Juts a, and pt<.'11ictud values 
p, M 

(3 19) 

Tae TlE ~~ a ,,.;altuy of the rrn•l n1(".aJl i.qu,ire e.rrcr. oo •.hat T11£ "' U :rnp!:es t hat 1 ;-.<­
pt1'dic1<.'c'. arnl ae:u,-i. \'alues are ;c_.,,;,tlcnl. while if r)u" pr,.Jici'.tms :.n; unc0rrrl1Lto:l 
with t'.u:· oWrTatlon,, 11'-wn TIE~ I. lu addltiq:n to Lhis sca:a·.g. t"e m,'ar: ;;quare 
'1rt'Jr can~ :-.r0k;>n r,1,.,.,,.,., into propo;tic~'i of L-.'l(jualii.y. 

i.b!:-re Sp aE<l ~ ... nre ch£ 8t . ...--.dazd dcv;,,1im11; nf p aad a, rCS("'<'ti\'(,·Jy, and p 1,0 i~ 

the <<Jrr;e,c.tic•n ff.ezticiea• ~c!«Vf'!l p and a. 1'hei0 ;irL';.iortion> Ill<' ctesrribcd as 
tM bnv;, varianO'. aucl tO\Tu'ltl.11te JitJportK>r:s of !he sira11i~_tion or f.-:rfc;u;t <;.rn)r-
[_jD me,;;;cre; t!-.e diff-eren<'<' 1n t::it n1ear:s of the ?f'ldJCtt..'11 ~n<l artcal ~frit~. l''/ 
m€a5are~ the differencf" :nth\' var1ti.bili:~· of the :wo ~ffJ'-'li, "·htie [tC m\);j..'H!m> thF 
deg«"<:t H.> wluch th~ t11·0 y;r:c~ inove ioge•h.€r. .'\otiui; tLa1 

it h <l~siralAr if Tff:, v-n. ll.lld !;-, M<'"-'Hall, 11110 'Jc is c'.osr to J_ Th<' v1hdadon 
xtati~iics for th? prcf.--rrcd pl<'lr:tlog ar.d re1aovRl 1mH>t·'.s arc lioreci in Ta'.llc J.2. 

\1/ithin-~amp'"'· thr t»:o m00t>i$ pvrform ,-,,,Y ,,.,Jt "'ith '{'JF, ,-;""'.to zero, './Y::::: 
Q (this j;; t't\lc for nli OLS ~tim:;tc:;), "'ith v1' lo"- a:id [it.' higi1" The p.C<its of .artu.i.l 



a.nd predicted values illu~tratc th(' goorl overall fit. w!th & r;ood correspondence 
b<ctwe<cn t u:ning ·points, as inrl:il'.atod by the rov:J:ri11nce proj)ortlo::i Uf.'. 

01u 0f samj)le, the p:&nlJng:; n1od<:"l c.onr:nnes r0 perform fairly wr!L TIE l:Elow 
Q.3 (•.<ih:cl: ?indyck acd Ruoh1f€id (19-81) :l=nh+> as ···~~a:J," ar.j 11·Jrll u1os\ of tl:e 
··,.,.rnr~ '.h<1n;:l ir: thl" ~nsys:..;.:nat)(' oo•·ar'.3n(t p.rcpor~k:r.. 1'he p('Jf01ir;ar.o:: cf ti'.;> 
nmm.~s 1n1;del lv l'f)tn-hat vrell.ker, with r<>~aiive~y high T!F, w:tC with most of 
the error tlu.: M iuahlhty to mat<l; the variability o( il<'t\:;;l removals ;uv is large, 
while r;C is su;all) 
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4. SPANL'iH ALJ>,IOND PRODUCTION 

4, 1 Introduction 
\'it1r\<l almond pro:L1et;m:t has ch<>ng.'.'d <xm;;;<lerably ~in<::t 1950- ln t.ht: early 1900's. 
Jtaly was oht W<Jrld's 1najor al1no11rl expcr:.er and ~h,. Uniwd Stat~-~ 1mµorted from 
7 tc 22- P~'reent nf its :wuua1 r;141µ!y c: i<lmon6. 1'he Gn:tOO St.ate~. wllh g('O"'illg 
almond p1vd1;cL!oc, becan>e n o;t exporter in :909 anJ U.S. <.xporW> ]rave trend<>d 
up sinc.e <;l;e;i. Over the p;>St 21\ years Ca:ifornh• ~1at beco!L"' t!ir >vorW's do:n:na'it 
producer aud e>-port;,rof almond>. fo!lov,W by Spain "'it.:i iAi large a;mond plaot1ng~ 
and growing pr0<lurt1on A,,, a!mon<l p:·od•Jcli1E1 EXJlhllili>d in CaEfnrni:a and Sµa<u. 
Italy'f prvluctinu d«ra:o..1.. ;,\, a chrulgl"' a.ttr]i,1111.ble i::i part t0 th.: g::o,.-th ir. lnl>!lt 
costo that has attompanitd l~11.li.rn eronomic dt<-eloprr.ent {Cushte'.l 1975/, Ital) 
now i1npPrtt alrr:.01>.-is- For tto th~ marketJIG )"('am 1989~9;) throagt 1991~92, 
Califcrnia arcounI"d for f>-1'.l fl\'t-rRge of 66.3 per'ktlt, l'l.nd Spain an average uf 17.l 
per<:ei::, of "·01lJ a.lm0nd produetion C;1.Efuniia and Spain ;JLCGllnted i0r 96 p1cr~nt 
of WDrld f')(porc~: 80 : ;><'!rent fo-r (:llliforuia an~ I 5.1) p<:>r<'eu~ for Spain 

Spanish almond> cnmptlft cloSE!y wi!n Chlifor11ia alm.-.:i<lh :n e.xport m...rktts, 
:eslllti;,g \n bip;l'Jy C'n-relat.e<l priooi 'fhll~, action& '::;y the Culifo~n:a 1ru_h~'\try :hat 
affEct the µric.: of alri:"nd$ in aport 1n~rkt1.s will hl1Yi3 a:; iinpaci on th<: S[k'-n:SL 
alm<>nd i:idustry a.n1_i vlc{:'-i:erua i11>:;aus.-. S;l!IUi hi a..."l i1nport11nt oon:p<:"~itor, a."IC 
the r<'Sf>-OIBC ::if Spanl~h prGdU<?-f~ lo f'h?.uging prif'ft5 iG huportant to the C;ihfomw. 
ind11$try, we att<'rnpt. :U model thq Sptnlsh iud:1s~ry. 

Spanish &ltnonC. ;wr.--az;; g-r~11• steadi!;. ,J ,,ritti; the J96& 11n<l then <'Xpaw:!&:l <lra-. 
:JiatJGi!Ly duri~ :he l97:)s. Spail; had a. •otill of 4<38J:KllJ acrns of a\1:1:in<lii in :9S!L 
As st:own iu Fl,gare 4.1, this amoUtJt gr10w to 735.tOO atri:-s in 1910, tf:ru1 .tl1nost 
1lou'.>led t:; :,JMJ?Pfi acres 'n :sso, <'xpandlng to l.:5-l7,5UU acres in l9fi\f, O~ tlli' 
1989 v:rtal, 1.4.17, iliO &rE~ -;;fflre bearing, 'Ni~h th.: ren11ilhing 79,SOL ocra~ t1ollih'1r -

\~(') .----~-
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Figur<' 4.1: 'lbtal, Befil'ing, and Nonbearing .Spauish Almond, Acreage 
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Figure 4.2~ Spanish Production cl' Alml>nds 

ing. The only r~corded decrtM'! in total art;;. r,,·curr<'<l between 198(1 asld 1990 ·••ith 
1a 700 ;;.~re redu<'tion to 1Jil6.800 (l(:rcs. 1 )/hllP th» are~- devot{'d \L} aJrnonds in 

Spain is 111uch Jarv,er !Jian in Cahfurnia {1..~l'l m\lhon acres vs. 432,COO acres in 
:Wa). C'.'.lt'.crnia has laryz til:nt:.al proC.uct:on. Oi::Js ~Jl.S>OO iicrr~ (T rercent; of 
Sps.ni,,h a:n::.onds are irrii;aH:d. and a•·erage yiekls for nen-irt\~!l\~d .>lrr:,-,n<ls 11re 
luw. '1e;a:led data on Sp.'tni&h arreagc a:r::'.i prodt:<':ior. R.""1 Jn T~b:.:- C4.2 ln the 
Appcndix. 

Thi> ~u\BtJntlal increJ.il'IB in Spanish almond \l(«'lll/' hl'Vt bm':n partially nff1E<t 
l;y rciuctio;,s ir. hVeraye fields l:i VigurB 1.2 t-0:1'1 Sp;sr.is:i ala:ond pro:inction "'M 
157,00') tons '.n·Jh<'1! in :9\!V, &nl i1crtas.>d !<J &; bigll M J!ii.300 t<;;::.s :n :974 ::r: 
tJ:37,8CO b<!<1ra1g a:rf1!.1 \\'it:3 incre.ase<l planting~. tot4] produ.;;dJn poa!:ffi in 1!IB9 
flt 3fill, J{l(l tor_5 on J , 137.';()fJ ;;icres. 

Avrragc Spnnish almond ywlds per bet1ting a1·rp fDr the p~riod 1959 through 
1989 arc ~hown in Figure 4 3- O\·erall yields have vr.risd froui n high of 633 pounds 
in-s.'lcll per acre In 1961 ro a k>"' c;f 25!1 porruds pr.r acrt (u 1938- Separate yi~ld 
diJ-ta for irriga~cd an0 r.011-i'"@iiil?-d almonds arf' :availabl~ ff;, 1971 lfsough ltlB!l. 
As sho¥:n in Fig'.Jtl' 4.3, it:iga:~<'- y'R:...is are U£t.ally al:ll<.!(lt t'irBs tlr.i!"S as large as 
diy-iand yi<cJcs. For ~h,-. 19 Y"""" ~r:ow<>. avvragv i~rigatrd yi.,Jti'< W('rt ,-.--..r l,CfO 
µo:1nds per a.:r" (,u.:;:1ell) (L1r:11g : 2 Y"&n<, .-/:th the hlr,hest yii>l'1 being l,134 pour-Os 
p<0r aITf' in 198!} At a !-;ru1Jf. for <'nmpari:mn, <luring the same 1.1111" frarnB Califor11i11:,;. 
µ,,,...,_,,i average ~ ieid ,..,.,,, l/ICQ i"-'"n<l" P"' acre {1n«:1hell) Ja 1076 ? nd the highe'\t 
yield WM ?.6&1 P<".Ju@ per ~ ;,, 1987. Thf' dvwm-'1!.rd trend iu Spain's O>'l:'ru.E 
~~~~~~-·····--

:::-;£'<C """1< l®J d4Ll!. !<f, "'"- uKiud~d :rr: E.;c>ut> 4.1 fltii 4 $ •ihoe x:>r ID!..: pr<>cl~cci""- "'"° 
t<>LJ atN>"j\f ,;~t• Wt''<' OYMl;,,r•h» 

~10!<.: pl'c>dutt!G~ repo:tod "' Sp,..,;,h >ta~:S'!i<" inu,,tiili> '"' ;matw1 l'"..du~'ior. r,,,,,, SoOi<t\<"t"<l<l 
ire"' (<ln~l~ lr.W th1t\ aft! 11ot pa!l <0{ an ;,_.g;:uu'<XI ol11L<Jnd ~'1\erpns~ au<l t;-pooally l'h'<'h•e litd~ 
c"r<)- Th'"' """i, winch ""' u<>t 1nduded in the acro;;gc ~•n1i~lk;, "'~ eohmat~d to t)-picall;• 
a.;count for about ICl p<'rf~"' ;,f tc.tnl l'fOductton U.,,c~u'" of thh, n1ul\~1>i) i111( \).;~rinll: acreage b,• 
~·crage tield wC~~ r•>ull in •atai ;«Doluct«>n 'hat <lo-es- nc! in<:luCe produ<l!"n fr<otlJ <i-oatl "'-~d ''"""· 
an'.l '-"a rMl\Olt i~ !N ti.an \otzt rop'.)[tod procl·i<'ti""· 
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Figure 4.3: 	Yields of Spanish Almonds, Dry-land, Irrigated, an<l 
Overall 

average yields is in line v:ith a dov:11'vard trend in dry-land yields. This downw«rd 
trend could be due to ~ev<'ral f=tors, including expansion on marginal lands or the 
changing age distribution of trees. 

4.2 Spanish Almond Acreage Response 
The n1odel of short-run and long-run acreage adjustn1ents in the Spanish alrnon<l 
industry follol'<S the general forn1at of the 1nodel of the California industry, as pre· 
sented in Chapters 2 and 3. There arc. ho11•ever. data lin1itations that require so1ne 
modification of the estimated supply response equations. These li1nitations include 
(1) a shorter d<l.ta srrics rxtending from 1959. fro1n 1961, or from 1971 through 
1990. dPptnding on variables, { u) no data on either new plantingh or removals, and 
(iii) some apparent changes in sampling and report.ing over tirne. 

Yield Model 

The a.lrnond yield 1nodel for ('alifornia, discussed and developed in ChaptPr 2, is 
easily adapted to Spain. DilfPrences in production niethods nlust be (Onsiderrd 
in model adaptation. A large proportion of plantings in Spain are on unirrigatrd 
land. One would therefore expect ;veather conditions (espefially r<tinfall) <luring 
the growing season to be a 111ore iinportant determinant of dry-land yields than one 
11,·ould find under irrigation. \Vith the data a\-ailable, separate yield equations for 
dry land and irrigatf'd land can be estimated for the period 1972 through 1989. The 
data used in t hes<' esti1nations are listed in Table C4.1. 

Th<C preferred yield model for California ahn0nds, estin1atcd in Chapter 2. can 
be adapted lo the Spanish situation "·ith the· following specification: 

y, = f (Yt- l • Yt-1 - Yt-2· T,, YB,/ R,. FF,. JFR,, AJAR,, JR,) , (4.1) 

"'here, in year t. y, is average yield per beariug acre, T, is a trcud variable. i'B,/ B, 
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Table 4.1; Re~ssian Modelti of Spanish Almond Yie!dt 
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11-, ,, JF!i, J'F, '!AN, JP,. Ccn>l~'>I "' _,·-----·· 
-V.J%3 '.;3M -l!'.OJ c~.:s !'41 11:;,, "'J 41 ·~ -i----· (\!)ii
\- l.r11 ;1JJI '.-t "~] :--::2:.) l'..lfj 11 4;1 11-ll&, '"' - -i/;J 

-~-JJl'.i ./;J:tj -l.IJ'"J -U1\ IJJJ'i :il;'& j R~;, "1i.~'J~" 
jf',g~i 1-:,,r;:f-L67, 1-~.S:/j : ~-:Ai 1-3116) "" fL/-Oj 19.481 ·" ~ -1.~J 

~1~19 -4 11-i ·l @T -4~.7J) 1370 .; c,ia t;;J,? f.J:J n;,, ~0J2 
1:w1 :.1 1!Jj -#.J~] 1-1-&\: ii' 1\j 1~ 8.1j p; •( :-9 29] ,_,,.g13 

~-o<e"' "'"''Kt 1~ llf•c,.-.., e0n· ,.,.,;"" D~;n.<k" ''""''"~"' -""" ""·rj' l~Llogr•r.0> pcx '"'''" rc.-
lrrl!(llVU "'"'""" 'h'"L ,j,_,. "'~"ff''"""' '""I '"10: '""at<' i,,,•• ; r"' ""'ll "l"O""'"- fti-t " 
'"" t.w-: ·"'~''tit ,.,,~1.:~. T, ;, • 1 ... ,~. '"""Leed \T;; ~ }\ .!FR. "'!-¥ "'""'*'' r.;cfifal! \O! 
!!ilk«"'"'°': d~rm~ J"'""'' • Mld f•1"""' """'-' '~ z..r ""' 7 f"•'v'°"'-- ->I kw"" ,.n;J ,\r"lai~"'"· 
>'F, 11' '""' "'''''"&'' """*"'' ol r~~" •lw1• d•uirj,: F<'k•'-"Y '" earl of ,;,.-. 1-~'""" ,\Oil ·'~'""'"'" fffi'"""' _\t ~11, s, ,.-,,,,-- ,,,nfrJI d,,,-u~ hl,,ch dOd Apr:I, """}II," >-1·cr11ge rt.in-C.:I &,,-,,.;; 
:•JI_< f•)f 1hc -'.)!'.'·· "1><:I '1'.~•~,· "<l"atLn,_, <-- , ,; Ill<' l."li;...-l <''""" i~ ~ ('c..--hn.1Je-0,-e ;>t i"1?!~1i> e 
''"::'"""' ow h "' [).,,,,,., \ h ):'1!1<Cit Mlfw.«f 1il• O'l!UC•gnwi•"<>'""'""on "" tl;t -t-..(lli_,j' 

"l"""''"- :l,,,-h,~-. "' " '"f"'""4, '.!ohn<h<~ ~" 'i"!''~'''' "~"" "''"h"ton 
---·--~ 

i~ the proportiPn of b<:'ui:ig arct, '.ha! ;" 5 lJ !l y<Carn uld, FF, ls F<c-e>r""''Y frost, 
JFR, is Januo.ry and F<Cbrudry rXnfa!!, /lf.-l.Rt is \tan;h and April ralnla!I, ar_d J/?, 
£ ;;\;Jy ra1n1all. 

Th" v-ar>abkt. uoed '--" tM analysis ar<C defined as folh:::iws The ttverai;-e }i£ld 
1~ m<ClJ.li>'r.:;.-l as kiJrJgni1ns pet bi'anng ocre Or.·~h~ll). S[lilnirh data o:a the "!if 
d:s1rJl::iu1-k:r; ._,r aln.oud t"'"" ar~ oot a¥aila01k, but nonbF:.n~g acrea°'n advanced 
liw ye<11s pro-.-iLes a n1eai;11r~ <Jf yooag be,.ring a~-, assuming that the1<C ar~ 
llO ren1~ !ro:n t-hat at;t ,g;roup i"ctiring tl1e five ye&r pcriml. Syat.isl: almo:td 
ptoduction 1,; tnf.uence<l hy both r3.infall and frost. flal11W.!! duri!lg Jai1Ufu_v anil 
F()l:ittary· aff<>cts pollinatiml, tl-.us v:e -expct:t 1r.t:'EM\><:I rainf.(ll d;iring •.h~ :no:;\h~ 
to bF a.~WNl•ted with d;><.-r('Med av<e:ag..1 yields. Ra.inf~!! dur~ ,_he grG"\ng v:-a...,1n 
1$ also itclPlHl-anl and lr>-rea.sN. r111nf;1.E <lJrini:; thr <:rit-lU\J ru:iri!~_u0ian:h, .4pril 
and July i~ <'J<!l()C!.<?d tn be asSOfla.t~cl wid1 il'oY41l*<i averitg<; y><cls Frost rludnf; 
February <.:an h11.Vl'.' an llJ]vcr><" impfl.rt ;in y'.eld11 'j'h(· nlinfa!l ar:d fN:.Et variabl<:'" wcrr 
m<:";i.surrtl fur :he t\vtl cnajoc p;od\lcticn regic=-. L.-:vant and A:ul<1.h:sia _T,;fonthly 
!l'liufall io. measured in mtlhmeters and is a si<nple aVf'l"Agf' of the rainfall in each nf 
th<- *""" provir.<:<'.t in tlte tWG 1-tg:Oons. The frot! var1abW is als.o a ;;inipk; <>>-.c-~age 
{ovw: provinreli') nf th(' nuniher o( fro~i days ir. Febroar:c in the :-...v regivno. 

Iksn!ts of at_rnalin!( th,; avlrllle yirld eq1.a'!\JO!l'i< "'er.~ i,1 }irJ: ·cit!; F:<pt·cl111ions 
and mr-,st of tl1e ,·aria'J!e~ "'!:IT otatiiti<:alis signif:<:<lnt wi:Ji mrr<:<:t signs. How· 
c-..u. the snond lagged ;Wk! variable {flt-! - g, 1) \\as insigrnli<a.nt 1n eadi of tt-.c 
«;uat1or.s <i.n<l "'i'-S d!oppe<l. The ?l"VJ(Y variable u:wtl lo ll'1<"£ure tr~ prJportion of 
rn:w l;;oarin_g AJ:\\4 (YB,/H1 ) was also ii:oi~nificr<n: '" e;v:h of th<> equal:ons and '''~~ 
dropped. Th>< ret.:ihs for er,ch tquatiou are s:iown i" i().h]<C 4.1. 

Tbr:re v.·£ a do"·nwanl trend io ;,ggregatc llr,d dry-land fl?ldo. while ir;igMed 
yi-elds int:tirtSed. Rainfall and rro:>t '.1w:i tlw byputh2'3iz00 s;gn !rt eedi equativn. 
alth01,gh not al! ::-oeffieients wer~ #J,i{'\Ufica:it. The i::v!Jvid11a: ,1quat:on;; explain a 
ret.f>C<:table pen.'t'fitage of \he anoual variation ;r:: a\'>ff<cgl' y;eld~ ri..-. 11,e"''>Ute1: by f~' 
In the equaticn fnt y1eld on in-ignted ai;:1·ea~~, Durb.ln'~ rn st~t.lstic:;; )r.,,ignificant. 
~11gg1iltmg thaJ, antore;i:ressivv B:rors arl' Jl<Jt a prob:en1. Hn~<'fr, in ti•e equat:ront 
fm :;-iekl or. '-ln!rd>!>aled acr&ge and <>ll all L·uid, ther"' is ev]di'Jl<Ce ot' au~oC<Jff<Clated 
residuas with OLS n'gr""-~ion. Th.e:w eq:.iat1oni ""'"'' th~-~fore estin<ateJ us:ng 
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the Cochranl~Orcutt procedure. The Durbin h statistic is reported, indicating no 
higher-order autoregression in these equations. 

Net Investment Models 

The significant expansion of total area devoted to alniond production in Spain is 
shown in Figure 4.1. As noted, almond area increa.~e<I about 7,10,000 acres dur-
ing the 1g70s, an expansion that exreeds California's total abnon<l acreage. T"·o 
factors appear to be associated with the rapid increase in ahnond acreage during 
the 1g1os. First, it ,..as a period during which produrer~ enjoyed favorable returns 
and. &>cond, the Spanish government ""<1-'i providing subsidies to encourage expan-
sion of agricultural production {including ahnonds). Spanish government support of 
almond development included several important features. Beginning in 1970, new 
growers herarue eligible for low intere~t rate loans and a suhsidy of up to 20 per-
rent of th\' rost of perruanent in1proven1ents in land and facilities. The government 
also provided assistance for procuren1ent of inputs and improvement of production 
tPchniques (Gardiner and Lee 1979). Govern1nent policy to expand Spanish almond 
production was effective for the period 1970 through 1977, but appeared to in/\11<~nce 
net investrnent through l!J79. 

As noted in Chapter 3, ne1'-' planting,.; and removals decisions arc the major 
investment decision niade by the producers. Oat.a on Spain's total almond area are 
available, hut ne"· plantings and removals are not reported. ~ct invcst1nent (,\',), 
the difference het"·een new plantings and removals, can be calculatrd front total 
area data. As noted in Chapter 3, 

A, -A, 1 + PJ,, - R,, (4.2) 

"·hich can be expr1sscd as 

.."\ A,.,- A, 1 =PL, - R, ~ t·.",, 
··--··· ' 

where A, ~ total area (acres) planted to ahnonds in year f, 1\', = net invrstnicnt 
(i.e., the change in total area), PL, - ne"' plantings of almond~ and Rt - removals 
of ahnonds. 

'fotal acreage of almonds is a proxy for the capital stork if planting density docs 
not change over ti1ne and does not vary from rf'giou t.o region. Ket investment, 
based on the change in total alnioud acreag<' from one year to the next, is 1nodeled 
si1nilarly to the area response n1odels devPloped for Spanish oranges and rnandarins 
by Albisu and Blandford (1983). It i~ also sirnilar to the acreage response 1nodel for 
Spanish almonds in Rushuell (1978), although it includes data for all farm costs, 
including land. which should capture the effects of changing returns fro1n other 
crops, indicat~d in Bushnell by the farn1 price of oranges. The net investn1ent 
function for Spauish al1nonds is specified M: 

1\'1 = J (P,, C,, Support, Age Distribution) , ( 1.3) 

"'here net investn1('nt is a functiou of expected profits frou1 ahnond production 
(i.e., as representPd by prices and costs), gov<'rn1nent support policies and the age 
distribution of almond trees. The rationale for tlus n1odel specification is siniilar to 
that us('<) for rnodcls previously rcvicv:ed, with the choices of particular explanatory 
variables based on data availability. 

Fariners' planting decisions are assumed to be based on expected profitability: 
a function of expected prices. expected yields, production <·osts, govern1neut pro-
grain,~ and policies, and the profitability of alternative crops. '.'vlost Spanish aln1ond 
orchards have been located on marginal lands in arid area,~ "'here crop alternatives 
are lin1ited (Caballero, Miguel, and Julia 1992). Other nuts, sucli as filberts. are 
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prcnlut«l <irJy :.u Turrll;l;<Hta. a provin<Xl <.>f ;.he Cati!-lnnui. region Sµecific;i·.1011 of 
varia\)Jw to ~epr~nt ll:f' p.roli~bility of ;;.lt<.•raativ-e crops was not atteinptc<l. 

Spani"h 11.ln::oud. yi«ld;; vary sign1iira,-,'..ly froin yPar tu y'!ar (F;.";UT(' 4.3) ,;ue to 
allcrnatc 'clei!.ring t,;i;denrirs a!!d W"a~Ji\'r cor_d\t(ons. Sincr nios! Sp:u1;1;t. <tlmo:'lr!s 
ar~ grm<Il without irrig:.at\on, yi'-'lds arr. very sensitit"'.l to Wf,;.lher oonrlitt<)llS, es-
pt':iaUy frvs:.s an<l .-4.lnfall dt..ung \hf' bl:iomi::.g and grcwing: Sti'W'ons. n;spx:tlvel.;. 
SiHt<l f3rrr1t!rs \U'( PN!>'.11:>;.hly f(IL1Liar with yi\·!<l varli>bllity, 1i11 a1te1rpt v.;;s mwl~ 

to ~'.lntbine ir.f.,.-1;,ation on prk:es with informilt'.ou or. yiqlds to fo:-m: a :neasure (lf 
m;prct<ilci pro!lt,;bility. Thi;; effort wJs uusucc"!J'lful. the ~i1nple .J:>.'Of?-g>: of pil.'lt pri<-,.'f 
1v:;s a hf'tu-.; ?r<~dictor cf eel 1nv,;1r,menl ci~i"1<;us. 1 l\o:<: thet a\'erag<; y'.€'.ds have 
1--'(<'ll epprcximaL-e'.y rou~tilnt, so th'<! efa.p~ftat.!Q/11 regan:lh~ yields cail bf 1-reat"d 
as* oou~taut "'hen w.0rifiling !he fo.-nw.uo" of exp'°'ta:"ir.s rogar<'.iEg pral:'Jahility. 

Cxpect11-ti<nii regi;rding profitaC.iJly apµMr to havf been ')a.ie<l ml reo.:ent expe-
rience. '\'arim.s averar;tg of pricPS defiate<l bi a toot in<lex \\<'TI: rri<Jd ilS pruxi'!t for 
rxpe<::t?d profits. A, ~l!llpl<' two-rear averag;, of pric""° deflate.-! b~ the c0ot ;adex, 
lagged one and t\\Vl )'1YltJ, provi<l'!1 the he!'.:- sratistkal re~ul•~- Thi;; vaiablit r1i1: be 
ex;irt<soed us 

Tnc age of the cij.pita.. stnck (the ag•" distributin:i vf trf'es) i~ expect•·U tJ aA'.eet 
,nve:;t1nent den&0ru.. ff the a;;i' dt;;lriilution ,,f the exi~ling orLIBrdi 13 relat1ve!)-
young, t~ one "nuld ~;:w<:t th"n: to he a <l('l:.«-a.~ incertie-,o. f01 rs< ,n..-eotmenl 
in TI""' Drchardo. {Jn thf' nt!1er ha.n-d, i:'-th>o uxt'.tinir-rapiuiJ s:oc;i; i~ very niat11rx:. 
:\au wQi:JJ exp('('\ to~ l:oth pla.-iti~ t1nd reruova!s :0 br, i;."tlfter fo: ~i,'<:n p:i~cs 
and (O&t~ TJir iJnp,tt'. on i!llt~~ent l.~ :.i.:<er:aln Spr.iii:ih alnu,,,j stan>tics 
fr1Pntify :rP<s as '.-!earing f.,·P y010J af:er plauting. lt appPars ~hilt t!u:.ir pro<-l1·;~J,·r 

d<~~~iue st11n;:> \\•hen thlJV are ab••llt 35 YP?J~ old. ':"c:i a<'"0Jnt for thi&, the acrP).Jl,<: Df 
tr~ old?r tban 34 yimr is ncea»ur<ld"" (J!J,. 

Go.-ernn1.;:1t su<MiC.ies and pl1111Ung i11eent.ive~ in<IT'!!S& the p~ofitabil:ty :if fil. 
1noud prcdu;,th)n ¥<>,'.ativ<' to ntltt.:r .v1.iviti<'S ;lllri im:r<e.ise net '""'estnent, ctlf<>u; 

par~bU.1\ A_ Y'W·On•· <l!L"Ilm) vtl:iable, 1'.'J;icl: a.5sum:Mi a ,-.ahw ,__,f one for the }mN 

1%9 thr<'.>!11~ 1979 \txeept Jll72), ta;i1urt't !ht< ,-.[('(t of tht' gvv1•rnment r;ttl4fi\Jr: t<> 
t'.xpai:d J!uior.d µr<ldtlt~ion. l)1;e tll the ""'.retnP\y J-1igh 1ntrPase in new planlir..;s in 
197?. W(' i:1clu<l<0 e. <lun11ny variahl'! fur tliis ~'\Ylr. 

'fhe tnOO<'l r;'. aunual net rPAngvs in BPMWh 11l:non<l ?.f;:«ige ":"-' m.timav.,,,'I for 
tbe pt·rk..d 1065 th:ough l!lll:I using the data l111'able ('-J.2. The pr"fr,r.':ed mo\{e_ 
in,'luded v;i.rillhle~ t!I 11:~nre the irnµatt of ,,,vc:iuei', cwt,. govf'r:-.n:rnt p'.11ntcng 
&ubsk',ies, and t!a• !l(f\'!lge of tfd,beac.ng tt<'<'S. 711€" etf,nu;ted <':{Clation b 

-!6).3(} + ll.4·11' AI'1 r ~l.63 i)ffE, i4.5) 
/""-< 3~] I!~,\ IJJ) """i :;;; 

·l· 145.8 Dii, + 0.29 (JfJ,_, 
:<"'lb 97) ,, ·i.(>( 

wJcre ,\·, b t'.iP r,0:. e.nnual <,b1u1;v: ir, Spxoi~h !llm9:,d a<:reag<', '.n tho11sand~ t'." 

':leci;are; (to1al ao:l1.'age in yt:"ar t minu~ to!fu Mwage in )'"'1r-: - 1). AP, is tlie 
t"•i:.p•:c~e<! pr:if.tability of ;il:nn11Cs (dollar$ pcr m;,~rle lC•11_) basi'<l on a sitnp!u ilv>0re.ge 
of prives <leflat~<l !~,the Genural Farnt ('.-O;rt luctex. 1985-JOO, (;iubiioh<:d by Sp1n:>'lh 
Dq;arti!lent o! A1!,t1cu!:ure) for ;.--ro.r~ t- i and t - 2, SL'B, is 11 zerc-<Jli'-' variable tp 

J Af n<~d "' C-h~yter 3. m:JS~ p<l.-,: •lwdieo ii•vc u.""1 e;''-"' pritoo '-'' (t>t41 '"'""u~ 9--' ;-.cray 
meas"""'!« ~J<;>('Cl~d pr;-..'it1' H-0tk "'~""""'" """"" w)1,,3tM foy H·,;: Spa~hh 'nv~stn\~~t :::-:"><-(~!, 
w th !he P"-'"' v:<ria'>2e pr<W14!ng th• Le>< •t3tli;t<t3I rfnllt•. '.'i:v<f ;b:U '"-"'" ;, <tiif..,.Mt frmn \\n 
l'"'""ill ~"''"'" mrnil'l ~se.i fo-t (>~htor~3 "''-l'i>ll' '""P"'"" 
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_-~_1,-ure 4.4; 	Actual and Prerlic-tcd Changes in Total Spanish Almond 
Acre:oge

L~ 
mtJ~11re ~:i(- imr,,art of Cwi!ttt<Hent µIJ.nti:ii:; su!wi<.E<>~ (8:<1'\\ITll'" n vaL1e of\>!>" for 
1he years 196(> r.hrough 1979. except •'pr l(l72), Di21 is a zorr4-nnc du1nmy ":ixiabl" 
1l1 ae<::ount for iinusu.:i.lly h:gl1 nc"' plantinµ ii; 1972, OB, 1 J,; :ictt>I\ "fold \Jf'.\:ing 
tr''eS LI! yt>ar i - l (1r"ei> over :14 )-r'(]N oh!, in Cho-.lillllrlS of ]1<;rlari'S) 

'l'he1'i' fei'iu'.ts n~e gen<:r<i!I} tt>t1'>ic;:.;nt v:i~h exp~"ta~J()n5 i,; !hJ1 t-ht• :oefficiPn~ 
ln;~-e :lie pr<>oi<:tc<l signt, nre c'. pl1111oi'.ile m11gi1itHU-es, and nr" siath;.tJ\',,l!y filgnil-
Yo.tuL The rti1tlts .are al1"; conoistrnt -,-,;rh '.he acreage '""f'tlllst' Equ,.ti:a: for Cal 
if,1r111a. l'h(· s!eJ1stic;>I Ilktft,tu:anct: ;,f :he 1rnidc'. v;·as 'Jlntr. ,;11tiHf«Kfor.•- as 1,·..Jl. 
w:th fl hig'.> r..l'Dp<::-:.):Jn of tl:k B:unp.!1 vari;u0011 bcUlg ('Xp/i>iue<l by thw 1-11riahl'°' 
iochi<le<l ;.nd thl'rc IJPi1:.g-:ie 0vtdcnce uf ;1,1,.;t"t<;i;<=ei~<:> rr.~idi:alJ. I11 Flgllr<' 4.4. tlii' 
esiir:iiJ.1ed values for r.et invu;,;1nrnt .'.ro:n the n100el (ll'C plott€<l <J-Ud. (\.l!Hp«r<:>J w'.th 
a.:tu;>J Vil.~llt:S-

Spanish 'llrnon<l r11Cl(.h1cers l;,n·t tcnried tc 1:tC!'l'-Se r_;--w nllnuud phi:;tlcg~ v;·hi,'C. 
ascragc l>?lU% "dju~te<l for <'<Kts lnrrc-<i. Th<C,; ha.Ye a!~o t,,-,,Jc<l tv in<TC1<t> 
J!l\"€'f'mt1l.t 1'.5 old aln1011d arr' at'-' incr.;•a.,.,,J. Spani"h p:1Jr!uCTn; r .. atl~d as ex;;c; ted 
to guvttl<ln€nt p>::."t:n1:;.::,rod11ctkJr. iwc-nt'"-.:>S and ~·;bsvi:~s .,.ff11ctiY€' ;inr111g the-
.''<'3-."ti 1969 tl:r:.n:i;h 1 'Jt'J T'ht' ssti:nnte1~ c~ffitif'f't 01• rile ~ubsidy v1rii!.hle ird.:.cav-;; 
:h1tt th<0 annool '•:'.~teas~ :u S;w,:.11;.h acreag.e 1<'11'.< lOS.000 !\.(ct$ ll'lDl"€' :l\!rinii; tll~ 

ptr:'.z,C lWif thrnur,l: 19iS, wh1·n '.h<; su!J.~id;c;; 11rr<; r·ffcct \\ ,,, th:11; rla,.;n,; u1 her y;Jftft( 

1<h<:n >:.11b;;icti"~ wen: uot a<11.ilubl~ to abno:iri pr(>dncrr5- Th" rutin1ar<'rl r.>cllirif'nt 
,--,,, t'Jl' '.iu1n1n~ variable f0r 19"2 i:>dic•iltf';; ih;it thf' acr\'aga >nrrcas;orl <J>'<'T 360.0UO 
nrrco. rnocc tban expnttcd tha! }""' \\'hife o;<nnE lM,CCO acre~ .-an be ex;;laincd by 
g0ve:ramvnt ;nbsidic~, !l'.J €Xplannt'on 15 0ff•·1<..-l for 1he <Jther 2<l?.Otlfi trcre>. 

Th? Slf.'1iftcant inc:f",;ses :n Splinish almnt.d <Krcagv <1nd prurl\l(t!.)!'. tha.t in·· 
(urred dnriur; the 197f; a tttn &> h1r:;ely eYp;ti.iu<'tl ~: tm:1 fattDrs. F1N.t. the ?<"riod 
du-ing "·l;ic:i Spar.;,:, 1;(C\'Cr1;n;e11t µ]anting i>ub,;\illts 4,,J 1;upp0rtR w;•rf. ufft<'th'P >l'<'.IS 
.::i.~:lO(Li.\\"<l wllh an int"rcrue 0( ;ib:J'.!! J'tb,:ll}(; m:te> $..cou1;_ an<l :nosl irnp1Jrl.m1L 
ah;1cnd µr:cc:; "CIT g.:.:1Pnlly f.1vorable m~r this p.;riotl anri voducr'rs n-,~po:nded as 
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expM:tr..t by significantly c<cxpan;"'.ir_g their ir;1-·(:Stui.:r.'. \n abnond prudiu:~ion <:ap!te­
l~y. 

4.3 For;z,easting Yields 
The csti::n;itcd Average ;.>~d equatio:n t·an be used u, d~Ycl<;,;i UI1n11a: !Ore<:aslS of 
Spar.sh alcnfrnd yielcis, in a manller ,;i1nilhl t'' that show:1 for Cal,forn.;a in ""ct.ion 
2.6 ThL vah;.<"J fer ~lie r:gh.t·hand siJ~ V>Jr1abl0s used in the yl!.'l<l f(ll'{·c:w: wi:J 
dfpent '-ill llmiug_ tf. for e.irampk. one was rnak.ng a forecast of tc:.:t year's y\eld 
ior the L;:ital ;,.rM. right after the f"lll h!'ltv<.'0l, artual Jata 1~-ou!d ':>t' ava\la'.!1e on!y f)t 
lagged yiclC artd tim<': ave:ages -:o.-cukJ be rea_u:Xffi fcr ~ath of thfl weaillr;; vflriabls;; 
One (t>ulC tl0n npdat<i ~he :''.1ter1'st a;; Qhserva.lion~ h<::":lllr/' itvN!a?!e for ca£h of th<' 
vwiablC'i, 

\VIJ1:e W(' (<'<ll p~t'di:t- U'.\ <1-nnua1 change in total $pa.."\ltli ai::reag<", ""'do aot have 
an r.1Jation to pre~iict bilatnig !i(reage Thus, we art" nnahkt :o sombiae expcc':ffi 
>'ltld~ v.'ith bv.arin,g M:Ul!f;1' ~·'.:> forCJca~·- total prorlucti-on. \\'ith0nl !! wor;.u:g made! 
of p:o:h1rtir-.:>. l!lld -:o.·itht:'lt n~hcr an l:l<.'C'l!1lpa.'ly1ng do1n.e:stit dam.1.nd InDO'.ie'. or Ith 
estima:., cf Spa..'lif•h nel ex_;rorls, Ctlh tannot Oncmpora"..lo' the .,,erk on Spanish u~eagB 
:"ESponse antl Y*~d~ in'-0 a full s1r..11la1ion rr::~! of the w0rkl "hn:it:(l indu~try, 
How?Ver. th<" e..!i11•<1-t~d ;;crc21gt" :0.'ponsc Wa.!i u.wd iv create a SJ.Mnl~h supply-
!?tpta:i;~ fun::',..-_,,. in ;lie !ong..tm-m pclicy-optimr.11tk1n rnodtl of Cllaptxr 7. 

4<4 C'..-0nclusion 
The shor:-tJn r~,;potlS€ of S;>nnish ahr!lm<l producti(;ll to cltan?ing yit>lc'.s and '.he 
k>ng'lr·run n,:,t r>.•~p(>n~f\ <!f plat:~ ;i-r<:a to u_-,mu..•::r1i~ var1;.bJy; have lwcn n:o.~,.Jffi 
ll~~u!ts ;.-re cc1:sb..wnt wi~fl f!ilrf(< f;ir the Callfftruia nuh.!htl'Y l!-'ld es:in:at<:d rr!iit!vn 
ship; appear qui><' :casona'Jlq_ 

\.Vhd~ tl:e Mf!! ?lanr,cd to airnond,;; in Spi!ln W n1uch !ari,,'<:r tl1an t~.\>t in Cali-
forr.1a. total pn><l1Jtticr. fr0n1 Sµi.in 4 s1n'!.llFr becaut<> of (Ultura.'. '"ethoc.s. \\'hilc 
a!moot all Ddif'.1111\,,'l ;<.lrr.ond pr".>Cnft!lon is '.rrig~..ted, 9J percent of S1i&-.,(sh arn'nge 
i• unirrigated. 5;.-,,,:i>h y:..ld.; are :lependent not un:y 011 w~a'.her dllr'-ng lhi! bloom 
pqdod. !Jt:J aioo on rJinl&H d•ltJng tl:-e growc!lg ~Pason, and a5 a te>iuit yitldi> !Ire 
'luih~ '>aria'.:>k-. ,-\ vecar,« vii!!<:'.» havf' be-=n trendit~ do1!'·a ca diy land and trewli1;g 
np on the :;ma'.! arnount «f ir:191t<:>d are:;. 

'Th<> net ineestu1eu\ nx1<!e! :or!ita.tps t::v1t Spa,ni!>h almond pr0due<:'1S e:...;:iacd 
pla.::ti1r;:;:: (;1nd perha;-is red•t<'e r<;lli<J\'JI") 11.'Len avcr<!gF. priret: in~ and rodu~ 
nf".. inv1·~tment v;:h'-r' ('()Sts intrnat<J 5p;;ni~h produf'f':s ;:W;.1 ''""(t in the expe11tGl 
1nar.11•·r to pl,._-.,ting,'proin11tion in<"enLh.-..,, and su~'Yiiidics ThCJs, 1'1.'ti'-'"'-' taken liy the 
('uLf11r'.1ia pr;iriucrn tn in~reasl" lllnic1><1 prlf<JJ \I'll! enrcuruge iEtrPa'il'li prodnellon 
'>;,y H> major C(!mr"'"'il-ur if higher µr~'<lu.-::er pli~us are :ransn1itted (a.1 \t ~s f'Xpeci.<'d 
they will!,() to inh'r<'-<>Lunal rr:ark-Ets. 
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5. THE DE~tAND t''OR AJJMONDS IN NATIONAL 
MARKETS 

5.1 Introduction 
C'alifo:nia ie now the dominant producd cf film(:nds lfl th\' -..urld. 1·hP det'C.S!ons 
maC.e by the Caiifz,rcia almon<i industry have (l !llajl!r 1nfln<:nte .>n ahn,,,1rl pri<t'\ 
and .s•1p,iliei in ::;thirr <Juntries.•4.n undei:stan<lint of ih<! rela.tionshipf ~twe<>n 
;i.lr::11Jnd price,; and q:1antities :ratkd wi.~l h<>lJJ the California al:non<l J;,du1try tv 
rn<>nl'<g!: i1s srMr.g ;:iosit1on in the "'orlri JT•ark;;:. 'fl.ls chaptcr P«'Y''<l8 cstlrn~ 
of th<> 1:ffoxt1> of p~icc~ aitd tc>al cunsu1nptit>:1 exi::er,ditur?.~ oJJ alr.v;ind pu~ht&'1- lo 
ltB \}nitP<! Stall'<, J,epan. and 12 najcr F'.n:»pean a!::T<o:iri·oor:sumiug r:Junlfl<YI. 

\'ie begin !ht> th:ipler witli an ovqrv·,(',.- of the :nternaliunitl alml•th'! niark<:C. Sc(-
tioa& 5 2 and $.3 t3en d;:;<<::tbe tl:eor>'tital a'.lJ <X<lnOL'>elr1c 0011~Wcra1,ons reJ.,,a!l! 
to tl::e wo:r!;, and Section 5,-1 discusoos t~e dat; sources userl in the aniil1~i;;. lr, 
Set-tion li.&, wo present (he princir.al Ntirr,at:on r;,>u:ts. In S(·ct!on 5.l:l w<1 d.scuss 
,-arloJi <)('oncr.:e:r\t lf~nes, inch:<l'.ug the ~re;;.tm>alt of prit<>s a.;; 0xogenou> variables 
ln eaeh 'u<lh1d"Ul't! h1:;~11cn. f'r><l our assump~i(ln ;;fa &ug:.,,, i11t0gra:trl :i.l:i1ood Hl(!.f-
ket ir. w;i.ieh alrr.onds from Calit0rnia an'.! other wur~~~ n::.-· close substitutes. 

Thf" last twenty :\vi; yta"' have b""'n maz!;K.! by t,.,-o n:uultane-:iu1;. a1:d re!atcl, 
n1a)0t C.eveloprcu•l£ in the v;.-(;rlC ahnund i!ldustry first. tl1E quanti~} of almond~ 
$Id i» the "·arld'a !l'.~rkets hM rnore :han dui.:b!c-d frnr<> ;,bout 120,000 tr.rs in 1965, 

-t'-' 1y1cr ?&J.000 t0ns in 1989.1 The :rerond cli>vclcpnv;ut if, the tl'?l:nendau~ gr.iwth 
of the Califc:-:uia inCu:rtr~f: ic 1965 (:aEforn'.A arcountOO fi>r unt:.er 45.C!).1 t0ns. 
(lr ab-011: :J7 per::;cnt, 0f t~Hi wo;ld $npµ]y. whil~ by !VS9 ~he Cali!'1rn~a ;adt.Stry 
produced nver 244.COO taus, by i\$0lf r:rodurir:g :nore 1hrJ1 twicf' the 1005 world 
s11pplic-s, 'luc! ac·tx:n1nting for ""r. Sf, percc11: 0f t-11<' v1arld\ t.rudc<l val~1mf,_ DcTil..¥ 
tl::ir ;;er10d the ltu!::.11 ffili.~k;·t shfi-r(' 'lte:ullls di!;i/:\ppcared. Tt:c world\ !arg<CSt 
expnrter :n 19e; i~ nuw, i;> :u<:>!1t yean, "vM ilnp:;irWr of almorn;I~, n shrjn""-ge u:hich 
has bt•<:>n attributml (B.l•hnel: 1978) to in,;-r~"--"l"' irr lli!:or 01st~ in th? tra<li:10nally 
labor.inti'nsivc I:Slinn ahnond indu;;try. The vr.lrl<l almond JiCuftry tins chang<-d 
frou; a 1'.t'.arkct with f()vPral ma:0r :;uppjieN f,, ii- :_,.,rger vurket dorr.inJ.tlld hy the 
(;aliforria i11di1st:y 

Tf:<" Califu:n1a ah<:<•nd 111Ci1>1try J~ (xport ur.Etntc<l. F.x:ports haw BXf'*flcd do-
rr:(r&J.ir ~a:•-s !>llSIUr.liy si11ee 11v> 19~·74 rri:p ye:>;\ D-1.:ring the 1991 :9z <:op y<cao, 
the (:aEfnrnia i:i(.Uftt} r'-'port...--J export> of al><Ju'. l6G,OOD tcr.s, or >1!10:.t GU p<'n'<nt-
'>f th<" ind1;:1try'H h '.il.l final ~a:.Cs. Ex:;.io.-t:> hav<o> gro'"" fa1.<;tcr tha:1 d<Jnh:s:;;h: Ea.ks 1 

if W<' are to uutlPntand tt.-. Cu!:ifor:na a'.111ond \ndi:,;tr~-, we 1r.ust l'.av<o> g0<1d 1nodtls 
of .-hltuund 111 these expo1t mn:ket.">. 

The ~urD!>U'ln Union ;EIJ), e-';pa·iall~ ~:1n;iny, t.M If'<:~utiy L-.e<:cm" th<' large;! 
inl!)Or!fr cf «ln1ondo ir. tho '%~ld au.;! aloo the Jarg<:st <"xport 1ntrket f•Jr ('Xifurnia. 
a!m;::::id~. The :moM r11pi<l re,·ont growth ir. 'l.lnion<l Cemard l',fJl, ho,,.~ver, o;c1'.rred 
in '.hi; A~ian m?-rl«'U>, part)(umr;y J«;>?-n, v.:t:1c;1 is f!GW :.he ~e.'o:<<l-J:ugeci. single 
export 1'.lUrket fnr Cnliloreia ;iJ1n()l!d& Thi> rhunging ,,i~o~ of t'.i<> vurl<:;-1;; CO!lSl!1"U:;:; 
n1m:j;;:;t.<; wa,;; ;11:.otratod in Fig.lre I.I ir: Chnpter l. It is "'o;th r:'.Otlr;g 1hat ti:" 
-·---·--­

11'C..> ;, «~1-· "'at<0 "" C>.'.fo•n1;,, ~.aadlw •<<<i f>ls, rlu< •·r~,-;, f,;> "' ltot '"n"'""' report 1ng 
l"ll<llir\iO-. le th~ V CL F<R>d "-"d Ag>ifill\~r< l)rgi!l\,7atinn. fb· "-"~n1pl<', !I\ J-9~\\ lJ S p«>d~"t''-'" 
was "'""" 144 <o::>.. SP"-"'"h """""$ """"" 29,0u() wn< lr~ll"~ ~~r·irte "''""'':!/Ml '""" ~nd """"""' 
b_, 01r.cr prodnc~•• (T,>rl\~~. ~.1Dffl<<<>, l\J!!<';~ I'm»'*"'- ('l,,n~ ""d Cl"i~) ''"'" 3,0M '""' l« 
;i; t<l1al .71µr\wo siZ<" <>{ :182,il(l(l '"'"'· Tho tr.:e '""-'ket "~~ is ""'"-""'h~< h.::gcJ thw• th"1. "'~ tbM 
'"'"'"u'~ <#;~hid"' ~h" '7'llP1'<>p11on o( ,)<,,,,,,,,,;c-"H;.- ~rod-,,"""'1 ahnn"ik in the n~., \) 't ;m;<hW">S 
°"""-''"""· fw <:bich ,-eli,.U,,. <lat~ "'" "'"' 1ta1l~i>!e 

'Th~ d=~l.;; \t>i>t""' h4 1Vln.Kb~:- ~f<•wf< •t~"<lil:;, fr<>ffi ar=nd 3~ ;;')()till» p~r \"'"-' in !~.. 

""rly l~Y... 1<> _,.,,, 1110,Q{)i_• •aM P"' Y""'• !llOM f-"'{'0!1tl}, ,,_,,,,th~ r:_s_ ,, di~ _.;~~I· '"'g"'t h"'"'""' 
'""rko! t« r"'lifunna "1"~-



u .J/oton, Carman, Chnshan, Do,fman, Murua, and Sexton 

United States accounts for over 98 percent of the ahnonds imported into Japan: in 
Europe, it shares the market ""ith Spain and the other producing countries. 

EU member countries. pri1nan!y Spain and ltal_1·, historically have been the 1nain 
almond producers in the world. Ho1vever, even though Spauish almond production 
hBB risen, the EU has becon1e an iinportant net iinportrr du.c to th<: decline in the 
Ite.lian almond industry and the rise in EU ahuoud consun1ption. Thi~ devcloprnf'nt 
has occurred simultanrously 1vith the increase in California's almond production and 
bas m!lde California the largest alrnond supplier to the EU. 

From 1986 to 1991. more than 50 percent of California aln1ond exports "'cnt to 
the EU, and Germany alone i\£'counted for close to 30 pPITent of total California 
almond eXports. Between l 970 and 1990, the ll.S. share of sales to th<' n1ain almond 
importing countries of Germany. France. Italy. the Netherla11ds. and the CK rose 
from 37 percent to 70 p<'rcent. representing an increase in ~ales fro1n 16,500 to 
77,200 tons kernel weight. 

Spanish almonds compete 1>1ith California aln1onds primarily in thP F.U market. 
The EU, however. has not usPd any significant trade barrit'rs to restrict almond 
imporu a.nd protect Spain. The longstanding no1n1nal i1nport tariff of 7 p<·rcent has 
not been an impoftant'Vnpediment to trade. Under the 1989 lJ.S.-Ell agrC<'ment, 
the ta.riff was replaced with a tariff-quota arrangenient. A norninal tariff of 2 pcrcrnt 
applies to a quota of 45 1nillion kilogran1s (about 50.000 tons). 1vith additional 
qua.ntities subject to the 7 percent tariff (\\'orldtariff 1992). The tariff faecd hy 
Spa..ni~h almonds in thf ELT prior to Spain's accession to the EU 11•as so 101v that 
its suppression has not significantly i1nprove<l the country's competitive position 
(Moulton 1983). Xor are tra<le restri,·tions i1nportant for lilberts, a potentially 
important competing nut. 'IUrkey, the largest producer of filberts, has a 25 rrtilliou 
kilogram quota (about 28,000 tons) of filberts v:hich cnt<'r the EC duty free. v,,·ith 
a <l. perunt tariff levied on additional 1·olu1nes. 

P&Bt research on the European deniand for aln1onds has trt'ated California and 
other almonds M distinct produc-ts. Bushnell and King (1986) analyzed export 
demands for California almonds, using t.he Spanish aln1ond prices or per-capita 
CODllU!llption of European almond.-, to account for the effects of European produc-
tion on U.S. exports. Bushn<"ll and King reported difficulties in using Spru1ish 
almond prices, as their 1nulticollinrarity 1vith lLS. prices led to "1,1,-rong signs" for 
demand equations for the L:nit"d St.at<"S, \\'est (;ermany, and Canada. They thrr{'-
fore included per-capita iniport~ of European ahnonds in their equations for export 
demand for U.S. almonds. Alternatively, one 1nay take the correlations bet1,1,·ecn 
U.S. and Spanish (and Italian) prices as evidence against. source-{·ountry differenti-
ation of almond markets, and anal;'ze instead dernands for all almonds, irrespective 
of source, within Pach country. \\'e report. in this chapter, the first estimates for 
total almond demand "'ithin each of the 1najor European alniond conh111n€'rs; in Ap-
pendix A we present technical evidenc<' in support of this analysis of an integrated 
market for almonds. Our estimates incorporate several additional n1odification~ to 
the Bushnell and King 11·ork that strcngthPn the linkage bet1veen the econoniet-
ric wurk and the underlying theory of de1n1lnd for alnionds or other con11noditie~. 
These extensions and n1odifirations pC'rinit the construction of a con1plete model of 
the almond industry, capable of describing. and forecasting_ the evolution through 
time of almond prices, quantities. and arreagr. 

An important distinction hf'twf'f'n thf' }~uropcan niarkets and 1110.rkcts C'lse,vhcrC' 
is the use of substitute unts. which is partirularly iniportant in the large '.\ort.hern 
European markets. Alston and Sexton (1991) havf' identifiod filbert prices as an 
important influence on California ahnond cxporl.b. The European confectionery 
industry can replace almonds with filberts in rnany of its processt•s. particularly 
2IB filbert prices fall and alniond prices increase. In contrast, in the United States, 
Japan and Great Britain. it appears that aln1onds have no good substitutes. \l,,'c 



suspect th&t. t.his re~ult i5 rnlated to lhPir ,.;reater use in these ma1 k\·t1; iii a snack 
f<-;od. and perhaps as a r<ie<:gnizable sta:::id-a.!oue ingt"f'dient ~u,:h a~ th•: silvered 
alr:n(.;!1.',s it: ;:ei-ea!o "nd 9!1 CU~£h, nit'-ier tte.n a,s a ground-up. pr(•!X'%tx:I iltgreC.ient 
ft·! lnM~ipan and other 0mf;.::t'.011S, 

T:W a;;parent diilerenr<;>& i1: tli$tH .an<l noes fur almt>rui~ in di!:',;r1m1 XJuntri<'~ 
ied us 10 estimate !;e'.">3.nlt'.' fu.1:;::,ci:s fer tl:e varirn1e a!mo:i.d,ll!lfftJt!lng cou:;:rie>, 
rather than treating thtl EIJ \for example) a& ;i, sing!u <'lltity, ,\)though trrotlcy; th<' 
EU as "unit 1vouJd fitnpl.f; the 4tc&lysls. it wo11lil &loo ktvi v1 4 Joos of lnfotrnation 
abou'. C.ifi"ereucffi in :.lu1oad ('Crult:ffif.<icr:: )f'havinr ;,111,,:1;r tht- ecuntriE~ Gi'"'" 1h,. 
ul'.in:iat<? p:.irp~e cf thi~ i>:u<ly. '.t seei.':le'.l n::cirf' a;ipn:priaw le !I: Jpee:Ji( modfl~ fpr 
~&th c::iuntry (\Jf at Jea;;t Cot tht- LJosi :1nportr.nt 011<'.'0) ant'. then co riggrc11;<1t<" thee.<J 
11.·tit>r. t-fi<"re i~ in:!~rf~t in ~he t::nai matket r!'~p;1nst. 

in addition to the Europ•:iln c'ountries. demand fnll(ll01lt for the t:nited Statf'~. 
Canada. and Japau "·ere ill~o estimated. Tho (:ahfornia iud11s1ry ~oniplet~ly do1n-
in11te.; the rnarkets in the lJttiied State' and .Jnpan !)vet !lll p<er<:enr {1f J«{>nnese 
inpcns ;;re ,,;;p.r;li'.'.'<l by C'i!ifornia, 1>;i:1lr L!. S, al"'l10uC 1n1ports :1.r.e il1~i11;n1fieau1 . 
(;.,nft>ou"i, su:;ii;l.es <)ve: 75 P<'ft'l'll: u'. Gr>r::ul'.411 a:mDnd i1:;p::1r~<> 

Kr--o,.·!f'tl~ of :Wma:<d roh1r'JR<>hi~ in a. s>;.ho/·z Jf the workfs rr~rla;ts gi•-.:s :mly 
0 pi<rtllil occounr;i!lA" 0f tlw U:tR>l dtu.ri.nrl fer alnionds fn iht Mmond in<lustrs. in-
\"el'ltnrie>J vf nuts am Kfml'rJ!ly fatri<:d ovf'r fron; one )'Bilr fqr ~;dB iu the follo\\•mg 
)'<'al":"" iuve1.tory dero::.nd ft1nf1;\ou is '5t1mnwd t•) dm;;;dh? thB <'Wlntion nf thf."S\l 
fit eeks. r·inall_'" rh" ::nodel );;. rk\'X'2 witil 4 ft~'S( -of-\\-4rJd f!l()Vi/) dP1uar<l f'QU<d i<:.::J 
tl:<t! shows th>'.' relar\On~hip hctw,:r11 p:ri<'a>, f"X('gl:'J:0l!~ <1l~i4hll1;, 11..."'!d t:1e r:;:ua."Jn-
ties of alo0r;d sa!~ '." ;1t'.1Pr Ulll~kPl.'.i cha; are :Jt><:!'o;s.?.ry to cleil: ~'.!ppEcs ir. e;>c'.i 
year. Since the:> l;;,1lk nf f:)};•n 011!.Sic'.e ihe '"]a:ge" ('( ~inrilt'~ (l'ni~ed Sw.tcs, C:a....,;>dJ.. 
,Japan, G<;>rmci;ny, Fr;n1~e, (lreat Briiain, the :\.,thcrland~, l\nd Italy_) are tr> a S<'t ni 
1nedium-6i~f'rl (''1Untrif'f, 1>;e "2Stin1ate t;epar<1t~ de1nand fo11ction~ for 3r\'l'tl nf the•<' 
ru11:itries ~0 prov1'.Je (l ITIP<lLll vf checkir..g IJ:e !'QP.J"itrurt<V! :l!ll.fkM·('~C:J.~ir..g RO\\• 
d<:<1n:r:1ri funrtic:.:. 

1n $(,e~'.on S.O, Ce:nan< ('Stic1a:e~ :'.::r \ :•e large CQC!'ll7'!'li i\t<' pr(Y·nt<::L ~!o-:ig ·.1·i:h 
~l<i: r,1,:1m<1te<l st0rr1g<: ;:;q1111tin:; Spa!lish 1:e: ex;1v.-1s '111' tn'.l1':<:'d;;:;; rx•1ge1.ow;. \V\' 
f\U15truct a RU'IV itrle~ (c11lcuill.lr'd JJ£ 1:.s. rm ""f"rlf, p)us "l;i'!ui>:h ne! exp<>,5, 
plus lt:Jw.n exp<>rt~, 1%1 ftalirui luiµorts, less nq! irr;pnrtt. by (;,:rnw.ny. Frnncc>. th< 
:"l<'therlan<ls, CIT111 I}rh:'l.in, ,Japan, and Ca,,\illa), ""d •s!ln!i1tr il!l fl()\V d<:>mhnd 
fucc'.-ior:. i'!SQ prcwn:~r.i ii: Se::! ic3 :J.J. Thf'n i:; Sretiou 5.fi "-T '.ln!tlY?C .S\'pa.rately Ol1<> 
Cema."l..:~ ,,f tht< "'!"t ~~1 h1rges: c:ir..surrnng ce>11.'.ltr'cs wtlch. eX<:"eyt fur .4.'-'~'.n;Jli1, 
are all :n E'u;,~·;;e.:' 

5.2 'I'heoretical Considerations in Analyzing Almo11d 
Dcn1an<l 

Consum.::r Demand 

'fhc 1x<luoo10< tnt'Ory of tJr~<,1u:w;~ b~.ha·,:or i;reCicte tl:J.t a n'.11::.Lc~ of f¥:0rs in· 
llu<.>n~ thr arr.ount of a pr<1d1ttt ;,w:h '"' ahr1otvls ttflt eor-"•1m<'r>. hu_r. The mo.st 
nnpcrtant of :hese fa.:\ on 11 g11:ttrally !he p1i.:;i; ;:;bacgM f<iz th{' pro<lutf. T·he pri<:r 
qa:uitity relr•l.ions.hlp i5 t:tncial bei;;ause pnce and/er Q\<~nt\(v pklc<.'tl on >lite 1nark.-it 
arc !kc!slou '"1.;fi0b!es for iu<lh-lduill trm:> L'f a.'> lntl,1ttry,>vldi' >rf,illlization. fi>(l", a:; 
t!11' ..\'.inond B'.Mfd 'fte nda'.;011Shlp k""""'" prf,t ,·l",!'!rgt<i il:td quar.:ity ~o!d ~~ 
:JciC<O.lly <:;.l.li!-'lli!i«0 '.)~ing tile r:~i:x e~1'->t'..::,:.y nf tleru11nd !the pt>rce1:1.i;i:;!' dta..">ge i:. 
qua."ltity purch~..!:O..l due to a out"r~rcent change :n price}. The pri«t \'llmt>tCty ~>Sti. 

"Sw1t~erlAnd i> M'ttJ,.,11.• A l&tt•r aln1<Jrtd 1n~rko;t chaa C;,"adu h<>Wilv<"<, b~tau><' C11<1<ul~ i•" 
larger mark•\ fr•r CGl<fc,,-n\4 aln>«t1<b, ""<l hecau~e th~ dwe i11t1<~1aHon b1<tw•on the C'anad1an 
and tll<' l!J;, mar""\• dift1<IM ~ wn"""" tr,,almen\ in i<n< ud\"~ JH<r\nlin<>!"'m policy, {;dnatla it 
''"~'ffl "".:;no <'f >li<e l·Hi!< '"ilt~~t•. 
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mate is a critical input into devising an optin1al rrservc strat<>gy beC"ause it indicates 
the impact on industry revenue from implementing various rc&crv(' strat.PgiPs. 

It is also desirable to specify and estiruate models that incorporate as many as 
possihlP of the other factors influencing ahuond <lernand, so that thpir effects can 
be held ("onstant, statistieally, in order to obtain an accurate estimate of the price 
responsiveness. From econon1ic theory and previous statistical analyses of demand, 
factors that arc likrly to be important detern1inants of consumers· de1nand for 
alnionds inrlud<': 

I. 	Consun1ers· purl"hasing power, n1easured in this study by personal consuinp-
tion <>xpenditures on all goods and services. 

2. 	 J\.larket prices or quantities of substitute comn1oditics. Prior analysts of th<' 
ahuond industry (Bushnell and King 1986; Alston and Sexton 1991) have 
indi<"ated a strong filbert-almond link. 

3. 	 Exrhauge rates. Since nearly 2;'3 of the California ahnond crop is exported, 
the !'xchauge rate between U.S. dollars and the currency in key in1portiug 
countries such a.~ t.he Germany and Japan is a n1ajor factor influencing the 
cost of California ahnonds in thosP countries and, hence, consu1nption of then1. 
Exchange rates arP a!"countcd for in the subs<'quent analysis by converting all 
n1onetary 1nea.>ures into units of the den1auding country"s currency, and then 
deflating. 'I'his proredure acron1n1odates the C"oncerns in Bjaruason, l\lcGarry, 
and Schn1itz (1969) that the price .~eries used in international supply and 
demand analyses rellect the real prices f"'ed in ea!"h C"ountry. 

4. 	 Population. 'l"he effl'ct of populat.ion grov•th is C"aptured by estimating models 
of per capita den1and. 

Derived Demand 

Figure 5.1 rPpresents product fio"· in the California almond industry schematically. 
\Vith particular attention to the deterlnination of prices and quantities at various 
differ<'nl stages. There are at least three price-deterinining stagilS in the industry, 
"'hi<"h could be the focus for econometric v.·ork. \\'ith data on thil prices charged by 
handlers, oue could focus on the price and quantity of fin~! production, aggrt>gat.iug 
t.he flows to doniestir and foreign purchasers. \\'ith data on the prices received by 
gro1,·crs and other suppliers to th<' almond marketing sector. one could focus on th<" 
prices and quantities of far111 product and processing inputs Finally, one rnight 
in,·estigate the derived deinand for the inputs used by alniond grov>ers. A flllL 
disaggregated model of the industry v;·ould encompass all of these sectors; earlier 
"·ork, in particular Oushnell (1978) has included t•lcmcnts from the entire chain 
of markets depicted in Figure 5.1. Additionally, one might focus on particular 
ele1nt>nts, such as the fa<"tors detennining the n1ark11p bet"·cen the price,,; received 
hy gro"·f>rS and the prices rPceived by handlers, a feature in particular of Bushnell 
and King (1986). 

Given thP close r<'lationship bet"·een gro"·er and handler prices, as demonstrated 
by the margin r<'latiouship in Bushnell and King, one rnay ~iinplify r he analysis 
and analyze th<· dPrived demand for almonds faced by t;rov.·er~. "fhis procedure 
aggregate» over all the uses to "·hich ahnonds are put. and perrnits the identifirat.iou, 
in particular, of a single cla.~tirity of dO"mand for do1nestic ahnond sales. Since the 
n1arketing orders governing sal<'s of California almonds have had effect at this level-
rather than controlling, for cxaniple. th<' quantiti<'s directed to different end uses, 
ouch as food-service, snack, or inanufru:turing this is an appropriate place to focus 
the analysis, especially since there appears to Lie a near-constant markup. However, 
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Figure 5.2: World Almond Supplie~ by Producing Countries 

~int·e thl' latter feature is an important .::ondition for the analysis of derived demand, 
thr ronstant-1narkup assu1nption is validated iu Appendix A. 

The demand faring gro,.·crs or the ntark<"t intern1ediaries, illustrated belo"' in 
Figure 5.3, is a drnvcd den1and. If n1arketing-scrtor services are provided under 
con1petitive conditions. derived den1and for any quantity of alnionds can be found 
from thf' final or pri1nary de1nand n1<>r<>ly by &ubtracting the cost per unit of pro-
,·iding thf' marketing serYices required to transfor1n '""'' ahnonds at the farm into 
the forn1 rrquircd by end users. 

Econon1ic theory suggrsts that derived dcn1and is infhlencl•d by the san1e factors 
that influence primar~- den1and as \Vell as an additional set of fa<:t-ors that influence 
the co>ts inrurrPd by rnarkrt intermediaries in supplyiug the ra''" product to the 
various end usPrs. Tht"e costs, associated \vith tra11sport.i11g, storing, processing. 
"·l1olf'saling, and rrtailing aln1onds and aln1ond produrt~. cornµri,;e the 1narg111 be-
llV<><•n prirnary and derived den1an<l. 

'fhe derived deinand for inputs into a food processing industry dt>pends on lhe 
prices of other inputs (such as labor and capital). and !ht' technology of processing. 
as \l"l'll as thP prirP of the ra1« n1aterials. l"h11s. thr dt>nHl.nd for s"1ni-processed 
ahnonds "·011ld he rxprcted to depend on thr pri<:t'S of substitutes in food processing 
as ,,,·ell a.s substitutes iu final consumption. 

Residual Demand 

California lacks a 1nouopoly on "·orld ahnond prodnetion. ,\!though California nov.· 
an!lually supplies over three-fourths of the ,.-orld 's ahnond trade~ (see Figure ;)_2), it 

<\Ve consider here tl1e &hare> uf the world's marketed almond>. !·or the l'niled S•.ate<, b<>th 
domestic couou111ption and e.,por" arc included. The other 1uajor producer' c<lnsun1c runch less. 
and l3<k gu<Jd data for do1nestic conoumption. >Vorld marketed ,upplies are therefore defined dS 
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h":es in1PQrl11.n;. <:OlA1J<:!ltl"n for expGrt sa!,,,; f,-on• fo1eign proJi;,_-.,,,;. '"03i ::::.ota::ily 
Sp.sir:. The PIX'¥'C<:1' o!" fureig:; coi::p<"titc•:'.'5 CTCans that Califor11 ia illr" ""d prod:.:~"'° 
\lOa~[y rio rtvt ~it(e Cltt tot.:d d.eni;in<l f= a!l'.'londs ir. a giv,;;; touatr:'s nar:Wr. 
Rather, ('ilif<>rnl?- fati'S :he deman.d tl:nt ri!lrta1ns after taking i\0."0Unt cf fcrcigu 
s11pplie5. Th\$ rrkiJu;d dvm.t1uf •~ illustrated in Figar<> S.3 f0r s re))te1*ntatiw 
rountry Toi.at dein11nrl for almonds <lt various prires is l:\ll)resentlhl in th>" flguix: by 
the line DD' $(1}'!1'} vf aln1ond" by farrign prrn:\atef'> M ·,arJ;w; prk:e'.1 !r indi<:ri.torl 
by tftc ~chi'd11le SS·. Dy ~1tbt ra,.ti0>g t ht \'Jhu::i1e of r•tt:;;io., ;;up pl)" f:om trt 11i rl<'u1:mC 
"'' p_a:j prit·c, "'!O de1i1y. thf :l\"hed:lli.' ,<;_,<;_ "D' 0f resioual ri~e.nd f1J,c'.ng (!alifcri1ia 
gT0''C~r$. l!.J~ prjrei bedJVi 5 pl't tOll t!::.i.'1'€" :.S n0 (01!\f'tlitor &'.!pp'.y._ ;;-:i thf· :c~dU~ 

df.rnanJ is equal to total do~nH\Ud. 
1'his chapter prf5ents ata11>1tict1l eviden<::€ 1.h;11. !J,S, and Spanish almonds ar" 

v<>.ry close >ubstit11tf'S in ll•GZt consnn1i11g ,.,i•u1tnes. Ollr appr()~b in this sturly is. 
thus. lo es:1mar"' t:itnl lllm0nd C.<?ma,11d i:i. tl1e key t<::"'•\'.rnir-{!: ctnr:1tr1<:s. Residual 
Jenianl for t:.S. a!uonds l" 1h~n ti<>~il cJ L~ u0t:ing Sr».nish supp;y fron; th« tDt.il 
;iemd::ld :'un1::;0rs. 

TI.me FrarnttWOrk of Demand Analysis 

A difficult ;,...~;1;; it 1'?ltdytlng denum<l ls det{·ft!l-ininR th1· litU<:' perind or length uf rJll 
tt< whit'h l \\,~ :a.ualY'Jit- oh;>1dd appl~. Dt1e b-ott tu it<.<k<i.d;ui;tment i;t<C ha.Let effc.:ts. 
trul to t'.yn.'>1nl<1' l:l :he fo<xJ,µroccs;;!ng cndt:o.try rf.i?QllfP- w~ f''<jlH':t il gradt:J.11;-
!r..o:.:xasing r'-'&'.'(>ll~ in ~ale; to a perma:-,eut 1,cice chilng<: 

Oppo-rtun\tl\'li ''' int6rpor~.te ~ength-of-run co-nst<leratFlli\ in ,j_<emand aua.!ysih 
depend upon t!w t;---p~ of dat:i that ar;: avaiiable In the ~asc "f ahnonds, data arc 
avr.ilable i'rim;i.dly ('U illl annual has1~, reffecnng th\' fact thf).t ahnonds 3tP a cro1> 
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\Vith an annual harvest cycle and, for the most part, an annual price determined 
by the rnagnitude of tbat barve!;t. Esti1nates of de1no,nd re!;ponsp to price cho,nges 
obtained front these annual data should , therefor!', rPflect buyPrli' short - to mpdium-
run responses. Data reflecting purchasiug decisions over a year's ti1ne should not be 
biased by consumer inventory effects, and p11rchasing patterns (habits) have ample 
opportunity to adjust. 

'fhe short- to n1edin1n-run de1nand effects that are observed when analyzing 
annual data on the alrnond industry are the irriportant effects for purposes of a/­

localed reserve policy recon1n1endations, because these reserve decisions generally 
have force for at least a year's tiine; unallocaleJ. reserves are nor1nally released or 
otherwise disposed of prior to the next year's harvest. 5 

Equilibrium and Re~t-of-World Demand 

\Ve assume that net imports (exports) of aln1onds in each of j c-ountries, (Q,, j = 
1, _.. , J) are determined by the real price of almonds in the c-ountry (p,), real total 
consumption expenditures in the l"ountry (iJ), and other exogenous variables (Z,)­
Further, the sum of net imports and exports is zero (supply Pqnals den1and). If all 
prices are linked, so that they can be represented in tern1s of one country'~ price 
and the exchange rate (XJ) that expresses country J currency in ter1us of the base 
co11ntry, then in each period the follo>vjng equations n1ust hold: 

(5.1) 

(5.2) 

and 
(5.3) 

There are 2J equations in this ~ystt·m, sufficient to determine J prices and J quan-
tities. One inight then estiinate the .l dcinand functions in (5.1) and tht' J I price 
rules in (S.3); to sin1ulate the n1odel for different values of the exogenous variables, 
substitute these variables into the estimated equations, irnpose the equilihriurn con-
dition, and solve. In pr&,tice, we explicitly estimate de1nand t'quations for eight 
countries. as well as seven price rules, then construct an aggregated IlOV.' series 
that clears 1narkets. and estimate a demand equation for IlO\V. The prices in the 
demand equations are the average iinport price (total >aiue of in1ports divided by 
total physic-al volume of in1ports, C.I.F. port) for all countries except the United 
Sto,tes, for which the average per-unit gro,ver rKeipts (or farmgate price) is used, 
'''hile the average Germo,n import price is used for RO\V den1and. 

The Estimated Structure 

The theory outlined in th(• preceding scx:tion l':as used to create a structural model 
of the aln1on<l market. "'hich "''as estimated and used in subsequent policy analysis. 
In this 1nodel, there is a single market for the almonds gro.,,,·n in the United States. 
Spain, and Italy, and sold in the industrialized Kono1nies of the OECD. Interna-
tional trade in almonds is rf'latively frf'e, so that stahlf' relationships exist among 
the prit·es of almond~ in different countries. In the almond industry, in con1n1on 

'Under the almond market;ng order. the Almond Doard of Cahforn1a (ADC) estirnates the 
proportion< of grnw~rs' d~liv~rios to handlers that are inedihle. which are identifierl AA "Loss and 
exempt.'" The remainder of the deln·enes are subject to the allocated and unallocated reser,·e 
require1nenl. AtlotateJ reserves have a opecLfied final d""tinatoon or use, such"" export>, almond-
huttcr progra1ns, oil, or livestock feed Unallo~at•·d rcs~r"'" o,re held off the niarket. and ma;· late• 
be •old in the primary marketing channels 



5! 

'':ilh n1any other r>gl'ieultural indu~trics. current •uµply does not rlepend on current 
prices: th<.J q\•antity of almonds in th<:> market in a particular yt!it is determined 
by ear;ier plant:ng Jrci1ions and '''<:atb.er-i:nfiueLU'd yi<'ldR, plus sr.xk.s <'.lf almonds 
.::arriec' ,-,-.,~-: ~rniu the previous year. 

·rm prlrn:iµa.I a!mon<l-,,:onsumh1g ro1tnt<ie< rif \Vestem Su:orw, plus J.a,pan ar:d 
C1u:ada, are treatOO utr indicated in the pr-G"'.f'-ciin;;; section. l'l<Jt lmport de.'tlanri for 
aluionds is determieOO by p:iCTS 1>f a!m%ds wvt in 0J<Jlltrk* where almonds aT<: 
ukd extem;ivel-y iu mariipan and ether <'Onfectiollf'JWo, lill;erk, M v;~ll as by· re<il 
consumpt icn expen.ditu.res, !YI Jn cquatit>n (5. ; }. 

:r: al1:-.ond-p;0Cu;:i:ig ;:nuut1~cs, the ana~_,..,J; u_11s•. be d;lt~rv11L \Ve calculate 
domes:ic PUfC:'>llii"''i int~.!' l!nitf'd St1>tco as tile ddfere"!re b.:twe<>n ~crcl<cn1poraneous 
supplies (curr0nt harv01ts pin' :.1nco1n1nitted iu;·entorieo. (a:rrled in lw :.111com"llit ted 
in,·entorif'S <:i:irrie<l (•ut) and nf't <:'Xporto. 'l'his demand i~- o( I.uni'$<\ denved from 
n1ar<J" deman.-i~ for flnal consumer prodncts, as 1noll.t almondh, il~ the Cnited States 
ai.:d abroad, a;c.~ proce1Hcd further and coinbined v;·i~h olhff ingredients in a v'l.ri'lt)' 
:;f product.'\. V.'!th Cll.rr:r·in predoterJJ:ned, it ren1;dn~ ~o ideu:ify and e~l-irr.o>te :l 
;;t:oragi:; <>:p,ar1:in tn de'<'l'1!l111<-' in·,entories carr'f'd (:tlL :'he con:blna::<Jn of thi~ 
storage en.:mtiuu with the U.$. Ce;n&nC. eq=li= n:1d pre<leterr.1i:i.OO '.:.;:..r>:£Slil and 
(armd-in inYe11lDrWE is <YjUi•·liknl tu a nM in1port (•~XPDtl) 01Uhti0-.'1 f;;r the r:nited 
States, as specified ;11 eq\latilln (5,1}. 

Ii: "~•1JG. have l.mfn deJi-:';:i.h;,. 10 n:w a slnular pro<J::<.hi:'<.' fur :lie ctl-RC tv;·o 1najaI 
aL-nonri prudui:us, Spain auC. ltaly. l[r,,_<:e'<<Cl. tt? hiJ.r•'m't daia ±it :Jiooe ::ounlri<:.-- .,. 
t:nt('tabre, w:th u:easuM<I '.li!tv<'si.S grcv;·1:-ig r;;pldly {p;>rt :i-:.i!J.:'ly i::i : h<" """'Y y·~) 
while e~l!c:·t:S rmnil-iLk.d 11.;ipr;u:lmately ccn;;r;mt. Tf,,.· r<:-.,ulting 11:eMuc<U ..eriros of 
C.on1<>stic co:rnn1npt:on q'.1antit'.e~, for both Spalr_ and Italy, are larg<'ly in1~o;:ieudent 
of prices. This ls llk<>ly a rPsult of the differ;>nl >fil\lrces of the tw11 sets or series, 
harve:sts and trade. !Tad(• statistics ar<> CQ11',tructed at a co1111rry'~ borders, where 
inconiing o.;: c:1tgoiug shit:::neuts are ta':>ulated H>1rvr:~~ da~ ,.._re the results of 
mot-e---o:-ililS s.:;·sttrr:at;e SM:lp!i~.g r:~ocedi:re.ll, ,,ftc::i d<'p.cndi1:g upon; the W"JC.v.-i!I ::f 
gr01•1rr!I wto !urte !i~;!e inr1ntive w partici;>at" activcly. Fortherm:;w, "'both Spaii: 
s.:nrl Italy lar,<'!;e ;J;J.;1$ of the J:tlc1nnd cr0p hav..c his1-0rtt'a!ly <:ome froni ua:rrigat~ 
tnl<s on marginal \l1ruL <5>1kx'.f'rl on an infnrm:k b!i.iiis. Sur-h pmd,,,·.tWn IB rarely 
m01s11re<l ac<:urJ.ielv 1-'ur whale\'t:r reason, it lms p<o<:<'n :m~ibl" to estimate 
dcmPstlc demi'nd u:;va:.i4u~ for tbe~ ;:v:c ccnatnez.. Inst<ca\1, iraprut and export 
e<;:ua1:0ns Wflf'f" ;-0riutrL<i4<J and ~'Slirnatff: fer lta'.y. whil" Spa:1l"ti 11t_-t exports ll't'l"B 
trP..atOO as '.f they J.'T' J~idl'pf'ndf'n~ 0f pciCT-s, a5 d1oc11%e<:I below. 

Th"' t"'a cc:1u•ri(!I; nT<' tr(·Stcd dJl'et1>r.:ly b1Kauw 0f i;hei~ hict<Jrir~, v;·hv.;h in 
turn inlluence a•ir o.hdity w suecessfuliy estinu11.e behaviorai n:lation&hips. Italy 
'""-s· dllring the 1950\, the world"s dominant ahnond pruducnr. DuP ta Italy'~ de, 
,-;Jinin~ role in the 'i'i'\Jrltl nlu1ond inarket, data senes describing the Italian almond 
market in<::rea.sini;ly :Mi<::.."llb!e tho)$(' ,;nries fo: the co11-;Jr0<lnrilit almond cunsmnen<. 
Ho.,,,·~v<:r, thi11 (han!(C hll$ ta:it<:m pl(lee ~lcv.·!:i-, with inip<lr':» -v1cxed11ig export~ only 
end' prlor t0 19S5: stnce !_9$7, lta'.y '.la<> l;.,,"'('c "- :nP! :<rporter of .a!mr;cds. I~ has 
t'.:lerefo7'.' bcrn im;;1ractlcal to 1't:aly?e a net :wp.Jrt '.<>r f'Xj)Orl) fc111·tion frn- Italy; 
instead, t"'v furztions ha'ii' be1n <'stit.."late.:t v11!h thr rf'n1 1nrn11H' indl•_·ator a di'> 
tcrn1i1Ja1Jt of gtO\IB inl.portt. h•lt aol of grom; exp.-.ru, and with both impcrts and 
exp-0rts dcttrm1will ~· pri(<: a11d hy me""~;\;N"d h.:'""'"t>. 

\>y',,. h!>V<? i)<YtH c1itab!.: ~ <:k ;-. lop n~eful ~s~i1:-iatk1> f :th.~r of Spantsf: dcniao;::I 0r 
cf <:;pa1J;;:i ""'t exports_ ':'her<>fore, wl~c::i tl:e e<;UW:Nli.' are toml::::ned, l1tttr, in:o a 
5im;ilacian an<l ~olify-naalysis !l1ode;, it is ncce~sary to prov1.:le vahu~~ for Spar.is'.:\ 
5upplif'S. Fortu:uate~v, Vi'"' bavl'.' ll<'<cn able to e,;ti:11.i.tt an a(tP.agB !'<'~ponsc, Vi'hich 
<::an be aµµlied (v esnmate t}u; k>ng-terin rehpon~o of Spani~h $l:pplie~ to change& 
in price;;. 1lte lack of n tl4<\i~~tic den1!lnd Bq11atw11 for SpJin (whir.his impli~ by 
~he lack of tl-.<' d<':ivr<:I hnport )),!Id, BS]'>(!{:ifl.Uy. BXP<J"l "'lc.ation~) is a'..'tua!ly not 
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very serious. '[he Spanish domestic n1arkct is s11n11l relative to the total harvest, so 
the sirnultaneous supply respnnsf' to, for example, increased prices, 1,1,·here dornestic 
demand is squeezed out and product is <liverted to international markets, is unint-
portant, eornpared \vith thc llrrgc fluctuations due to the variations in harvests. 
Nonetheless, this is an important area for future 11•ork. ,.·hich may d;>pend upon 
i1nproved techniques for treating syste1natically niism\'a:iure<l <lata. 

The simulation model involves eleven deinand equations: the U.S. don1estic 
consumption equation an<l carryout storage equation. in combination ,.·ith prede-
ter1nined supply, corrc~ponding to equation (5.1) for J = I, six net irnport equations 
corresponding to equation (5.1) for j = 2, .... 7, the Italian irnport and ;>xporl equa-
tions corresponding to equation (5.1) for j = 8, and the aggr<egated RO\\' equation 
corresponding to equation (5. l) for the re1naining countries in the \\'Drl<l iu co1nbina-
tion "·ith the equililiriun1 condition. equation (5.2)- In addition. "-c will need se~·en 
price rules, oft.be for1n of equation (5.3)-note that the Ger1uau price is used in the 
ROVv' equation. In a later section, we present statistical analyses suggesting that 
such price rules do <exist-there is a "La\\' of One !'rice" in the ahnond rnarket: in 
the simulation and policy-analysis applicatiouo we use a 1narkup-rule derivPd from 
historical exp<erience. 

\Ve have. then, the elements of a eornplele 111odel of price and quantity d<>-
terinination lll the world almond 1narkct. I'he esti1nated equations reflect C'losely 
the structural fonn d<escribed by microeconomic theory: these equations can thHn 
be used to si1nulate the evolution of the alrnon<l industry, and for th<e analysis of 
alternative r<eserve, tnarketing. and pro<luction policies in the industry. 

5.3 	 Statistical Considerations in Estimating Almond 
Demand 

Single Equations vs. Demand 	System~ 

The static thPory of ronsun1er behavior in1plies a S<:'l of 1rn11.he1natical ~onditions 
or restrictions that rnust hold among ct<emands for produrt.s ;~~a group. Estimates 
of demand can sometimes be iniproved by i1nposing these conditions on blocks of 
demand equations and esti1nati11g the rquations jointl_v as a system rather than 
individually. 

Problerns are often encountered in estimating deniand "'ithin a systenis fra1nt'-
,.·ork. To begin, whrn interest focuses on a single rouuuo<lily ~uch as aln1011ds. 
errors ma<lt• in estitnating oth<er demands in the system can pollute estimat<es for 
the comn1odity of interest. Secondly, including a conunodity "-ith a relative!;.- n1inor 
sharr of total food expenditurrs in a coinpl<"te foo<l deinand systein can be irnprac-
tiral. One alternative is to invoke separability asou1nptions concerning consurners' 
budgets and to estimate a den1and ~ysten1 for a subset of goods for exan1pl<e, for 
different typ<es of nuts.ti Seriou" problerns lin1it the utility of this appro;ich for al­
mond demand The S<"pa.rability ass11n1ption, in particular, may he inappropriate 
becauS<' ah11ontl~ are used tnost extensively as a food ingredient, "-here th<:'y 1nay 
substitute "'ith a n111nber of differ<ent food products. Jn addition. in a partial sys-
tern approach, total expenditure on all goods is r<"p!w::ed as the inro1ne variable 
by expenditure on goods included in th<e syst\'m. Thr resulting cstitnates of price 
and inconte elaoticities reflect only p;irtial responses and are inappropriatr measurP-s 
of thr dernand response to changes in income or total expenditure or the de1na11d 
re~pouse to price holding constant total inconie. The partial syst<enl approach to 
deinand analysis is espf'{'ially useful for analyzing the stl""ngth of substitution re-

6The s~parabilit}' a.sum pt ion 1s that consurrwro alloeate their hHdgot to b<oad food classes •uch 
,._, on~at, breads, vegetables. rruto, et<- and th-'lt the allocation of e~pend1tureo wtthin such a tl""s, 
a separable group. depe<1ds only on th~ prices of good• wothin the group and on tot~l ~~pendit"'"' 
on the group. 



lationslupo an1ong rplatcd gocids and testing ope(if\.;: hypothe~e~. but is not rl-carly 
u;;-cful as"- 'lac.is fer ;i.n lndustJy simulation m<Jd«~. 7 

Demand for Coosump!ion vs. Demand for Stora.ge 

Tfit: a!monC m arkct is S\lbjel:t to :<>.rge yf>'.lr-to- ~ e11r pr;cx• !luctun~io1:s. An 1t-1pJrtru.1! 
<:Pmi<lr-rnt1on in anaiy1-in;; df!111;iEd (o,- .;hu01Jds and in \n1p!enE'tl!iniJ; ~Y'.t•~ poitty 
is th:.t rndustrial u;;.;ri, ,,f J.hnnH<ls 1nay elect to 'lt:-quirf' and fit1•re almot.ds acroos 
(T(ip _v-ea:s. FDr exampJ.;, fnod ,,-,auol1ctur<0rs ;nay y,n.::ha:;e fihnc)!l<ls 111 exce..«s of 
th.::1t currer.: rEt,JX.rimi.ents lu t.igh- p.-:1dt:t'.ror., Jow.pricf' yv&rs in ant1cti:;1:loL. ba._"Zd 
un t!J£ "~lkc11.ate-l:~rh:5 z.vek-,, •)(a s11bscqi;.011t J,;\\·-p:rocntt:on, htgh~µrite :"°"' 

If m~a'>IJ:>.:'d ctioappear<tutes of a!rr.onds incluC<'- i;(>tl NJ!l1ltl1llptlon anC. ~torage 
11Ses, then ubser-.~1:1 re~pun~e6 of (lemand to prirc ·.vil! in(iude hath consumptiun 
<l<"1nand and st0r11s~· <leniand f"Sponses, ri.nri the resultiur; estHllflt<" of the pril"<' eia~­
iitity of <le1nand v;ill be bii\sed as an estimat<l 0{ th;; elasticity of finl>l cr;llb\Hnption 
dem1H1d r<;>,~pPn~·~- For tti'Ctcpl!', :n h'..gh- ;:iro<l ur·1.ion. l:iw. prit<l years. if 11t:1ekholding 
behavior <'au1if:'S aL'lhlnd w;.er11 tn b·1y alJT1r>Ld~ hoth f0r <:1:rrcn; \l<*' {('01.~11u:ptb;1n) 
and fur fu:u:e •JW \;;tockhokhng) in ar.tirip::.Jwu of highcr fu:ur<:' ;.rlt:<"s. lte :ui:a-
~"n,-,J resp0csc 0f d<"mttc<l to':~ lnw p~ice b7>wd on dl:1ap1x;;;rai:::e~ Cata \\'0'-"ld h" 
grct1ier than i:Jw tru<" e<m~1.1mptim: r0i<pcnse. 

Ther<" u; llttl;o jnfotnilt\\>n avallahle on stockhW<llng •if ubnnnds outsid<e the in-
i:ustry. ;;Jthc'.lgh ind:1r:ry MrJ:W:ls >"DJJ1»'.ler ttat it lt liQt "-" Jn1pnr'.-3n'. phcnoml;!:>(ln 
i:1 Hl~b\ t:;:n:ntri0s- \\? in~'ti'~iga:.-:d various s;stistj(al ;l.(>pr::n..:11¢~ to r::ieas:1ri:ig any 

S'.-O('id:o!Cii:,.: ;;ff0'.'t <YI 11'.<'ll~llflii de:n11;1<:'•.' r-hf">C nppnmches yi;.Jdcci no c:ir_.,-~"-~''"' 
evide1:ce of a ;;t:::~ld>ohling <>ffe.:t, so th<" fin3' d1"rr-\1nd F.:<tin1ates prwirJ1ted h<:rc .,,-, 
frctively <l-!JSllTilC' rhnt di~appearar.•e~ of o.hncr.ds refl~tt only consumpnon rc~p0nS<'5 
11nd not ~torngr outside the induotry. 

Genel"a! F()rm of Al1nond Dem.and Eq1•.atioru< 

Ilasi:.C on ~he t h('V:'V\!~8 l a:;::wE<:::-,t;; a-:io..-.,,, it '-"' =~"n!fod ! I: ot <J\!c per capita dei'"'-"d 
for a;rr.undf :11 <"UUEtr;, K, -lcF11<-d "" o€t im;)ort• "f alni"ud~, 1,; a 6u;ft1'lll of 

1-	 th\' !ill<'<; of ahnon<ls importer! ii}· that c'OU!ltry (P"). 

Z. 	 tiw Jtrlf?(G i of ,ithvt c<.>t!l p<:titit nut~ (PC1\' K } , 

:3, 	 per '<-pita ,~;:;1.,n.:.mp~ion 8Xf~:1±tur~ '.YK), ll!IC 

1. 	th.. pr1t'<!l; of other pr<'d"t.cr or ronsunH'r iymtis th1<t .Jfect th~ dEr.-..,,d <lr,­
mand ~or ahnond~, as tr1)rN1ented by the rorssun;f,;- µ;-ice index 1n that rountry 
{CPI"). 

Per-capita d<'mlln<l ('l\!I then be u·ritt~'11 

All ei th» ru01vwary vnrl»W€~ ln this tqnatlcn ,,_re e>.p.~r'*<<l ir. 1wmuul dumer 
ti<" i·u rn:nry unit5 in c:vnn:-ry K. ('cmsunien; ('.:'Ori. P"-"'•'fm>rs) iu cnuritr;.> K <1-fe 
('Ollrerne<l w;tl\ i;hf"" pi:'k"<"1' J<ll<l iru:o:ne lll l<?.."W.S qf th<Jir d'llllest'v: cnrre1i;·y_ Sine\> 

7 1).-;>;;.t~ tMw "'ht.••np "-"'"'' '\e "1 i!i1y of~ "''"'~"'~ ~P;n<>M 1~ "Ml)''k A ~:mend Oe::-i~<N. 
w~ Ji( •>:p<r)11>< or v.:~h op•Cfir4\wn <>f ~ pc.oti:C: .O~w""n<l •>1:'.Bl-" '"' th" '. 'c.. '.M S:c.:,,,_ t'Cn;vtinj( 
,,( <'.~ma~.-j t<;; :Co~ n>Jf,~ il:n1<1ffiin hit>;;''.'-< P'"'"ut;, p~r-an•, ·'"" ""~'-'""· Th• ,-.;,,c;l(e f<>< ,..~;;oo~·I 
<!~mand wor~ l:>rQ«<ll; ~""'"!en: ":th ! n~ singl•-f'<!"'-"c,n "'~"It' <•i'<>t\•d in S&<:liO!I ~..;; moro~v<r, 
th€ s;>tem ''"~"lto lndkal...-1 that th& "l!el~~f.LVP l>llt• ""'" net ~<><>:! N>h~• •fut~ •11 111<' J;ntted St•te; 
for alononJ,_ 

"For cxarnp1•, ii non11•duotr\ q>0c"l"-t1'e >tockholditqr; we,-;, .ir.pottant, a v~riable 'uth as yi.. ld•, 
<.'hich given the filr~•H"-l>Vt-lw~nng rlle,-:on>nn"~ is~ •ign1ri<:nn1 p<•<l<otar of aror3'1" ><·ithi» th~ 
induztr) . .,-,;gh< \,., ~,-. irr.p(!"ft~trt ''""'*;,;,. '" e<plaiHiHg <l•""Pll""r~n<VO Qf almG'Od>. 
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consu1ner (and producer) theory shows that it is only relative {or real} prices that 
matter, 1,1,•e deflate the monetary variables by the CPI. 

Country K's per-capita import demand function for almonds, formul;i.tPd as a 
linear model, can therefore be writtell in tern1s of real pric-es and real inco1n(' per 
capita as 

where the lov>er-rasc letters denote real (deflated) values of the nominal variables 
defined above (e.g. y{' = Y,K /CPitf, and Et is a random disturbance. We expect 
to find a 1 < 0 (i.e .. a negative ov;n-price effect), a2 > 0, and a3 > 0 (positive 
substitution and incon1e effects). 

'l'be econo1netric specification (5.5) includes as explanatory variables the prices 
of both alrnon<ls and competing nuts (specifically filbrrts). variables which would 
see1n to be detennined simultaneously \Vith quantitico purchased. If this simul-
taneity is statistically important., then the OLS estilnators will be inefficient and 
inconsistent, and alternative estimators arc preferable. It v.·ill therefore be necessary 
to investigate alternative <estimators. and to seek evidence for siniultaneity. Thi~ 

investigation is describe in Section 5.6. 
A number of functional for1ns were tned. including linear equations, <louble-log 

models, whrre all of the variables in (5.5) are replaced v.·ith natural logarithrus of 
their actual values. and linear rnodels v.·ith a quadratic ov.·n-price t.errn. 'fhese are 
relatively simple functional forn1s and are, perhaps for this reason, ainong the n1ost 
con1monly usl'd demand n1odels. 

5.4 Data for the Analysis 
In this chapter·~ e~ono1netric 1nodehng, v<e use data fro1n four sources: thr ,\ln1ond 
Hoard of (;alifornia {ABC) and its predecessors, the U.S. Departmrnt of i\gnculture 
(USO.'\,), the United !'.;ations Food and 1\griculture Organization (FAO). and the 
European Union's statistical office, Eurostat. The data used in this chapter are 
list.<>d in Tables C5.1-C5.7 of Appendix C. 

U.S. Almond Statistics 

Two data sets describe the U.S. almond 1narkets: first. ligures taken or derive<l fron1 
thr monthl.v and annual reports by almond handlers to the ABC, whirh reports iu 
turn to l:SD.I\.; and secon<l, the t:SD.<\. annual S<eries on avera!(C prices received by 
gro"·rrs. The .l\.ilC handler reports include the volun1e of nuts received by handlers 
from gro"·ers, and th<?ir disposition. as stock~. reserves, or ship1nents to buyers 
outside the industry. Vile define total crop-year av,ulability as stocks carried in plus 
ne"·-crop reteipts less reserv<>S and allowauces for losses in storage. 

In our rconomet.ric work, we identify as U.S. demand the vohune sold by (:ali-
fornia aln1ond handlers in U.S. ntarkets during a given C"rop year t. v.·hirh runs fron1 
July l of year I to June 30 of year 1 f: I. This is calculated as total availability, les.s 
U.S. calendar-year uet exports !VX fSA, less stocks C"arriPd out 8,_ 1. Availability is 
thr harvc~t received by handlers H, {the ..\BC Receipts scrie~) plus storks rarried 
in S 1• Stocks are identified as handler uncon1n1itted inventories as of June 30 of 
each year. V.'e haYe thus identified the sales in the ll.S. markrt a_~ 

QS USA -S "H _ ,,vuSA_5 (5.6)I - ' • t 1<.o.' ! • l · 

'The do1nestic consu1nption series thus t·alculated shows wid<er year-to-year varia· 
tions than docs the AilC reported domestic ,-rop-yea:r do1nf'stic-disappearance data. 
There are two sourres of the variation bet.v.·een thf' t>vo series. First, the series used 
here includes handler commitn1ents as sak·s 'vithin the year in wluch the sale is con1-
1nitted. v.·hile the published s.eries attribute the sales to the year v.·hen delivered. 
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Second, as dis-cussed in the next subsection. exports are n1ea.sured 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 do<>s not seriously interfere with thP 
a.ccuracy of thl' resulting estimates, \vhile the inclu~ion of connnit men ts in the sales 
data is consistent with theory. The future availability of long crop-year time series 
on California ~xports \'lill certainly irnprove the accuracy of the statistical 1>.'ork. 

To analyze den1and r!"lationships, we need infor1nation about the µrires paid by 
almond purcha.s.ers, or received by handlers. Since our data for U.S. consun1ption 
are primarily on a crop-year basis, we would like a measure of the average µrice 
received during the crop year by California handlers. Such a price ~pries is not 
available. Instead, \\"e can <"hoo~e bet.\\·een (i) th<" unit vaiuP of lJ.S. exports-- a 
mea."Sure of the average µrice 0f l 1.S. exports- -\\'hich is niea.sured on a calendar-year 
ba."Sis, or (ii} the average farrngate price, \\'hich is total pay1nents front handlers 
to gro\\·ers, divided by the quantity of aln1onds handled, calculated on a crop-year 
bru:is. \1.-'hile the export price is preferahle on theoretical grounds-in a competitive 
market profit-maximizing handlers \\'ill receive the same prices fro1n doniestic and 
fron1 foreign purchasers the calendar-year data are not appropriate for crop-year 
de1nand analysis. 9 The most useful price series for thP l,T_S_ 1narket is the farmgat.<' 
pric-e. deflated by the consnmcr price indcJ\ to form p;An,1.f. measured in 1983 dollars 
per pound. on a kernel-weight basis. 10 

Thadc Statistics 

Eurostat and I-"AO ar\' alternutiv" sour<"c>< for data on international trade in ahnonds. 
The FAO data cover 1961-1989. and include exports and iniporto by all countries. 
In addition, \\'-e use series froui the F:AO on har,ests for Italy in the estimation of 
functions describing the ltali~n 1narket. The Eurostat data. from the European 
Union Foreign TradP Statistics (:'-i!MEXE) cover trade by European lJuion 1ne1nbcr 
countries, listing cxportb illl(I in1ports, voluine and valne, "·ith data for each memher 
country brok"n do\\·n by its trading partners, for the period 1970-90. 

Both databases include data on a calendar-yea:r basis on both t-he volu1ne of 
aln1ond trade, measured in metric tons, and the value, 1nea.;,ured in lJ.S. dollars 
in the FAO database, and either dollars or Europeau Currenry Units in l\llvlEXE. 
Dividing ;-aiue by volume yield& the unit value of exports or i1nport.s. which is a 
measure of the average price received for exports or paid for i1nports. 1'he basis 
of both value >Cries is the value reported at the reporting-collntry's frontier; unit 
import values therefore include ~hippin~ costs to the country, unit export values 
!"xclude the co~ts of shipping product abroad. 11 

In our estiniations for the European countriPs, \\"C had to choose bet.\\·een datn 
from FAO and Nl\fEXE. The latter data run only back to 1970. However. the loss of 
observations in using the "Kll>-IEXE data wa.s in general rewarded by stronger results. 
This may be due to rr1orc consistent classification of nut data in the l\I)..fEXE data 
base. For cxaniple, the data for at least Great Ilritain in the FAO data set appear to 
be incorrect, perhaps due to changes in units of 1neasurement or perhaps grouping 

9We construct.ed an approximate cro[>-ycar export-price serie;. using the industry's rnonth-by 
uoonth export 'edes, and found that this series conforms much more closely to the farmgate prtce 
series than to th-e ca.Jend<lr-yea:r unLt expurt values. There remain important differences hetwNn 
the constructed series and the farmgate 'erirs-it appr>.rs in particular that farmgate prkes are 
bid up relative t.n export priers (and. presumably, other handler pr ires) when harve."' are >mailer 
than expected. 

lORecause most alrnond' are marketed Ln shelled forrn, pri<e> ae1d quac\titics in this chapter ar<' 
on a kernel-weight basis Fur California altnonds, kernel weighl is about ~O percent of the inshcll 
w~ight, while for alnLonds grown in Europr kernel weight is about 30 percent of inshell weight. 

llfor importers the pnccs are C.J.F.· cost at the receiving port including insurance and freight 
but prior to landing. For exporters the pnce> are F.0.!3. at the exµortu1g port; the prices exclude 
insurance and freight. 
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of sever;tl nut varlctics into the almond con1111.,dity rl.,,,,,lficaJion. For Italy and for 
th<" Coi!'therla.'l<ls, both -0f "·hi.;:;h h1tve v.-ell-e>tabli;hf;J al111ond· tradi•\g oy,,tem;; (Italy 
is a t,-adit,{l!wl exporter, \vLl!.e Rottenia:on '' tl1t s.:te of itnpor~ant 3h,-,o:nd br,,krrnp;e 
atti·.~ties). the FAO da~a and '.he _'\:!t.1EXE da1a are both ooHsi~·,,::it, tu::1 placsib!e 
prier to 1£170. allri oo the l<mg»r FAO se.-:'a; '.:; llseri. 5inrf' !\Orr:~ ol "1«' ct:.-_1ntrit·> are 
cnly es'.irnil.teri 11f1er 1970, the shorter _perlori is 1i&d for thr- RO\\' series. <li,,.ussed 
bclow. 

1'u ,-l\1;.ulatt C.S. tor.si.;1nµtloi;, w<"- suht.r;,rt C .S. ralcnd:<r-ye~ net qxpo::ta fr;nn 
•·:cp--yt>-a,r i:.ju;rry t.abi. lf a;! 'JS ~tmrte were shipped OOuv;::>m: Ju::· 1 :ind \)e· 
~.. rr:l:er 31. ;1cr ccr.scmp:'.or. e;;tOm<!.lt won:<l k oorrret. :iu,vm·er, ~i:i:;.c exp::r:.~ i\t(' 
slnpped through<»lt th<' ('MnciJ.r yror, 'l.'f' ll«l fac:td with a tim;ng pn;:_d.,rn: exports 
from \he last hill!' of the pre-vi0u>- crop year and thi' fil'&t part ,,f thfl t·ttrr"ut crop )'Val' 
are used in thl;' ,.,.J,·ulatlun of <'ttrrout crop-yeflr CC•llJ\tmption. The thning probl('tn 
is niade sotniJ1vhat 11•on;., by the industry's ~hipping pra(·tlre~: due to )o,v,or ta1·ifl's 
on the fjrsc tiC.OOJ n1i•trlt.' ton.~ ol ahn<::>nd shiprn>1r1!.-J to thi: Euruµean Cnion "'"'~!:; 
year, tt,--~ :t'> :necnt!ve to sc'.le1;ile ship1i:;ent5 t<' arrive L.o Euro?can pon:s ac t!ic 
beg1n::ii"S D~ th(' ra!('nda: yciir- ..o.~ a resuh, n>o1-c 1:,!'ic a <\Carter of ea{'!; .::ro::i·ycafs 
""-P<>rtB ;i.r.o typ11:11l:y shlppt>d du,.;ng ti>e Jir~t qua: !er of tht> fr:l:<;)'I>. iEg .::a!er:.iar yi'fU" 

T\'N phencmcnn nalig,tlt this timi~ problem.. F1ffi~, there it hMvy sltipµing 
volnm>" bctlV"il'rl July "-:"l ~:nber: mon< than half nf t\,,, crop-yoar exports are 
typic<hly 5hip;wd dur,ng tl,Cnle ti"- 1nouth;;. presumably '" otder to meet holida,r· 
i;;easorr derr:,,rrcl fur ;.lmPnds in tl1€ Europcar, n:'lrk<it,;. Svi:v:id, dcir,ng mt"lit cftht 
fin.'t six n:ont'.lo c~ the cale1;dar ye11r. t3e ffr.o(. d:1r:ng v.·riitl1 '.he t:ntlng :i;:oh-:e:n 
manife:ots itst>!f, tbr«' ii ~uff1(\etil infonni!.tion to <1r<:nrllt!"l;. ptrdict t~e uext hari:~t. 
and pra:•·~ r.hPuld alteady reflect those- 5Uf'l'lil't. 

One€ the [)<'rlod of frnit-s1;t has passed, iu fpbru.ary ;;nd Parly :\larch, the }C:ar's 
'.iarvc~!- (il11 ~·e: lll'tldicted t><'<'l!tately. '.\-E' !'>.:per!, thtrL tLf,t pri:es rl'ttHiOn r!'!a1;1·rly 
~iab:(· thri;:illh the :emmnft.,r of tl:f' ea:f'n,far y;;;u-, ;,n<l ar(; gDY<C:uc<l l:;y Che kn1-,u·n. 
o: •0..,-'(:~tnt;;;!y p!0di(ttd, Larve~( for 111~ "~op y;;a;- wb'.(I; hi:Jls "~tl:in thr..t ~-a!rurl.ar 
ye-a~. A good tr<ip in, f;ir <:Ju1np'.t\ 1964 v,1'.l bl:1 fcret-r;s: tqntat1v1:ly :11 :9fl:l. fron1 
l:nou·le<lge of thf f'•lrwnt ~t'lot<t of the ali:ema'.:B·h"w:i~ cyf'I(' and ~lie age-str.<ctnre 
of tb? tr~ ~tork, 4nd n•lativi:;ly pre.:iY\ly in em-ly J1a.-;h of 1984. \".'ith 110 fnrther 
'.mportilni i:1fqrrna~i011. tiuxmg'.l >he remwn;:h:r of >:he Y"11X, f"Jl!"nd:ir-year Dx;mrts 
shoul~ };of fxpe-;·o~r! ~o tu: reln.:.ivelJo I-.1gh a~ ~1;or~ "'""sold:£ :.i1 ar::lcip._~l1o::i of 1-h\' 
go::ic cr1;-.p. 

'ro ;a;_mnwnze, thf timiHg ui" exports, ln cocnb1r.!ltion \Vith tlu; \'arl~- a>-a>la'.!lE!y 
oi good inforn>ation "" pr,,j,,ctcd harvea-t, allow~ us to J::Jl<.il:!t<le about 5,.- 6 of each 
calendar-year ~xpc:Jrts \\'ith tht' coincidt>nt crop yenr. Tht> high Y<\lun1r of export> 
at the bf1;inning of the )'('ill' rcr.1ains a proble1n, but hm; !l<lt, "-e "'~ue, seriously 
:.nterferEd \\'ith tht at<:o.1raty of our est.ilnate3. 

ThB series !or RO\\' dcff:atod w.~-" c·u:1.i..t1u:tcC. 'fhe r.1arketJJC nwlt. 11n7ply "·1.s 
.lSBUrt:W ~o '.;.e equal tt C.S. s<:p;:>Jy (i.e., l'..S. h;i.n-'>')SIS plus !\TI!:::nic1i:tf.J Hl\'>'t> 
tories), plus 3p"n11h net ?:llpnrt~. plus Italian expvrts. 12 RO\\' dtemand i1; then 
th;o dilfenn<x ixt-w<.'4n th\<. 1.uµply and nteasnwd dotu1111d, n·hkh i1. !J.S. dcinand. 
plus ItaliM lm;:vfl'tll, pln ..<. ui:t nnports h) ld>rm~y, f'ran.__v, the :XetJ,qrfands, Gte.at 
Britair.. Jwan, and ('aal!l'..!i<. plJi the enci-of-y""r uu;:1;mrnit1xl in..:c;;forict- nPld !)v 
C.'aLIT,c11_;, R'.1nunxl nur.J.e~s. All these <la:~- a.~ from th'-' f,\O L::ital:>asc. ~cept \;_$_ 
h1Cr•1'•t~ anL ut•~t.tori~t-- u.lli<"h a<e fron: chc A. 3(' b11111:J,-.,r r>"purtJ;_ 

"'!'hi> m•Jilil\U~ <Jifr*'" fl'""' ll>~ '""'I rnarkPted oupplJ di•< ut:rild at ti" bc~i<1ning of th~ chapter 
by the e~pon• from ~mnll '"Pflllct< (Tutk~y. Muro«·t>, Tu,,;,;;,, Pnn,,~l\J, Ch;~a and Ch;!e), which 
a~ro11ntri f<>r ~tK,nt 2:2 rmr<oent ,-,f th~t n1ea.s""' That"'""'-"~ 'Jfidct•latet au~ t~tdl .,,;.:Jd 
dem~c.¢ ~'' ~h~ '""'''""llt•M t>f 'ntr,..!c-.i .1ln--<.nd• ~~\•Ide thr Cai!~d Stal•>-



Mo.croeconomlc StatiNtics 

The csnwat;>(l dcn1f!.!!d "qua~ions in1·lude a "''"'~r :if indw-0.to1s and factors ccl.. te<l 
tr; the h(Q!>::l<'r (f.>rou:ic environrien~- .,,, cC,l>'€rt unit tn:1rl<: ,....;l!('o 1n"11..'i!lC-ed :n 
u;;.m1nal :.J.S_ d.>[11rs W thr v-ariou~ na·.Wi::!!.! cnrr<'HCi('S in rr;;! '.>a.'t11~:<Jt1-:.<13lIBIR<'l) 
lerm~, ''"''CS<: ca!<'!'.dat·}'0U 4(1ra1zi-av,~e n1arke1 exchange ratr.~ i!Tld rbe lOl:S\L<J"r 
p;U,-., i;,dcx {{;PI} f>f earh :;nHn!ry. as publ:shed h>· th'.· llltfJ:!!4l!Ollal 1'-1on(•!zr_y 
F"ml (1J-.-1F}- TQ nim:is,u<> ;:;lnhurners' !)\UT.hasing pow"r. wi• nst the rerles uJJ pr;•-at" 
.-lenil'oti< ccnsnii:ption <!llfi;>!!thtnct:S, also as. puh:iaf»xl IJY tht 1\11'. Cons-.Jmption 
"""pcr.:Elurcs are 1'.li<t; <lefn1tt'<i l(J t·;)1tSta:rt 11ation:i:-ev.rr<'r,ey terins ·~~ing tln~ ('!-'\, 
and Do~h Gousuw_p:Jor. expvndi:u°"s at:.:! tt,e c.1m<>n1! 0.uanlit:es ;1sed i:t :he dent:~nd 
~qnations are tr;i.nsf'N'1neJ inl<J j)ft·c«pita rrrmi. •Jililiy; ti'.<t i\IF's p0;'.)'1lW-1on »Cric». 

5.5 Estimation Results 
In this se<'tior; ~ d<:,.ctlbt the pr-efcrred stat:Stical mDdtls of iir.al·r'iHISn:::nptio" 
der:1arid f{>r al""Ji:d$1n tl..! United State>. :".v~ ""'-!Dr Euro_rpnr; 1·(11111:-,-iri', C=ada. 
Japw:. a;-iC: !11""'>?f·\\\>dd. a.I we!! <l<:f a:i ,,,;ti:,-nated ftf.l<lllOfl <lr~rri"Ji;:5 .:ntt:il::ni~ted 
it!V<CJltOi:0•-iL 

Fnr <'atii of th;c lnrgi'·C0\ll!fry <'\IHllt;<'.!HS. "'"' form,11>!.'.td a BXl:-Ccx test. 11·l:llcli ia a.L 
<"as-'":< rejected t\:ie hypolhfs;,, ,.;: "- '.iEt'lt rela'.;o1:slnp l:tt\v"f<ll prices, c0no.ur.1ptiun 
e.'<pc:>cht1trcs, and alu:;or.d 01'.rct•ll&S :~ \Ve (Onr-lu<l<' th:u. txe<:µt for RO'A·, d<'ln'>od 
» TI'>n-!iuca:;-. \','e couid not use a s:n1ilar c:iterin:i t<1 WvrBt1g11te 1,1 serruhJg_Mit'.>nli<: 
~)'f"':ification. as thP nu1ner;t procedure<; to e~tin1a10 1ndepeud\•nt Box-Cox paratn-
eters for the dependrnl and indep<'nt1\'nt variables did not conv~rg<>. 'fo choose be-
t'"""" ;;eini-l~ and ih!uble-l"g specL'\cto.dons. wp rl"h<>d upDn the adju~\('{\ R-~'I" ar<,>d 
~.,_,~fficfr-nt to indic~te g00d n11~S-<lf-rlt. In al! <:ahEh exfl'f)t ll.OV.', tbr dJut!!>-log >fH'I> 
itcatic·:t El be;;1, and,,..•~:<';;>(•:! ti:!' ~<esul:.s f<JI tlf>ft 11V>Cel-t. Fe: RO\\', :llo· li:ir·?.r 
!:lL><lt! \\<lS °"51 

'll:catment of Abnornml Data 

\Ve examlnE{~ ~ht rrsiduals fro.."!! lni'.h1t B»UH1ation 0!' tl:e <l<!mnnd nv:d••ls !:; ;in 
'.lttt'i:lpt to Odl1ntify o:n lier ob'!f'rvn<:0n~. H.«P()thf\>1S 1-<Nil ~ 'l'':llit!' tlm: th~ s: u<:ha~ti<.: 
term ir: :h,, re!VMBit1:1 equation b€ n:1r:na:ly C1e(~ib•.1t"";' .o.hou:. a zr.ra rr:f'J.n '.fthi~ 

0011dinon hckls. we (J.U Gtil•-(' rhat tl:e prr:':>ahlli~v 0f <>b><:rv\ng "- re~:do;al 'vlurh 
is n1ntc thilll. tWifr (.h( ('~tl!uatl'd standard d<Cviatille'. of the reg:"f'sici: <:qnatiun 
i$ l<'ss tha_r, O.IJ5, \Vhou w~ ~ncounter such dl'tt" poi11ts, we 11\UOt <lceidf' ,,.1i..thcr 
10 "brlio,r" that th<Joe points represeni nor1nal mudn1n flnttualions i11 the dnt.a, 
,,.. "'hcthrr t:i;>y r<r,Jl'li'YOnt :!liuormal s::ti_w.ti<:·:i• or crn.'r!I in thr da•.;;.. v>hcn the 
uader!yi!:.E; ::noi::rl w;.ufh \\'t' !Ire atremp:ing tn !'Sti1nute c;11n0~ be rxpv<cc<:'. •_•J hn!d. 
!f w.: iac!'.JdB al;;-ior:<>al silualiuns, tt,--n nu: par><-<"ll\'l\'f -Mti;nit~.t-. 1nay IIB t.ndul_y 
infi11£n::ed by •ii;'\:11!!:~tan<U. wl:ii:h will c.in:.l_y, ii <:Vet, be f"P""t«L A~ our ;oal is 

to buil<l a m<A{Bl v;l;<:-h .:s n!it'fnl fc,. !he ~:mr::n;J"" c1rc1111;,;bm«,.,;, we hi.ve chOS€n t-0 
eystemati<:Rlly <>xriud.-. data thll! ar? idl'ntdiOO as ··abnCJnnaL" 

¥/~ trea'.Kl as ··outli<'t!i~ in fach country's :n0,Y,W lll\&i' ye;.:':> for u;Jii::h tl1f' 
f('Sid•;af~ ii:: .>frr.p:c- ()LS rcgN1~ons nre t:iflrC t'.>ar. 1"-im llv: 1'.'.uuda:TI <>rn•; <>f ~J,,­
.,;,tin1at~-. 1'hf' tx1S\i>JJ(~ (If ,.;;rh outl\c:r~ <lo!.>s unt ir.1plv tllnt ~h<! OL5 r.1Gdel i> '--'•· 
~----··--·· 

"Jn ! he siw.ul,.tion a»<l 1>(>ilcy-:ontll_; •I• hpplic ~tion' .,f Char.tel'• & all4 7 tfl.: 'l>Ollbl•· l<>g- fo<rc,ula· 
tlol1' rnusl be 1,n~•"i",;<l. Th~ '"'""lt>ng lu"' ~r ,.,-curd<)' i• •M U>tMU<t'cl by \hF B<>x·t'm. proce<lur~ 
for value"' &wa,r fr,,tn Htf rn~~no ,,(tilt li,,~ari,~d funoth1no. llVW~\·~r- fnr \h• "n1plo "''"'[,,.of 
ldt'f1tify•ng rh~ pal~'1V.'\'-"'" 01 <l<«<IAfl<I. th~ Eox-(:cx pn;tfti .;~.In~•~""""""'!' n•.1.,.;\ 'he· inferior 
{hne;,T) f,,T,~;l0ni1! foon0, 



Table 5,l< Outl!,;,rs In Simple OLS Demand Regress.Ions 

t·.s. Cou .. amp!ien 1973!+ ), l97fl\+ ), 19&G(·) 
(;trnu,ny ~,\'ct !1npor:s 1fl75(·), ll.18${+) 
F:'flt1tC"···>l'!'t lrcFOrts 1971'. +). :1)75{-). 1983(-+-) 
'Ihe ~,,:JH•rlan<ls~:\'1': Jm;x•tl5 lfl7,i(·).19S9~+) 
Gr1_•f<t Britain ;\ft [n1p.orts 1970(-) 
Italy· Gross hnport~ 1972(+) 
haJ.v~Grosu Exix.>rts 1974(·). 1980(+) 

'/PJi<l: ~11th C'.ltl:E:s a.tf< tr:[)(, (•>;j)f;(.:('<J. Hctll\•V;::>r, if tho moLoti i~ C:Or.t<:Ly ~p<Ol'ified, 
outlivN tl'j}~nt 0l:>iwrvat:ons '1\·ith large '''unpllng err4ffi. au<l the ir:ft>;;ri;.Uion ron-
taint<l ill th~ out!Nrs l1 not pMtICUlarly u.<:efHt. Her>tt\ wt" excLi<lM observaUutIB 
froin su;::h ~ in the fin11l re~on i:stimAtC\L Tht outliCT:J. au<l the dir<.li..1ion of 
s;gn of the r<>g;¢lliion reilduai. are hsted ;,, 1\J:)!t 5 1. 

Tl::<-x ;& a tradooff het"""" th" "-Pf".1-TIJnt gre.:.ter preruion of 0"'" {%timav"S when 
l11""" 0'1tli<>r« "re -ex:luded and a µ.:J""i-ci!" !o.'l<; ,,( informntinn. Ii', how~"=· fC<e 
information k:!;t r<'al;y rf'llects 01tl_y o"""''""' <'>en\.11, then their i:nc!usion wculd 
reduce tht: llC<':urol y of Dur l."'>timat<'S. On balanc<:, we bl."li~v~ that the consistent u~~ 
of an objectiv~ St>l.ndard the exclusion of resiclu!tl~ nvJre than twice th<' standard 
ercor of t!li:' e~"!ilhlltc-ccntributes ta tlie ~-«'.lraty autl u~r.fulnf'.ss o• ow: esti1nate£ 

Demand E.'1-timates: Lurge Counr.ries and R<o$t·of:..World 

The eotnrw.t0> frt>lll oi.r pl"'ferred 1r"1drl<: ac.c li~t<Xl i:1 Tnhl<" :'i.2. 'I'h(' e>oi\m;1t<:<l 
«;uatiolls !'it th<" <la<n Vi."ry well (ser; Figu:<" 5,4), with ndjust&l ilY i<Wtil."tite ;n
.,_,,cesi; of 11.00 fpt lh<' tl\O largest imµort>."rl\, CFrniany anrl Japaii, us vlrli a'< foc 
Can?,Ja. Al: nf lhE t·ot'ific)f'llls lui.yo ':h<.· sif!nt predicted hy !ht--ory (!!ote that the 
cocffi'°Oei:~;; Estt<! ;;r<ler "Filbert Pr:ce" for ~Italy: hnporto;" .'Ind "ltaly: fuµ.:;rt~" 

a:<> rlli l!a:iat: Alt101:.:! !ia.>n;t~;. Tn test bypttl1r;,1,,,, Wf' 11:01;16 :ike to <"x·c:ude ;J,·.1-
tocorrel<>ttd Jitlurllil.nern;; the Durbin-\\'at$0n l\!Af1tth:S indicate no au'.-Ooor.--e!a~ion 
for the Llult<'<i. States, the Nf>t.her:Snds, Jf\pati, and tht Italian equatirJns. a.'Jd Ar~ 
inronchtbiVJ> for Ger11ia1l,}', !:'ranee, Great Britalu, ru1d ftOV>. (Jnly in the equation 
for (.'a111i.d11- Is there e"idenci." f<rr (po.;iti•·e) a11t ()('(l.\'r"lat10n of thf" .--e&d uals. 

~t >:<h<::ild l:e r:tl\i."d !ha!- ,.-hi~" ~he den1nnd eqantiuus fee th\! other t'OU::itrics: 
"'"" :ar 1'('r"•:11pita pcirchaSl'S, !-hGSc- fc·:- ('anada 11nd RO\\' ""'rt> '.or tot"-1 pu:c3aoe;;. 
Fo~ Canada :h<' ::hoice Wi<S nu-,;it> pu,..,Jy nn pragniai.ic gr0u11'Jo. th<: tot;tl-der:'land 
equation fa'"" o. :ni.ch bi."tter fit. altliough with si:!ldllt i'}astirily '1$tima:~.,,, than 
did the p<'1'·t'"f'\ll! o/jnat)on. Prrsumahly this ir:<li<nti'f S\lllll' "'eakn$$!i€~ in th<' 
SP""Jficatiuri nf the p<:r rilf'ita <le:nand eqn..-.tior:, v.·hlch is n<Jt nnexp<"'ctwl given thl' 
llCl".CS.'iar'1y a.-hitriv-y M.'!w'dvn of a fm:ctit11:a! !nrm, !lllpt"rf(...:1 rneasorn; of r><ir~ 
facUig- pur<:"h.Me.i:s. et~. 

;i; {;1r all!\Cll<'<' of ~u~-0c0rr('l.?-t\o::J., tl1<' ! ~:.ati~tiri; µr<Wiri<> reli;i.bl(· ns.·i01s1c-i,11t~ rif 
tltc ~;a.ti~ncal 'trc:1gt~1 <!( th<· ri,>gre;;.sior. estinw.tes. lu a!l equ;;.tions <'Xcep1 ~be I tal:.an 
i1nport and exp"rt equntio11~, th<) almond price cwcfficiunt i" t1"atls\ically different 
frt1n1 zero. at the \J5 pcree11t l<'v"l vr higher Furthermore, frir llll individual countrir~ 
rxrl'pt the l:nit!:'d Statcr il'ld (;anada, the esr.imate<l owu"p!'i(<; CO'.'Sifieut.~, ,..hicb 
are Onterpr\'b::-d as prifl' elnsti~ities uf <!.ecnand, are &\gn.\fieatctly :;;s; than nae :n 
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Figure 5.4: Actual and Fitted Value~ for Demand Regressions 

a!J,olute tern1s: <l<>1nand is generally inelastic outside '.'lorth i\merica. 
l'hp filbert-price coeffic-ients are all positive, although sn1aller in 1nagnitud<' and 

generally less significant than the O\Vll-price coefficif>nts. In rnost places a onc-
perc-ent change in filbert prices hM less than half tlHo effect of a one percent t·hangt' 
in ahnond pric-es on almond demand. Finally, the estimated incon1f> ela.stiritie; are 
plausible, with f'Slin1ates close to one for the United States. Ger111auy. aud Canada, 
lc~s than one for France, the Xetherlands. and Great Britain. and significantly 
,,\astic for Japan, lt.aly. and RO\\' 

The <l('man<l estimates described above specify that. the µrices iu the indivitlllal 
eqnations are ~tati~tically exog<>nous. flo"·ever, the theoretical structure. equations 
(5.1). (5.2) and (f>.3), ~ho\\·s that prices and quantities are deter1nined si1nultane--
ously. In addition, aniong the exogenons variables (ZJ,) in (~.l) are several filbert 
prices. 11•hich n1ight be experted to be detern1ine<l joint! y, possibly along "'ith filbert 
quantities, y,•ith ahuontl prices and quantities. Fared with endogPnous explanatory 
1-ariahles. single--equation OLS would no longer be either roJJsistent or e/l],ient, and 
lo"·cr-variance estiinates could he developed using 1nstru1nental-variablr 1nethods_ 
If, ho,.·ever. the <'Ontribution of each single country's demands to prire determi-
nation is &ruall, so that ahnond and tilbert prices are statistically exogenous, then 
1nrt.hods that. treat these prices a.s endogenous 11:ill yield higher-variance. although 
still consistent. e~ti1nates. To e,<1Juate the possibility of statistically nnportant en-
dogeneity, the OLS estin1atcs of Table 5.2 "'Pre c-onipared to 2-Stage Least Squareb 
eoti111ates using a "-Crirx of Hau~ruan test~: these tests, \\'hich are discussed in Section 
~.G. support the nse of single--eqnation OLS inethods. 

The polic} i1nµhcations for the California industr~- depend in part upoll the 
expected responses of foreign producers (especially Spain) to changes in prices. 
llivide the volunie of almonds purchases in country; ae\·ording to country of origin: 

Q,=QfA+Q,ll\\i 1 

"·here Q;·A is the ,-olunic of California sales in country i and Q~W is sales of aln1onds 



ti 

ftDHl Dth<:r c1:uJ1\riN. DifferBnliaur.g with rfSpi><:t w µr;te and m;i!t1plyi~ •hroug:1 
by pri~e 0ivk!BC ":>y qua:1tity yi1cids r.n expresWir. for the ;irke <>lMtieity of resirlual 
dcrrw.nd f01 California 111m,;:i11;$, 
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-,,here £f'4 ia CJ-:·~ f~allf0rnia 1narket (lhll.:l' ir countr)' i. 4, is the to\"! prire ,-.l;i.<.~itity 
;if deu1~nd far ,.]mnn,-;;; in muntry i, r;,f'A i~ thr pri<:l' ela..iricity of :'.%lcius.l dr1ua11d 
for Calif0rn1<1. aJn·.onds in wuntry 1 ""d o{1w le the ;:.r:c~ rlWJtici\y of su;:ip!y (•f other 
(ina:n:y Sp:>,.;i;sh) ahnonds to MUr>try i 

\\"lth :it:ie "vidence of a strong S:pmi!Sh rrspr;n~c lv clmnging pri<:<:•- ac lt;;);t in 
the 8hort run, ii:<" appropri.>,.te rt~1::! \la) ptioo t'la.~t.h·uy facing ll .S _ pr0'ii>Cen; can he 
ral::ukH.i'J und.;,r the :;;~surnptitm thilt r~W .. 0. Sud: ¢)Mticiti€o an: <hspk}"Cd in th<' 
6th (U)urnn of 'fl;ble ;,_2_ Qf <'.(.lllf5e, Url&qUS.! p:<it:t :-'},t>r,ges ill. diff<'rt'tll ll!'ighbGr:ng 
countr:•-b v,unld pr<:'sumal,:y lt:::id ro :;h)fl'l ,,f \Spi,,:ish) prod\1tt fro1r. one wuntry tv 
t\w next. thereby vi<Jlatiug ! he m.suniptOon .,f !l0 Spanish ~l<pply r<:~pon~c_ No11<J:he-
le;~, t!,ere is a striking 9L'1li!arity in lhc t-:i..st1cities facing Califor1:i:. l"'~'\PGtt;:,rs in 
nh"'t t!' th<J EurOf"'dn 1:iarke~s, with ela~ticitics ;if appr.)xiniatfl!y ·0.7 in G.-nnaiQ-·, 
Fr\!.ace, Gt8ilt B>>ain, an•i :1&Jy. Jt a;:iµe8"rg t3at thett is SCOJJ<' fo.r pref.tab!" pr.1<_e 
disi:riminatiO!l again~t t:1t Europe11n niarkf'l-ll, l'-5 1-'ell '*-~ aga_iEst the l'.S "d<:>n_:ii:atf<.1 
,la;;anese rr.e-rk('t. 

'11'.e~ resich:a! i;lastic10('5 ar<? ,-,)r11parab!e to 1:-.;, <:latth;it~es ii; B11~t<11i'll and 
King ; l 986), cx<'l'fl\ oh a: th<' Bu;,bnell anti Kicg eh1!<tir1tme were B>it;ru;ited d1re<:'tly, 
y,·hiie th'< <Jhst:iCltie; ln Tat!" (i.2 a.re r-!l1np11tr<l fn;;u the d<'man<l i::>fa-.;ti:jfjes in ettrh 
o:nuntry for ful i.nh)nds. The e~tu:itics -::omputed h~r"' aru geutra:ly fl(ilUt\\'h:>t 
higher than :h" Ilu>hnel: Mid King ,-,.Hnl'.lt~. perho.r~ b~-<:a>1s0, u1•Hk<> in th(• prlo: 
work, non-lJ.S. :hil:>=ies tc i:he ,._.,-;o.,,, "O:nn.rir" a_~ uDt iu<:h:ded 'VI explan;JJQIY 
•'ana'.>!es. Si1:•,;,; these deliv\'ric,; lltt cDrlC'k\tnd wl~h pri.-:01, ~he Bushe>eU :u:d Kir1K 
paramet<>-r estitua\t)S ha~'= reL'lti-W:i,v high stiu•drtrd errors. In SPction 5.5 bel;,...-, 
evid.;nM is ;uk_,h;Q)d for a Law <if O:ie Pt:ce amt»1f!: alrnond~ f,...111 diff"r<'nt sounx:L; 
thl.'i lrnvll0; :bat it hi appr.->;>rOatr to e&'Jruar.e wtal <lf'tna.<d •n each collntry, tll"n 
romput.<: r~!.ld!<al demaFd <:'.a:>ticitir,;. 

\\·;,, fuund tt:.l then.> ><'!l.l1 h Sl!\J<ific?-n'. Hl!Jr,rt-price e!frct Ho (;<':nw.ny snd irt (he 
;.·.-::her!aud;; as well as, tn a !<:5:wr e.t<!11t, ic .Franc(, CaGnda, and in thE> RO\'; 
f'{Uatiut.:~. [n cont>ncnt"! Europe, ;i.\n1or.d£ are~! "-~t,aitlv«ly ?S ingredl~ut~ in 
1nax11pil!l ru::.d oth!'r <:Jmfectiorio. in v>hC._h Llh•:rts """ b<c ,;1.:Mtit:1ted i;t!""'tively. 
In Japac and the IJ1uwd States. ahnonds iL'V mv:» ;-n1nn,on,y 11'l<:d ;;Ev~'l:<:<i. or 
01._herw'.s~ "~a 1-.:>o:-:>gu:iatlc adc'.it:On to b.1ii.€d gon:ls ai:d ether prodi:K'.$, an<l '.llbert~ 
i<re nof 11•td as subs;.1tuttll- fll-<"lnding \\'aln;1t p<itw Ill iJ. sing;~e:riatiot, C.en1and 
ri;.rimate fr:>r th,-, U:-iileC. Sti<:e~ C<:mt:rt:i_s ~"f'":'lm«nrs w:th a parti!!.I den.and syot<CnL 
and inri;,·,,tcs that "''ainul$ ru:e not g01d ~i;\:zyt'.tuies for r<lnt:ind~ in ~l:w :Jnitnd 
Statw, 

Demand :f::stimatru.1 Uncommitted Inventories 

To rlov.· fl s1ngli:e-yeru: <node\ of the alrnond m11rk£'L •;,; th<lt prices a:.;rl q1.rcntitie> ,ir,.. 
rll'ternine<l by '.he PXogt;OO!lS anti prf'<ieh•tm1nsJ v11ria.blrH. u11e :nw;t <l<:'c<>un! f0£ the 
iHwntorieo h~ld -frmu n:rrt>1n ~np;iEc~ inw fut1)re priiOOs. Fc-lhw.·ing Sthtinkuw.n 
u11d S•:hecht::n"" \llli:!3_l and \V1!1:~.m~ :;rd \Vri!ii:I:': !19!il_l, 'l:<J au~;y7e y<'flt·ttr}'!'ar 
invent.ory h'.l!d:ngi a.'> An atteD.pt tu nie~t cxp<:r!cd fc;tur~ d?ln,-.,11<:h. tnk111g line 
cvnsiderut1nn expe;;ted futi;n: ha_..,·:ost~- -.,-;:;:Jiruts And \\.~ight (190:: hav~ ~b_;>y,-a 

that one can eomp•lte a. stnDJJ';e equi!lb;-n;n, far any srt ,,f ea:-rent and "':xpect«i 



f:;ture ;;upply- =d denrane-<letenr.ining variablNJ, while Scheu1k1nnn a.;d Schecht-
rn&ll (1983) Cf'ltl0:1s•.rll.ted that er;uilibrrum stotflJ?C wca:d be determine<! jy cu1-rer::t 
u11d p%1. v-.ilues of yields :f hatve;;ts ~ d<:r'ver1nlr.ed by predt>t.er1uined J(«lfll;f', an 
ai;;hw~iw yield iuru:tion. and a. s:orha'ft.;:;, serml!v<.1n(9>:reiated shG<.± such as 
Vr'U:<lh..r. 

Follv"'l"3 this appro<l.ch. ·.ve writ<' a carr:.-out 111crage cqnanm, !hat '.ncl'.ldr..~ thf 
infcr1nati1;n \tOil is """ulnblc ·•••hen the fina!. storo.g~ decisic::w l\l<' ta.keTI Sinoo Sy tliio 
tim<' L'>e "pprnar:hnig ha:rvtst r3n be acc11ta:~ly fore<:zstOO, llimd!er~ (and c'.l11<r») 
can also predict harverts !or thP year f\JBOwa1g. The storage ei;ul<tioo inchule> tL;; 
yield -.-a:+,.blffl:> tbat h€!p pro1i.:t the d~n1tu1.ds fur cr:rrenc har\'cst;; i::i fut11re years. 
\Ve presuit.e that. end-(1f·year r:arryo•~t v.·ill bf: iall>Wh\'Di:.! by Bnd-of-yea: expectations 
nf yi<"ld in tl1e ~om;ng year. ~-"' wcll s.~ th'· exµei::tOO difference in ':ht> ?-pproa<:hhiJi 
hatv<o:sfs :vielu ov<;r \h;> yicld of th(: p!'lo'vious ~at. thew are die part~ of th<' ylel<l-
pnx\!;:;tlnit e:i_uatiou iliat ucount frn weather ahocii:s ~~--,mblned '"ith thp al~<!rnate­
b~nri"g cycie in aluu.l<Hh. wh\cl". is th•· major cause 0£ EUPI \\atio:i;; lti yt>tir· to.year 
i;:01age v1 almonds. ln addition,""' :u~lud·~ a t:rue t~:ui, ITT! i:l':enrorie;. havLl tE:ided 
to g:-o,.,- "'i~h the gn:i"-lh vf the industry';; annual sales. a::.x\" q1H1<lratic yic\C t.~rra, 
to :itt(•nnt for the !:{#hly non-linear ~l;u:on~hip be:Wf<Sfi sr.orr.ge den:11nd and nl~.er 
vntiabks, which ls expla.1.ue:l y,·~ll ln \Vil!i.'llns and \\.fight (1991 ), 

1'.r. 11ltcrn1;1 ive to Sc~1eir:km;1n and Schceht1n;11>'$ storage-r..ti" t"·hi:ii is imrJirltly 
fcEowcri b~· Williami; 11nd '.V:ight) wuu;d be l<! .,,,timate a ftOr"t';e-dem&u:d r:qna.~ion, 
Wllf'-te storfl.gt: is d<ct.errnine<l in p11rt by ;iric<:. A~ \\'!Tham;; and \';'r'-3-hk \19tlt) argue, 
l here 1s :ii' basb• in ocvn0n:.i<:: th!'<Jry !'or ;nclud1ng ~t•:>ra;;e as a::i cqul\t.iJll iu a l'ttui'~ 
tur1'! :nOO,·J· thEr~ Cs no nt>lit,.- derivtd from $inlply hcldi:n_; st.'.:>~k''" lnst-Ead, St>X'ks 
;;_re ilrld to l!lec.-t a fritarP de1tllind. To estlrtH!.tt storage strutturaJly. one n·ould 
f::r"fITT't t.Jt'.lrc dcr:ian(l~. -conditi<,:>al l!JJOll f'..ll'1r<' lw-rw,ts, µ,-}1lch cau iu tnrn be 
f~1reta;;t cou<liti::1n/i.l upon rurrt'r:t ylehls ant1 arreage of v.ttiQus vir:':-<>g!% lu1po~ing 
eq11ilibriurn r(''.&tio;>nship« :c~prri;Lly an .uter>_.cnrpora! pt1re condibor; analogou'; •-0 

~- :i_r.a.w:.ial m:hitrage com.btitnr} would tb<"ll pe,-niit the sclution u( thP mo<lel f•)r 
curr~u: and >:x:purted f:1ture pricr-s, with storage s;d}il'ient tc gfll€tt.te a condilJOna; 
~x:;::iected ft.lurr 1«:,,11ilibriun:. \Vhtk this apprcach it. intrigui:ig:, and :nay prc,·e a 
frLit1ul a>ern1e !or fu:u!'2 re~uarth, 3cheiukn11u1 ar.d S.-:hf'thtm~:, ;;;lnw.· tl".Jt it is 
logi<::idly equivalent w •,he tts<l of f• florage tu!e "'!1ieh intluC<>S prffiiet{)T$ of f1.1t:irt: 
ha1•~t:s rat!ier than cuttt:>t pri('l)s. In(lw<l_, nr.e ca::; Jnttrpret the &f:<>i,,k!l1au· 
Sther.htmui s;.orage ,-u!e WJ ::. reduced form of a price- dutrrn:ill.ed st;irng~ {emand, 
whet{' fntUT0il!?Ply-pre.:ht':111g va.r1a-,,)e$ ha•'>' been used as inscium<!n.ti! for en<l0{0' 
110;;;; priC\'_ Hnwever. t '.lf ~.tmnknian~Sehechtrna11 :.torai;:e rult adapts nli:ltC rradLy 
tn th.: l11her""' n':>ll·h:iearity of a pr1re-~t(;cege reLat1o!bli,p, and thu'." !i>-Oids 1.he 
wtaknt55J:'s c: that approot':l highlighted by \\'!lhams and \\'rig'.lt (199C), 

\\'io pril5Hf"JV :hat ha:rdh:rs whr> ho;>\d 01.. ::omrnir_'h-d ~tock!. ;;n; fft:onal r.nd "'""!\ 
informed. Duriog t!:ie spthlg :;fa )"'dt, they ba.vn gnOO iuforti>1'tio11 a.OOur the !ikc'.y 
"''-~ uf the t<Jt:iing yiflt'.. \Ve :hefi'ftitD WiC the a<::tual V:O:ues of tho !vtur~ yi!'ld ~.-; 
i> P,."OXY fer ~hci• cxp<!C!~C ~alue.~: "»he;; th€ cquutJon ls useC !or fnt'.lre siu111U..tl<:," 
aud ft'l1'.XJ1.Sln1g;, th.: ';!ehi mo;>:k] wiH b•! uwd tc p,eI>.,rat-e th<'>f .-'..ala. Our equalic::i 
for \lUf':>l\llliltte<l invfyrrtGries k., lh\•n, ii:; tb0u>a..'1ds of P'-'llll& {kerael \\'<Jigh:1. 

-:206.50.0 + 271''.i:C.'l.O ;;,, ; - 120590.0 u;+! (5.SJ
;:$ -i,381 l<-4 Q~] !JM•.) 111 

- S5752 0 \Y1r1 - y,) + 4611.4 T, 

/1 >{'_ = l 92 
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The lnte$fatlo11 of th<'!! \\torld Almond ~fa,.ket; EvJd..,noc: ftorn PricBs 

lo ihe eo>riuroettic ff;'.nlts presentf'd above, Wi.J ha,-e <>..sserl<'d ~he exi&'.<:lirv of a 
mngl!:' ::11arkr;t fer almmt<l.i in eaf'h <%1Untry. Our mtJt'ls havf' snjl;~ested th.al 1"-ere 
is onr pro<luci; {%11r-on<ls) lWt IV.'O (():;,hfornill. ahuonds anrf EutoP'*fi :dmvnds) "' 
mor~- \Vhile this ~inipllfie:iJien i~ ap.peallr.g. ll rr-quire~ ~t.ati~tieal val:<latio1:. \Yf> 
earr cxii!lhne. in parlieui;.r, tl-?_; •-iltlf'<&C:iu of µtlttS for ('al\forni:1. i!.hrtonili. and for 
a:moncis ftom other SCU.~(ef, tv si:e if they n1ove together or .'.l:;ve a n><i4Sut'" nf :nn""' 
f".'tu::ence. ·To ;Jo thi'>, u:e tc>ll e:ra.t111n<! the correl;;tions bl·tw~en tt>: vusi0us prie('N, 
a pr0tedt.re drv ussed in Stiglt:r and Sher,vi<. \ 1%5) Iiowc>'er, !Etder ~onie eirc•;n:-
~r.aut-O;J tlm<" 1>erioo of i11d<0pen<le11t variable.; tau exhibit .<pu:i:.usly !>igh c.:ic·(:Jt ions. 
:n :\ppen<li" A, we .:h&k for this p;;Riib1'.i•)' by apply'.ng the te<:·huiques eftP:Jting 
for on1t root.~ an<l tirr,,...Jtrios rJ·fntegratio;,, .Jevelo;•<'xl by Dickey 1>n<l F'u!le:" (1979) 
and Eng).> and Graeget (1(181;, and (lflpli~l to ;on11nodit:· pri(<cs by Attleni (lViN J, 
fur eliaopW 

i:\\ippo'>( that in fa(t Califonii;i. '.'!:<\ Spar.1s1". alrnonr'.,; are ;)Dr goud ~\.:b1ilt11:.o:;i\. 
For txampl<e. supprnw that bu:,-'"t'rs >-?fl"~"' Spanish almonds orly for som;; p•i:11,:>Ses. 
Th~n a <lisruptlcn of tho ~npp;y uf S.,ani~h aln;ond£ should tlr!'v \IP tf-_u prkc of 
Spa..'li~h aln1uuds. \1•it\101lt ~ar;ly cr~adng k>l increru;ing <icrr';md for ('ehf,;r11ia 
almond~. lf, on thP tl!her ha::id, aln;:itds front the two :::<:lunlrieo are vt·ty ck-n;e a11\:F 
et1tuttt:, a Sl!pply shti:-.k t0 one w\C alfrtt pric1'5 of bJ!h. Th» pr;ces of (;n1;f0rnia anrl 
Spa..-,is.h al;11onds well rnove togetht-l'- If they ar~ perftcf sub,titn!e,-;. fh''.I' wil: 1110.-~ 
in lotk~teµ, "'hi>: i{ ~h~'.Y are uJ:e;!lit11i (0-<'11,--,1odit1et, the prirti should b<! ldr!lt'.<ai 
Th<;w ;;,]aims fP1lI on the ab.'lence of ';!f'>llt\ifor:. w;;t~ anJ iust~n~en"('us, (01.llplet.,, 
<:<Jmp~t'.li>-e arhlL0i!~ Dep,.1·tures from 1:.-"Y.fvct oon1rrot•Liw: in tli" ;ib.ort .nu1. eud 
measurement ·::rnirs, 3$ well a> tr11nsrortat1on c<Js~s '" Jnperfect subiiti:ut<HJ1llly, 
':<tn lead t;i d<;;iaf'..nres fron< ida1tlc'i.l pririn_g or pm'.,..et!y·c"-Orrelatfd prices. 

'ti.We f,_3 lists :ile t>Anµc.ted c\,rn-:n.t1.0n r<>elll<.-ients belw~cu av.;rv,g~ expor: 
pn:rs for Spa\il, Italy, a:id the \._!.:;it<=!! States_ a11tL Ft the> ><.'rond yarr µf I.bx ta· 
hlE-. bel\\'L"l'!l :he rha:-.i,;;es in th" 1'.igan~h::n~ <.>f tte;e variahh,s (t\r..tghly <>quiva\e1n 
t<- per<:tttAge or nihlti>e cl:aa&"&) There '.5;; •er;.· h\gh correb:itr;n l;~t"·evD thP 
pric~ ran1G1 hy Spaush aru~ lt11han ex;w:ii!'.!:Y ,n :.Utern<u:on:J mark<:!-~. ·rh<0 high 
oo!'.'putcd corrf'ietiun hckis ;:cv~n if on"" rt"nrares rates r;f ch:1n~/"- ·rht»-e ~fficientb 
b-re St:YoE1g ev'Acnr-e th:1t <lhn1)nds from Sp;i.iu and from l'.i'.ly are- c:<R+ :i.11bstl:utt!H. 
Thr relatm;:;;hip hl!twec~ L'-S. pncf'!l hnd J:-;:impean pri<'f'S, 1<<h:ile- 1>'tt<>llt;, s-11011'.~ :!1r 
effect~ of l.ran~p(•rta tior: c<;»;bi, a;. well l!S lh.>me dl1'rn:n,'as iL p!\X:h:; : , due verh;.ps 
to rl1ff<'l:'enccs in tht" •f.Jallty €•the n"~ cn;uicg ;"rom f'ali!hrnia '..lr the :EffeN>nt ;:u:\ 
u.<t."S C-0 v:hich :tiffererr '-""''s a.nd >JTieties Gro put. 

One u:.n a]ll{) !!:<.amine tt.-- problem fron1 t I-.<• p7int cf vJe11· of th<i ~:ip,iLer: c<Ju!d 
on" have pi:ofi.k-xl ex-pPs! from moving a:u:cads fronl 011(' ;n,r<:has,ng nuu'k""' t" 
anolhtr? TI1tl la!tet qum!.Ol• is imp!)~L.nt fer a 1ruiU:.atiw: rncdl'l; if :h" rucsv:cr 
i.~ »>:t;&:Ye, tht:i. VR '-'"" '.l.'li!et·t a '-La"- cf On<" Pric<:'' (LOP) wluch >0ase, win:;on 
nf t:-,e ffil)<lcl and i;i. :-rtarw::wmtk of r;. sing\v 1·ffi<:ient Wt1rld u::1rkcl !<-" J.hnon<ls. 
Tht:rvf')l'f. ii> ·ratie 5 <i. we ,x:r;ii_r11te tl;<J ror-r<:Lt'..Y..•u CO\•fli<·icats e:nimg th<: unit 
v1.1lue5 cf '.1nports i:'.'.l!t' the pri:iciv:J iu:portir45 t'ountri'ftl a.ud. 1n :.he low~r h'.'!11 (){ 
th.: tab'..·. the <:o~rPlatlon c:oeffi.,-;.,,,\, unong t-he lcgaritla1ttr. differrn0..S c;f !.h""c 
vat\J.b!r-;. 'l'l:~ data i:i Table 5.-1 '>UUWt 3 highly ;fficient matkct ii: ain>c;uls ,"KrUSf, 
thN? C<l!illtriB>. \\'e wealwn 1llw c0L.thl'J.L>u .-inly 1>;1gt,tly for [taly. f'.alian i1I1p;,,-t 
prit~.\ at"" Ligh!,'t (Ortel:u&l with the prirx.'tl j)aid for hnpnr:s in otlu r oow1trie;; (tL~ 
top µcnrl cf Table 5, 1} :ilt-1..:•ugh the rrlaiivr~ changes iu J!tpo:t prii:t9 (b::.t10n, 1i.auel 
uf the \.f<bie: ar0 w:anewbat u1o:tl W¥akly correlate4 wi>h ;:iricPs ill 01hl'r ci;·;ntrJCIJ_ 
Tl:e n".c-i11 <!iffFn::nc0 l:wt,•:cen the !ta.'.ian ser:>!~ <1n<l t'.i!" e3rEf'~ i:npen: :;iri<'e oeties 
coinw <lurin_g the io.te 1961)',;. whC'u t'.1~ a«e;;_;g& ic:iport pri<·r in Ita-ly f~ll sh.arply 
'"hile olh,--~ prlc-et ;ncncased. \'ie s1n;pec! !ha~ ~!11~ refle::-cs sc,,·,e tran&it<iry FJTu::-:- cf 
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5.3: Correlations among Average Annual Export Prices, 1961-
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p;rSl'·t px/TA pxUS4 

f!.£Sf'A 

p;;ITJ\ 

f!.£U8,1 

1 0000[1 
0.99055 
0.95892 

1.00000 
0.93633 1.000()() 

ldp.tSPA ____,__, 
/dpx'l'A 1.00000 
Id {!.EIT-t 0.92000 
Id p:rcs,i 0.8-1761 

ldpx/TA ldpx/'SA 

l .00000 
0.836·18 l.00000 

Note: px' ;, the avcrag<' value of export~ for COU!J-
try )·, f_() [l shipping port. cakulated as thr tot.ti 
value of exports dividf'd by physical voh11n(' of ex-
port>. Id µx' ;, thr log ditferenrc ill pT', equal to 
thr p<'rc .. nt rhange' in thr ~rri<·~ from year to yra:r.

'----------

the change in th<' industry that v:as then taking place, a8 Italian sales f<ell and the 
C'alifornia industry expanded. Since 1970, there is no rvidencr that Jt.alian price:; 
beha\'f' indeµendently of those elscv;hcre. 

'fo <·01uplent!"nt the correlation analysis of prices. we carried out a detailed tech-
nical analysis of the interdrpendence of different price series, using unit.root and 
Dickey-Fuller tests for ro-integration. Appendix /\ contains details of this investi-
gation. v;hich cousidrrs ,,:he! her or not various pairs of price series can be ~tatisti­
cally independent. For 1nost. pairs of prier series. the hypothesis of indeµcnd<'nrP 
is strongly rejected in favor of the hypothesis that the series are linked by a linear 
transforn1at1on, 1,·h1ch is the for1n that th<' La"· of Onf' Price takes 11•ith tranoporta-
tion costs and quality differeuces. In particular, the analysis suggests that (;.S. 
far1ngat.\' prices. 11·hich are used in thi; chapl<'r's d!"mand analysis and in the sintu-
lations of ('hapters (j and 7. are linked "·ith foreign i1nport prices by a linear rule. 
Thcr(' is. hcnvPvcr, so1ne persist('nt independent 1nove1nent of l'..S. aYerage export 
prices and foreign in1port prices, a result that is con~ist('!I\ \Vith the results in the 
correlation analysis disrnsS<'d abO\'e 

5.6 Notes on the Econometric Specification 
The previous sccuon preseuts the c(·ono1n!"tric results that niake up a full d('OCrip-
tion of lh<' world almond market. ·rogether v•ith the Lav; of On<' Price rules linking 
th(' pric\'s in 1·arious countries, discu;sed ahovr and exµlicit!y e>ti1na.ted in Chapter 
6, the equations for consutnption de1nat1d iu the eight larg<" 1narkets de-scribed there. 
for sloragr dt•mand in th<' l'nited States. and for rnarket-elearing RO\\' demand, 
are sufficient to dc•trrmin<' prices and quantities for ahnond transaction5 in the 
principal 1narkcts. given almond harvests and 1nacroccono1uic conditiQ!IS. B<'fore 
applying these resulto in a sininlation n>odel, '""produce son1e additional evidence 
for the plausibility of these econornctri~ cstin1at.es. First. v.·e present sonie addi-
tional demand <>quations. for the larg('st llest-of-\Vorld countries ..l\s these detailed 
e"tin1at!"s arp broadly consistent v.·ith the csti1nated market-clParing RO\\. equation, 
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Table 5.4: Correlations among Annual Average Import Prices, 1961-
8' 

I"""'·'' pmFRA p>n'\Ll! IYI'";"" JI'!<' f.< /lmJI'~ 

Jm!DEl' 

JJT"'"' 
)ftn·''LD 

J!'1lGIJJ! 

J!'I! IT" 

prnJPS 

l 00000 
0.99233 
0.99249 
0.98500 
0.00447 
0.%631) 

1.00000 
0.99245 
1).97133 
0.96810 
0.91916 

1-00000 
()_97369 
ll.95885 
0.90845 

1.00000 
0.95126 
0 98707 

1.IJOOOO 
IJ.9365~ 1.00000 

/il ]NrtDEU /dp1nFR< /dpmNLJJ ldJ""(:t!li /dpm"A /dprnJP\' 

/dpi"DFl 1 00000 
/d[71nFRA 0.95027 l-00000 
ld[71n'''l.E> 0.95930 0.95440 l 00000 
/fiprr{;EJR 0.93002 0.83681 0.85--lCIB 1 00000 
/dpin 17'" 0 67204 0 6!1202 IJ.56310 0.60516 1 00000 
/dflll'JP·V 0 88825 0 830!'(] () 81890 0.91119 U.54098 1-00000 

Note• pm' ;s tbt .,-etago "aluo of imports for countr;· J. Cl F ;mpri;t.,,,g port, ,-alculatf<I a.< 

the• totol va.1'<• C>f ;mpo;t' dl\·11led i>y ~h\'sical ,·olume of nnporl>- Id pm! <> ""' log <hffc;ouco in 
pm', eqnal to the per<,en• cloange< ;u the sorios froru year to ;·eor 

fro1n Table 5.2. '"" find th.;sc csti1nates to be supportive of thE' earlier aggregative 
cstin1atc. In addition, these results arP consisttnt "·ith the individual demand func-
tions that are included in the full sin1ulation tuodel. Second, "'·e consider explicitly 
the specificati-on of demands used here. In µarticular. "·e examine the hypothe-
sis that quantities are fixed in the individual countries, in '''hich case the correct 
specification "''ould treat price aB the dependent variable. V.ie find no statistical 
e,·idcnce to support such a specification. These tests support the use of tnodels in 
,.-hich prices are statiotically and economically exogenous to individual countries. 
Finally, we pr<?scnt the results of n1odel validation cxcr~iscs that con1pare actual 
values to tho~r predicted by the regression equations. both v;ithin-san1ple and for 
t"'·o out-of-;an1ple years. 

Demand Estimates: A1edium-Sized Countries 

In '!'able 5.5. \'"e present the principal results fron1 our estimates of almond den1an<ls 
in eight medium-siz.--d countries. These countries represent the bulk of ahnond 
demand outsidP th•· rnajor countries analyzed earlier. Since 1979, net iruports (plus 
Australian harvt·sts) in these countries have been on a,-erage 90 percent of the 
constructed RO\\' dcniand. 14 \Vith the exception of ..\ustralia. these countries are 
all v;ithin thc closely integrated region of\\'e8tern Europ<?. in which Spanish, Italian. 
and (~alifornian ahnonds con1pete n1ost directly. The;,e <lc1nan<l estin1ates therefore 
represtnt a disaggregation of the RO\\' den1and which is constructed to clear th" 
prineipal worl<l markets of almonds 

These de1nand estimates \Vere dcvtloped follo"·ing the same procedurts as for 

l·\The sum of mediucn-country demand< is not expected to be identical to calculated RO\V 
demand. Alrnon<ls are ;onportod hy other countrieo--Ind1a. for example, imports <ignificant quan· 
titles of California almonds-and there are other exporting co<intrics, such "" Chile. China, and 
the K<>tth Afric"n countries. 
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tho Jar~e.tountry ertimat<:\1 prcsenled earlier: a naml><tc of spec:ficM\on1; and iunc--
tio11a! forms were e.;;ti1nated. t;Jth &pK'!a! a.t:.<r.>:tioo '.II the existence uf substitu~t 
eifect;,. Ag;dn, net intports of almond~ WM< ruretl ~ a 1net.11ute of \oi.1<1 putcl1ases. 
except for Anst.rttlia, fo~ which hm:vtmt~ "tie U:c:uded- '" In ;:;onlf;:1sc to the Lu'ge 
countriffl. in 1h('£e countries per·C'.J.llita llµct'ificac.ions perfor1ntd less ~u than d:d 
eslimat~s ,.,ncre total d<!n-,ar.d wa~ the Cqi;ndruit vana!-.Jc. Linear demand f'.>nction5 
W?t<' sp.xilied fo; s,.·tden. Deurri~k and Australia. '1'.hiie for the oth<:r eountri~g ti 

df>able-~og spe;:ifi<ation was prefel'M. '6 ·rm- prXe Y1ria'.Jles are tl1e unn v)l\\.le'I of 
import~, va:i.ue of im;iorts divitOO by volume 0f urpotts, ronv1'rt<eC using rr,ari>et ex­
rf:;;ng!' raws and the ton~un;+>r µrlee :nriex 1u•o ~ ( 1985 J uatio:-i.al.-<::.lrrEn<:y units 
pct pound (kernel-weight). 1·n"' lnt0mc term 1~ D::irr..~tic C'vnsurr:.poon 1':xptc:idi-
turi;-,>1, Forn ;;h(' !:\1:>tl0na: Axco11:its. also def.i<t>•<l ty rhe C'onsume; Pri\'« ln0-ex inW 
rru! natiuna':-curr('r.cy tt>rmi A;o:ai11, tt;; ;;iqaation~ ,.·cr-e estimatiyJ in two passes. 
After thf' lin;t pass, ,_;h,;uvations fvr which t'1c act11a.l va!1.Vl uf the <lepeudent ,,.,.,; __ 
able diff<:red from its fittOO value b: mmi:: than tv:iee ti1v ~tanda.rd E"rrer o: t!-.~ 
estiinate WCl'f' idtntHied ~-5 outlit>re .ttfi excluded from a ,,.,,·ond est'.mat:on. Far 
1nost :;ountr:._1' the !~llt',ions 11-<lrc est11111<t~d !'.torr. t%: tOr1J11gh :983, exCT"pt far 
Sv.•00,.n, ,..n;cl; d:d uot report almot<1l ttati« se;;arattly frcuu ot'.ier uut tr-a<l" prit:r 
to 1979, .and .4usiralia, Wr which the alJnc)t:d hw-vi!$t ~eries s:..uts tn \966. 

'l'he estimates in Tti.ble !).~ Ii;; the <lala fairly wen. \Vitii ilf!;!"ptabli'" ~tat;5tical 
propertie>, wi~h the ex.:ept,on !If Belgi<: in, wh<=re il low o.., rhtn- \\'11tson ftatwtlc 
SU!;ge$lS m1N<pccihtation. 

[u the lH>!dium-hl~ countries (1<.-Wch arr Jisto~<l iu or<l".'r of <;he sCi.i in l!iSS of 
th!;ir appareni. u:n-:011<! cc:xsump~ion), th" t'ijthnated ryw;vp;l\::c rlil.~:l:lnes are all 
brtweBJ 0 and-:,\,, the ln~las-;;i;:; rang<,'. 1\il awe!:, they an> g0n<:ril~ly fonsisteut 
witf: thr estirrmtt..J. tlru;i;i<:ily ;;( !h;· <:onstru~ted mllrket-c!carinr; ROW d<:mlln.-:L 
Estimated ir..O:>JJ'"' el~'i<:ities '\\lmr all ~guifi<:ar:tl'>' p0-'!ltlVB. whi:t- filter:- pr ;,e efft<:ts 
wtrt 11-W or nor1-exist.,nt·· .. •<OllS1il1"Ail vdtt :lie Wf"..1-k cross·pritf' eff,,,~ in th~ !lOW 
;_,qu.ation. 

J" adrl',ticu to serving as;;_ vali<la~iJ" ·;f fbf' BS!iniatc of RO\\' demand, iu the 
~c""" of providing ind>:'ptudc::it ccnfirmutlor. u; th1· tin.:-an:i'ter& cstilnatBtl for the 
con5lntttcd RO\\' demaod, tliehe estiinate:; p."D"Yide additional ev:iden<e ft1r the oon-
ch~"<l'1l'., b;ised on the m11.,"Ur- c0u11try ana.lp.€~ rl<'.~(ti!xtd above. that tit<\ <lctt1z.11d for 
aln11\tlris iii inelM>lic with rrspect to pr-"'"""· ""J that substituti<Jll 1,;latiou;;tips are 
v,-ca,.;, 

ExOg!lneity of Prlccu 

\\·e J'f('~utcC abovii :iin<:' eq<.:.:ttions 1-ha': M:Wll:it for th£ Lull< of "'Orld tr.i<le in 
11ln•o11tl•. It is rcaso:iab]ii tu ii.quire wtether 01x ""'1 :1af,d,v treat prices c..;, O>.f,gfu\!"a, 
in \,hN;(' N)Uations.. Tht1rrn;P (_19SU; hM d<O'rr--~n~trat.."d tl:a• t!.lf qu~stior: is sub;«t 
to <'.mpirical iuvttltigatio11. and ili a.nz11,•('r ha,; in1 portan: imp]i{,itiallh f._;r thii v.Udity 
of 1.loc para.'I!etur e:;;lix:iatEs. \\'hen pri<e 10 Mtatis:ially endugentr~~ w a ;urticular 
"q1.'l.tie>n, OLS e5tim11tes of the dCll'anrl pararr;etkrs. <1re inconsi!ttnt, ar,d ~h{1ahi 
Cilfct fto1r: th01R vro-vidt"d b;' other es';irnato:~L l'th:<h arc cor-~is:-ent wheu prkll i~ 
cndngecous. On \.ll<: orhrt ha.."ld, when prirw aN statJ,;tlca[y .,;,:D{:enous, tf-<-<:i OLS 
c:niottfts '.>re f:.r:si~t<>:it a,11d 1!.rc ('fllri<>nt rrlatlVl' t0 all oth;;r c0nsistent rsti:lllltot'i 
V.'hBt< thl? ~Jt<>rnati\'C estioa'.or i~ al!K> consfr.•€:tt, w~ •·m:; apply Hausman's IR.st 
~-------·----

'·'AutlT,.ban h""voM: """""'" 1'> be T~1\1>hly '"'""'"'~'!, '" tho.< the a,,,.;y;io Qf A "*tr.;J\,.,, d<m~rrd 
b ~~~l<>,t<>= tc th~ A'""-"*'.'"' nn~ly•;,, 

ltn.,,~ that oh~ '""\>tf~;:rryd R=t <:I \i\!:>rlJ '"si•• wu >.>.;;J~;,,.d Letter l;>y ._ h:w!>t <l<n10.r.cl 
f,,~ctiw1 ~M" br the doubl<> l"f. '4'"';&,,.t~'"• whil~ b<><h •;M::lito.ti.;ns ,...,,-,, """"1 Lw cl1ffo,.,,nt 
<umv"no11l 1Il•'fJ.ium"'""'d c<mnlr•li; Suitt the ROW ""ri<il i• "" =Gunti'11; wnslf""!. 'a\l,•r \114~ 
'"' ~ggteg4'.!un <A ~"""'" "'~•»hr<>, ,;,,,,~ ,~ no rew.)fl w ~•?N1 ~ny r~r\<v•I"' <tl«i=•h1p b~!w'*11 
tl..- eq<;a<w1>.> f<>r \h¢ .. tdi,ldui;J 50'"'*'''* ~"~'"'"' ~r,d fu,- th<!''''"''*"*"" ~s~"l!a\e. 



Abt"" C-<t>"'"'" (•i,,.,u,,,., D~rfm~"' J.fur~"' =1 $,;r;..,;·--- ,...._ 
(Hausman 19781 of the hypothesis that prJee,; are, in fart, nxogctH)\lS to each country. 

For <'\a.Cl: of the <>qua tJor~ r'!ported aLDv<o>, we re· r5timati::.1 the equation8 u8in,g a 
tv;;;>-stag>' !e:u>·squares (2<;~S) ef;tjtr;ator, v;h<0re v;·e iccludM as .exoger.ous variablll~ 
ti::,- tir.:.ert pr:;:e anC tbe -c.insuillption serie5 ar<l :<:'al excha:1ge rates fur aJ c:" tl'.e 
0.'.lti!ltrif's. l"nr oilCh f'qti'lliOn 1. the \'f\Ctor 

q,=t3ci-3, 

tra>J fm'mW, wher<J fi: i1 thf' ~ctcr cf OO('ffi<:#nt L>Sdmat-:s 'J'ing ULS. and J, :S the 
2-SLS e1lirnawr \Ve '.h<:n forrn t!le •"ar;o.m.,.·c(lvariancf 1natrix 0f <};,.;; 

If price is exogeno111 in equation ·1, theri the Haus111a.u test stt1tistit h, ·~ 

",vl:e:e K, is t:i~ numb;>t of ci:p!a::iawr:r v+rillllles in f{\llil.lion i 
Tlw (;1.icu:atcd Hausmar te>t rtat'.stj,.,, '" Mf lhtcl in 'fah!e ~Jl, flPje;:ilcD of 

1he h.ypot hf'Ait, of l"X\lgenous prh:f"S ""'<";rti' that t hf' stati~t "" bt in the right-hand 
tail of th.if ;;:1 di:ft<ibutinn; :.lw weffici>:nt estanati"S mu,,: diff,.,, liignilic;intly. In 
fact th.ere w;u, aiin'F.t no d(lf'7t'Lsf' f><,tween the Q[,S und the 2,SLS estimators, 
while tho 2.;:.r_,s ~:>timator;, are rath".:r !es µ~lsi:. WI? "nr"cludc, rhtn, •,lia•, tlienc 
are"" ~ta~i•t'tsi reasons for ;reating p~1D"s as endcge<.Ou.$. t)LS ts tvi:.sis:ent acd 
l"lfc'rcit.' 1 

Model Validation 

T.a.b!e (i_7 '"tmta.ins the fl.'.lot :\1ean Sqaare Error {RJ\4SE) 81\d the flie.il ln~uality 
Coe:Ficii>nt { "11E) fer bot Ii tlo,, "it,1in-s:amp1E lit:f't! va!lle8 and !Jr the 011t-of·sa<np!c 
pred:ictinr_,;;; fnr 1990 i;nct :w1, tiS "\\'eU .a..s 'Theil's ds:o1!lpa>it'.on of RJ1SE f<:ir t:i.t 
"'tli.Jn.sarup:e fitted vi!l!.i•'s.'h \\'i1h:n sarr.p;,•. thf' ~14£\t:oru; Ut Y<>ry ,_"ell, w:th TJE 
g1::n<'rally quit;; smil.lt although th<' equation;, f,.ir RO\V p;irch~ i<'.:li fnr s~otagc 
de1ruuul ftt 11 ht tW iesi: well. Jn all r~ aln1<xt au of th<' R!•!SE is iVi:c"ntc<l fur 
by tl,e coYJ.ri<>ncr part;.in: althoq;h Che :wr;~ i1f fitted v11lucs d\ff('r fr:im th<: wrirs 
o{ at'tual YJ.luei;, the;.· are siil: highly CT'!W~Jted wil,h 11rtual v&'.ues, 

Out of sa::nplr, t'.>t RJ(SE arc ge:>€n<lJy quite t!o:ffl to :li;Ji:' witf:ir..sa1:;p:W val-
ue>;. Hzy,;·ewr, a.s t:,erc is le~s. v;1ria.bObt.•· in thf: JOOr~ 01:t·of-ra:r.1>:e H<1'irs ~"·hi(h 

jg "·hat deh'rtl\h:..t& ~he dPnorr.!nBtnr oi 1'1E), t!.i.c T!F <:o.,lficie:.ls arc consid<Jr;i.h]y 
larger th11n 1h1J1r within·sa.mpl" values. N"o11etheless, 1,hcy ar\J g<:nerally sn1al1, "'ith 
value~ !,•:low iJ4, with the <i'X<cption of G<Jrmal\V (harcly) nnd t.h<J equations fQr 
ftaEan :mports i!.."ld txµorl~, \\/ith only two out.-,>f·filltnplt• oh,ervanons. Tn~il's 
deox,rcposi:.i1r. ~ ll:>1':ab'.e acid cict i.:;-sefuJ_ 

Ov;o;~a!!. t:i~ v;1 h®ti!Ju cxcn:ise; ir·d icate t:'lat th" eJtllnate<l mor:I<:>!~ pra-.-iC" good 
~tima".Ri of the tieuv1ud pt'ra:neter;, aud t'l.ll OC U"<'fu! in hH~1·;;:;tii;g and polity· 
s1mulatlon if'IC!r;iw~ 

''A ~mil~• a..-1..Jµ,h "'"" µeriorme..l where t.."'° Ii!!;..,~ µriot w:u ,;"" u:~~tN ~ = en~'""' 
'"'"''"~e Ci>Mr tlw ilWNO<;~ d ov>dem:" for Sl.al!SO?;.i ~i~.. 11>ha~"'h:t "' g)m¢,,J µ,-;,,,,,, """' "'""""" 
de:::ari;J,,, "-~<! tlw r<;lo.tlvtl} ""'"" irtriu~n<:e <>f iilh<Ctt ?"'""" en alm">l'N Ja·.1)'1,6. it h n:>'. 'urpr>-'< 
c::::~ C:at t'lc<' "4" ~<>~»«.:en<~ 1-hu iilb•n p<:ce. """"' d,;:w;,uhwJ J.m'.,~tac.6ou;Jy w':h ..:r:~nd 
,;~:::and• Tho ~n'!.Cytb "M "'''' a\t.,mpt~d ..,;:::::_,,; ,. ""'"'lit11.;:;: ff,axim>.tr.•lifil:<,-"'lud P'''""'l~'" ··"" 
1ng 'h" >•l of <k"i!;l,..,k>g a1><! ~cr&ar <kman<l "<IU"<ion.~. prke ««>atic•~-" oi th• ic.•m of (S. 3), <>nd 
addilll!' up '~'t'""'')U•; •net. " m~thod ls dnalogo•ffi \0 a tf.r~e·M~I\~ l~Ml·•'!'"''"' r"''"l~r•, excert 
that it p•rn1il• ov>n•lino<>r V<>tnp•Jn~nt NJUntiono. t:nfortunut~ly, it prnv~d ionpo•sible t~ con•pqfe 
paran>•\~r eot1mat~;, M ll>t 'Y~lotn •olution alg<Jnthin <llJ ol~I ''°"'erg~. 

'"Th~ 1"5t ..,.;t~"' 91 Ch4>0' 3 ~ontain~ a ·".~r'vatinn ~r l "• The!! <l0:<>fl•P'"';\1~:: ar\<l <lis;U"-""" 
Di il-S •ntcrp1~'4tki.~ 
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Table 5.6: Hausman Test Statistics comparing OLS and 2-SLS Esti-
mators, for Exogenous Almond Price 

Equation 

l'nitt>d States 61-89 
l"nitcd St-atr~ 70 89 
Gerrua11y Gl 89 
Germany 70 89 
Franc~ 61 89 
Frantr 70-89 
:'><cthcrlands 61 89 
i\cthcr!ands 70-89 
Great Britain 70 89 
Japan 62 89 
Japan 70-89 
Italy 61-89 
Italy 70-89 

h, d.f. 

1.70 5 
0.98 5 
2.32 4 
0.0& 4 
1. 76 5 
1.51 6 
4.18 5 
0.90 5 
0.71 3 
0.10 2 
0.13 2 
0.39 4 
0.02 2 
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Table 5.7: Within-Sa1nple and Out-of-Sample Validation Statistics 
for Demand Equations 

Estirriation 
Cnitnlry Pe1~od RMSE TIE [.'B t''' er 

Within-sample: 
l'nilcd States 1961 89 0.123 0.016 0.000 0.007 0 993 
Ja11an 1962 89 0.031 0.014 0.000 0.007 0.993 
Canada 1961 89 1131.3 0.012 0.000 0.042 0.958 
Great Britain 1970---89 0.033 0.011 0.000 0.035 0.965 
Gcrrnany 1970 89 0.059 0.005 0.000 0.007 0.993 
!'>t·thcrlands 1961-89 0 049 0.006 0.000 0.022 0.978 
France 1970 89 0.029 0.005 OJ)(){) 0.026 0.974 
Italy; imports 1961-89 0.066 0.037 0.000 0.048 0.952 
Italy; exports 1961-89 0.169 0.021 0.000 0.006 0.994 
RPst-of-\Vorld 1970-89 9794.2 0.109 0.000 li.063 0.937 
Storage 1972--89 19214.7 0.146 0.000 0.053 0.947 

Out-of-sample: 
United States 1990--91 0.218 0.307 
Japan 1990- 91 0.093 0.279 
Canada 1990-91 1152.2 0.368 
Great Dritain 1990 91 0.097 0.276 
Germany 1990 91 0.041 0.402 
:-;etherlan<ls 1991) 91 0.041 0.187 
France 1990 91 0.046 0.293 
Italy' iniports 1990 91 0.442 0.501 
I~a\y; exports 1990 91 0.291 0..547 
nc"t-of- \\"orld 1990 91 61365.0 0.394 
Storag<' 1990 91 31470.8 0.163 

Note.: RMSE ;, Root )..!t•an Square Error. 1"lb' i> the 'I he1l lnequality Coeflirient, 
a 11ormali<at•on of RMSt:. IJ". (,!''.and (_le are, rf'Spfftively, the bias. varLance. 
and covariance corupouPnt• of RMSE. All pquation" "'"double-log. except for "'I""'" 
tions for Canada. Rc;t-of-V."orld, and Storag•'. whi<•h are liJLear. SincP tllc RMSE 
de<·ornpooitiou ;,, nut well defined for t"o or )c;,s observatLOil'. it io omitted for the 
Out -of-Sample exercise. 



6. A SIMULATION AND FORECASTING MODEL OF 
THE ALMOND INDUSTRY 

6.1 Introduction 
This chapter describrs a full n1odel of the almond industry, which simulates th<" 
('volut.ion through time of the quantities of almonds purchased in the principal 
almond 1narkets, the prices paid for almonds, and the acreage of almonds planted 
and rr1novrd in California. This 1nodel uses the econometric and statistical re~ults 
d<:-scribed in previous chapters, including the v,•ork on yields described in Chapter 
2, on plantings and ren1ova!s in Chapter 3, and on final and storage dernan<l and 
the linkages between prices in Chapter 5. 

Figure 6.J provides a schematic depiction of this 1nodel, with si1nulta.neously-
determincd variablrs in solid boxes. exogenous or predetermined variables in dotted 
boxrs, and lags indicated by dashed lines. In a given year. the available supply ha_~ 
thr<:e co1nponcuts: California harvest H,. y.•hich is the product of bearing acrPage 
BA, and per-acre yield y,, Spanish net exports J1tX;5l'. and in~·entorirs rarried over 

1from thr previous year, 5 1_ 1. This supply interacts with the various <letnands 
for current almonds, including i;_s_ and foreign final Jen1ands and demand for 
stocks carried out at the end of the year, to dtiterrnine the California far1n price 
for almonds. 2 Foreign prices in the model are deterruined from the California farm 
price by adjusting the California prire for marketing and transportation costs and 
exchange rates. This interaction is depicted in th<: lower half of Figure 6.1. Foreign 
detnands are determined by th!!'l!" prices an<l by exogenous variables. Based on 
the work reported in Chapter 1, one 1ni!';i1t also describe foreign supplies as being 
influenced by current pric<:s. However, since it has proved impossible to find a 
strong relationship bet\veeu prices and Spanish net exports, in this chapter Spanish 
supplies arc treated as exogrnous. Ho\';cvcr, in the longcr"term policy analyses of 
C'hapter 7. the estimated linkage b<:>t,.·ecn prices and Spanish acreage is used. 

The top half of Fignre 6.1 depicts the way in which current year profits infiu-
enre future California plantings and ren1ovals decision~ through the supply-response 
models, in this "'ay determining future harvests. This interaction between current 
price;; and profits and future supplies rrpresents the key dynamic linkage in the 
sirunlation 1nodel. 

The rest of this chapter is devoted to a detailed exposition of the compon<>nts 
and functioning of the ~iinulation n1odel, including ~-arious validation exPrtiscs. Its 
application for forerasting and policy analysis is described in Chapter 7. 

6.2 Determination of Prices and Quantities 
The Lineari:i:ed Den1and Equations 

\\'hile the estin1ate<I den1and equations in (:hapt<Cr 5 are useful for generating point 
estimates of elasticities, and indicating the deter1ninants of per-capita demand, they 
cannot be used directly for any policy-opti1nization exercise. \l.'ith the exception 
of the Rest-of-\li'orld equation all den1and equations are esti1nated in double-log 
forn1. So long as con1plete supply response is not immediate, the optimal policy 
i1np!ied by these constant-elasticity den1ands. 'vith inelastic de1nand, is to sell an 

l One might also consider Italian net exports as part. of world •npply. J!owe,·er, since we have 
analyzed both Italian export5 and ltnlian imports .. functions of pnce, and since Italy tS no" a 
net tmporter of almonds, we deS<'ribe these component> "" part of world dernand for ahnonds. 

'This singlo>-price model of the industry ""8un1es that ;:rower> and handlers po._<scss similar 
inforn1ation about e~pectcd fin..J dernands. It should be noted that grov.1'rs typically preCT>mmL\ 
part of their crops before har•·est, and sell other parts of the crop on a consignment basis: thus. 
there i> uo sharp distinction bctwC<'n th~ information tncorporated in the ex-post farnigare price 
and cxµected flnal d~mand• e'•aluated at different point; Ln t11ne thro,,ghout the «'a.son. 
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Figure 6.21 Llnearir.ing the Constant-Elasticity E1$timated Demand 

111finit,,simally 'lll1M.i! quantit)\ carr. l:d\nit<>ly lar1;<e pro!lt.l; lmm.xlillte:y. an<t thcu lm. 
thf :oni ri.:n i-ak<: ca.re of it'.Wlf. 1''.ie p1<1bJ""' \~ 1bat l•tl:u!e ·h~ oon~t;mt.-cl».~tirity 
(J.~ma..•:l h;J(•'.'J6c21tiol! n:ily prv•·i<l'I< a l"'tter st'.>lisli<:a! apptt~x'.w.zlim1 I:. the da·,;:. 
than m!icr models uw<l, fur th<: rail+,'(: of •·al;1w of pnf':·~ and <111a:,tit1c~ ai't1J2.lly 
o]lS<:,rved.1t is unlllwl;r tv hold wheu vre extrapol!.t\! 0ut'iid<' t!u• ri.1:g;· of thi: sample 
d:tla------G;:>e<:ially for RGJ#IJ qu1t.ntiLles and his;h pri;-m. {n ilr<lt~r to utt our de1nanJ 
•C>tl1nateo· fur p;:;li<:''! worx. i.e 1ul!~t t1ansform th'.'nl i'» that tho•y hrfOUl<: rnore useful 
at th~ val~ tnll.'. a p({wy opl.ir:1i.tat:Un w:JI ~ugge'lt 

:1: tl:e '11<>1eJ dw,rJfe'd Lee. acd ap;:ilicC Jr. (:h~-11'.•r "?. Nil lrc~p~et the elfl-~1-i<:ity 
estimates frvn;. ('l<P.ptt>: 5 af gond app~oxicnaI~Cln~ a{ lJJ(· vli!..~ticit:X> of d<'111ar.J (!.t 

the 1nf'an valu"~ ,-,( ul\ tht> vanilbl~~ I-Iow"'"'r, fnr sin111lation p1,rpc10<'0 ,,,e "'~""'" 
that ricmand io. approxnnately hn.,ar in th<' rrlrvant rang~'- Jn F'1i;urc 6.2. th;> ,.,,r,·~<l 
lillc traCf'S th~ estiui.i.ted conotant·Pla~tirity dtmand function J.t lll~ar• ,-alut~ of the 
cxogen0l1~ variab1,,s, pa.s~lllg 11e,;_r the pr,:nts rc?res:ent;ng ob.;er>a:"i"" (a<lj;_i;te<l 
u;;:ing tJie I~rt-ESJ.>!1 param<'t<'r M!ti:::nau-s '.:ir 1•aria:1or.$ 111 the i'XO§'t!n"~ 'aria(>!<"s) 
\\'<' t:..'><' On th,-. fil!LU;ati0n mm:'.<.'! a !Ollt' that :S pa:-al!.-.1 re rt,-. rei_:rl"i,.1oio tt.tve a: !he 
111.,-an ,,.i..-a of p:rit'R a11'1 q11lilltlt.,-, "here :Ji,-. n1e1Ll is oJ<'u!M.<:d l•>t't !hf p<:rmri 
1970-6>'. 'I'lnis, the lint>'l.riZ<'<! app1oxilnat10n p&·<ser; thrnugh lh,. .:.rith1n"'1it lllean uf 
th.:· ..arnple data_ whilf ti>e s1,1tistical model pa.'<&"(< thro>igh tll.,,,r ;,-ro1nfttlc ill{".lI!. 

Consider a :yy>a: tq,111t:0n. The douhle-10g ncgrotsiu:1 fillllllatcs git~ t::,. ra-
r&mMer3 Ao. , .1;;. fo: ~h" dcrnat:d fun::ti;;11 

Sin<"P the <·~tin111t,1d pari>rnct0rY .4 1..41. and .~ 3 ia tl:is fnrm arr tl1<; Psti1n~t<xl 
elA5ticities, 1.h<· lln~!!.rlzation throni;h the rn10an of(() l) >'.' 
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Table 6.1: Linearized Demand Coefficients 

C"untry 

Cnited State;  
Germanv  

Franff' 


Nf'thf'rlanrls  
Great Hritaiu  

.Japan  
Canada  

Italy ir11porls  
Ital\'-f'Xport.,  
llr»t of \Yorld  

"' ""'""" 
0.819 -0.713 8.283 
0.0937 -0.169 0.118 0.112 
0.739 -0.0309 0 53~ 0.00698 
() 676 -0.0895 1 .50 0.0579 
0.463 -0.206 0 01 !2 

-0.0938 -2.07xl04 3.0lxl01 

-1918 -3800 61-5 6605 
0.192 -9.53x 106 0.0391 -8.19x106 

-0.~96 l.86x10 5 2 16x105 
-16389 -112\:j 108 3441 

Notes: <>o is tf,,. coustant in th<' lin(•arizt'd function. "' is is thP aln1ond-pricc 
coeflicieHt. "~ b thf' cocfficicut on prr-capita {ex{ept for Canada and l{J>r,t 
of \Vorld) r,-.al do1nestir consumptin-n l'xpenditures. n:3 is thl' filbert price <"O­

<•fficient. except for th<' Italian in>port and <'Xport equations, where it is the 
,-o,-.Hicient on Italian harv<'sts_ -~II ahnoud prices arc average prier of imports 
iH real 11a[iu11al-eu1rt·ncy uuit> pPr pound kernel "'Pight (1985 prices). f'xcept 
for t:.S., which i~ n'al farmgat.<· prH"P, aud Jlf'st of \\-orld, "-hich is real German 
iinport pnce. FilhPrl prkcs a1e co11,·er,ionH to real 11ational-currPnry 11n1to per 
pound of aYPrage price of Gern1an i1nports (iH coustant Dr·ntochrnark for Gr·r-
inany and Rest of \\"orld). <'XCPpt fot· Can<tda, which i; average price of Canadian 
Llnports..'.il e(j\H\tion' except Canada and RP>t of V.'orld arf' f,,r pounds (kf'r· 
nel weight) P<'r capita. ("ana<la and R<'st of \\'orld are in thouoands of pound> 
(kcrnt'l weight). 

,,,·here 

and 

'lo = ;j n:1P n~j)- oofJ1 

--= q-(1-A, -A2-A:1)· 

If th" regression equation excludes the filbert-price term. then A:i = o 3 = 0. ThC' 
Italian import and export equations '"''ere lineari~ed in an analogous fashion. To 
arrount for the excluded observations J!l the regression equations, du1nmy para1ne-
tcn; ,,,-ere ralculatecl to force the lineari1,e<l forni through the obscr\-ation for those 
years. Th,- paran1eters of the linearized demand funetions are shown in Table 6.1. 

Price Rules 

\\'p assun1e that non1inal prices in t\\'O countrif's c-an rliffer, onre they have been 
converted to a common currency. only by an aniount that is ronstant in rC'al terms, 
r!'prPsenting the difference in costs of bringing al1nonds to market in the tv.·o coun-
tric>< (iuclnding tro.nsportation and 1narketing costs). That is, if there are J coun-
trieo;, Du i~ the price def!ator for country 1 in year t, XJt is the market exc-hange 
rate for yf'ar t {units of countr~- j currl'ncy per units of country 1 currency), an<lP,, 
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iH the nDrnia;tl prltt of a!ninnd~ i11 tJU(1try y, ) = J ____ • J, thl'r. wt· i!SS0rt th;.t 

p"
Pu~.,,.,_"·" D11 ·cj, J,

X;t 

\\•h.-rt t; lli the c:instanl n·al i:litfer6ntial betWL>i'.J", country 1 il.nd ,-,-,uI'.try J pri:;e;. 
1:-. (Hlt dclLand !Unc•ion~, - deflal" !lilll!It1af ahnon<l prices by th,_,- eOil'!'.'lnir:r price 
>JltitlC Ther~fort. u>ling the roun:t_;- l CTI as the <l-ellator for c1, er;_uati,-,::, (6.3) 
hrro1nes 

l~Pl1, P,~ 

X,,CPlii<JPI1 , 

i " -= p~, - ~p,,. ;=~ .... J,:r,, 
-,.h<:-r..- r 1 , = ,'(_!'(:PIit j C P i 1 t is tl:e PC& Pxrhange raw I hat converts OOU-•;tant units 
0: (OULtry 1 turrenry int.:i ,;onctaut units of t<Jllf\tfy j ·:Lirrenty. Th;s 1:; re11rrange<l 
to give J ~I prirt'B in tan:s of 1l:i' count:f ! prirt': 

In :Jtt sratiftiral 'l'i-crk, ~ haNe rlllrclat<tri l'.S. Je111w1t using cn;\)---year h:i.r-.est 
and inventory <lat-a. \\'e f,)t:lld th"t thlt dE:Tiand \l'as b~-t explain\'<\ ty the , roµ-
)"::'llf farmga~1; pthx, w~;irh is tr.e value of nut~ Je!lvqrffii by gr::iwou to harNl!thL 

riiv1deJ h) th<, vol:imc (>f deliverlBs, f(>r n'.11~ harv-01te<l ;n ye11r t. ll<::\\'ever, ~ ~ul\. 
~1.11r':i;.I por:km of th<' year t Curves\ i~ artnalls sold in )-&IT I • 1. ;\s apnr1s fl~ 
clusterw-J "'-' 1.he b>:;riuulug and ~n:l vi th• ,·l)\cudar _v~4r, th? ea\endar,y<fllr ir:::port 
d11ta leflect a1:proximat.<.>ly eq!l.;i qnar>tit;es of rarITllt a:1d prrvitn!& crop--;>"ti!-r data. 
\\'hen th" lJ.S_ f11rmgate pri<c is st::cct<'d as th(' 1n1rr:erairc in ~he price rules, hoth 
it> ::nrff'ttl- <tlld lags«! ·-'ltluts lnust br i:icluGf't!. Since r"grt'5!<i0n-; of rt-a!·do:lar far-
<'igu '.!l:pmt prices on lagged c.n<~ c"rre1t farrng.ate prict'S y1ek\e<l pusll!\C G;:e><tant~ 
,v,d pricP <,(.tfficien's that "'trf' mm1lar and clDSf' tu .5, "~' impa<.ed im ei::p.icl·v.«cight 
cun1b1r.alit>n, llO that 

1'11 = ;;;'!, (0.5 - p,,-, O,;;,- P:.<-\ ·-f- .t1 ). J = :,. --J, 

The a•t:rdf#' markup,; c,, ,-:ikulated as 

r,-"'-LJ '' '( p,,_o_tlf:,,~,1i,-i1). 
. 2) •~>~ X;t ! 

are shown in T11blr 6.2. 

Solution wlt:b Knqwn Yield. Acre&g-0, and Spanish Net Exports-

lf t:.s. yields and f·-S7"4!gc and Spa:.ish net e-:xixirtt are known (as. !Dr Dxample. 
whar> th.; m"'1el 1~ 11,ed &;r a w1':l:in-szn~p-lr- $inn:l\J.tivu cf prl<:\>s and '.ilJWlti(ies). 
the ~t0rage <:q_lJJ'r'.ion (.5.S) d-~nht>i carryc'-'t 1nvent,_;ry dcma.•HI ,'>,+i- \.V" in1p.:M 
an e:iuilibri:.irn eonditi<>rt, 

The ;.71l"ilt1nd sld,, of (6.5} i< nll'.rketable suppl\AA i:1 y('ar t cemprn;1«l <>f 1n\'(.<f't.>ri<:-s 
tarrie.-1 over froni tht' P«''"''-'""' year. p!Uf Ca!Jnr1u1t hi;.r~e;;t11(handlf'r11:ce1p-t..-.), plw 
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'l'able 6.:2: 	 AW'4'age Real Markup of lmport Prlees ovEr U.S. Farm-
"ate Prke, in 1985 Dollars per l'ound {Kllrnrl Weight) 

I c,+----- ------·· 
Gtr:i,ar<,­	 0.441 

Frau<Y 	 f>,5(:2 
:\<'t.h!'rlands \l)i51l 

(Jrvat Br1taill (L411 
Jaiun D . .i61 

Cana:<h1 o.-1ss 
:tal} f!_-17;: 

Span1oh Le'. exµrlrt~. -:·he tigl--.: hanC: side b tte vari<>us dlepoolnur.s of :he :Suppi_v: 
;1<>pu1:u;,-,n tnnes per-capl:R ,;;:;cso;1npt1o'tl for th<'.' Cnit<'.'d Stai;t'S, :apnn, an1 ilH' 
:ari;-e ~u:·,1rei;.;:, lllll-"'rters. t:OVJhtion tirnos ~'Cr__,.api:s net lUt_p._,rt; fur lta!y, t:iuk 
drn>'Jonds for ('aa<V!a ;;nd ReBt-o:-\\'iirldL w\th otY-~rwiw- ,u:~ol<l bapp;;C11 C14"l"ied OV<--"< 
~R $fa<:ks to the nex': year 

:2qua1 in1;5 (ti 8) and (5.'5), :-0gether with thi; l U lin"ar drrn;i..-:1 h.:.ncno11~ ;if TS>tle 
0.1 and ·Jte 7 pr.ct:> rd!.;s (6.4}, v&1ng the r:iarkup paran1rtc:11 .~, nf Ta'.>le 6 2, f9rm 
"'Y~t<'rr. of Ii) n:tll«~lons, w~Jch ;-an be w!yi;d f,,, lf. 1:-ountry d<emand&. carrynut 
\ll'P'll~<:>ry 8,,;. 7 1u1pn:i. pri<,1'5. and 1he lJ ')_ ::'ar:»fJll(' JY<it'!-

6.3 Plantings and ltcn1aval~: the L-ong-Run Model 
:n the slirci- ::Jtl. ahHlltid supplli:., a:e d°"'.t-:nuu<'<l l;y a con;b'.natinn nf the ('ar:J.n 
inwn;linent de:-hii<lf4' that <leteni;i;,,. h~a.rinp: ac-1>:age. by the siz" of •h<.: sluck oz 
'.!.!mo,,.:s unsold ;>I :Jie end of 1:1!' I'""'-wus year, au<l by yield. ,,:>iirh ln turn is 
'1elcrmined hr wY<ither, the age Df thP aln:o!id arr<:<,.,_f/\, and th!' (·nrrer:: su:.o: of 
the tl!~,rmu,,..bearing <"y<"le. "Ihet» 1~ uo ;:onti'lllpe>rllnr<)u~ ;nfhieru:1~ vf pr\c~ upo,~ 
supplir~4. Pri<:e is '.here for<'. in the short rur., drutnl ined on thP dtntand-~ide of ~},e 
mo<lrl: pri<:~ a<ljU£ts :.v rlra~ ~h" tlen1a~vis. Th?rs is, h"wl!V<lf, ;i. long-n:n ra~pons.; 
l'f S\\f'?ly to p~k·;::\ Pou:ntlil-1 or fxb11ng gro"ers o1:w:rv;;! p!'if'~ a:i:t t"->~t~. (Ind 
CA<'ide wl:rthrr a11 D1'pa11sifr:'I of wlr.1ontl 11.<.,'l<'age will b~ p<nfi~(l.b)e, in "hi.~h ;-asc 
th;;y pllln1 ad<:iltiona'. acreage;,, o;.hnond on:-!:rrff_~, '.lf whi'th.-r their land \\'tl<:hl liod 
1n,1re pr'.>fitahlc uw undtT a Jiff~wr.t (top. !D whicn \'a!le orc:-i.'l.rds .,_J!j be T<'.'!110,ed 
ln Ch<1pter 3 "'" d.>i'i<:u~sed the m('dt:)s \\'hich hi""! <leorrilied thf.w p:an~iug ...nd 
rt':!l(-'Vlll decisit<n2. Hcrf' "'e dis-:""' br"ofi~· hov.· tl:.\Yif' ruod•:b ar.: C(>ltbined wllh th<• 
,.h<'lrt-rn1: <lenia.i:d-clearing model tc funJl r. long-run "'OOel :0 dete.-rn:ne t<'t<:o\Sl', 
p1i<e, and (Ctl~l!lllpi.t:->c in ~fie 11hunnd in<llliltry. 

The- Pl111:rt.ingt; and Reruoval$ Equations 

Th~· pla1itin11:s 1n·_xi"l. CMTtibed ;,. f'hap:er 3 as u<:;1111:ion (:J-.!6). 11oe~ t'.11:' txp¥J:'.nd 
net (&f:rr t-ax) p1to1·11t ,-;:tl;ie j:)(lt :.~.rt of an orchard in }-.Cl>t t - l. F'o\-f't', ,, p!11~ 
thr µre>in\lii :;·ear's p]ai:tinir;, l'L1_ 1 , 10 prl!'liti. p]~:1tinp:e iJ y".'ar t. Pr.,, neasnte<l 
:n th011.<?.11r!s 0f 1er~,;. 1'hk plantlug:; :nod(~( h 



"<"here [;';\'f'l't IS c~<:'tlate<l G:_.< apµ'.y1~1g th.e ye:.r t d'i'llated price !n a yield eurv<: 
to gel .wi i•xp«:ted tin1e prvfih: of otthard grD!i1 TE,.,,.pts,3 Y<:irt t c.,1;~s ii.re !hen 
~U!Jtfa<:te<J to get a gr.lSS llli'.rgi.u, W lu~;-, ]j re<l::iced hy the !'ft!ffiilk""'.I year t tnMginaJ 
~ax rntc. 1"he F:"'.l!P\t ca!culntions a~+> ~ke acro•H•'- of tho torts of e;tabhst.ii:g 
t},;c o:r<:liil.t<l. an~ 1nvest1nent :M >:Rdit, wi.<l dei;:ec1atil)ll deduttiClls. ·rte C(L~h 
ii.ow, :i1t!·1dlng s~Jes. grrJwll1g eos:s, esrablisl't~·1;nt «'.ISt~. (Uli tax b!lnd\ts, !s t!:ie11 
capita:Lwd ti> yr·ar t um117 the ~urrtnt 1-.oa! inwre11 r1>\.e. Jc the 5i:ni,.l>1tions, "'"' \l!W<l 
th(' priix; gentrfltcti i:;y th<: ;11nglf'·P\'r!nd m(l<.;\l'. to gerrerat<· !he E".'ll''/ <Jf o:tn orCjilrd 
for that yeo.r. E.-\'PV, ;,, then ... ,,.:;1 t;<, ,;im:ilat" plantings fr-..r year t-,- l. 

Th,,. n::novals !T>Jc!d, dirBS<'d in Chapt2I '.I a;, G'.)1:i"ition (3.li) 1&s th" p<':-acre 
opera:ing ma~gin 11-, (pric<> Lu~t~ yielc! n:ullli pn;(!Uttion 1«¥l. after tax. i:n r>eiil 
~eri11s) fur thf past four :era:$, as ~·~H 11.t &tu<1l IMt·p<:rFxl ll('reilgP an.-: a "'!1 0: 
d11mrny variilbla:< to acronnt for change;. ill tll.X iuv,.;:. TIN <i~!itnCtt.eri 011mtlon is 

R, "" 	 ii398.S"5.iB4 <.t-1 ··i.8c!5.S ,,-,_1-13.831 r, J :.tB4.3! ir1-1 
+0.:)C44 J<,-1 ·-23:J0 iJ Difl, t~8-3i5 Di6,+ 738.+ D82, 

wh~re R1 i1 rer.-10\•al~ out :ll tr" t ·~ J h<"ai.:ng &re<ll''· K," 1 i~ total acreage in ;.<>a:-
t - I, and :he ihree Q-1 :lummir~ -take thf ,-,.:uc 0 foT all"""'"'" ~xeept !97fl-l'J71\ 
fnr D'."J,, J!)i6·148l for D76,, ai:<l 19$2-1990 fur D82,. Aga>n, we US!' du: ;H-ite 
gf'r.e-ratr;l by the sir.;,;Jg,,petk>d marlwt-rleari.:g iolution ~o t;l\('1,i!ate pat' Y<1lues Df 
profltahi:i:y, whi(h ar<0 then n,..-.,\ to sin1ulate remo1'"'~-

Th._, Evolution of (he Ag" Structu«> <>f California Orch(lrds 

l:i: es\ln;athig the y'.el<l nooCei, tt.e nge ~tru;;t;ir<.> of ti er-~ was built •l;.> ~-rem ''"''.,._ 
$er1et of pl11r::1ngs an<l of 00"''"!.'. t1<:rea5e. lf ?lantings and J-,.,.,ri~.g i\(:f!'n~e ilM 
kr.ov.tL tt.NJ c•ne enc eakuiatP acr~e ffln!o,als ;1s 

wbc,re B,, P f,1> ant_'. R, !itf', raspectiv<::£;;, be:.:iu.g acrrage, p!antiags, a rv:l rvmc''flis i:i 
ytar t. '{ear I r;;rnovals are thull taioou our. ;:if yocilr f-1 hea,rlrg acreag\'. "" dis<.:uSGf'<i 
Hl S€ttitJll 3 5 In tl-:c ;;:n1\\latinn mOO"L '2ata 0:i Hi a~<" r.o !cingcr av3ilah'.e, bnt. ,,.,, 
can \lJ'< •'.le plm>tings anJ '"'ntol'al;;. mnde:S to g('nf'tale r.iniuhu<."rl ,-;Lueo "f ?,, m; 

we!.i a.t llf \he- ag€ ~hatui u!¥d ill th~ y:ielol nu;d~i lles\,gnating lilm•llatc<l values w1th 
a ;;;i.rPt, we \'a!i:u_late 

w·he:;-; the Yl!.'.ue;; of planting:< ;;_1u:I r~mov'll£ ar~ jlircn by :tnNit>tuting .;iniuliUl"1 
pri<"'ro intc t'.l~ r.11lc<.:Ja<-Jnns e: txpected nct present va!o:e. in ti:~ plilntn:e eqttttiOl1, 
<nid pe:·az-rc pref.tal>:li'.,:.'. in tU, n•muvab t((Uation, 

Th•: 1ll:nuJat.-:d age di~tri~ut:cns are th<'n r:H:strm:t<'il by sim,,niug p~o.llting.~ of 
vttriollS 1gll\1 fv young :ui.1 ma1-urc bearing·atrtag", ;,;.ncl by ;;u0t£lif.' ,ng the y-.:-,1lng 
an;! mat'.lfl' arrcagt f:;,,u; to'.a! br:arir.J,a>.:N'Sge :o ca.!en!ate old acri;ag<.". Thu; h 
"'l'livl>len>: L<J as;u;;c\ug that a!i i.cinvvall> a._..,,, froin thf, stru:k ,,( ol<l trl'f':>. Theoe 
l".Jcations ;u~ 

, 
t~t =)'PL,-~. .\JR,= L,I'L'" 

1_,., 68, ""n, - 1-s, _ jfp,
-·' ~~{ 	 • "'§. 

-··----··--­
Jp""'"'""")y in;;;v,por.ttlniJ ~ li\<>r<' !.ephhhthl•d ~::q::1t(<a;;r,ns.gor.~t®.<>l1J; tthiHl!( th~ti rimµl; 

ino\:O::y;.;, tho e"''~"' price wi.-i..!J \lh\>f<>•• 11\0 ;wtit>It'an;o of the ~\n'Mlot1Gt'. :llCdd. 
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Fig11re 6.3: 	Rktal ll,S. Farmgatn Pri.;:e, Actual a.nd Simulated (v1ith 
a.:tual plantings) 

L.' -------··~--

6.4 Witl1in~Sample Simulation Exercises 
Price-and-Quantity Simulation with Actual Acr~age 

The ;;<;>re of the -.. -:thia-;;,.mph' s\u:ul111le"' 1~ the set ,:.>f slm41l11ueous equaL011> that 
d.Mctmine prices and de1nandij for each µerh::-:L for giv<Cn 1111rve,,:s, i11ventot10.. y:u:W£. 
atu! :he lCS farrr1gdtc J)ritR in the ;:;r,..,,<ous y<:ar (~i::i.J" tlrt: lI>rf'il';ll pr>:f'S nre " 
inn.:k•ip o<'ef ~he ~\'Jfil;«' of c;1rrent and lfltgfl<l IJ_S (:::rop y<o>ar} inrmgate pntt}_ 
The sir:ipkrrt S1ntulatio:1. which helps sho'\\' how wf'll ·_he sinnJ!&Jli>fr.b ~'Dre rep~eS<>rrts 
:he real supply and de111anr: ;;•0(,.m, uses nctl.Ull •,ta!:i~ for at: Jf thuoe p:iodetern::1r;\'<l 
va:iabli•s. The< pri(% for thk ;;iinntation are r.~ottc<l in F'.gure 6.J 11-> Sim'.1lateil-·(a). 
_\;rx', in Sin~ulated- ib/. "'e u!X' th<' ;iimulated value of t'il.V}''.lUl In year t fvr <::arr;.-·in 
; !! !/"wt' t +I. rather t tian the at"Lu"i valu.i;-_ Jn Sir::iu)'l.!-<'d (o: )- "'e use a::tual valt.:0~ of 
plantings and ro:n;c~vrus IO ronstr1:<-t '-re0ag~ dist~ibuti;;ns <L'>d ac<ua; •'»L•<M of the 
r.~infull variab](· -w s:mulate yield 'vi•.Jan the model Thi& "'""ilat-eoJ J <eh:: is !.hl'r: 
Jl.';('(! i;u;tl'ad of acn..U .•·irlds ;•:itb ll<:luul !;earing acreaJ'1' tu hl:111;Jate harve>t$, a:in 
io al.;ll •w:tl fer ill~ fut"r<>-yhotd terms 111 ~lie cru:;-y--out ~tOrfi# t:guation. 

·ro evah;ate tllf' si111uia l ivn :r,o<lul's p<~formanCf', v.-n p!<Jt t!ie mo:kl's pr~ll,,,::o";; 
oi 1; .S far;ni;ate pri~e. 'fhis yrite ts t:i(' ke,v variabl\" hnk1ng tl>f' various COulpo!!ei:tfi 
of the 111nct<": · thro:ip.l:, tne r.1ar;.up eqliil.tt;_)1\g it. (;oi('smtne> for~ign demand. :t is tru.' 
pri1~' n>Rd i:i tht' G.S den1and N;_llatl<Jli, and it is the endo~o?H(H.!!; v;;,riable in the 
aCIX'llgc·-Ct'ro?rmir;iu,; 1no;J~!H. ff~ht> model ca.:inot adequately sirI111iate 1he <evt>:ut:on 
of pn;:M, it r;tn Qol himu!aw any (If ~he otl:c:: ondog;>nt\li va:iab.le~ eitl:Er. 

AH thtte 5imula!iotts lrrn·k thP large rr•t»1'I'.iPnt~ la ;i.hnoilli l'"icfs llir<J· ,,_,,11. 
l\s o:i.tt v.1)11k! €'XpP<:t, che Jar1;1·r 1s the nu1nlxT el variables heir,;;; s1n1ulatOO. U"' 
leos <¥"Cur"1f- »- tht• dniuL:-t\O\\. ft is v,·or!L !1;;L11g, however. th,1! r,;pl.aring actual 
Jr_v<:nlGf}' cru:ry-1n by value• froin th« simulJJioJ; \Siinulatl>d-('.:i)J thtlli?rli the price 
~i:nulat!Oll very llttl>!. 'fhis s-.iggcst5 l hnt. whatf'>·er :hP W<:'akn<~ oft!->.- >t.or;J,ge 
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l'igure fl.4: Real U.S. Fnnngate Price, A.:.tual and li'ull Simulation 
~·- --·----

modf'l, H dD""< ""t c1a.'w a rn\>jor ;cntri'.>u!\on :0 the full 1ntJdt:l's f'IT\U. Lrf()f in 
•J1e yield lhV<le1 :~ fa:r niorl' 1a:µort.ant. ·riu, :iutrorrie ls not ~_,r;irisicyJT ,(,a u10014 
\vltl: Jnela.$ti<: demar][L~, 111tf.Jl tlmnt;es in <;lli'lli(ltico tra1!5a:t"({ d«; a.sOQ('k<tnd v.·itl: 
\arr,<! rhanges tll pricP.>. 

1'Ull Simulation: Acreage, Quan~itW;;, and Prli::e Endogi;11cyus 

Th" rnoot diffirult witbiu->.arnp!F ~inn1latiov ,,,!ks on 11c, 1·xten:al 1.1forn,ation <nn· 
<;erning th'1 alm:ind indt1s:.ry: all p:lcv> p!autlngs, remn~ali, 111.-<'r;:<111e>. and ron· 
411!l1µtion "'" d('lfrn1in~<1 with'n thr mo,-i_,,,_j (a!t!:m1gh pr<'-1970 p;;;1'tinw> 1.1.Y actual 
""1ues). Thi> ffill'.\U!c.tio", fc·r whict th\' vah:<"S of :h<- ri·al U.S. (ar1:ig .. te pri".r MiC 

plotted'" F1gt:.re 6.<1, <l:ifers frnrn thoM" <'.lhl.JJsc<l ab(,v(' ii; tha: ~lie piac:in4s and 
temova~~ 1f.<)dels are l.lWJ to g.:.nera~e \m1-.i·:11g a<Tllllge l!nC: the agt' '.i1'>triliui11n~ 

,;52d 111 the yiE"!d uiudt·L It ~:icn!ci OB :\lco~ni1-M tha;, etri•r~ in tl:1: full $iJn:ila--
Oon art• f'lmulat:>·e: overproiict:ng planting~ in 0:1e yr:i'r iti'<ls 1-<l " persistcut:y 
high b.:&m:g0).t;t"ear;e (!.:J;:I harvest v~h;e Therr ]$. tberef-0re, an opti<:·cit1)11~y ;or the 
mo;;di rs p:001~t '.ons :.' tliwrge fro re hisl •;ri<:"al exptri<'n' .<'. 

Tl".e full si1nu!11hnn 1nadrl "I\$ va!i<.!4h~J usi:ig th(· e,·alt1ati1,;, prc1·{•durc~ <le­
s,.ribed in s;xtion 3.1. Th~ idrntlf,cation pf "W!tilin &l.)llj.Jle" a1:<l "out o[ 0;1111ple" is 
" little probletc:itir, w; the undf;lyn1g df'rt:and <Y!lldtinuJ 'l"'tt<' <~<.ti1natPd (•v<:: the 
p»rio<ls 1961· 1989 a.nd i.'.:170-89. derrnd'.ug 0:1 thB co11;;try, "'hit<' the pian~ln;:s i>!lt'. 

removals €<.juation~ wew l!!itirnak<l Pf"T l!lf.~ ·iJO Siece the plllntlngs l>NI rt'!l!O''lll~ 

equations use l~l ;.>rico;. which ?TI' dc!f'rniiced 0;1 tl:.<' dr·rnand sirlf' cf ~lie- 1ncdeL 
\V{' t,«V? hleni.ll\00 :i990 ;;..; ·'nut c'. s;;.mp \r" [<JT th& <:ntir~ m<..-lf'L Tb:s ::,a,, t l'.t' lwn»· 
fit 'Jf nmki:ig available tbrPe 0J:x;ervation~ for the Oltl.·of-5'1I1lple t<li.lidation, v<h<rh Os 
ne<:"~ary if one i;; tn f»liaC'.ily cleooinpose tL.P 1nuar. squart1l (-:-Tor. 

Thf' validation ot<1-tist1cs are tlv•w::i. in ldb~<.' o.3. \\':thin !»ltp)•\ t:W n1ode! 
prrfotn:;~ vury W<i'[, with T!E rlo:;;r '.·O i~ro, and (>vJ~h the po;~1i,;., <.!lt~Cpt\nn of t!w 
rcCJ.ov;d:. s.imu-!atior.) '.itt1e cvi:tc:ice of bJa,;. In 1>11 ra~Ps m·'n' !!5 percent <>f ti:-:; err;,r 

---·---··-----···-·------·---­
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Table 6.3: Validation Statistics for Full Simulation Model 

r,·si1mai1on ,.,('uuni,-y Penod 11.~fSf: TIT,' /_;b r:·· 
Withio-s,.mple: 

\\'orld Dt•n1and 1970 89 110719-4 0 014 0.030 0. 111 0.8J9 
l'.S. ll.<•al Faringalc• Price 1970 80 Q_JJ9 0 020 0.01 l 0 073 0.91G 
l.S. Har,ests 1970 89 90.111.4 0 02;; 0.0.17 0 109 0.8J.l 
t: 'j_ l'lantongs 1970--89 8J71.3 0.017 0.037 0.011 0.922 
U.S. rr"""""1s 1970 89 3070.5 0.068 0.139 0.002 0.809 

Out-or-sample: 
\\nrkl D<•n1and 1S9'1-92 144649.3 0.21 0.:010 0.178 0.312 
c.s_ n,.,.1 Fariugat<· Price lW0-92 0 398 0-42 0 182 0. l l 7 0.701 
c.s. Harvest; 1990-92 1128S!J 2 0.36 0 62i" 0. l 74 0 198 
c s. l'lantln~s 1990-92 10714.1 O.GS O.G3G o.uc,, 0.299 
c.s. JlP,110\"llb 1990-92 4963 I 0.99 0 700 0.003 0.297 

Notes: RAfSE is flout ~lean S4t1ru-e Error. Flt: ie the Th<'1l Ineq.,;tht.1· Cocfficieut. 
o nonnalization of Rf.!Sb'. c•, L"', and ,, ate, resµecti,ely. the bi&,, ,·ariaroi·<• a:nd 
con1riar1<·e <·ornpone!!t; nf R,~!SP. The \";tltda\ton 'tato;!1c; air cakulated by co1npru-ing 
the 1alue' f1<>cn the f11ll "'11ulat101L 1node-I to ;t<·tual vahLN 'lot<' that tlw valne' for 1990 
ate treated as "Out of Sample" for Plantings aud ll.e111<>vals ••eu though tlw rP~re<,ion 
e<timation p<•rtod included 1990; a.< the den1and side i.< e;tini.ded <>nly through 1989 the 
price 'unulattnu for thi' year" truly out-of-,an1pk 

in the senes is in the ·'co\"arianc('" cotnponcnt C'r, a <lc~irabl<' outcome. Of the five 
Sfrlf5. thp si1nulat1on of U.S. ren10,·als is 'L\'('akcst, v;ith the highest TIE and with 
the 1noht PvidPnce of bias. 

Ont of san1pl!' the perforinauce of the ruodt•l is, not surprisingly, vreaker. In 
particlllar. the 1'Jt," for the r.-iniovals f'quation is closf' to its hight'St possible value. 
\Ve attribute this to corrections in th<' data seri(>S 1na<le follovring the 1992 tree 
census; the acreage ,..a.g ;1naller than ha<l bf'<"n indicated by tht• CASS intercensal 
accounting. suggesting thot re1uovals ha<l bet,n nnder-reported for a number of years; 
the correction ,..as made by sho,•ring high rcrnoval; for 1992. 'l'his corupoundt•<l the 
poor performance that v.·e expected fro1n the weakest link in the ;iu1ulatiou rno<lel. 
\\'"note highpr root mean square errors for all of the other si1nulated seri"'s as """ll, 
and a rPsulting elevation of the TIE st<1tistics. \\'e are encouraged, ho,vevcr, by the 
dr~ou1position of th~ RJ1SR in the case of the critical LT.S. farmgate price, >vith 
e,-i<le1tCP that this key variablP\ simulation is unbiased and prone t.o inatch the 
turning poi1tts of the series of lli'lual vahies. 

Finol!y, 've argne that since in the '»vithin sampl<'" simulation the 'C.S. supply is 
entirely endogenous. vrith only 1venth('r and exogenous variables c<lluing fron1 outside 
th<> model, the strong 1vithin-sa1nple perfor1nance of the mod(') ('arns morP "·pight 
than in the case of a sirnple regression fit. That after 20 y('arS of sin1ulatr.ct plantings 
and removals thf model still generates prices close t.o those actually observed. ;1s 
'>CC!l both in Figure 6.4 and in Table 6.3, is a strong argument for the utility of this 
rnodel for simulating the effects of changing policies in the ahnond industry. 



7, RESERVE POLICY AN_.\LY.SlS 

7.1 Introduction 
This rhai;:.,r Cisctl&lei markl'ting nr<lms a;id rewr•if' p,\icy 1'nd ari.tlyt-B almond 
fut1rki:~ response to "'Pccific tv;;cs of r\'lKi'.Vt strt<:f'gi% Results frnm tl'<fl ffttlomic 
rrc,idnis are r'1port<xl and t<:ialy>'<::'d. Fi~st, in Sertinr: 7.2 the "rJr:01uetr:< m0<lel :k~ 
~(nl:H;d in Chap:er 6 ill used l"J 8ir;n1iate ma::lwt h(havior over the period 11)93-2()10 
nuC<~ 1mlicieo. of nD rciie1,·e 0r ;;, r<'$r.:ve that n1!!.>:irui1e3 f'.alifcirn:n al1n'.lt;d i1:(bt1try 
rownneo. i:i each year. gl;.T"n I.he prnjoctffi Cai!fornja hLTV0<L 3er.aUITT: rewrves are 
set nfier th~ !:.irvest, t".lfl'f'llt nlniond pro<\uctiun -:osts at> sunk nn<l. thwL '.rrcleva11t 
fG" re~f'r>'tl '.i.>el!llon-1nak11q:: pnrp0w~. Th<::'rtfore, t.he r<1v11nue-1n;i.ximrti::.g test''"""" i::. 
l\hlo the »hor:-:nt1 p1'<1lit-111.),:.:imiting rl'serve_ 

fu!;nllo '.rotn thit ;;n1>lytl; Lh1.1>tral., :i short· vi;_ J,v1g-1·:in trctdf0:1' fro in :J.\il?b:\ing 
or4.:s po~k:y: ind~<'otty actions J.~kP11 lo rdls.:- shurt-ttl!I profit~ l"nd le he t.ietri111(".3tal 
in tl>E loug t>..;n ':><'cansc tLfy :;t;m'-llat<.' i'Jltry and <":<pan<ki! prodliction. W,;; ; !!\'l'Cforc 
dev~l,ip a dyoAmic cptin1:Zat1D1J inodel that :n"urpnrat'C!:< this '_ra<l('{l!f anri, for 11< 
given set of n1lit~t para::nt'!t·G, derive tf"A· ttll.je<:tory of n'<Erve strategic$ '.l!at ;s 
opwn:al ov;'l'::. d1~c-0uute<l Sl)-yfar hor::wn, This ::node! is JisrU&"<'l: in $('{;",,;tin T.3. 
arRf RSn:t-> ba..~N.i o:i the 1n0del arf ?t'<"'X'Httd i:i Section 7.4. 

Tht Aln>ond !JoM<l has auth?d!y t<:> !ll;:, v.·ah. tbe «•"i:o_:.rrrn<::e of ~hr Sc\:r!'tary 
Jf ."i.gnculr,rx·, h0th ~-ll"cnred and r.onalloca:;ed rWl';>.'<>s. Allotat?<! r<4"crves dh'l:"rt 
ahnoi:dt ;"'nnaner.rly fr(n:< prirnary i:on,;ur:1i:ig markf't~ to se.,'"'Gad;;.ry r:1arkr~ tuth 
as 01!~, 11.<nirrJJ feed, oc dl•V1F.a'.- Nonall9(1<tf'<l reservP~ 1e111µorar':y rnslr'.c: th<? ili'..'""" 
of a:mcn<l,; tu thr markt>\ at spe<.:iiir pcunt:; in tin1€. ,\ i""ftrntagc ,Jf the crop may 
l-;,-, w1:hi-leld at harvtSl and rf'lPlffl\.>£1 at intervii.l~ D'ft-r the 1n11rk<'tir:g wawn•.--,, it 
"'"Y be '''lttltel<;l. t><'t: tl1e ""l;,._ '""-~';"' anrl r~lu.1ed into ._i,~ '"'"l ''"'°'? y;zr. 

(Jui anal;;--si~ of r~r\'<e poli.:.y focn~\'& on dlot41KI reserve str;Veg'.es . .:101v::l!o-
cnttc'. re»rve ;:0!1-:y '""..G not stud!od i11 detail foe tv;o rcasous. FJ~t. the dentl'>!lti, 
supr,Jy r&o}Nnsr, yield. iuid storage eq1mLi0n;; that ai·.: used in the &·onc.:netri.: 11.nrl 
optJm;,,atian mnri~ls ar~· l>l~ed on ,.,muil> Cata. The unH C>l '.'b>;>rvatioa is th? crop 
_i'~<W- cfhe mod,.lc. are not ft}Uip;>ed lo- hi;n(j;.~ intra-yf'af S!(lnl.g.c <l€<:imvr-.~ th1t 
dctermin~ :i.Y<l-ilahi.ity C•f a!:nonrl,, a: different tHli<"f within a yet.L 

Sect:nd. the ~con<ntctric 1::i;;del <:tl" simulak: t:-ie impa.;t cf lr.i.e~-:l"ea: st~ri.ge 
<le<:-Jsi:ms r iHl'. <le!er:ninf tli~ n•·ailabil:•.' of alrnonds betu"e€n yenr~. Ho-.vevM, cur 
view :s th~t tl-:0 pr;vn~t m"rket !n>!lllH_v LiJ..~ in<:0n:iwJ to 11nder\.f\kc :;he optin1al 
anionnt of both Intra- <1-nd 1r:ti-:-year sto'.11.g(: ::f almDr.ds. 1·,1 ~lab'Jrat(' briefly on 
!his poin~. "torng1' f:-oni tin<!f !; k:. ti:Jl\' t,, i1 ,;rofhabk- if the expect"'! \11crcase in 
priee exr~s the physical -.tu:-11.<ge cust• 7!"" nppo;tunity <'OS!S of ~c!riing a'.1nuu\h 
Icr th)..-> pIT.od. l!nwvveL if ,;_.orage i~ profitablf' to nu<lert11<lw. pri;·at{' ~ad<:".l:. an<:~ 
han<llf:-r; n<•r1rtal:s ba\<1 prJl)er inr-e1;tiv0i! t;1 undert10.<' tile correct arn<n!llt of 6t'>f>1W' 
tn.!<--pend<'llt ti m:u;da:Rx (n;.1;1 :he al:110>'1ri bcar<l Thus. ttese deti~lons are Jonally 
b01t l~ft tc 1n<1-tkf,t for<:<lS a:i.d V.'f> foen~ 0u1· a;13!y;ti~ 0t. llJloratBd tf:Mrt\t policy. 1 

Ti-.£ apprcw:-h d("v~loped in ~!\is rha:;Jitr t« n1r:-delliug t:'.w:krth,g o-rder bf'_"iav-
ior !f"!lJCr::.:Jy, and a.'.L.:eated rd;Y<rve po'.icy BfXi:ih«aU.-·. departs from t.raciition?l ap--
proi1-Chli< cxe1npb:i"-! in :.he v,·ork nf '.\ilna..'Jli. Fr~11ch, and Kn-..g ( ltfr!J:. f'r>!nvh and 

',-',o .;)(tm"' ~" ~:a1""-"fl\ of tt:. ~<>m:i.~4•"" "' that '""'( "'" .,>u;;!Jy n<> "~te'""-''<le• '''"'<" •'1\-0d 
w;:h th~~·"'"¥'' <l«:"<lfl "'":I, it-,,,, 1>("- hc.;;h lot c<>ll~cli•" '-""""'· A p;p<l!;l-0 +<<<l-pt1 Jn t•? :hb 
<Un"h"i-.,_~ ""''*"' "ht:> tho <um>ll:I• 1v( <-ff<oct <>! inJi-Hhl;.l ~l<>r•-i~ <.!'efi~i,-;ns """"-'t> hi a 'etoo~<>:u<" 

•1n01•lrm, '°-' '""' nv '.l.lme>ncl~ 4"" ;,v~liable 10 k) =• for '' f'""'o<l "l Hm._... Tlw"" ,_,-, r:·11y 
"""P"*'J hy permaowm]y wpl=>ng aim<.>n~> w\;.h <Hhm Jngre<Ji.-..t~ '" 'h"" recir..-. tti>ro\>_;• fO<"<-
"""'"*" ..-~~rkel <0utlct I<> :hf. ;uduotr} ~\·~ &.''"'~·'' the pr11ct.icat ;;z,,,r,~-..1100 <>f tc.:.> p1,.""'""''"n 
;,. t"-"' too.son,: ?"'! th~ dernai1d ;\n;Jy<• oonJ,wt•<l in th<> >«.l<i.• '~vo~ l<"''e'•-''y limit.cl 
»!h>htuti"'1 f"' tdn:~"d" s~co • .;:, "'~k<>Yt9 "'~ likolr '" "''~' '"- tight·~•pp!y """"'· ""'"""''"" 
~'oh<y \,; g\nh1 ~'' tf,<!l <>t~"'"'"'°" "'""' irl, J:>'il'><i"-~" <ti:y <.all fo1 ""'W'"''"' ~[a norn.lloi;,;!M 
""~''"' "''"'" t»J>J•I-'' ~cc "-""' 11nd ):><;,,.,..a'' ro.:..tw.,Jy hiS:1. 
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Nuekton ( 1991), and othprs. The traditional approach models decisions ina<le under 
marketing order authority as general functions of exogenous variables affecting the 
industry. For cxa1nple, French and '\u(·kton express the tonnage of raisins marketed 
under authority of the Raisin i\<lininistrative Committee (RAC} as a function of 
current period raisin dcliv1'.'ries p!us carry in fron1 packers anrl the reserve pool, the 
packer price for raisins lagged one period, and <lornestic niovemcnt of raisins lagged 
on<C period. Such a formulation arises fro1n a rather literal interpretation of the 
obje<::tives of marketing orders as stated in the original enabling legislation and of 
the factors 1nandat<:'d in specilic marketing order statutes to guide volume allo<'ation 
decisions. 

Federal marketing orders "''ere authorized under thP 1\gricultural /!.'larkcting 
Agreenient Act (AMA.-\) of 1937. "''ith several states enacting parallel legislation 
near this same time authorizing state-level n1arketing orders. ThP statt'd poli\'ics of 
the A!v!AA ~ they pertain to volume regulations are to ( i) establish "parity" prices 
for far1nPr~, (ii) protert t·onsunier interests. and (iii) provide for the orderly flo"' of 
product to 1narkct by avoiding '•unrea8onable fluctuations in supplies and µrices." 
The Raisin i>larketing Order studil'<I by French and Nuckton (1991) lists nine factors 
to be considered by the RAC in rnaking volum<" recommendations to the Secretary 
of Agriculture. These include ( l) the estitnate<l carry in. (ii) estimated current year 
production, (iii) domestic and 11;orld demand, ( '") dcsirf'd carryover tonnage. and 
(t•) current and predicted raisin prices to µroducer' and handlers. Similarly the 
Almond "°1arketing Order specifies that volu1ne control d<Ccisions be bMed on "the 
ratio of estimated trade deniand... less the handler !carry in] ... plus the desirable 
handl('r carryover. -- to the estimated production of marketable aln1onds (§981.47)." 
The link froni the actual marketing order language to 1nodel specifications surh as 
Ftench and )./urkton (1991) is, thus. c-lear. 

How\'Vf'r, from a modeling perspective, it is desirable to specify th" behavior of 
these industry decision·rnaking bodies "'·ithin an optimization framework Although 
the AJ\.1AA specifies multiple objectives, including attention to consumer interests, 
the fact remains that decision 1naking in n1arketing orders is in thP hands of boardo 
cornpribed exclusively of growers and n1arketcrs of the affected commodit:-·.2 Con-
su1ner interests "''ill be considered, if at all, by the Secretary of Agriculture in his 
oversight capacity. l:iven then that effec-tive control of 1narkeling orders is in the 
hands of produt·ers and marketers, it is logical to assume that this group ,,.·ill art in 
its ;,elf interest, i.e., it will seek to n1axin1iie in sonic form the profits accruing to the 
industry. V•iithin the franiework of industrial organization, an industry operating 
under a inarketing order is niodeled as an industry cartel. \\'e develop tlus fran1~ 
"''ork in the subsequent sel'tions of this chapter. As noted. this approach departs 
from tradition, but antecedents can he found in the "''Ork of Kim1nel (1987) and 
Cave and Salant (1995). 

7.2 	 Reserve Policy 1: No Reserve vs. a Static 
Profit-Maximizing Reserve 

~lo<lel 1 was used to simulate the impacts of t\VO alternative baseline policies, no 
reserve, and a res<Crve that maximizes industry revenues for each year. These simu-
lations incorporate the "''Orld demand model<> and l:.S. snpply conditions discus~erl 
earher in this nionograph.-1 They also incorporate conditions facing the industry in 
1993 for exogenous variables including production f05ts, income and population in 

2For example, the Almond Board of California consists of JO n1ernber&, with member>hip d1vidffi 
equally betw""n growers and handlers. 

3B•cau•e th• econometric model is intended primarily for shorl·l~rm forecast• and >iniula-
tions, Spanish exports are gi\•en exogenously 1n this rroodel and are set at 55.5 million lhs, which 
corre>pond> to actual exports for 1989, considered to he a notnlal '"arkt•t1ng year for Spaon. 



Table 7.l: Simnlnted ,\Jmond Pric<i, PllUlt.iug~, Ram-Ovals and Bear­
lng Acreage: No R<iserv<i pqJ\i;y 

'£,,ar\ Farra prit'l' Plani;:ngs !V',.1nmals BP3ring 
($ 1985) (M:rf<S) (~) 3(rt'Age 

199::1 l 18 ~t1W 2.'223 JS4.7U~· 

1994 0.97 '.l,738 78 393,8~7 

lfl9j 0.81 a.97l ') 10:.17& 
1996 (} 59 6.407 :J,731 472.074 
19?8 (}.13 1.2:~6 5,:}1)9 439.074 
2000 0.13 0 l 1,528 126.llii 
2005 tl.30 0 18/116 351_),112 
WlJ 1.76 5.558 37(l JfM.t\27 

tN•Sillniai; CDcntr:es, and fl!!wJt prices mid rcWNnahle pro;w:;ed gr<!wth ri.tes GVf:f 
tin,;• fur lit{-se ful:totJ.' [11 thi~ !ff:ll!if:, the JllllUiations :tfw\lld provhlc 11< reasvnah!e 
indication of outcomes undBr die r<:wrve scenarioo ;x:>Jited. HQWc11er. M. simulation:; 
,.__.---,,_ carriffi further into >l:v f'.l('.JtC, tlli- :csnl:...; ~nic ln'.":tl!Jj)r,gly ~peeulatl11" and 
,._..,, u>.efu'. prin:~-r1;y !.u .ndi<:ilt'.ug tk iog1ca'. ::i1.;.toon~c fr\>lr. p11rsu!.ng cer:aiu pohc\e:;. 
11ot as G'-!te<;::n<:S (.bar, aru cxpct:tOO to actual~y 11c1;u;. 

Table 7.l f""'l)(•d,5 rcs'.llts tor selected year~ thr0<1gh 2C10 of a no-rcsen.'e-poEry 
snnulatiou. lJnJ•;r th11 no---rcser'Y onnulat1on, e<i-ch yc,1r's avo.ilabl<: supply is pk«~d 
on the markct ;tnd is free to move to v.arious con~urr1iuv, countries or into carry-over 
frir lite next ye ;.r. ,h,_luwnd n1d1.1~try records indi<;:atc t ha r, a high ratt,- t<f plantings. on 
.asc:age ;;l;ou: 10.DIJC aero;~ per year. ilas {J{!Ct;rf'lo;i, (ri;im 1988 througt 1'992. '~lu<'SC 

_I:lant:ngs !x.g;n to '.>ear '.n :lie 1'im:J!a:i:i1~ c.s tfte ir_,i·1;try cnU:rs ttto !ll:d l99D:;. Table 
7.1 <:hi:s for":\tjts a rat!wr r:,p111aereas;.; ;,, Ca;if.-.r.,ln. !.:><oaring acrtage through 1990. 
iu tura, \ladur ;_t !li>•<'-ref>t !«'11J1.rio, the farm-gate pri<.P report«! J!I real dol!a.'1'1 P"' 
lb lrern<"I weight {d<:th:te<l to 1965 prices) ;s ;m>J<X.tt.-d to fall frooi $1 lB in 1993 to 
$0.8! in J9S.'i"' Tlu- model f0te<."11£\s furlh,,,. prki' dK'Lllet. through the remaiud"Cr 
uf the l99t;., wh.'.J. ev<:ntua!.ly hegin to ~tim1.lati:' Sif<.n!f.i:'a!lt fffilO,«io of ac~ 
As bi::-arii::.g "cieage de<:ltlltt, price h~g'n;. to E('{'iJVi:'r after thr y<;>f\f 20CI), reatLiug a 
;:irojc-("ted $1 "'"6 )1! 2c;.o. This pri~e is s:Jfur;ent t;:i gener11t<: ant"' ..-ave o'. pk1tings 

:'.>lote t:..at :ht> ~xtreme~y kiw µr:,:,; projffted in the year 2000 is not t>'a;il;tic. 
Diversions of product to ~"':undiuy lt>Arlrets (almond bulttr, oils, feed) would oc-
<:-ur t;·en JJI the al;?en~ of & rt·o('rve t<J in1poo<- a. pric\l floor 'hell t1bove $0 13/lb.~ 
i\ouetheless th<e 110-:vsP:\>e oiniu!&.~ici: J!ust:a.te_,. potential µrobl~r:-ts fated by the 
iulctstry iu the nEi;;t ~ever~ years f:Dtt: exp<>n8i:Jn ~if i;{,aring acreage Th..- indn.~­

ir;- f.t1:::>0b t!:e pr::io;:ictt ::::f :ii!ttlu:g 1:i:h \'e:y :aq;e crcpa which, i::i the aOOi:nc~ of ii 
,.cl-wncl'iY10zl rt>+tve pvlicy, iHlA;f1 p~:Ods <•flow <1:1'1 J(X:Juing prk~. 

Tl1e HO-fftW.rvt s:i111ulat:on. c.!i'O ludlcat~ a trndencv for the ir.<lust~y u: movto i, 
a cyclical fa.9hion. high rates cf planting in the :ecmll pMt and ntru- fut.ire promi:i" 
w stimuJa\.z• large C'.'.l:Jf1$ at.{} !1Jw pri<€.~. In twn, ihelK' ;:--0ndi:iqn~ intl1v:r removals in 
ex~"~ of 10,ao::i atres pe; ,V<'ar fro1n 200\1-2007 n: >he s:m11h1.:.ioc. Beari:>g acref:gc 
<:"-"':'ltnally d:o;is bel;iw c~1r:-.':'A 1!!'<·1>Js. r:rxe r\ws. 11-.1d u. """'" \Vil.\'¢ 0: p:an('.ngs begin~­

•,\!! mcno\a<J vl<r.<tl>l"; """" hdd Mn>lant in re~I \~"""· f\:.p;olation \~ e<Y..;uming '"'""""'' 
w'11! p!oject..:L le> OO(•\i'1\k\ to g,c,w lll &:tvtd ""h ~~ch <Af'.ont•y'• tt<<ffit t•PW\h exµ•r"'""" 

''"J'hc cuniulatov" tntl~tk.-n J'a,·\nr l>el"'"""' 1985 and \093- wM approximittel;• l .ff, 
~lla''""t c~•t• al;v pla~e an tff"<'t:c~ flc>or c,n th~ farm pike. Af pd~"" l••' than the harv""t 

CO'<\, rostnr,at-ed by l'<,ieo1M\~ of C~l;fo<nia t:xtensioTI t<> !;e ol><>ut $0.l~ p•r lb k•rnel weight in 
199), grvv....-; "-'ill p1'·J•,r '·' lenvc :h• ~<ar <>n tk t""'-



'fh1s no-r<>Rf'!'W (H1tro1ne can be contraste<l to results oht.o.in•_,,j by strategic~lly 
designing" cescrvn policy to maxi1niz.," specific industry <)bj<'(·ti,·<::~. Vt'e first con-
;;ider <l""'1ign (J( a reixrve P"l:<:y t'l ma-.:imize industry pr.:ifi~.; l!1 et1cli year- given 
n:arket i'·=and ,-xmditk>ns ar.<! tiie ·1clo:n:e of l::arve~: in (J!i:ur:1ia and <":;.~,.wh<iru. 
-The _>\ 1,.,<;nd Board nAo/ P"'"ntial:y increl>M' ?ro!ltfi ; n .-my g'. '!~JI yeil:· !.._y ( 1) n-st-
brting the tctal voh;m<' ci itl:uoOOs on th>" n1arkct and {1i; strat2_gitally ,.Jo;;at\ng 
almonds among <""OH<:Hnrna);'. ntarkets Spnili<;;ll;< the pellcy we study allc"ii th0 
lndustr;y io cilstinguWh nruo11i;:: throo markets fo:r l)tlfllli!: purp0$m;: ( i) :\"arth Amer· 
h--a \US and (:nnada), {•f) Eu.rope, anri i_,ii) Jap.:>n Thi~ type of '~""°rve w,;uld 
t:i,..ble Califcrnia tu di1<1.~in.it,atc bet""Oen foreig;ll anc dort-t:stir &!l~ arul expicit <he 
•clativ,,.iy ineia.,~;( fo1cign dl'mt<:'id.5 t_y re>;tn,;J.ir.>; sales anC rait:1ng ;:u:cc. A:mond;_ 
not al!oc;,.t-ed t<.J th(%e thtee lllil.tkt'ts are di~p(t.'\ixl oJ in t?"~etve.7 

In Eu•ope, the model snhtriccts Spanish suppl~· froin the tot-al dm:iand and 
maxin1i~cs California pn:fit~ "·ith respect to th(" rrsiduul detnand in each period. 
. >\ny .J.a.pa.:n-Europr p:i<.Y difl:er<0ntc cannot, h0W1•vcr. exceed th'i' per-unit <:Ollie <:11' 
o!1ipp'.ng between :h" two loeat:<Jru; lw.::-,1.o'°"' <if orbit:b&? pt!$Si'.li1Hic~ from t:i~ !'YW­
~o !Jigb.-pri..:€ rt,-p;>r:. ·1~tl.lS. 1ao<lel l ccst;i(:t;; yriee dkiai:n'.nati;::i W:~"-een Eu1;,r,e 
"''d Japan t;, :"' nv gre!<ter tr~ the µM"-unit trJ.Milttinn5 -("jfi\ts {est1JJM.te<l ~.~ t.._., 
£0.23/Jb, u1 199'3} of shipping ft<'t,.~n th<:" t'>''<J r1:gioos. Th\~ arJltrsge cor.str.l.lnt i$ 
bindiag in :ht simulation bec;J;n,;e Japar.ae d<'avrnd ia sign.ilh.:antly Jc55 elast;c ihan 
Europt"an <ln1natid, t:Uling \or a c<;n:>!derably high<:<r ,Japal\es& prife in. th;c ah><;"e<; 
of t-h.. ctffJf.'.raint. 

Tab:<" 7.2 p."l!":;.'nto nJSJlts for sele<ecl"d yt>)t~ of ;h:s si:no:lat:or.. s.:,.,.-eraJ fea: JI-es 
nf the ta.tit :nori: n<.ltice To begJn, the ~able sugger.'.Jl t!Jt' n1:J.gcit1.:de nf p:;it<" 
differential~ tha.t cn1e1·g.v logicfl.lly f~t>m dio,;r\1n1uut\r:g aga.inft the iuelastlc-d~rr·a.n(i 
European and Jaµa.nes~ n1a.rkct~. 1'hl' Europe-Japaa pric!' is roughly 2.5 timr" ;>$ 

large a~ the 1\ortb Amf'rlca price. Caution is calleJ for in interprPting this r<'.'iUlt, 
1·te pr:<.€ differ1"nt:ei: ln the profit,rnaxJ:-.1iih1g ~~1-e s:e:-i.ar!.<::i art baoed upon hnei!-l" 
vern:Jns of t'h,-. der!lt!ul :'unrtion~ :ie~-erib1~d in ('h:.p1;;:1r 5. Hr>"N!:w·r, pr:-cts i1, t:1e 
cang-es df'pi>tto f,1r Europe Md J:::.;.ian !:.ave :ic: 1een cbsr-rvcd :o dav~, s:i """ !Ji'''C 
nc knn"·~· ;;f t4he1htr indeed e>:t.,;nmptivn w;;ul<l f<>llu«' ,, 1iL<·.:u rela~:orJ1h;p at 
these high prixs, 

Another >;tr1k111g n:i.nlt is the rn:.gnitu<le frf the allocatOO ft'Wt\'t:, The iuodel 
pn;jecl;; that aho\!t orit-:.h:rd of the !J93 U"OlJ ~h1ruld l.111-e hctm held off the Illli.flW'.-.f 
PJr&:Jit of;;. prr:f.t·1LX>.:mi1iag rescrv<0 in Ptidl }e3f b, no'. 1urpri!tingly, prol~rtl:'d 
1:0 stim1J11tP r<ant:nitt and t!i:nin:~1: ~P•L<Jvi'I.)$ De;,r:.ng aercagc ir:c~cn..«e-s CDn1.lr> 
uslly thr0ugho1a th<:· sin·1ulati(>lt puiou. Proj(.'.;;~t'd growth hi prodnction excl';x!s 
pmjfft<'ri g;r(llvth in demand in tins si1n11l11tion- J'hus, attainment of the prof,t. 
rn"ximiziug; res.:rve rP(j_\Ufft· withhulding progri;>~sivr.ly larger tunounts of th<> rrop 
in cw:h Y"tlr Ht':>rly hnlf th~ crop by the y.;iu 2(110 'iN'tJrding to the ~in1nlci.ti<)n. 

7.3 Reserve Polit:)· II: Optimal Reserve Strategies 

Two kJ;y obwrvations emtrg<::' fro:i1 analyRs of tlu; :;l:,,rt~nu: p:-o!it-1naxi:nizing ,-.,. 
<;en-C ~i;f\llhtiOI 

71"h<- A'.e:sn<l \1Jl k«u1g 0Flct P"""'"Uy all'>"-,, !h(' •~ '""':>' V> '"'""'rm"'J !0 the s.,,,<'l>J.f) 111 
Ag:rk~I\UR ;h<' ptt<Cn\agt <Yi "'""""v~ .Jm"nds 1'.:.$< ""-"-Y '"' •c,hl '" ~>epYt '-"'•'. --'~'"-"'- C'<T·~·~''"" 
~lm<1udo m~t fJe jl')<'ly >:"'1ed 'fh< '''"~-'U'"' of Chf'" ?'"""'' ?"<l•r '' tlY«• :;i :Jl<J><' =<::vo al,-c,end> 
;:- C•,-\<tin '""""to hr "::lumµ~;f' "" th<' exporc rr.ark~c, "" ~"1i;>r. llke,y co diminish inJ"'"'" 
CC¥enu~< In th~ •horl run tk<r.,od upon our an~iy;i> Th~ ~-lad<erlng Order may. thecefc,..., '~qnir~ 
revision LU ord~r t•> in1pl~.n~n' the r"'1erve poiiuco d'"''""'"d in thw ohaptt•r The in1pa~t of oueh a 
revi>Lon would be tl> r~;•~ wdf~re ,,r both l' S. almQn,1 prPducer• And c<>n<umor•, the latter ~ffeot. 
d"e tc• i<llow:ng dfroriminai•an ~JQ''"( tho ~"""'"' me.rk~1 rMher th~" th~ rlomeoho mark~i. 

"In '"""'Y n<> '~""''~ "'"" i1<>plmn~at•d lar '"~ ;go;i cr<>p 
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Table 7.2: Simulated Almond Prices, Plantings, Removals and Bear-
ing Acreage: Static Profit-Maximizing Reserve Policy 

y,.,", :'\.A. Eur .lapan l\.A. Eur .Japan "• Plant Rernove Dear 

_ Price (S/!h.) _ _ J\larket Allocation(\';_) _ _ Aercagc (000) _ 
1993 1.25 3.09 :l.31 39.2 22.8 H 33.2 13.9 '" ,;; 
199 ! 1.25 3.09 3.32 37.S 21-7 ''-5 33_9 15.5 " 373 
1995 L2<'i 3.09 3.32 40.5 23.1 a 31-:i 20_:; 0 "'1996 1.25 .3Jl9 3_:J2 39Jl 22.1 H 34_,3 19_9 " 395 
]998 j_ 2«i .1_10 3.33 .38.7 21-6 4.~ ,'J5_2 18.6 0 437 
2000 1.25 3.10 3.33 35.·l 19.·l '1.0 11.2 17.3 0 -175 
2005 1.26 3.11 3.34 33_5 1 7 ,:; ;o 4:;_,'J 11.1 0 558 
2010 1.26 3.13 3.35 32.0 16.l 3_3 48.6 10.\1 0 625 

• 	 California doe~ ha,-r significant potential to raise avrrage priers and profits 
through 'vithholding ahnonds and discrilninating against markets \1•here de-
n1and is inelastic. 

• 	 Dogged pur>nit of a static profit-rnaxi1nization strategy 'vill lead to greater 
bParing acrcai;c through increm;ed plaulings and possibly decreased re1novals. 
Eventllally, this supply response \'lllates the effectiveness of reserve policy. 

The industry can "'ithhol<l inrr<>asing amounts of almonds, hnt it b('COmC~ very ex-
pensi,·e to do so in that production costs arc incurred for reserve aln1onds and the 
price to growers averaged across all produl'tion (sales+ reserve) declines as produc-
tion increases. A highly successful reserve policy is ('vcntual!y its own undoing. 

The issut' is one of ohort-run vs. lou~-run profit 1nax1n1ization. An optin1al re-
~erve policy is one that takes into account that strategies designed to raise prices 
au<l profits "·ill stitnulate a countervailing planting response. 111·e no"· disl'USS re-
serve strategies designed to maxi1n1ze long-run industry profits, using as a point 
of departure the econotnic theory of cartel behavior. The model developed in this 
section assutnes that the industry v.·ill seek to maximize the long-run disC"ounted 
profit accruing jointly to the industry producers and handlers oJ thP time the re­
serve policy 1s set into place. Even though a given poliry may ;timulate entry into 
the industry, the entrants' ,.·,,)fare v.·ould not he considered by the incllnthents when 
setting the policy into place. 

Fundamentals of Cartel Power 

\Ve argue that an industry regulating volun1es under a n1arketing order is acting 
si1nilarly to a cartel. C'artel behavior has been studied extensively, and Jarquemin 
and Slade (1989) have provided a thorough reviev.· of this literature. They list four 
prerequisites to achieving carte! pov.•er: (i) an agrf'f'ment mu;t he reached; (u) 
because participants have inl'entive to cheat on an!· agreemE'nt that raises µrire, 
cheating must be <let.ect<'d; {iii) rbeating, once dC'tccted. 1nust Ge punished; and 
(1v) outside entry must be deterred. 

These criteria help in understanding the role marketing orders play in farilitating 
cartel pov.·er. Once the 1narketing ordE'r is in place, agret-n1ent on a 1narkllting policy 
requires only the concnrrence of a majority of the Board's rne1nbership and, forinally, 
the Secretary of J\gril'ulture. Once a volurne control policy i; set in place, it lias 
the force of lav;, thus encouraging con1pliancc even a111011g producers or handlers 
v.·ho di;agreP with the policy . .\1arketiug orders include provisions for inspections 
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to help detect cheating, and the legal force of the regulations, of course, facilitates 
punishrnent of cheating.9 

Thus, the only prerequisite to (artel power not addressed through marketing 
orders is deterrence of outside entry. For exatnple, successful almond marketing 
order volun1e regulations \vill stimulate expanded ahnond production from three 
sources: (A) current (~alifornia producers under the order's control,'u (B) nev< 
entrants under the ordpr's controL and ( C} producers outside the urder's authority. 
Each of these types of entry affects a 1narketing order's profitability and opti1nal 
volume regulation strategy in different and as yet unexplained 'vavs. 

First, given that the uiarketing order's objective is to n1aximiie the present 
value of the str<>a1n of profits of its existing membership-i.e., group (A) above, the 
rosts of wasteful plantings and production undertaken by this group in response to 
the order's poli(ics must he included as an explicit cost in thf' order's optimization 
calculus. Costs of expanding producti<:in iucurred by new entrants and producers 
outside the order's authority, although likely to be wasteful from a societal perspec-
tive, \vould not be considered in an order\ d<>cision niaking. Second, although an 
ordi'r cannot prevent expanded produ<;·tion within its geographic coverage by cur-
rent producers or new entrants, any new production is subject to regulation under 
the order. As such. the ord<>r can li1nit the amount of new production that re(l('hi'S 
the market. In turn. this diversion rcquirenient, if the order can commit credibly 
to future diversions, diminishes the profitability of ne••r entry and thereby liniits 
the expansion of produrtion ,,,;thin the order's geographic dom;iin. Conversely, 
production outside the ord<'r's auspices is not regulated under thp order, 1ncaning 
that outside produrers can free ride on the order's nlarket control activities. They 
can take advantag<> of higher, order-induced prices wit.bout ~ub1nitting to volunie 
regulation. 

Dynamic Entry Deterrence 

cl'ranslating this discussion into the ('Ont<'xl of the Almond ).Jarketing Order,'""' find 
that raising short-term profits through reserve policy is expected to stiuinlate ad-
ditional plantings from current California alniond grov•ers. ne\\' California entranls 
into almond production, and foreign (Spanish) growers. Spain in particular has lhe 
potential to benefit markedl,v from exercise of reserve policy b~· California producers 
for \\VO reasons. First, short-run profit-n1axi1nizing price discriniination ;trategies 
call for California to restrict sales and raise price in Europe, where n1ost Spanish 
almonds are exported. Second, Spanish grower8 \\'ill be free rider~ on any supply 
manap;.,ment by California, enabling thl'm to att.ain higher prices for their entire 
flxportablc production. 

•ii., franic"·ork to incorporate entrant responsf> into the exercise of cartel power is 
found in thi' litcratnre on lin1it pricing. Liuiit priciug is essentially the notion that 
an optimal pricing strategy n1ust consider not only the iininediatc profit impa(!S of 
the strat<'gy but also any impa<::t~ 011 future entry and, hence, future profits. The 
concept dates to Bain (1968), \\'ho reasoned that a do1ninant firm or cart<>! would, if 
possible. set output and price so as to render entry just unprolitahle for an "ntrant 
who was assumed to bt>liev<":' that the dominant firrn's output rate \\'Onld rrinain 
fixed despite entry. 

9When cartel regulations are not legally enforceable. th••y must be self pohctng. Usuall;- thio 
;,.,plies a connnitment by cartd members to respond to suspected choatin,o: with a~resoi''<' to1n-
petihon (e.g., price eutting) <o that "heaters' •hort-tcrm gains are 1nnre tha11 olTsct by long-tern1 
losses from upsetting the ('artel o.gre<"ment. See Friedman (1971), Green and Porter (1984). and 
Roten>berg and Saloner (1986) for analyse> of self-enforcing ('artel agreements 

'"U.S. marketing orders, including the Almond Cl-larkcting Order. regulate volumes marketed at 
the level of the handler. They do not restrict the amount 1ndiv1dual growers can produce. Thus, 
farmerS are fre<" to c~pand acreage and production u1 response to the higher price generated by 
the re<triction of sales under the marketing order 



Ga~kins (1971) provided thP first Hxplicitly dynamic treatment of the probleni. 
He observed that a dynarnically opti1nal pricing strategy for a do1ninant firn1 rnust 
balance short-term profits to be reaped fro1n rnonopoly pricing with the prospect of 
reduced future profits due to entry frorn firrns inspired by the high prices and profits 
being earned in the industry. Bain's prescription, "·hich assurned entry deterrence, 
was too 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 
maximi7e the discount.<:d pr<:sent value of its profit stream, lf, v•hic-h is specified as 
follows: 

:rr = r= [P(t) - c) Q{P(t). t)c-r'dt, (7.1)
),, 

where P(t) represents the product price. c denotes constant unit production costs. 
Q(P(t), t) is residual de1nand facing the don1inant firm, and r is the discount rate. 
l'hp rpsidual dernand curv!' is found b~- subtracting entrant produrtion X(t) from 
the rnarkct dc1nand /(P(l).1}: 

Q(J'(t),t) = /(J~(t).t}- ,'((/). (7.2) 

"l'h<' rate of f'ntry of rival producers in Gask1n's n1odeL X(t), is df'ter1nined as 
a simple linear function of the difference between the dominant fir1n's price and a 
limit price, P: 

X(t) = k [P(t) - P:, X(O) =Xu. P ;c: c. (7.3) 

Subsequent authors have n1odified and generalized the basic Gaskins model. 
Kan1ien and Scb11,·artz (1971} n1odeled entry as a stochastic process so that the 
likelihood of entry is an increasing funr-tion of the 1narket price. They later (1975) 
extended the analysis to consider li1nit pricing by Cournot oligopolists facing uncer-
tain entry. Bourguignon and Sethi (1981) further geueralized the approach to allow 
heterogeneity arnong entrants and to incorporate a<lvertising as a potential tool of 
entry deterrence. 

'l'he primary criticism levf'lled against Gaskins' model and its subsequent re-
finements is that entry is not 1nodeled as an equilibrium process. Entrants do not 
hehave strategically nor respond rationally to the do1ninant firm'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- fran1e11,'ork and, thus, 
can also he criticizf'd on these grounds. Important factors, ho11,·ever. n1itigatP the 
force of these c-riticisrns. First., supply r<'sponsp for both California and Spanish 
farm€'rs is ha.~cxl on the cconon1etric modrls describ0CI in Chapters 3 and 4 and not 
on ad hor alg,,hraic forrnulations such as (7.3). Second, the entrants at issue hrre 
arc )!;rO\\'<~rs or potential gro"·crs of alnionds in California and Spain. '.\1ost aln1ond 
production is by relatively small far1ners, 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 fro1n economic n1odels. 

Gilbert (1989}, 1"Titing in the Handbook of Industrial Organization. offers a sim-
ilar assessn1ent of the Gaskins model: 

Despite its theoretical li111i(ationo, the Gaskin~ u1od!"l of dynaniir lirnit 
pricing i~ an appealing description of pricing behavior for indu;tries that 
ar~ characteri.ted Ly doniinaut firn1s. 'l'he exogeuuns specification of the 
entry fio,v is not theoretically justified. but it n1ay capture an in1portant 
element of dynamic co1npetition ... The exogenous specification of the 
entry !lo11,· is not inconoistent 'vith an environment in 11,•hich potential 
entrants have irnperfect [in]formation about the existence of entry op-
portunities and wher<' sparching out entry opportunities is costly and 
time-ronsuming. 



A-!r."'1, C"""''""' Chn<I'-""• J.)c,<f>".nn, ~!unu;, """ So:<to•1--- ----·· -·-­

The Dyna1nic Optl111izati<>n Model 

Th(' \iptlmal ~ont:'DI mcdr! <l<'ve!cpOO for tt.!~ stu<ly -.J:s :v rnnxin:i<R l:W ,;;,.. 
en11:1tffi profits 1:> (1Jcre111 rnemb<crt Jf >he C'flhfornia. ahnu:1d industry at th<" ;.irne a 
>.~!:itegy ls Ki'! int0 plare. Thlii grnup is denntfd hy th" subscript '1'. :';e\\' Califc~­
run en:rants hHo 11lmond µn;J:iclion <>re drnoted by '.-..·l'. Son·C::l.liforr:da ;<!n1cn1 
procluiirun ls den¢.;.'d 1.1."!th a;, ·r~ subscritit. To si1npJ;fy the .v1ltlytic exp:rr$$!OL of 
th>'" mo..,,;, we do ant tlis•.Jngui~h ::1"'1tntnd~ t111iuug cc:untnn Rath~1', o;t!y ar:grega.'c 
lnven; .. <le1n.alltl P\Q(t), I), v.·L-ere Q(t} = (Ji (t} _,_ Q-1 {tl + Q p(t). 0 <on~i<lt:red and, 
1herefo;<-. prite ,;;,;riinlnation ie :iet ;J.u i->Httt Th" ernpiric:d progra.11rniug n10dtl 
rc!a..xf<S this ;oustra.\n\ and llllows diser'.min.'<t kir. bo>l\\·ecn dcm.;!<t:C and export !llllT· 
itttf \\'c a..%\lffi( t!W p.."<1i.:rssing,!1;codli1ig tak<;s pl~~ ""der constant re!urn> to 
';.:;ak, so that th,· model n~'<.><l ~"' (-Onsidrr r<:>nt~ ~ hilu:f.1:".,.S and PfQ(t).f) can bt' 
iuterpr~ted 8$ fa1u1gate <'...o..""l!and f,.,. al1uo11d; \i<". final product dr:na.r:ui le~,; pt·t· 
unit bandii·c~ <.OStl). (":; {Q, ( t}. t) tl•cnotet .;11rreul Cal\fo:Ilid £ftlW"ts' variable f"!lt 
funtl1ur. for prod<.r~iug almonds, / 1(Pl, (t\ t) de not eo thffi hf<Y.lp·~ inv<ostt>em <"mt 
f1Hlctlon for planting ;;t;;;- aln101n'. t.Ot@-iE', f' L 1, a'.11 JJ,, 1 "" (I,~· 1, Fj. d1':\(1tes 
bentif\g :U:-1\"1llgt for JJrodUCfl £t• >UP l, [(l!' C<;!TH.'(ll)\("!l«' XlllOVa!a ;:IN; <!%\ll:JCJ ('()~~Jess 
on cq rlur t.o •he ~alva.;;~ v11iul' of the wood. TL<: .\iinond l.kmrd'! control v:~ri.ahle 
is "!;t)? 0, c.h0 p11rr:entag(' of the C'1t!ifc1nia ah::.iouct h<!r·,05t '""''Med to tbc n:ark<>t. 
Th? <>'1ji:ct1ve f~nr:tional is 

,, 
11 J P!-,(t) (Q,\t) + Q~, l + Q.<<'-}) [Q~tt>">(t)j e- '' dt 

'" - {'"" C': (Q,(t);t-"' '11 - ["" f 1(PL1(t))e-•tt.1t (7.4)J1 • I 
Co1:,"1haints on (7.<;) are w1t f,Jrth he!u... Tl:" k~y tonstrail:: is (7.5) wh\tl.l 

t~ifiM output r~p<Jn&e by <'n•:h nf the thNe pfndu<~er gt<.ni:"· 

Q;(O) Qi' 
Q,_1\U) Q " (';' 5) ~>'' 
Q~·(U) ()}. 

Eqi.zti''"' (7.7) pnr.<ide :he li::ikage 1.wtv.-.::en r><:reag<' rL"'t-}>Onae, B,!,!) in '.7.5), 
alld g1""·prs' µlai,ting PL,, ano rrn!G\'!IJ, R., <lea~im<!< 

D,!t) =PL.(! - 4) - P.,!J ~ l}_ ',,_. l.'"- l.F. \7 "/} 

Forri.1,1:'1.t1on of ch« niv.lyci,·al ·uo-1«1 is <;01~1µlet<J<l ::.y repla<:"ing PL, and J(, Jn 
(7 7) with functional spt:<:ifi\"atim<£ for :he p!antinwi ""J ITl\l<Jvals dci:ita;ns. 1·heM' 
are (\i3c'.1sseci in vhap!er> 3 a"<l 4 fer California auC Spain, 1.,;~~lociively, for the 
ahncrHI in<lustr;« application. A fundauV"'ntt;J complicatior. is ~n;;ul!rrterecl. ht.ffiever, 
i1: <1.1,;tin!(i.ishin.g :Jir- supply nmpotise v.·ithirt. the n1arke'.:ng o;Jor 1>r<'t1 •.ha~ in Ju.€' '.o 
expa:.oioos by r" n'.'tlt produrer~ fron• th<ti of n<'''' ;c.1trt1llts int" ,'J.\tnond pr.,<h.:;:tion. 
A~ ntJteJ \::i tl1v rrece<ling d,;,c11ssiifll. &..i<:h <t :lkllnei.t1on 1q cruriai iu f~i,.L>lish\:og 

1.he optimal t.t:>J!'C(ory fer re><.>.rve pvlicy, gi""n the objc~ti'\' ,,f :naxi.11l1ing prcli\; 
of;; unynf :n<:mber;> uf 1,ln: ahnond iiul1::1!13:_;i 

f'.-Of.(Pptual!y il );; pos;;ib!e tu !>p«<:i(•; <l1fferel)t S\1f<I>ly rei;po~ ~unctiDL:< fur 
the two groups of produceri. lJpv,.,~\«"r, estiniatril #•lp;il_,- respO:;ti(' lui.('.JOr.:; finch 

110f «>~c*· >f '""" ob1...:1;-.--: • ...,,..,, !ll>IP"'1, to m•:<"<\it<· t'o.<- pe<il\lt «f l>Afh ~'"'¢"' and ;>:<.,?«· 
•lvt Cahfl#n•A gr=·er,. ot """'lcl b,,. uti,,#CM>Yy «> !Lt<hl5'>i&h 'h6r ~uppl:· rc.,;p»tHt>. -111e ''"'~ 
...,,,Id ~i•o be""~ ,i th;> Wjedi.'>' wel';" br:m<l~~N \V <r1d,1<Je t«e '"'~'""'"of l'.S """''*'"'-'' 



as those contain<'d in ()haptf'rs 3 and .i ,.,.jll ordinarily captu.rn th<" total supply 
re~ponse fur both t1,trantJ and currPnt cir<X\ue<·t,; wit(,\n a goographi~ area; th" 
avai~,0.bif' tia:a v;i!l not pernut the r<'~pont-e~ ];v cr.~ranu; a:::id int1:n1l;e1:~!! tn b;-
ite11t;!i~:l ,,~i;at:>tr!y. \\(> .a<l<lrll~,>;('<i thi~ pri:it;l<::;:n ':iy Cf'v<S/Jping B !)tn1·B<l11ru (Cl 
d.Re::n•p•~ a gi•·<m 4,RgregJ:R 311pply l'(~)lonsc int? prc;.i0rtic:J:s ri11e •o <:>r:trant;; ·,s. 
current pr001.l>X'n> ·;:ne pro<'<::'rlur<· is <l=ril>W. Jn C;;\,;.\I i:: ,\pp;;ndi:;: B. Br:;c:ly, 
it arrays gn;;;·ers or p0tentkll gro;;<ers along a (OJllin111.un i E !O, i:, f'rd ru;suw~ 
that each grO'<'>Jr "' f"lt•cntial gr.;mcr has a fix<xi v;U11( A11 ni atTt'.<tf;i~. Land is tiot 
hou1ogcJJ('Qi;~, ll'";l yi<«hi ;>er !\!"IC :0r t>a{h gr~"" ;~ "- ,k-;·rea*ing fun<:'tio11 oft'.>? 
number of acf'Y! IJ,, i;'..1.utcL h:to the <:rep: Y.""' f,(H,'t), J,t < 0. w'.1<".re t dei1o<RS 
r:ossib!e ;lepenr'l<'ncc •f yirh'. :ipor age str~lci-l!f<!c ;1f t '>e pll!">Uag. :n r:100<:1Eng f, '"" 
(l..~5-\JI:le t ),~.! f, (•; ,,, 91f (•) fpr a;;J L, Wher~- e,IJ.~ i.:. 1] ;,_, a ;,hi!'1 pan'lrne\Cf and [I < Jr < l, 
so that fJ; > f), irnpllr~ that }'> aCT!'agc is ah~olntely rnnre suiled to gT'.)"·ing t'ie 
pro<lu<t t.han ;'s .-uorrage aud/or that j i~ au aLsululP~V more prodHrtivP manrrgcr 
nf prod'1rtiPn thar i It is ns~nmf'O:: that grtnvers ii' [Cl, lj nrt diOtTilrntrd nniforn1ly
"" :<-. l~ w;th t<'.!ative fl'OQl~<.:nry t.h-,,~ eq;;>tl lo 1/(1-- !,;), 

1: :s t!w:i ;1oo~L1!e ID tCNltify ~ •;~h.:B n'. Ii, ;;ny, 11·. wl::e;e i: h; \\3<;>.:rr:0l I.hat. 
{}" E (0, :;, ;;u,:;L thlt ;:tO\\o\~lF u·hr,'1!' <:fflci'"'(Y kvc!s a1'B <lenotM by -:i• ~11st "ar;; 
">:'ro rii<><:llur:ffi cxpoc!lx:i profits giv0n :he ;:ir01e0X'<l <.'Orupet:t>..., \no re£erve) :ict 
iov«stm"ni strea1n. R~- ftom nJnvmd pro<ltH;t;on. Gro«vn; v.-Jth cffii:)rncy indif0i 
in (B·, 1I ~-01uvtiR; :.he g-rovµ 0f 111m:nt prOOw:en and produ<:'.<' qi.mnd:ies Q,_ and 
1hO:S<" w:!h indi(V'l ill [k,e•i f'.0n1ptl!<..; th<' gr,;u;i ofpot0111ial entr::1;n1~. 10tal ;;uppl; 
11'.l:f('~ :tic no-~escr•·0 tc'('nari" i~ ~h:iply 

Suyµly r<'Spu1,,10: toe. dtsco•Jnt<:>d rP~cuLJr: ~-h(>Ugf' ('an be dt'(1)1ll)>oll>:>d l11t" that 
jf fl'-'". -tllltr4Ul~ u~;d ex1>4n~icu by iucu1n'.:it>n-r;; t.:;-· u~iug L1<:b11ltr.'~ ra!fo, as sl1o"n 
in <:0:;_;1fl:K>1~-. {U SJ 0n<l {fi.!\lj i:o Ap;.>cacib< 3. ;\~. in1;J01t;v:t p0i11t :!IJcit~~-tf'd b3 
th~ cqLI<tion5 is thJt whr:-i !lxcd cti:ry costs [<f'<' h1g!'t, e:!l:ef!!l~ joiu prcdi::~ini_ 
;iisulliti1nlfi1Jiil.\'. le , ;:ti, i\ "'!<trijt''' output l<""el_ wi1>:><<:!<1t. hu:•H!!l>ents respon~ vn!y 
iric1ciH;;nta1ly t.; high<:'r pri'-VS. >J Thus. e•·rn thvugh <'ulrilnl~ ilU." be ITTnall in 
ilLH1her coinpi!-red v.·ilh ilv::nrnbtzuts the magnit1.vl" of !Ji.<: ~"l-'PlY res;mnw \Hay bF 
rt·lat:vely lari;e-

1.4 The Empirical Programming J>.Iodel 
Au analyt!ral solu.t l\l\l to the optimai ';ontrol 1n0tlel S<:t forth in •:rpc.;Jj,_;u;, ( 7 .4) !7. 7) 
is not p,>SsiLlP br~.ius11 thr mod.. l 11t.-olv~~ <lelaJf'd re~pons~ nnrl hast,;;(; 9tate vari-
abl"'· DrlayeJ ~e:.ponse is o. <Jlll~"'l""'"<:e of t!1e µ;estanon p;~nod bft\\·~!l planting 
and i"itial harve;;t inh('ft'li'. t<l p<;c,,.niial cropo. Thr c0nlrtl! ""-tii!b1>'.'. -;(t).a!ft'<:ts 
c·,,crflnt pla1:'.i1:.g de-;tivn<, 11·1:,,::1 ,,fT<"tt r:~ot.ui:tion aflt'T n fo11: pci'tvtJ lag S:nu-
li!;ly. rrmo\<tli dec:sic;1.; alfutl µn::<lutuau "'it!". a nnc-pt;11ri !!If, ::i Thi" !WV ":at" 
•1rr1at,IPs at'!"' the f\tppiy rt\$j\1>1:ses Ly Gaiifurn:s. anrl fn:r\'1gn ala: "•n<l proria<xrs.' 1 

A!. au alt ,;rn%1. i''fl to annlytir.nl ,;;;latvJll of thf- 1110\l•·I, Jt """" ;·4!iLr,;:t!:d an<l so!~OO 
a.~ a finit~~horiwn ncn!inwu 1.·r>thuLml1on protil\>IB J0"& 1ffi, ({Al.SS ~.omputoer p;n. 
gra1n. 'fhe v;;r;.;;4~ ;;-.<luti0u>: pn:;ented beiow- <t\T2 ~L11:k::•J and foi..un t:i L"' ..nhu;.t 
~~-----~·······­

,,.l'h,,; r<-oult ,~ ,,_; fljj, "'''h '""'""!~on«! ~-~><l<.>,,-, s~:,-h ''.\>'>•hr;> hlgt, ~x•<l ~~<l ounk ~n"-,­
C"''' lnsuJat~ in<.111r.~~nt1 tcnm Mllr,v 

''!'<'€ Ka1n1"n an~. i~hwar1• :1'.l'1t; :~,- ~ ,~ ''" '"i"n cf dd")·Nl "''PP''""-~ :h~ C-O"l~x' n! '"'~tr0I 
model> 

"l'he P'""o,!ur~ d•><nbwl in 1tw ,,~,p~fl'I'~ to thrn chaph•c c~dur<'• too <tale vattablt» frc•rn 
thr~o to 'wo tl)' urtablH•I; Hl< '"nb0n prcducero dnd e"ti-anl> "'" h!n th~ 1narl<ctin~·'-'<dot "'"~ W \,~ 
,,,.~·c<l j,_,::itly. 
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to alternative starting values for the optimization proct'dure. The steps to develop-
ing thf model are described belo\v, followed by the analysis of alternative 1narketing 
order strat<>gies. 

Construction of the Programming Model 

The empirical ntudcl v:as designed tu solve fur the trajectory of 11iark~ting order 
strategies that maximizes profit& for 0xisting (a.s of 1993) California ahnond pro-
durers O\'Cr a discounted 50-,\-'Car horizon. In prt'Sf'Hling a 50-year trajectory of 
rnarketing order strategics, the programming inodel provides a nu1nerical solution 
to the open-loop version of the analytical <"ontrol problem. In other >vords, it as-
sun1Ps the industry can co1n1nit at thc outs~t of the horizon to implement the entire 
50-year trajectory of reserve stratcgirs. Th(' model alln"'" thf' industry to desiguate 
ahnon<l~ for sal<> into (1) the doniestic market (Canada and th<> U.S.), (u) the ex-
port 1narkct, and (iii) disposal. The export markrt was not brok<ln down bet"·een 
Europe and .Japan to farilitate solution of the niodcl. 15 

The structure of thc empiriral optimization model is depicted in Figure 7.1. 
Almond dt'mauds lll thl' domestic and <'Xport markets "'Crf' based on lint•arized and 
aggr<>gated versions of the dt'tnand functions d<>srribed in Chapter 5, using the sa1ne 
procedures as discussed in Chapter 6. Demand "'"" ralibrated to 1993 levels, and 
allo"·"'l to grow at annual rates bct""('Cn 0.5 and 1.5 percent. Spanish exports "'ere 
suhtral"ted from total export dcn1and to arriv<) at residual demand facing California 
in th<> f'Xport n1arket. A modest value of S0.20 per lb. wa.s assigned to reserve 
aln1oud~. Given the long-run character of the model, yp;ir-to-year fluctuations in 
inventoriP~ w<>r<> not modelt'd; inventories ""Cr(' trcat('d <L• a ronstant over ti1ne. 

('alifornia aln1ond plantings Wt're represented by the ··tra<litional" plantings 
n1odt'l contained in ('quation (3.15)-"' The procedure described in ..\ppendix B 
"·a; used t.o decompose planting response bl'twcl'n incn1nbt'nts and entrants. 17 Re-
tnovals of California almonds Vif'rf' treated exogeuou~l:;·: Each year 2.5 percent of 
the total California bearing acreage \Vas rcniov('d. 18 Spanish supply response "'l\S 

represt'nted b} the Ilf't planting,; m0<i<'l {plantings less rl'tnovals) sun1n1arized in 
equation (4.5). Yield' in both California and Spain \\·ere cxpress"d as C"onstants. 
For currf'nt California growf'rS yields per acrf' \Vere set at 2000 lbs. in shell and 2200 
lbs. in shell for California entrants. rrfif'cting modestly highrr long-run yields for 
modt'rn trf'e stock. Spanish yi;>lds "'Cf<:' set at 350 lbs. per acre in shell. 

All rnonetary variables in the prograrnming model "'ere spt'cified in real value~ 
( 1985 dollars). and future returns \VCTC disl'ount\'d at a 2 0 percent real rale. Orrhard 
eotablislunent and almond production costs "·ere adapted frorn budgets con1piled by 
the liniversity of California C'ooperativc Extension. Th<>sP costs in real tf'rn1s "·ere 
treated as con,tants over t.hc 50-year horizon. Inconir taxes ""<'re set at a co1nbined 
Federal aad Stat<' rate of 34 percent. 

15Thc nJ!><lel. thuo, involves choice of 1:;0 paraonetecs (3 market outlets time' 50 years), although 
only 100 ace fr~" due to the con>tra1nt that the allocation proportions must sum to LO 

"'The e'pectcJ net preoenl value model was not used in this anal_,SLS bec<\uoe of the burden•omc 
pcogramming and eo1up\ltation pcoblerno it '''ould have entailffi_ EsS<'ntially for each year of the 
50-year hort,on_ a new net prcoeut v"h'~ talculatiun would be f<'<]Uired, incorporating updated 
p,;,. ., inforniation. 

"Using th<! notation from the appendix. the key paraonetcr v«ln"" to calculate the entcant and 
Lncumbent shares of in\•esl1Hent are JI - 24.';0. K = 1800. F. = 1960, ~11 mea;ured Ln dollar• 
p~r acre The slope b of the yield ~"r'e '"'"" set at 0.002. Thest' figures rc"1lt Ln estin>ated 
shares of exp<n1ded a<"reage of 29.'.17 percent and 70 U:J percent foc entcant and incumbent growe•o, 
re<pecti••dy

1'Th" spedficalion " corl;iMent "ith the !C>ng-run character of the programming model. Undcr 
an optimal reserve •trategy. almotJd> would not be rcmowd prematurely due lo unprofito.bility. 
Rather. age would be the primary fw:tor driving remo•·als. -rhe 2 .•'; percent annual removal rate 
;, ,·unsistenl wi\li a >t<•ady-state 40 year lifo for an almorid orch~rd. 
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Table 7.3: Optlmal 00-YMr Reserve Str&tegies fur Alternative De-
mand Growth Rates 

v,.,," °'""· r E~r. f' tt""·I '$/lk) iffjl,,) ':{ -- ' ----······-­
J')j;l: L6J Lil: ll 
l12'1 , L7:i Q,:;\l 1' 
1<11:. I 7 - ! Uil I{: 
Hl~lll 1n1 o ·.:.: ·; 
l19B I 9l OOC il 
21!!'11 l ·H I ,;Q jl 

U.S% DfmMd Gt<!wU-, i t.43 ~ Gwwth J,\'\{ lkma<ill Gr<>Wth 

';;;,,.: ;:;::, "';{I ';;'(!~~ ~;;~n:~ R';i 
:~~ 11.• , .A1 117 l 
:-... 08$ c :.:S4 f~? l 
::1 O<J.< l 1.:r, ;::;;. :i 
i.69 111.; ~ c:i ;.10 z. 
!.SJ (I.'~ I 1.~3 Q.~3 ~I 

1.59 0.72 I L(;•J c;:17 I 
2oD:; 	 l.ll I.JI Iii L37 1.13 4 l.'.l') 1~1} 6 
:!FllO 	 !JO lZ! 131 Ll7 \ ,)3 )IJ l.?I Ill.~ 17 
2n:;; 	 1:i4 1:11 w: Ill 1_;1 z.1: L',!7 1~· 32 
2D~'.I 	 LOi JJ;! 28 : 1~1 l.'5~ 3;: l,'} L9' ~· 
?fll~• 	 I ((I LAA J.H 12'< l.% 0, Jj", 2(;} 4; 
Zfl.1(_! 	 I.I! Lil:J ·12· 1 :n ;\l) : l 1) 
All~ 	 1.1-, .. 11 4:, ! 1 J'J ··2 ' l.J: 
1\a:t 	 i.F1 ::t.:tl V 1 1 }J '.J ! l.Jl 
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Results 

Table 7 J sumn1ari1.e1> resu!t' <.1r th<J -::law:iae '.lplim'.zn~ior. '""'1"' !'<:if al:.<maoive 
demand grD"'th rate~ of 0.5. J_fJ, and l 5 pen::ent. 'l'hc hll.hl11ine 111o<l¥l (ll1o1'·s tlie 
J\hn:Jnd Bni\rd to allorat(' alniond" hef\ver'n the rlon1c-stk· Hnd export markf'tS and 
t.o C(Hllm1t almonds to <lt~pos-~l outl~ts. Tah!e 7.3, 11•hen ro:nparrd 1'itJ, Tahle 7.2. 
\llo.:.~tratcs thr mark<'<l<'.'.iilng•-,; in r!"5er~·e otrP.lf'g,_V !l:ut rr:l<Jrgt' ~·r<·;i1 con~idering t~ir 

C!J\pl:-;-ati<'n'\ <>f n:'S<-:-ve p<"'Wy fr,r fict1're 01:pply :espou!!f' l)udt>r •I'.ther o; the t::irtl· 
d('1r.a.nd grvw th J(,('!Ulfi(,,;. !he Gpti mal 1.::in,s•l-ern1 ff''!('f\¥ t! rat</gy ei\:lr fer l'alifornin. 
t,) .,,frain from ('J< µJo,tlng l ft,. inelrn,t1c ''"f'0~ l<!i!Ykt'~ i:; l)\(' <!Lrly pcr'.0ds nf tl:f" '.11) 
yem- horiwn \\-J!h {)_;, ¥!:'CTX'nt rui:H1al riBmand grOV."ti!, Ui,,.;,iniir'{Ction against tl-.c 
export nH1;krt drn>r not bt>gln nnlll periOO 20 (y?ar 2VlJ} I! <X'C<>N >JjgJ;tlv ~(}!'.)nrr in 
t!i.c Iuodcl~ ''"'ti: h:ghcr t':t!0' of <°1<'Cn,,nd grc.wth }'<-at 15 ill thc· l.I) ;;<!<<:>::if growth 

' 	 :JtvdPI acid :re"-' J4 !ll the 1.5 pcrccrt! gr<::>v;th mni>':I Even itfiec prier rl'1~(ri::n;uatio:: 
ai:;ainsi ~I"· ex:•vrt •narkrl hegias. :lie 1uagnit1"~·~ p( di..cr__m)!:ation reffoai:::.~ 1nuc'.""1 
thro'.:gb the niiflille ,"l''.lTffi r>[ •he hvrlzou, 11-'--ld '~nly 1<pproicm11te> the ~tnlit pr<Jfit" 
n1axiu1iziug 1a11r;nitud" 111 the la..~t periods of tht hnriron, 

Failing !I) <liscruniuate up;ainst the export n1arket nnd, in fiv:t, rl1unping prl)du~t 
aliroad <liminl$hf$ incrn1J"es fp1 expansion of Sranish nlinond pr<1rlartion. Rect11l 
tha: S.i:a:n_ A.<: fl pl'fxi'.lt(': ;:iute:d1: tiJP 1narketing l)rdcr'e ctmtr0: a~1;i n '*';!er '.ha: 
c~1pha.si1.cs tht ?::n:opean (';;pcr'. u•e.rlw.t, b!'u<c'f.W w]pu CaLfo:n:a :-l:bn-i:ni»a'.(J 
;:\gE<HlC>t I;-:_,, ,:xpo~t 1r.;:rk('t 

A similar stnry Lokb fo1· th<' inag;u!ude of tb!i f"!;\!tVt' it<wlf- T;11der P?.th of 
th€ thrf'f' <:!efnaud ynv·!h ""'"axio!;, tt1e pcrwntagc of (TOP (Oillmittffi tu !f'!\U"V(' 
;_, sn:all in the L'litlal }l'!.'.r~ t><>d gra<lually 1ncre~~ c!<'!!f tl:n>J At the en<l of !hi~ 
!><,Ti7;.>a ah'-''-'' half 1hr rr0p i~ rc1mmitte<l to :Bl<"!~<' uadr: <'l!i'h cinn;;.nd Y'~11·tt 
"'"°"ari()_ Dy cl1Wfing l\D' lo &ot 1 ;.,, ;WC·c p:>-,fiC·1naxi1u'.z!ng "'<>:<)(Int of~:->.~. tlie 
1nc.rki>tic1g ;:rrJer <1.iminishr1 lllt,'nti;-es fnr expanded p!\Jd c!Cl!ofl fr,u,_, bot;l (:al:foruia 
and Spain. !h->rt"..>y incre'lf.ing profits in fut"'"" _perio<1.s. The iuc"-'"--~" <T>'er ~iu;e in 
r.ese''"" DCt'Uf~ r1,;r t1vo ffilSOHS. First, >\.!; aimon<l production l>ec01nr-~ inereasinglr 
profitrible. onppli~5 gro\\- fast~r th:tn de?na(1d. nt·c<essitatiug tomrnit1nent~ to r<Js;;rv" 
of ~ve: g;ref\ll"t vo! n111H8. '.:lfco11d. i•s t3e horizon 1uif,,1,-t~, !:utur<' c1;1tcc1ne> bect·1ne leo~ 
impo,.t11r.t, !'lc.tt;;,4'; tL<:> :udt:3tr: tc ex'.ract hij!;b(·r pr.rfit& :hrough "i;gresoi-.-,,, ,,_.,,,,.,v.,. 
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poll(y riM<pitc tht effttt ,;uch µrofit~ hav<:> 0n fut-1u 11 entry. 'The ruai:r.itnde of ~0JN."Vt' 
is high(sr ir: the f'a~ly y<:>a!">' of th<· ht>""~"n (t11d1'r th(' C.G pPrcv111 <l('m:ti:ri g;;J1v1h 
sim1'1at\nn. 0ue ;,, tk>«' <l.:c:iand gr.-:"-'ib, I!lc prolit«bi!it;;- ,,f ahnond p::<•d«t:r.i;in \'.! 

l<ess tf>_v_11 nuder ~he higher -p;ro"·th 51:?•1'<.ril'f.. cnciblii:g th" i1'de~t r.: to !!"""'" a niore 
11i;-grcss1ve re~m.-r f"Jlicy in tae >'arJ;- pcr'_o<l.s 1ri1:1<>ul l>tiI7!11l11ting !o<l rouch entr~'-

Tablc 7_4 pl<71-':d"'s a 1nono di'111i.<'d )')o'o: at th<: opf'.1nizatio11 mod"! cPirnlts fJr 
tho b3S!':"line r0kr>"C poE<:y mcdcl wlth 1.0 p<:rc.;r,t deuicind gruwtL. The first tl:rFC 
CDl~i!:\f/J indi.,.ite thi' perrm-,'.:<!gCS of pfO'h;rt,OE COl\l'Il;tt>H tu <l::i1C1estii'. ""PO<t, 
and 1"%1'f>"<' Fut let'!. "Thi> nl'xt r hree t:oh1rnr8 iJCdicate 'hf' m,,z11;'. nde Df ill1nn<l; llt:'l 
:11vt!41;;<Jnts ( p!aating.-; 1<'+> t<'tr1r"·a~oi in ;;ln1J1ld <'l.ff<lazy hc»ll ('ahfori: ia in<·n 111ba<Jts. 
Ca!if0l"11i;i. cu~rmits. ar.d Sµanis'.1 :;;ro<lur,_.r:;., In :1,h;rp.-.·t111g the ta':::i!t. "'-';"ll tb:,\ 
t,.'.11!,foruia :1\t\llnf,.;r:r.~ rcf.:>r tv tlJt :111 r<"11t g;rcu:;:; cf +hn1;11d [)Vl<lu<x·v: fl!' uf 19\J:J. 
141d !;]ia: ~m-O''<t:J cl Ca!:f,-;rnia arrc!:l.g,, a:>e tn;;;1ed 11"0gennusly . .,,;i :ct11ova:S fer 
the ;c11trant gr,;up <lo :«:t Ix·v>n until V"hr Ml The• Spanish invesl-n~<'"llt nl<><ltl frvm 
Citi!pk:'r 4 p;(-rJich>d i:,'.t lllvft!tmcnts ct:rc..:tly The fi<>al ,"'1umll of '.fie table "'dh-ntft! 
~-arllibie pl vfit• r:~-.,- 11.:rc n<:t of t """' tu Cnh '."01 nia int<nnL~ :1t;;_ 

--::'ht µel'Cflltag<- alh:;(ations t<: !i1£ al!crnativc 1n11rkt<t c:itl~to r<:inf"rz~ ltE ;;:ory 
pf >11(r€1'Slfif; cii¥riruination ag.<lO~t (!le ~xµort 1n&rke'. '.old by th<' ;n;;,_, µaths con-
tai"cJ i11 'Thhle '1.1. ·rhe in".z>:St111l'rit re~µonse c:tl<1m111< 1ndk:a•" : h"' df'rtn:t of ~nc-c~~~ 
<1f the 0;:1tiffilll resi:'rvc po!iry ;,, ?.lf<:cting l')\'.ry. (Jn n<J-t Sp~.ir. disinvesls 1n &l:ru-.nd 
orc1.;;r<ls through ihe _vrar 1013 under t:>? npt!I7!al p0lii;~. :11 ttS-'J n~f'r 2~5,(;fitl l!('t 
"-G% «f Sp,,nlsh <l.ltn.,n;I crcharc!s 115 ]"""''''': of tot:.! a('re;:gi:} :ire ren::ovNi ncdc1 
th<:< opt'.rr.t<l pol:<:y fr0n.' :9';13-2013- Hn"TV<'.l", as ;:irofit«hili~;- of Sp:c;iisb ,dmond 
prod'.lr:tl<,,, ir<'rl'X>B< Ill ~he li!\('f yt>ars .,.,- the h<Jri7flll duE tn Ca!iforai?> disc-rOuun;i. 
'.JOfl J.gai,os': the .-,,;port rnar'o:i't, Spa;1isl1 a\:cn0:1d a<:"flii!Sl' ':icgin~ (-O ""fa""- Spain'r 
bearn1,,; '•LrNge at the end cf ~h,-. :.orizon tot;;\s l.;)78,QOQ acres, '1 S','i p"rt'Otlt ii:­
crf'&'i¢ frorn the 1993 tnttti, 

C'onwrscly. the VJJ\im;;: ~rve ,'.'c:1::; JS l!!'.:;:h !vs~ ~f&:<.--tl\c l'-t 1nit.ig<~ti'1t; 011'.ry 
;., (';.Jif!Jtl\J(I, 3;.th i:1•:u1ab~nt~ ,c.nd cll'.f'1J:\fi in"%1 hP-i<v\!y in alno:ind Ctt.iard-. 
;hr,,aghou.t ;h~ tl1l-}ca; horizon :n ref{}()f-~i' hJ the profits ~aruecl l:y purn:lng r,h<: 
oi;:un:.1 N;~:rv<: \lr;i,tegy.l~ f::Utry !Jy Caiifon:la µrudtKers is l(':h dan1aP,:,ng to ti:-" 

10 Th~ l~cr~ ,,--11r>i"'""'n ir. c,,hfurr_:.. ,,,,~ngt r<<>,>Xt•d ":> :h~ re""-,~ :><<»<c-.;;y "n1ul#itm J; 
con'!•!<·•~ "ilh th~ """'"~l>hCOJ Ji'i<·•=i<>n ~l ""f>P'.' rM'P="' ;., \he• ,,_i,,-r ..i<t '""-"-""Y °''~lol:otrl in 
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n1Rrkl:'ting ordl:'r's <i'ifcctivcness be>'.:ause the expuncted produ(·tion can be rontrolled 
:hmngh th" r•-~<C>rV<:' policy. Rauf(l:ly 50 p<i'rce:it of thv l'top iii devotE~ t<J reser\'e 
iu tilr ;,.t('r y<;>an; of the horizon. Productlo!l ir. Spnia, 1vhiclt :s nr1t subject tJ 

:he crdtr's ,·.,ntcu!, t!W< 1hf po:entia! t.o ~ Vl'c!Y d111:::iag:n11:, 01> :hQ <>;itin1al f<"~erve 
po'.icy ,;aJls '.ur G0µr(·!•1;,n:i; th~ p:rolitabi'.lty o'. Spa.'11sh :1l:llon4 ;Jl(1<l;;<:tio" In thH 
early yer:ods of ~h<:' "il-y<"M hori:vft; by dnmph>g i'llmon<is in S;min ·s p;:irr;a,-:,.· Expsrt 
markl'ts. 

Real -.1rri<1-ble profits per acre to !he CAlif,,rni4 in<:::imh<:tt a!:nond gn:v.1'l:s rrrtd 1G 
t-.., high<:'st d;.iring th<: in;d<lk ;-ears of the- f,c•rtVJ!I, r .. flff:ins; t1-k in;:::·fi\51ng s:ri:igMt 
n_,,;cr"'" P''!i"y <:ontrrJ; involfr>ri dt1r'.ng t!tis ti'"" a:ld al~o t!v;> mode~t <expans'.ort '.n 
alT<w.gc :ha: flm; occurred to tl1at ?Oiut "' :h<' h<;ri1".ln. Profit.s fall in ·J1e J'.lt<'t 
r,...ri)ciO b<-<:auof' fl!;pii!ldfd acreage anG incr.el!.!\ed larvi'~L:i f()rre in-::rea.oir.g arr.cunts 
of pr\Jdutti,Jn into l'ffif~\'e 

Analysis of •.\lt;;rnativl' rr.,s..,rv"' Strategies 

In addi~'.(1t. to tL<i' bl:IM;'.it.<; rl'JJtr·"" l>trattg,,I', which <.maJlrG t3n A.JnO!ld fica."'<l le 
;;Jl<xate aJn0nds nr.iong do:ncswc, ~x-pcrt, :111d r<:'ll:n'\' market ou;;lets. Wf' a.t.~c ;--on-
~i<l,,,.,J tw:i a!terfli\t1•-.c. rnore t<%tr1ct1..,c ni;irlwting order ~:rat-egief On{' stratt>ID' 
prB·iu<l'-itl pritt discrimin;;tlon bet¥.'~11 the <lo111ry;:ie and <::xpoc;. m;;rkets hul f"O!l· 
tinu<>ri to :i1low al:nonds to 00 <l!v<nted to SUYlndar:-· nwrk('ts. Thi~ ZY!X' of strate!j:y 
rs -::ons;;;tent w\\h p0l:<:::':ls tl:at mi;;:hi: e:rerlj:C un<.l{'r ti:\' ,\h:>0nd r.fl'r~ir.;:; Order 
a1> i1 ib p~qp:;t!y tonlip;\ll'<:"i In partiC'Jlar, ttc p:!:S(:-:tt m-i('r 4i-rk:s p.'"'Nisi:>ns f:>r 
re:;i :icling: :hc il;1w o'. "- 'nt•JndJ J!\W t:1e export lT!Jl.rk<i'L Th<' v\X'<i"-ri r.;•t:ri:;ti.-,.. stra:· 
egy scenari'-' a:k:v.-~ thP A!mo~d 8o,.r£!: to pnce discr'.1ninutc b>'tv.'c.-n tlce Jcme!itic 
!l-nd export, nia-rkets b11I d<.r~ J!(>l allciv> th~ Hciard \() div~rt aln1011<ls to ~cconrlary 
uses. This policy n1ir;l•t h<' ('c1midered as a ?Olitically few:;iblr alternative t<J the 
lncrr f.r-x1bJ1' ba>l'Jillt S'.r\\tl'!(:{. Sp~c-ific-a.i]y, IJ!<:.!ly a)m(J:ld f.;f1.1W('f~ Me d:.si:idinl'll 
to s,oe their prud'.11-:tio:i d'~vised of;;& an'.n1al feed o; utlwrwi~c di<·;;~if'd ir.to s~n1-
1~.gly ur.pro<iuct'.\"<' :t:I<'-' l''ins, a re;;erv<> str<>-:CR.~ tl'.at Jid "lilt C11vn'.ve chi~ type' of 
<!ispC11;ni but, rat :1cr, :ircltr<J in!.,.rvf'nticr, t0 !.<trateg'.c allcra:-ia" ,,f p=Jnct a.'l!0ng 
markms fGr hnm11n !'.'<>:!f:1:nption might he pr>"frrred by g:01fYn>. 

Tuble /_5 sun11r.;ul£,fs the optimal N:'WM'B strategy and ,;nsJir_.g markl't resHlts fn:r 
the no-prlcr-dlscrun1natiou polic:r. \Yilil0vl the f3-J.m(ity to price d1M::it::lnatr, tfu 
op\ir::;.l str;..feg:y for the 1narimtll~ :m:Wr in•'0!vm; cons!gn:np; ronS:dcmbly grr.a':t'r 
'l'und:ies o'. alm<>nds :0 Se<:'Qnd:'lry ii_:a.-kr.te dnring the ;>erly ye:;rs of th<o :i:>r.zon. In 
'"":-.tr;..~t :-0 ~he basE 1ncdel 11-here 01;e l--'ert-~nt <•r !1>;;s 0:: the hflr,·on;t w~ -romnuttc:i 
to rcst'r\\~ througf-: th<:! ;.:em: '.1000, ~.S-19 µ.-n.enL is crn11nntted ll-nnu1J.Uy to reservt' 
under a ~trat<,~y of nci prk·e discrimination. 'J'here larg<:> re~rV1"$ Pf')dure favorahle 
prirl's and a high rnt" rifplantir:g~ in Cahfor!!ia throngh thA 11190!;. Sp;i.in, ho,.·evf'r. 
due ~o th!.' lower p~01!uc1ivity ,,flt~ almond o~char<f!. actually und"ctakes mode~~ 
di'>inwsiment d11ring lhr l!ll/Os. In.-:rea'*"-i CaEfornia pr:<)dcictio'.i bEg'11s '.11 dr:vc 
;he P"al p:i::~ du1f·n aftr~ 20CO. The optimal poli..:y, hmvever. ca:k !er tlru :<'S<-<T? 

;u r<'rr.i!ln r<>lat've:y ;:0n~ta:it tn th<' 20 P"'''"·nl rang<', with the enru;eq"''nc;, of 
,a;:~ing rigni.fi.;-an~ di~inv&t1rJ:cnt ia Spain 1n lh" ra:1gv of 10,IIDO acres annually 
;t!>d 3 '.<ignl!iranti} f<i'd!lcNl rah' of lnv<':!ll ;ncnt in ('.nhfu: ala. v,; :th deinan<l gnlwl h 
rontinuing al i.O pe:xeut, tf.c reduce;:] Tiltr of plnnlingi; ('\'¢nl11al:y sti,;n;illt«< "" 
njl!,,rn i11 reM priCBS in tfw- latt<i'r years qf th,-. horizrm. Callfomia per .acre profit~ 
u,1d.:.- th'-.» &trt.teo;y arr h;ght~ ii; t~ E.rs: year~ cl tht harizJ1; ar.d :hen deJiMS2 
J,-.ain.atieally 11ntii riegin1;ing a modest uptun1 t.f•,-.~ 2023, 

Table 7.6 ill1111tratt'!1 v1hiit an optin:al nlarl;e\ing orde1 J.h>ll<'y might look hk-e 
if ihe indnsrry choo~\"ffi t,) t.arg"t r<'ser,ce pclir,y acti~1ties tc otratPgic allorati0ns 0f 
pro<lur\ b-etwf'r\l do1nes1 ir and "xport markPt.s and nnt allocat (' product fr1r rli~poS<IL 
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As "·i:li the bi;.;;elinl' ~rve 5trat;·g:,·, tLis ff'$fticti•>e re;ervc ~trll.te~y al'N ('.a[s fo-r 
{'ali>.,rnia to dittrimcnatc a;p1in,;t tli<' dome;;t!t rnm:ket thn1ug~1.,~t mue1 of the 
50-year horizon, """piti' th" :;t;<tic ;:ir(1flt·1na."i:"t~,ng pre&-'.:'•!<um lo tn<; l'\'nt:sry. 
Fv:rf'pt fot 1993, tbr, ;)ptirnal <,'>·port ;>ric<: i" :~ tlinn the .-!on1cstic prie<' 1·ach /fa:" 

\tntil ix;ricoi 37 1.;f :h.,. ho;i,-01;, ~o: surprbuigi_y_ this pnh~y is vrry succe>&:u. ar 
c:1:uurftging d~'>im-«tlroent in Spain. w:-iirh telll0<''-"li al!li<)ll<ls on n<>t tiirougho1;t 
n:ost of tlw JS.1--ve<".r hori7~>n. \_Jnder ~lie fP;.()rv>\ shnnla:ion, Lt«<ring aGn.:lljJf in Spitil' 
falls from !"'l4 mlllinn acres at thf c•t:t$el of th!! Lorizo;:; t{\ I.Cl rr.ilJon acres at lt'i 

""!n('li;,io:i. a J<:'rl'<'il.£~ ('f Z9.1) per:ei:.t. 
U·Jrler t'.J.i~ rtratr.gy, !ave!ttncnt by ('alifnrnm incurnl;<':l(S is 111'.tially t.l;ih bn: 

the-a declinF> a:i<i e.pprGil.d\-3$ a r.t.cady state after 201C wher-<- ?!ant(ngs ('\>Senti11lly 
are ma~ch('<:} by rcn1 r>val~ ?<'r acre prof.t" '-" ('a(1forn\il. in' umbe:its ;;;·r ~nther st;:t!Jle 
ttrougho';t tlH• horizni, \ulfkr this {Xlli,-.y. 

7.S Sun1mary of Reserve Policy· Alternatives 
This <'!:apter t--fl!< con;;iderrd ''v0'.u{ion ()( <bk C<1Jlfqrnia .'l.lmnnd :n,;HHtry intz> 1l::c 
:?1>.'t century uudf'r NWri:.:ltive ~'enaci."" fnr ~<:sPrv;, p.>lit·y_ Sc«tk>1-: 7 2 J!.*'i!l.'7<'!1 
industry bteh;;,-icr ( 1; 1n th(' .alxwnro? of :-<"serve pDE<:y, ttnd i1;) in tl;-e prewn'"' ()f ti. 

reserve dio;;ii;il&l '-O nu1xia1:te prof.ti. tu the indaetry it'. earh ye<ar Sfftion~ 7.3 nnd 
7,.1 .atul.!y20± :-he ctyr1<).U:it <'ien:e11ti> <lf reserve poli~y and d»ita~ design"'"" tilt· 

pklmBni:.1.1.1cr, of rr-;.,r;,c polki<'~ that ..-eflJ op~•mfd over ;i. m\ll\,year horilou. fr;t-:e 
7.1 )1t0vldes a "llmrua=y ~0Hll>ii~J>,t:n !;>f bearing :1rrea.g8' ;";<l disr:.»~nl•'ll t.'.U';lula.-
li<-e profit, urid"' th!' altern,,.\n>' s\ra:.egics f,ir the ~cv:i;.riu of: '.! pcr<.:r:.nt denlll.'H'. 
gro"·t!1. fb obt,.ln consistent. r~1:..Jts, the '10>tC5f':'\'e ;,ud !<tali;: µro!l•-rnaxiw.itlll?: 
re•er..-e u;odel~ di$t'-l"-S0.i in ,,.,,,uon 7.2 "'"'" 1<:-;hnlllat"d wlthu: th,• fr;;,u:z,\\·Ol'k <>f 
lh<> enq1:ric1>11tp~·.mtla:ini:. 1nu<l<el d~--ribtt~ :n section 7.4 
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Table 7.7: CompnrlM>n. <.>f Altern.atlve Reser,,e Strategie~ 
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'l'li!! pteselll va!'.IP of tht gain fr'.>nl pur~clng tl:e fully o-i;•.:m'.Cl bastlinv rt$ff\'f 

strllt"i;'Y :'""' 3) as upp<*('(l to the si:npli'r .1tat\c pr:i1:t-•=i•:1J1ing ~>;r::e.lt~ (rou· 
2) :>; S&39 i:.illi<in, ''r llb;,\lt &.:I percent. Th•· disc011ntL-d g:.io uvPr n<J rC1>crve policy 
(ro"' :) ;;; rnu.tL !)l(>l'fo .;<.::b..1ruitial: $2,4'.:l'J :nilllnn or 23.7 ;.wrc~nt. 'j'h~ results froo> 
th<' moJ<.:lt of ! he reSt'"1(:.i•;e rrSCf\'€ po be~- illuslrall' the ar!l<"-.U<l ,;f µr'.lfit for<.:go!W 
'.r.--u1 faiLng to 111 _liz" ali ol th<" tru:ils at r he iru:h:stry\ .-tlspooaL ).!o;,t cf tl;.e fortg<:•!\t" 
prnfit ($2.314 mlEiuL} r~~ul:s from falh1::» to !ii->eriminilt~ bet"·eei: diu dornt>Stic anC 
oap;;r: 1narkets. 'fl><· di&:-')il!lt{"<J prolit f:onc this r<!hl1r1t o.:.rateg_; (Tuw t} it o:ily 4.5 
p('n-.:i:: grt1<1er thf.ll iii<' prOJf'e•ec' ;::;rofits fron1 e::iplr;ying lu> r~9ervt .u !ill. F<1ilure 
(" Jispcu- of :d1noo-:h in ;Woou<lary r.\i<rktki {row ~) io prtljfvtzC tJ re<lure <la<-01: 11r ed 
(':Ofitr. by )l ,76~ 1nUhon or : J.IJ pt'~«<>i:•. (0H1 ;:ared co :ht' <iptlm1:1-l reserve r.tr1:1-: "&Y-

Thl' ;·adous models al.oo i,h.1>\ralf' !-tu•I' il1>"1%~!H!'llt1' in cilmonri acr!'ll!,'<' m'1y be 
influet{'ed hy alt-"Orllat],-,; tyj.!Mi qf r~serv<e strahJQ<·o. 'fh~ ~•a.tic pro!l:-1naxic1i;.,ing 
t~rw, v;h1rh ta*1 no W'..\'.mtat :if "ntry l'f'S?<Jllii!h. te1>;11!~ in a proy-.:;t\Jrl explo'.lion 
of al1non<l atrngc ill 81Mi1t to mer 2.5 mitv:.c acres. =•npa..'\.><l 'l''ith tl:,: presc::it 
l_.; n1ll1Jon arrML Ttiis ~ype o: proj<'<:tiJt\ Jll\IJ1 b€ interpreted 1vit!-i. cix!.11:;,;perti(;L 
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berause t.hP prr,jr,rlcd acreage iB well bf'yond the rang" of th(' <latll. used to cstin1ate 
tt.., SpnEi>l:t supply 1e~pm1oe lE'.ld~L Nonethei,.,,,,, th.t> re;;ult i.'l iudi<::ati\'e of the 
pt!ICr:~ial crin<;<->quen;,es 0!' fa;ling to ~tlll\>ider th" dy•,a•uk:s .'.lf rt"ll(fV!' po;ic;,'-

~he '.'10-r-e,;er•:e c'.lt('-t)!Ue, ';erall<:!<' it yi<'ld~ ti:" k,wllJlt profit, is r:u.>St ~-_icas.'>f'-'I at 
0_)t_trol:1ng expansion vf ah«01:d ,_.,-,..,,.g;o In fa._>t,_ IM'!i''-'g<:' in Spa;,, i;; ;,..,-,3,-ctcd t;, 

un::ract mer the 50-Jf':;r },vrivJn u1:<let no r!':"f"rvc or ur<l<!r •hi' re~incti•C rr-~rve 
poliriftl. The Jarg&t exprt11Jih)" in California aCIT-ll£C N,-urt a.-, JjXpe<:tNl 11adcr the 
cptiltial ba&•Jine s:raiegy du"' 10 its sutr.ess in funoehng t1lr1J<Jn<l ptollts L'lto the 
liands of Ca.li:ornia prudn,·en> i!t.d il>vl>y froi.• Sprtni:>h pr()('lutttt, 

7.6 Conclusion 

·rhis cJiapt<:>r h:;ts j)f('-L11t.,-;d \Ul PJternativ,, approi'Vh ~0 4tu<lying beh;;\·ior uf ind11s-
trics oper<J-ting uudrr thf. 11uspiec~ of a niark\'llng order with volurne regulation~. 
Based on <>e.1n 01ni<' t.b<:0tlf1! of cartel behavior ;ind <l~ 11asi1i" lirni t pricing, this chap· 
tei- has studi~d in~rkttlng order behavior withi;:i an cpti:nh:atiou f::tn;;e,vurk. On th<' 
'lther }i,.,,._1, t)ll" tr'lditihnal apprr,ach. Wed on th>e wu:·k of French i;11d Kie!; "---'d 
varion;; M'rt)cinte;;, iias llSed l<ll e"Xiuome~rlr a7pr:iach to p:elicl mLrketi-,,g <lfd•'P 
:_l<:rL\iou.~ ~n tcf!llll of <'llog<:nou-, v1>-riab!<o'.~ lx::h...._ffi to infl'...!<:n<:e 1hm;e c ... -isiui:s; no 
txplicit cµti:niza\11111 is htvolv>'l:J, 

Each aµpr~.-:-h ;,,"l]d a;>p<!"' to !mv<> "dvant~e~ ar,d d;sad\antag'"'- Th<: <:<:0111;. 
lltC!rl<: a;;prJach u; i::wL!l as a behu~,vrcl rlludel tn th.al i: att<emµts tn p«<'.ift '.nt11n 
1n.-1L"t:Y beliavmr 1hr01;5h" fh,,~t;,,,, e;'."r:aled from rlata rr-1l('{'dng pa.it iLd-_is'.,-y 
tA.'-'.i;_;:'.lo. TLe op:in:iza•:on 11pp-~Oiltt1 of tl'-10 (Lf\pter a:.So mny J1• n...:-1i '..:Jr hc~a\'Joral 
!l.tlli!yses. 'Il1e asi;u11111t:0n ;if uplini:t:nl". kha1':or that :ind<:r?h,s ,t :i;, for exarn-
µie, fnndarntatally ~ilniiar to C>p!tn1iz~tir)n assumpt!O!l::l that llt(~ t:1e fo:.inda~io1: of 
thoe neoclassical 1no<lels 11f lh11 firm. Ho1"ever. 1.hl'fl' i~ nn ~olid evidence to suggest 
tt!!t n1arke1:n~ ordr: Ce(i8\Pn raakers do optirni2f' itt the 'l>'l\YS postulated here, i.e .. 
it ~ "u<:!Ea: iltat ii.UY of tb0 gc·1,.:::~J or .-:-ons!raii;i'd op1.lm1~;tio11 111u<l~l~ des;:ri!Jed 
ii:: tl~o <:ha;i!E£ rell>'ct ax~urfltr1v the t;c:ua.: dEcif:or1,; ma:if> by!!':"" _,\'.n:ond Soard. 
Ar':>itragt' argu1:1rnts !.L'i<'.'d '{) dcrnons:ta!<- 1l::at llrms !I.Hist cp!i:,,ize 10 ;;trv:ve <lo 
t:ot ap1:'.y <l:re>tly to tL0 f::>ntoxt of a ma:k('ting md;v;-:* 

The optimi'falV•n fr:.1u.011·ork is rnori' fi<exibk' fur coud,1ct111i; ;;.)hey ~aaly*'" th&!l 
ls the e.:on0111utric ll.?J,ffn.tch This latt!'t appruatf1 hiJ..~ i>M:P prllrtatily use<l to £m-
ullte il:d,;s•::y !-,,1havio: in the presenr:;- ''~- '.he 21lwM1tt of the nurketing D'<if"f, 
with ah.cnct .,;n:nlvted by eTIHJ:ti:iJ:y '1R:ti1;g tc ttrt" :h" n~ark~riug Gt<l(r~ ;\ln-
tro: .-a~i,,'.;]c. 'fh:s clu:i:p'.,<lr hil" -~h'-""n how th(· ;;ptia1:.Za~i·Jl~ :ra:11~1'-ork, th:-<.H1gh 
th<' de.,:cr <4 ir..:rod\~c:ng ;-011~;r;dnt1-. i1::0 r'.n< cµti::llitar..i111 prJblMn, i'llr: oirnulnte 
bch11si0r 1u;der fl \·nrirty of indt18try hlrategks flnd policltli. lt i~ thu~, t»;eful f>.-; 
u nor1nat1ve tool for indubtry decision 11taker$ to ovl'.lnn.t~ I.ht cnn~equcn~cs <)f al­
tcrnati•e otral <'gi1'9 1hry ;night puro ue. Ev€n 1[ hi<lu1;try <lcci~lnn n1akcrs ha.~·e not 
fuliy OT ~JfBrt(vp];· tit·hz~d the \o:.i!s at thMi: <li~;ioi;ql_ tl'.r np~in:iz:i.tion frar.iework 
illustratM; th" out,.r:n!'.'i !L'.ll -::an be ac!:il!"'-·;;d. In t!tif lle:iS<', i'; :S ,-..lso u.sef-,1! to 
puhEc p?licy '""k''!b h1t<O't<'.&:ed in ':-he p:>ten:,,,_i »f'<l<'"-" nf u;:.rl:et:ng ortl<.r >uh,;rn;c 
regul;J:;1nni,. 

'°Cono;>Ct,ti•"<> firm> U;a( f~i! to m"-'<irni>e µrofit• will ~~ dnwn ""'" the «1dunr; iB (},c- l'-'og 
ruu lmp~rfcotl}· camp~(i\h-.: hrtlie tha< faol to oplimizo ar-<! \•ulner•hl..- le' ,..,,,~""''""ion thraugh 
acciui•ition• 01 hu>lil~ takMV«r• lt might be ar)!;uetl thaE t11nrk~tiug ~rdcr dcc,.ion 1nakers \h;;t 
faii.,d t~' '"1'\;,,,,..., """Id b~ •o!M ~"' .;I olf.ce by nlP11'iJC<S vf r1>e or><lu~lt,V, but thU> >1rb1lra,::e li<1k 
i; "'"'h mo"' t<-<1uc~1' \hah ti"' ffi1<r{o1 J)t(w-'"''-"' <.l..1t. cum.e Dirr,;, l-<> op!illJiW. 



$. SlJ?VlMARY AND CONCLUSIONS 
Thi~ ri;port has mnta1n<"L the resn,t'1 of atl <>~xten'iiVP ~1udy of thl' C'c.llfornia almprrd 
ind1;stty and relat"J 111arke-:.~. Chap1rrs Z-J doruniei:::OO ii numbnr of i;,>y ilndi!JS'il' 
('(>ncnrnicg deni;1.c1 and fU:;>ply fac:.vrs th&: impact u;:;ou ihe Ondustry. &!tnf' of the 
vi;ij,)r fir,dingi;. arr sur.-,mari7,i:;<l below Jn rl:i1:lrkl\st for:n 

• 	 A.lmond y:e'.ds in Calihlrnit> at<? hi~tlv vn\llli.::e, hut yicl& c.3.a I;( p1·eciicted 
with good ;;ccuratf as a functi0n 0f pest yicld~ (!lie .i,lternaw bta.rilu; eifV<:l), 
f('hr:iary r<t\nfali, and t!-1e ~"'1 di~tribution of ab::.ond trwei;. 

• 	 .ftcr<'age resp.on.-'¥! to Jnduh"tr} pol:('.N< wh:cll alfh:t ;:iriceo a-"ld profits ha."> the 
pot.;nttal "'"""tnally !(, oll's~-t ~ht.'lle- po:i~1es ft.JI:. !Iov.'B""•Yr, w1nplete ;;1;1--
ply oifsct .n the altD.)llC .nd1~~try only tak"1:< place in the lcug run. S'.Jnrt--
to mediL.nl·rwi :M"rel\ge m::ljnhtIIl'~:Jt> thro.igh planvngs a:>d rcn1<lva\,; <Jre af­
fe;:ted by g;:<:ruers· peracptious 'lf future expected rt¥f::>ne8 :i.nd ,·ariah!P cmts. 
Changts "' t.u p0lity a~S<l t:a:vs Ltd son;<: i111pact "" >!IV<lS~lt«'fl.t in \ht· Cali-
forniJ. ;;lmni:d i:i.d1,1<;iry. 

~ 	 Tie '"'"'j<lr c<lmpeh':l;r li:> !he CaEf'>"n!a almond ind•)'·':ry ts th<' Sp~ni11!:: almon.C 
ir;d;:i~tr.r Sp11ni<;h alrnouds are a clO!'e s11bstit,,tc inr California ak.'mnd~ i10 
teveoal key Ellrop<>,1n markrts. Thu~. >1'.01 t•ruu and Wf'l.lar c1'.sn;;r~ in Spar.ish 
uhuoutl prcdur~inn have lll\fJOftanl e-lfe-c:s Oil tho Ca'.ifor1na iurJu;,lry. 

• 	Spani~h almond aG~ LM been g.-aJually on th!' ris<> su1c0 1970, but yield 
rutd pruriui:t-ion :\re lngh!y volatile. Howevl"r, wt l1wi guod sucU>ss Ju ,.g_,_ 
111ali11g Spatish :ri<:'\lcs as a :1:n<tion of pil.st. yields, tJ.1//2 <Jf trP-1:~. a::i.d ra;nf;,\! 
:luring lw.11 montl:s. In :>clditk:n, ~ acr~ag>; tf'Spwl$1' n1odel for Spain iu<lj-
rated that th<: Spanist: iudnt.:Xy resp<JL.ds to incentivw; in tht- ~n:e v.·ay ,is 

1,'.uef ilie Callfr,rnW :udus!.ry. 

R 	 lu»liistir d"Cntand for c,.;,foo1ila almond& :n export markets ;;ugg<'!it~ that t!:w 
industry r~n rlli-;e pri<es =<l profit:; lr. the short run by re;;trictir;; the fl.-:rw of 
nhnoncis to tLese :u;,rkct;, Pursuct :if t!-.:S policy ,,:i,J le-fld :o ;;rt.<ln,t! ~rosit>11 
of ~he {Jal:fo:n1a aJm:.n<l .:1Custry's ~hRrt cf the v.T>rld 111~rktt, a.s corapetltors 
:Bsµond to higher µ~ic<:-S v.·\(h incrz~ rates '.Jf alniond pianti:..gi>. 

• 	 Prii;r r\a.~t1cr:;y of (~oand d!ffetTnc>:t. a:non!l; m;<jor oonsumlug cou1ttrkw. (an 
Qe v-:pioitc<l hy rimtnctir.;; flows v: t1l:-i\on0i tr! tonntneo "''th :r% ela..«tl( dr· 
man<::'!>. lu p;!Tt:c\ilar, t'.:-ie dern;;r_d for a!n:onds in the Unite-:! Stiitt!<. appear~ Tu; 
hr men· >'kwtic than almond demand u1 rr:aj(IT importi11g Vhit~neo. Hnw,,,-a:, 
lihrre cesale '!( ,.!;nonds ;i.111vng ronntrws ls •easy (E.g .. '"ithin Europe), t.utl: 
pril'e discrirr.itation strat,.gins -...·,!] b-e •;n~u~cessful. 

• 	 Pro111ot10Dal :ot;n:pllig1is for Califc:nili alnu;nd1 in grn~ral rted nnl ft:rus on 
positWnlng "hnond& re4'tlve to other t:CJl produl'tS, b~au.w o:h"r nllt~ Co 
net appear !O be ffl'>d '>LJ:..,;;itutCoJ fer almo1:ds- Filberts ln H:Jrn" Europearc 
JllllSk<f~ an~ an import;;nt excE-_;>tion <o tl-:.t:! rule. 

Chap'. <TS f ::.11d 7 0f the report di~nssr.:l 1ntegrati"n cf th0 s11pjtly-dt'U\Rl"ld annl-
y&ls of (:hap<:ers 2 l) t<; dc•·cloy OOih >imulat!•n> ;;n.<l op;nni~"1:011 inode\s .,r tlie 
J.!mon'.1 i:,dustry ll•;> of the l\imu'ntion 1v0Cel «> project ti::..- oonWql;i>n(e~ fn:im 
a<lcrp:1ng n reserv\' st:c>tlf'f;i dffligncd ~ !llaxit:iize annual ;:iroftt~ to the (;;iiifo.-:ila 
a!m0nd industry <l>'mcnstratrd that such a poli~y n111y becon'o disadvanlag>'PUS m~r 
th" "-"it; run br.{'a:me of California M1d Sp;1,ruih H11p;:.!y respvn.;,.;s $•,irnul.a.tl!<l by 1'.ip;h 
pro!l:s froin aln"n'<l ;-iro-durti(>:l, The :iptirnizfilkla mod•Jl ltf.at&:i the "1.r<.etllf1' af 
sttpply :>r:d rkma:1t! \n the 1rrd11Stry as giv~n .:wd derivrd fl1il!ll"l'e traje.,!t1ri'"'3 thnt 
"'<:rt eptnnnl ::,-l'r " d">rv\lnt.cd SJ,y~ar h.wiz011. 
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The opt!n:3! :>tr,.tegy inv;;l\ed cor.sidcrabl<: ni&kraticn on th.- California Jn<l"1~­
lry '~ part In particuhir, ptice discrimination agninrt 1-lte l"xµort rr. arkeL jl;"\'st~11bcd 
:i.~ \Mrt of the s111.:lc prof,t-maxlnlizlng strattgy, Jul not emer,".e un<ler th.~ o;:itiinal 
s<;rat~.,;y until year IS of the 50-y..ar horliou Fl;it h<"r, the cptin1al n\\~rve stra'.E¥J" 
c?.l!c<l f.:1: Californta to 0€"\ec~h->Jly dnup ptoriU<'t abn"At<:l ~o d:n~ini~h ir.<.":<'!ltiv~ lo:· 
expa_.'l~W., ,,; Spani;;L supply. Only in !ett<>-r perind~ (lf thv hvrit"n did disririll-
nation under l he opti1C1al ~trl!l"%Y appr-oxiinate '..hat of 1h<: At :;.ti<: v.olil nwx!:11un;. 
The indtJstr_y v.-~ estimatbd to ga'n "bouc Eve pt<(ent, $639 million, 1ron1 pur~<.:lng 
th.e optiin..: s~k"gy vs. ti~ >tatit pr.:ifit 11laXimJ1.at101: r:ilc. Th<e lllt'r<err.>Cntai profit 
DV<'r no reser; e ttrnn:.gy i\t aE v;as 23.; picrrrnt or l. 44 blilion <lollar>- deuJJ1istrati1.g 
tha: :he abiiiiy t<l implen:ent re~etve :.1'rntegies is a ;>DW£•h•l tool at the C'.ali!nrnia 
industry's disp<-.sal. 

Th1 opdinizatio11 fmme'!<"<'.lrk 11»M alst 11"'2<! to ~i1nulate the '.rajectory of 1a;irhP: 
o::i!e<Jm<M q3;\er varL,,~-o; r•".ltrictiv~ reser·"e {fulicy ~tratRgjei;, Tl:,- r\·snlt9 s~tttl 
that fa1h.ll'€ toe price di$(T\m1n1't?- betwf'E:i dc111<JSli(' iln<l ex?orc inarkrts c1ul'.I roe-t 
\he ir:'.d'.l>tr;,· ab-oHt ( wo b'liil)l:' d0Jars of di'iCO\l at &i µrolit o•er th>.• f>J.yc11-r hi;.;iwa 
A strategy ,-,f ptire disai"JI1jnatiun hui; no dhptw>l of almund,; HI :rw:·cv,, 1nar:~e\s 
~oulte<l io. an m.tur:_ate<l 1-oss of Sl.77 bi!Han re!a;_;,.., t<;• thr op!i!f.a! strnt<::;:<'· 

Th" reser•·e p()Ji.-;y anal)'$1lS rol'.<h,l tr<l in this sln<l_: v;f!rf op<!n !cop in the ~<'nar 
tht.t they a..'Su:ue tire iudust1·y can »omn: il- in tui<a;>tx t<1 11 trajectory ;;( ,;: tllt<>gies 
tn<l mtin~Mn it ·~·"et tlw ¢lltlr~ vl~nninr; hvrtzoti. CtJrn\nt m"'mbers 0:' t!..~ ,\Jr:iond 
Rr.;;nl, ho-,.,.eve!', ha•·e titt:v $(:Ope t:1 tir th? hands <lf th?ir sur1'.eSSOt$. ,\ 11St•f;1I 
diror.ion for fut"t'' w,;Tk. thw. vnll bi:; t<: '-""'5ider ~ar10u." elo;et1. loop ~tratci;i•,; 
whcr<'hy comn1.ittnents Cc a rcSl'r"e strategy ~·an cnly be in!<de fo: 4 finite 1::it!·tv1'l. 

e.g., thi' ov111-1re c.f a 1'''"-'P 'Jf Boat1J Jntn::h.;rs F-a.:h sue~<- Boai:d is fr.x· to 
design its own reservec ttratrg•ffi nilller th<!Af, r"odel4. \\'Drk Ly Karp (19!:i7; Jh 
'.hr contex• cf internati.Jn<>l tar:lfu :;uggest9 ti:.;, l'.krl,v ro>'!iequencE of t !1e ,udwtry's 
toabJity to co;-rttnit it-.1,.;( as tl:e '-'•1-erv<>I ,,f coumitmeu: at'proaches only a ~!ngle­
perlli<'. (Orr1mitu1,.nt, thf trJ.jCTtoty of tlo;;;,d loop stratcgle_,. enlla.p'.leo !tu,,__ static 
r;ru5t- mr.ltiniiiin;g •rtJ0:"tor:·-
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A. CO-INTEGRATION AND UNIT-ROOT TESTS OF 


THE LAW OF ONE PRICE 


This appendix describes thP unit-root tf'sts u;pd to cxarninP the hypothesis that the 
world's almond 1narket; arP Jinked ,uffic:i»ntly i·loscly to pcrrnit the rcplacerncnt of 
one price '''ith a linear trausfor1nation of another price iu a sin1ulation 1no<lel. \Ve 
test. in particular, '"hether a La"' of One Price (LOP) holds in the ahnond n1arket. 

Co-inte;o;ration techniques can be used to identify interdependence between time 
series which exhibit non-stationary behavior. If t\\'O series .r, and y, are generated 
by processeo that are integrated of order 1 ("·ritt<'n J(l)), that is 

and 
!J1 =lit-] +<yt 

"·here the<,, are "·hit.I' noisl', thPn si1npl<' regrPssions of .r, on !Ii, or of !I• on x,. "'ill 
fr<>quentl~· givf' spurious evidence of a relationship het,veen x 1 aad !Jt. even "'hen the 
t\\·o series arc in fact independeut (Granger and '.\le,vbold 1974). 'fhe independencf' 
of the t'vo series can, ho"·e,·er, bf' detected in the residuals frorn the rf'gressions 
bet"·ecn the l\vo series: these residuals "ill be an J(l) process. If, on the other 
haud, there i~ in fact a linear relationship bet,1·cen the two variables (that is. thf'y 
arc co-integrated), then the residual flt front the co-integrating regression 

(A.l) 

cannot Le an T(l) proC'ess. ThP Dick<>y-Full<>r unit root. t.cst is <tpplicd to detC'ct this 
possibility. 

In general. "·e cannot reject thr hypothesis that the individual aln1ond-price 
series have unit roots. For each of the price series used in Chapter 5, plus the 
series of avcragf' f'Xport prices for the United States. "'e used OLS to estimate the 
equations 

C:.p, -PP1-1 +c.-~,T, +l,. (A..2) 

If the price series is T(l), then thf' e,.;t.i1nat.<'d fi should be closP to Z<'ro, "·hilc if 
thr process p1 is stationary the estimate should be significantly negative·. Since 
the distribution of the I stati~tic for thi~ regre~sion is non-standard, \\'C calculated 
critical values using th.- formula in !\IacKinnon (1991). The estiinatl'd paranirters 
and thP associatC'd t statisticb are listed in Table ,\.1. Only in the case of the U.S. 
farmgat" pri('C ('an "·e reject the unit-root hypothesis at the 5 percent significance 
level, while the average price of in1ports for Great I3ritain and .Japan show ,.·eaker 
evidence of stationarity (the unit-root hypothesis is rejected at the 10 percent lf'vel). 

Thr next step in thr investigation is the esti1nation of co-integrating regression 
rquations bf' tween the various pairs of prices, using the form of equation ( . .\.1). Ta-
blP A.2 contains the principal resnlts fro1n these regressions. If the S<'rie~ are in fa("t 
stationary, then these regressions pro,·ide useful direl't "'·idf'nce of the relationships 
bf't,.·een these series. \\"e rf'port only the f'stimate<l pric(~ paran1eters 61 and the 
R 2 statistics: since the standard-error esti1nates for tnost of these equations nla!· be 
biased do\\"11\\"ards (if the procl~ses are in fact I(l)), "'e do not report eith!"r t.hese 
f'stin1ates or the related t statistics. lfthe pro<·ess<"s are not J(l), then thr good fit 
of the equations and the flSti1nated coefficients (elo"e tu 1) arc strong evidence for 
the LOP. \\'e take thP esti1nat.,d coefficients and the close fits reported in '!'able . .\.2 
as eYidence for a single price in the ahnund 1narket, provided that the price series 
are not J(l). 

If they are/(!), then the LOI' holds if the series are co-u1tegrated. Suppose 
the series are not co-intet':1ated. which ltl turn in1plies that there arf' persistent 



Alston. Carman, Chri•lian, Dorfma'I, !.furua, a1'd Sexton 

Table A.I: lJnit-Root Tests on Individual Price Series, 1962-89 

l:i.p, =pp, 1 +n+tf+ft 

p 
pPAllM -0.86 -4.19"" 
xpSPA -0.51 -2.87 
.rp/T',\ -0.:iO -2.82 
.r;pUSA -0.45 -2.60 
mpGER -0.49 -2.75 
n1pl'RA -0.47 -2.70 
rnpGtJH -0.66 -3.42" 
mpNl.O -0.50 -2.76 
rnp/TA -0.4I -2.47 
1npJl'N -0.71 -3.:i3" 

Notes: ' and ·- indicate reje<"tioH of Ho p = 0, at 
the lOX and 5':1c s1gnifican<"C Jc,•elo re~pec·ti•'<'ly. Critkal 
values are (10%) -3.23 and (5'7c) -3.59. calculated from 
1>1arKinuon (!991 ). 

independent 1noven1ents in the various prices series. First, undPr the hypothrsis 
of independent J(l) prire sPrics, the residuals fro1n (A.I) should exhibit positive 
serial correlation. The co-integrating regression Durbin-\Vatson statistic (CRD\\') 
should. in fact, he close to zero. Critical values of the CRD\\' have been calculated 
for large san1vle sizes; they are not, ho,.·cvcr, useful for the s1nall sample; of the 
present rnodel. Instead, w'-' use th<' CRD\\' in the conYentional manner, to identify 
serial dependence of the re;iduals fron1 the co-integrating regr<.>ssion, "'hith \\'Ould 
bi<IB the calculated t statistics. In the absence of evidence to the contrary, "·e 
then folio"' the Engle-Granger ( 1987) procedure of testing the significance of the 
coefficients fro1n the Dick<'y-Fullt'r equations 

:'.'l.11, = 7rllt-l + ,,. 

"'h!"re u 1 are the calculated residuals frorr1 the co-integrating regressions (A.I). V•ie 
use the for1nnla.s fron1 ~·lacKinnon {tg9t) to calculate the critical \-alucs to be used 
to test "'hether the estimatf's ii- arc significantly different fron1 zero, in which ca'><~ 
"'e can reject the hypotht>sis that the price series are not co-integrat!"d, in favor of 
the proposition that the price-series vairs are linearly interdependent. 

·rable . .\.3 lists results for ,,,_integration tests betwef'n export prices and bet,.·een 
ellµort µrices and the L:.s_ farmgatc price. There is evidence of a statistical linkage 
bet1veen average prices rereived by Italian and Spanish exporters. Th!" rrsiduals 
front the co-integrating regrrssions for Spanish and Italian average export prices 
appear nut tu be sf'rially correlated. as evidenced both by the CRD\\" statistics and 
the t statistics from the Dickey-Fuller regressions. The L'.S. average ~xport pnces 
are tied in less well: \Ve rejcet the hypothesis of no serial correlation in the residuals 
of thf' r<J-intcgrating equations. However, the price~ received by fanners appear 
to be strongly linked with both Europeo.n export. price~ and U.S. export prices. 
\\'beth<'r the different behavior of the U.S. ~xport price series is a consequence of 
the timing of ellports, or of other ~truct.\Jral conditions in the al1nond 1narket, nerds 
further investigation. 
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Tu.hie A.2o 	Regression CoefficienW littd R2 Statistics from Prlee Co-
integrat~ Equations, 1002~89 

fAI "" Qp + "'f'S! + <f3t ~ !f-40! 

'" \h)(2) {1) .'., L i 
rl1 R£ 	 lt2

". 
··--

zpSl'i\ :rp/TA 

.r:p!·BA ;rplTA 

:;;pS/',1 l,!'tf,•'A 

p?AflAI .,,,,'-'"" 
µFAR"f Xp!TA 

t:p;!!PA Vf'ARM 

rup';,-,;M rtipNrn 
l!ipiJI':-'< mpl1'-• 

lilPGf:ll rr;pFttA 

m;/:;i;.'f (t\{!(IBR 

n1ptJF;R 1npJPN 

1tt{ll(;.D l!IJ)ITA 

1rt{/iLO >lip?RA 

nrr1"1-n inp<'JJfi 
mp"il-D mplPN 

>npll'A tnpf'IiA 

nipf7A 1'1PG.'IR 

>npl IA l':Y""' 
ntpfllA Il'(JGflF 

1n;,l'fl-A rl!pJFN 

rnp;;;n; tnplP!• 

3"J'U5A tl\J>!;f;R 

Tpl/8A m;f'·RA 
x;.•u~·A mpfl'N 

pi'J\ It"' lllp(JfiP 

µFA?.M rnpl'lf.-1 

pFA!'..'.f nlpff'N 

. 
1.1? 0:98 :) 84 0.93+'(tfu; fi.88 
LC8 U.U..'I 
(l.41 (! 63 
0.42 O.itl 
1.2;) 0.83 
0.91) 0.99 
J.76 n9'1 
(J.if2 099 
0.86 fl.97 
0.80 0" 
fJ.81 (•_94 
f;.99 C.90! 
0.00 0.9J 
J 83 0.93 
1.02 0.94 
094 0.90 
C.BS OJ;S 

0.94
0 "' O.Bl UJJO 

0"' 0.97 
!l.&7 098 
O.SU (ti)f 

0'9 n.J1 
OJZ J.&E 
I) 31 (J,f~ 

0.23 0.53 

{l.!/4 0.91' 
DCD ft92 
G.&2 (; 77 
1.1.1 <J.86 
().:,l(i (J.68 
l.06 0.99 
l.08 tJ.93 
l.04 0 98 
1.(lJ (l 9'! 
l.llI (lJJ4 
nyg 0.92 
0.97 G.99 
li.94 095 
0.9cl 0.9? 
c82 0.94 
('.$1 0.92 
0.78 0.\)0 
095 OJl.'i 
lJ.90 '.:L91 
C.98 0.97 
1.08 O.ll8 
).lJ (L9-7 
1.'.18 lL'J2 
0.80 C.76 
: .02 (l,78. 
0.7'.! 0 73 

Nau.so Ci>h1mr.s {a): dC)H:11d~"t '...:1'.l.h:.< :a culumn (I). \r,d,..,,,e,,_. 
detlt mi:iablr in -:nhn¥>n '.2). CohhllhS !h); d"?rnd~n: •·"-"·:abk~ ;, 
eel" mn f2}, ind•'l'""'t~t •ariahl;> h1 t<Ac;mn ( !}.

L.._ 
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Table A.3; 	Tei.t Statistics for Cc>iniegra~ion among Export Prltes- and 
the U.S. f';rrm Price, 1962~6!< 

~-.. --·· 
Jndep<'u,!<>Jlt var 1~ hle: 

sr,i /V/"$A Jll-'4flMDPpond,;1:t. t1r''~ 14

vaii«hlr·  ·---· ··-­
p:;IT" l 1llt (L9Jt L-12 

(-3.7ij l-2 . .sr.: :--1.7'2] 

p.t7l'A l .;iUj l JUt l.r.7 
\-,1.16] :-:},l!J) (-L:O] 

p;,-1 SA o.s:Jt lJ'l.Jt 1.51 t 
-2.2!!' !-2-91! \-3.%";

' 

f>J'IA 111t 2.2St :t :Wt 

'.--5-.--iS-···1 !-:..!!0···1 [-5 <J-t•··:  

.. ---· ·----· 
Notes: (\ii""-'ff'ttuog l~cp<$>0-rr Durbjn.\Varwrr ~-aristic {Cl1VWj 11hmT. 
~'.ari<,<i<' fMm Dkk..y-fuHt,,- rrgr<:'>~iou lli hrarki4> la'!ow. t(:f/Dt<.' '~ ;o_ho,·r th<· 
-5% "l'f'H" !unit :jGRDt<.'-< d1.(5'K)- • .·- •••• Enrtl~-(:raug<.,- ,,,.,,~ tDje..·t '-~ r.i:;n-
t>v,cation "-' IH';{ :;':{. 8n<l l 3 !~''"~ ""'lJ""tivvJv ;~rilif'a! v11!t1MJ ;u-;o, 1'-1~ 27 ot-.t,--;-
v&tHJI>~. --J.o/l \!DA)- -'i.'k\ (>Jr). flUd --j_J,1 (J':tf- rtl'u;att'd fr<Jn< ~lr<'Ji:""'"ll 
{lfl9l)) 

Table .-\.4 rep.;rt,; tht> fffl!!ll~ fron1 ~imilar t"flt~ perfonned o" \ht> averag<~ inip<>r! 
('..-:it€~ fnr tLe- lfllj)<Jrling t<:>n:ltries "·!«,~e .:if'm;,nds ar!' arud}zed \n thi5 ;::;aµtrt 
O·.'en'IJ:, (he pirtnrk that fill<'tg<es ;--; {l!!'l cf a 11·(-.[J.i:1tegrattd n:.ark<::L Pric<'S L\c\'e 
\,,"!get h.nr .::lochy, and dfc-lat>.>!IS frooi LOf' Leha..-v1r (lh> ra:>:i<>1u ll.nd t-o:npoti\r:c 'l'11e 
oniy j)•-""iible f'X~eption ro thi1 rulE ii; Italy, whi<·h j; >l~o tb~ 1i:Jy ~lgn:llcant a;nv.;:1d 
p::x;riattr :u th~ grr:J.p ()thf~\\'\sc. rLz· CRD\\' stnJ1stX~ arl". r;et~~ttlly suti::fa(-t<>:~. 
,,._-hii" the coe!fi<'ieals ie> the Dick<:'y-1-\:ller r:11n1tk,ns ar0 ~uilic:cntl;.· '.P-rg? to ;1.~ru11t 
the rcj<,r:irJi; 9f ti¥- h__vpoLh<si~ of tlf. co·i!ltegrntion, Hfteri tit t!H• ~ prrcrr:'. ]<;ve!. 

,\ p;rturf' e1nerges of ?.fl UFilL~tr;;· ir wbich p11:c:ia""'~ e;:crcis;, r.0 :narkert ;,JO"'t'r 
b·.tt in whi<:-h com;>i'lition brtwe'-"' seller~ niay be irnperfcr-L ;ier1nittin& ~usta:ne.-'. 
u1dep<0ndt'lll d .. ;-ia!Il!lS in prir<h rereivrd hy eitp<>TU·~ ;n citff,.r~'llt :ntult~•?S To 
ll\1-\lstlga.1<' th+' p-C.cn<lrrw:1::;1; fu:ihc:-, "~~ i:ivestigaU: the re'.-i:tiollthip :,.,\,·,-ec1: :h0 
pn<:>es r<!<X'i;·t'<J hy t;.s, ex;>m-tnrs, th.- priew r:••:eived hr I;_s. t,'l'ti1>.i'1·~. >incl ~h"' ,,,,,_ 
<'1'1.<ge p~1:A:s pa1d lly aln;Jnd nnp•>rtrn; in tnrv~ major niflrkr;l;, The :xsults. f:YHn 
lhe:><: \wot:;; are >n 'fab1.o A 5. Agaii\, t·.s. f~1nga:e prlct\~ "'how »9 ~tiu:stit:al in· 
d<epen<l~nr:? ffc>rL over"'""" price':>, \<'lth the h}V'•Uie;;is of !JO ro--1nt1'4n.1.~1ou «'in-.tt.J 
1t either the 5- prrc.-nt or l per'""t :Cv<'.I T:.e evidencr: f:uir-. r .S. export pn<:v:s 
is W\'ii.kcr, and ci~ ll<:ll Q!ject the it1d~p<>ntlenre hypolh<-·s:s in the """" c;f France. 
Ovi>rall. it a;>pta:-s that lJ.S. growt-n;_ at leasL are wf"J !inked ro ,i-,er'K'ao 1narkct.s. 
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Table A.4: Te8t Statistics for Cointegration among Import Prices, 
1962-89 

lndepend•·n~ ,·ariabir· 
"'PrfiA 1np(;1J/i "'P'' ·' rnp·''/,[!Dependent 

\'ariabko 

2 55j 
7 53···1 

l.61Jj 
[-4_23··1 

1.46 
[-38•··1 

1.15 
[-3 42·1 

1.931 
[-4_95···. 

2.621 
7.28... ] 

2_:!7j
c.2s···; 

]_ 10 
[-3.23"1 

1.1Gj 
[-300··: 

1.941 
[-5.(J8···: 

1.941 
1--0.o:v.. 1 

2 76 
[-7.82".. ] 

2_221 
&.71 .. ·1 

I 27 
3.07•] 

2.361 
6.11·.. : 

1.29 
(-:L«;:1·1 

097 
[-2.98' 

L71 j 
-4.39... j ' " 3,73··: 

l. JJ 
3.l:OI 

1.561 
[-4.28..I 

1 91 t 
[-5.10' ..I 

1 33 
[-.1.71''] 

1.991 
5.51 .. ·1 

1.91 I 
J.04 ... 

1.951 
[-4-~8 ... I 

2.00t 
[-~ 27••·1 

2.041 
[-.'i.22.. 'j 

1.32 
!-3.51'] 

1 G2 
[-4.10... 

Nute" Cointogra<ing fu?grossion Durbin-\Vatoou >tati>tic (CRD~'l abov<'. I s.at>St•t from 
LJ"ke,v·F\Lller regre;;ion in bracket> bolo~'. ICRDW t> above the 53 upper lim<t- jC/l/J~V< 
,J,(C>'k)- '•••••Engle Granger tests rejoct no cointegration at lO'if, 57', and 1% lcY<'i> '0-
>p<'<t"Cl} (crillral \'alueo; are for 27 ob""'""tion" -3.SO (10~). -4.35 {5%), and -5-33 (!%], 
calcnla<0<l froni ~IacKmnon (1991)) 

Table A.5: 	Test Statistics for Cointegration between U.S. Prices and 
Selected Import Prices, 1962 89 

XJ'USA 	 JJJ.1'.RM 

IoJ 	 (b) (o} (b) 

TflpGER l.il8t l.ilOt l .56t 2.36t 
[-4.17"*] [-4.00'] [-4.28"'] -6.16'''] 

mpFRA l.llt l.08t l . .:i8t 2.34t 
[-3.20] [-3.10] [-4.16'"] [-6.11···1 

"'PJ I'.~ l.89t 1.40 l.95t 2.25t 
[-4.93'"'] :-3.80'] [-·1-99""'] [-5.79'"'] 

)/otca: In columnti (a), th<' foreign import price i~ the dcp<·ndcnt variable in the 
rointcgrating rcgrcosion •'q11ation. !11 co!u1nn" {b) the C.S. prirc is the depen-
dent variable. Cointcgrating R<·grc'<,i<ln Durhin-\Vato<>n statistic (CRD»') above, 
t statJstiC' froin Dickey-Fuller regres~ion in brackets hclow. tCRDWio above the 57< 
upper lin1it. t CR!)W< dL(53). · :· :·· Engle-Granger tests reject no cointegra-
tiO!l at 10%. 5%. and 1% lcv<'ls resp~rtivel) {criti,.al Yalucs arc, for 27 observation~, 
-3.80 (10%). -4 35 {5%), and -5.33 (1 %), ealculat~d from !>.·lacKinnon (1991)). 
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B. ENTRANT AND INCUMBENT SUPPLY RESPONSE 

A inarketing order that raises price and profits above nor1nal levels faces expanded 
production from (A) current indu&try members, (B) ne"' entrants fro1n within 
the area under the order's control, anci ( C) producers outside the order's control. 
Econometric studie; of supply response "·ill generally capture the joint response 
from (A) and (lJ); data ordinarily will not permit entrant and incumbent response 
to be differentiated. This appendix discusses conceptual modeling to decompose 
entrant response from inc111nbent response. 

Assume growers and potential gro1•1crs under an order's control are arrayed on 
a continuum ind<"xed on !O, lj, each "·ith a fixed value Ao of total acreage. Land 
is not homogene<:>11S. Each farn1cr has so1ne land better suited to growing the crop 
ceteris paribus. Thus, yield per acre for any grower i, Y;. is a decreasing function of 
the nun1bPr of acres, fl,, planted to the crop. Let Y, = j,(8,,t), J; < 0 define the 
relationship bet>•1ccn yield and planted acreage for each grower i E [0, I], where I 
denotes the dependency of yield upon the age of the investnient. 1 In 1nodeling /,( ·), 
assume that/,(·) - 0,J(·) for all i, where(), is a shift pararneter, so that ()J > 8, 
implies that ;'s acreage is absolutely more suited to growing the product than i's 
acreage and/or that j is an absolute!:• n1ore produclive n1anager of production than 

' Supply of the n1arketing-order crop is dynainic because gro1•11ng the crop requires 
a nonfnngible investment of K per acre in "establishment" costs, and the useful life 
of this investnient extends over multiple periods. These costs. for example, n1ay 
be the costs of establishing a grove of trCl'S for a perennial fruit or nut crop, or 
they n1ay refer to costs of establishing irrigation infrastructure for an annual crop. 
T'o sin1plify the exposition, it is assu1ned that the investnient K ha.'S a useful life 
of T years and begins yielding returns in the period after the investment is made. 
\1oreovcr, we assume that the investment does not depreciate over its useful life. 

, 111Thus /(fl,, t') --= f(B;, t") for all 11 = 1, ... ,T. Given this depreciation structure 
thP 1nodcl nCf'd 1nake no assumptions about th<? age structure of ex.isling investnient 
because (1) by assumption age does not affect yield and (ii) replacement costs for 
drprClCiatcd investment are not a function of marketin('; order behavior because these 
costs "·ould be borne in any event under the competitive steady-state equilibrium. 
Only the costs of net additional investments should be attnbuted to cartel behavior. 

All actual and potential gro\\'ers must develop a forecast of the revenue stream 
ovl'r the life of their potential investments. \Ve assume that, in developing these 
forecasts, actual and potential growers act as price takers; they perceive that their 
potential future produrtion has no effect on their forecast of the future price path. 
'l'he investment dPcision depends upon the revenue flow over the u~eful life of the 
investn1ent. Selling price per unit is denoted as I'(t). :.-larginal costs of tending 
and harvesting the crop arc assunied to be a constant amount c per unit of output, 
and c is also assurncd to be constant over the life of an invest1nent. 'l'he expected, 
cumulative nl't discounted marginal revenue per acre is then expressed for each 
grov;er as 

NMR,(R,.0,,p) O;f(D,) lT (P(I) - c) e-r'dt for all; E [0, 1] (B.l) 

O,J(D,)R (P(t), c, rJ , 

where R(·) is the discounted value of the unit How of sales over the life of the 
investment., and r is the real discount rate. 

'An assumption of th;s sort is necessary to achieve interior wlutions to the acreage optimization 
problem /llternativoly, one can assume quadratic adjustment costs as acrcag~ expands (Dorfman 
and Heion 1989). 
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Index gro,••ers on the continuuni in reverse ranking of their 0, valUPS so that I he 

)\"ID"'Pr with the highest (j value has the lowest index nuniber. It then folJo,.·s that 
l\TO,.·ers will enter produ<·tion in the sequence of their ordering in the cont.in11111n. 
'l'o exprrss O,. d1>fin<> units "'J th«t the maximum value for 0 is Oma~ - I. and the 
lowest value of 0 is ll,,,,,. = kO,,,.,,, 0 < k < I. Assume further that 0, is distributt'd 
uniformly over [k. tj. 'l'hcrcforc, 00 = 1, 01 = k, and 0 is distributed ¥ros.s [0, I] 
1•1ith frequency 1/(1- k). 

In addition to K, !"arh entrant incurs a fixed entry cost E > 0 upon entering 
production of th<> crop.• Define 

8 
Rf argmax { n-, = O;R(P(t).c,r) 1 ' f(B,)dB, - KB, - f;}, if Il(B,') ~ 0. 

0 otherwise. (B.2} 

Lrt P'(t) <lPnote the trajectory of expected prices in the ah~encc of any n1arket 
intervention and define Re{ P'(t), c. r) as the discounted cumulative net unit revenue 
stream given that trajPctory. NPxt d<>fine 8"(R0

) E (k.l) such that 

ll' re· I 
ft-(P'(t),c,r)(J" f f(B,)dB, - KH"((J") = E. (D.3)le. 

Given value~ for K and E, R = R 0 defines the set of producers at timf' t = 0. 
A.ll growers with (J valuPs in [8*, 1] produce the rrop and all those 1,1,·ith 0 values in 
[k, 8') do not. ExpcctPd harvpst for any grower is 

Q,(t) = n;Y,0 (B;, 8,), (B.4) 

where }~o i~ av\'rage yield. defined as 

Y,0 = 
8

'.­ ( 
8 

; /(B,)dB,
Bi• ) 0 

~ (8,/D;)F(B;). (B.5) 

Combining (B.4) and (B.5) obtains 

Q, -8,F(R,"(8,,R,K,E)) (B.6) 

Total &upply, Q 1(I), for the current producers, given R", is·1 

(D.7) 

1\01,1,· we can deco1npos(' supply response to a <lisC"ounted revenue change ac-
cording to output by new entrants versus expansion by C"Urrent producers by using 
Licbnitz's rule: 

(1 - k) :~ = -Q,(ll"(R), R) d9~1ll) +le'. (fJQ,~~· R)) dll. (D.8) 

(I - k) :~ = -8" l'(B"(O", ll), t) d0~1R) + 8,J(B,') le'. (JR,~~' R)) dO, (Il.8') 

'Wheth~r Eis al<o sunk (nonrecoveral>le) i8 only important if the model;, uS<'d to analyoc 
que>tions of exit (removals). 

'C'lote that the distinrtton between extant produ~er.< anrl entrat>ls 111ust be determined based 
upon n1arket equilibnu111 1n the ah.ence of a marketing order Values for R' must be recomputed 
given tho presence of a 1narket1ng o,der. 
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"'here (B.8') is obta.ine<l by BUb~tituting frorn (Il.{ij ftlf Q,(O'.p). using (0.6) t<.> 
;;implify the ioter;r.tl in (B.8), ar1d rc(:pgnizing thflt O;f(B;) =ctiustaut, so that 1t 

'211 be tra.'l~fen<'<l through ':ht' ii:t;>grfl-•X,,1 o;,.1>atin11.• 
':'he Ers: ex;ire&11J<: 1n (DJY) :S t!:ic p~oC:u;;:t\,1n tt'l>po1:.-;!• l;y ne1v eut~"n<;i;. !Jo­

e11nse E > i), 11._,.-.:i; t-1\trRnts «'*t"r pt(>1lurtk>ll dillo.intlncous!y. '!'he ~.,_,:id e;:pri::s>ion 
iatlh:B.tes Uv~ R!:pa:nsion by enrrent ptcdt:<'.:e!'f. This ""!--"'amen ccll>ict;; n:<-::{'_i_y of 
the yield of a margiu;iJ VK: ((cnslant w:roos ci;nryi<t pro<lu«--ri.J t•mP£ :he ,-hange 
in M:P"ag<'. (i,, 0a<:h current grtrW'.'t, :ill aggreg;.il.'><l aenlt.S the cnrrent gn~rs in the 
continuum. 

Th<' :;µpnrtuuu.y <)far. &gr'4ul~u~al car:-tl 1:;> exei:tJ,;t :uarket p::tw~r d"~"'-"ds 
impv~antly t:p<:u thl) ~ota'. magnltHdl) of dQiiR 'fl.-~ well al! tl:.e 1<:lativ'-' magU:.tllde;; 
oft-he twu 1,~prrssicas thl).1 c01nprue dQ/dR. Th<' ahove model redac"s tii'.' relative 
outpllt r<o>spt1n~e into on(' rxtirc~~ton which inctud<>~ """' key funrtion. the yield 
fun1·tion j ( -). n.nJ four kry par.an1~ters: k '"hl~h 1ne~ures th<? efHcienty dispersion 
in th<J iuJustry, R the n<'t r<:wnue per uillt, 1..- th" fixe<i ('<;tablislnnr-nt cnst per acre, 
and 1'.' lhe s1:nk entry e<i!\t. For exa1npl~, i'.' k is large, It lmpli<?e that farn:a:s ~._,. 
equaJy su1tM to grrr»i:ig ~he cro:v in ques~i;;r:. l'L1;; inea:-i~ :h":, ti:,; itec_'.lency of 
any a v:iL1q is higl: iir:<l !hilt lh~ 1'-hw!'-lte entry rc;pa:1se t-0 ;. :-h::uige lt. price 1>·il! 

b.c i;reat. HtJW'1'w>r, k d""'i\ not affect the ,.,;.,,1ive entty rc>pnr"'"' S1tn1!atly, g~attr 
-wtlues of E huply tha< LIM} mi.uin1um eca!P ill o-ttry in the iodn'A-ry ts lw-g<:' anJ 
\h;U the m:tput Qf ~w:h .cn•.ranl- stim11JatH( hy JR > I) l"'1Jl }).. l&r~e, This behavior 
!uCucea lhe p&.rndo'<:if-«I r;;s1ilt chat in<l,.,,otrie< with a high inagnit"C." of ent:y ~-oot 
a:c U<Cti::.ally >»err v1.lrJ·r~.h!e to ~rc1ptic:> nf ~&rte! P'l""'l rhrvi_.gl1 ;Jt:lsicte •;nr-ry 
bPcause (~trai:';.l, ('J•'.(t production a~ a large fiC!!IE. Tlw largl·: i'1 R rela'.ive ti: K. 
t!il) nior<· profitai)lf' is lhl' iudu;;try. T11 turn, high R/!'f in1!:"'.'lils ;, h_,;v value for(!• 
aud 11 relativ<o'l_y ~1.-;atet l!\Cllnlhent re~pon;e. 

For purp<>~,;s nf <:'o\\Structing th<? •Jrnpirlcal dynan1i<0 optin1i1.ation modvl, the 
yield function f(D,) WJ.5 il--"-'1n1ned to be line;;.r. 'l'U!W~ can al"'-! be ""r'"ali~ec. to 
ohlain tt.<, foU.,wing v!e;d f11:1clio:1. 

/i_fJ,) =I - bB; '.'.,,- aL i 0 ;(). 11-

A norinaht.ati<>n ~-1,1.1i ;;_]:;;; !)(' J'hO&'E fnr lhe mnnetary mf'atures. Xon;1;;.lizing o;, 
per~unit e>t.aQ1lfin11v1i.t eO&!S K. "'" ril'fine P - R/K <L<~ !ht nnrrnal.t..00. tliocnHnted 
p:r~ tllllt reven nr, 1,1.n<l 6 "' Ef K M nnrmal'.7f'<l l'.lltry l''.h'S 

Gn.~ :hr'k' ;.;ip•·if.(i>:llonr, th<o> 1nt=:or wlut:on i"or .H' 1·1n~ b>' wlvt•ct from [!l.2)-
tn .-:'::>ta.'.n 

[>.'!, ~ l a· --
' bl'IJ, 

and 
dB,' 

dP &F2 &, 

{U 3) '""'then bf' <;0\vcd ~o yiu!d ~·: 

dt!" -&· 
dP = P ­

Fr.-::-n (13.4 _1 GJt;>Hl Cl\~ \).. cx;ir;,:;~<'- a.so 

- pZtJ?-·J 
Q, "" 'ZbP'O, 
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Substituting ()' into this expression in place of(), obtains output for the marginal 
producer: 

• E' ../b2E12 +- 2bR' 
Q,(8 I~ - + ( ) . 

b b2P£'+bP 1+../b2 E 12 +2bE1 
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C. DATA TABLES 

The tabl<:s on the follo,ving pages rontain the data that were used in the econometric 
work in this monograph. Thr sourcrs arc disrussrd in more detail in the text. 
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C2.l: California Almond Acreage by Category, Production, Yield, Rain-
fall, 1950-92 

\"EAR YB, .~IH, Olh D, Q, y, PRTIRAIN, 

"',---,-,',---,-,-,---.,-,---,-,-,,-,-,---,-,',-----,c.-,,~ 
J91, I )fi_7 37_3 37.7 90.7 51,240 0.56 2.67 
19.'i2 16-4 38.3 36.7 91-1 43,680 0 48 1 62 
19.5.1 \6.6 39.1 36.6 92.2 46,320 050 0.19 
1954 19.8 39.9 32 u 92.6 51,840 0.56 1.91 
1955 19.7 41 2 28 4 89.4 45,960 0.51 0.99 
1956 17-4 412 30.0 88.6 70,320 0.79 I 56 
JU57 !.; 7 40 7 31.7 88.~ 15,000 0 ..51 218 
1!!58 L5.3 40.4 33.8 89.5 23,760 0 27 6 68 
1959 11.3 12.8 35.0 89.2 99,360 1.11 4.23 
1960 Ill 433 .14.R R9.1 63,600 0.71 2.88 
1961 16 0 3Q 1 34.l 89.3 79,680 0.89 1.57 
1962 205 37.1 35.l 93.1 57.600 0.62 672 
!903 24.4 36.fi 37.0 97.8 72,360 0.74 2 53 
1964 27.8 36.3 37.7 101 8 90.180 0 89 0.09 
1%5 30.U 38 J 38.4 106 .5 87,480 0.82 0.68 
>%0 306 41.5 40.7 112.8 102,120 0.91 171 
1967 .')2.9 43.0 44.9 120.9 91,920 0.76 0 34 
1968 38.6 45.1 15.7 l29 5 89,400 0.69 2.2.'i 
1969 18.6 17.8 -l8.7 1·15 1 146,400 1.01 6.31 
1970 65.1 .51.6 49.l J658 148,800 0.90 1.64 
1971 11.1 52_3 53.8 1s3.1 160,800 o.sB o.~5 

197~ ~3-8 06 3 57.9 197.9 J.'i0.000 0.76 0.86 
197.1 ~9.4 66.3 .57.7 213.4 160.800 0.75 4 92 
1974 92.8 80.7 56.7 230.3 226,799 0.98 1 22 
1975 87.9 101.4 58.6 247.9 191,999 0.77 3.73 
1976 81.0 118 I .)4 7 256.7 285,291 1.11 2.70 
1977 932 1290 .51.3 273.4 313.085 1.15 0.73 
197B 109.6 t39.7 s-t.2 303.6 181,021 0.60 :i.co 
1979 1139 1:;:10 .54.5 321.4 376,027 l.17 4.21 
1980 106 .1 165.0 55.:; 326.8 321,797 0 98 5.03 
1\18! 97.0 174.2 55.0 320.2 407,444 I 25 1.19 
1982 8.5.:! 192.l 60.9 .'l38.3 346,730 1 02 l.61 
1983 772 218.7 60..'l .155.2 241,893 0.68 1.83 
1981 82 G 23.'l.9 63.l 379.6 586.910 1.55 J.51 
1985 11 l.7 232.7 64.9 109.2 162.263 I 13 0.82 
1986 128.5 222.6 61.6 112.7 251.597 061 5.9.''i 
1987 124.8 212.3 73.l:I 410 9 659,676 I 6! 2.6.5 
1988 106.S 218.9 8!.5 107 l 590,007 l.4.5 0.54 
1989 8·1.b 2.12.7 92.0 409.4 488,508 l.19 111 
IU90 51.1 25r,_o ios.2 111.3 656,189 1.60 1 60 
1991 '.l5.4 258 . .'l 74.5 368.3 185.928 1..12 I 93 
1992 38.2 249 l 09 5 3t,ij 8 5(;0.000 J.f,4 5.76 

NOTES' YB, ~ thollsand; of acres of ye>ung hearing trees (1-9 years olJ as of Tl.lay 31 ), MH, 
=thousands of acres of mature hearing trees, (10 2U }Oars nld), OR, =thousands of acres of 
old bean11~ trees. (o,·cr 20 years olJ), R, = thousands of""'"" of bearing tr..es, Q, - total 
production of alrnotid• in thou<ands of poOJnds kernel-weight, and y, ~ average yteld per Leariag 
a<re. YR, and l>f R, '"''cs ar~ arrived at by summing ovt•r the appropriate lag& of the planting> 
sedes (•«' Tabl~ C'.Ll ). OB, - H, - YB - k!R, whece R,, hearing «tre,'!!C, is taken directly 
from the California Agricultural Statisti-tal Ser,·it<' (CASS) data. FEDR,1/N 1 is !ho""" of 
Fehruary ra1nfdll (incheo) meil.'1ir<'d at the Chic<.>, .\1oJcs\o, and Fresno airports. divided by :l. 
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C3.1: PLa:ntings, Ren;ovals, and ~xpectOO Net PreS<Int Value of 
Callforni!l Almoud Acreage, 1961-91) 

·- --- ·-----·· ---- ·-----·· ----··--· 
YEAR Pl., !i,1,'['F,'" ---·· ··--­
"'' 6,?44 5,ii!-1 4,2:)() 
196;1 6,94$ :.!,13f ll.'6 l 

·~'"' 
'1,2 l 9 

11.4:-.~ 

l.Dl I 
Lrh:i 

4,SJ!I 
>.4'.!6 

"'" 1:,,?7'~ l,~4'l 4,-~40 
!%f, <i)J(ll "" 4,f<!l8 
J~f,i )g;S!}) *' 5,59• 
1%8 11,q4s ~.SW> :.,%:> 

""'' )7,10! HJ'J :_121 
!\n(! l!l,l\i« 2Jlt0 1,91~ 
l?7l 
1972 

~1,111( 

;4,t:J~ 

L'iW,,, ~-1~2 

1, :9!1 
1~73 24.154 i,:7J Zi:f}:G.> 
1974 33.~64 2.J:Of 1:,0-w 
l\'?ii 23,~1~ 1~7 J,!:l'J3 
l'.17~ 1J,U? f,)43 3.7'l8 
1977 
1918 

5,N-h 
l_~,J75 

7,TIB,,,,, 11,815 
'15,5l:t 

1'.):J';i 20/·02 ~.64' Z!,7::;! 

""'' 1$ 4>;~ 4,~21 14,\7{1 
l ill:I! 
1%1!~ 

~3,$&\ 

22,VI? "" ,,.. ·11,htC 
-4,330 

198:\ 8,DS•> 7,5'l9 -J,_59 

'"" 6.65.! ~,] 4l ~-™ 
!'.)$$ ".);\l 9.00Z -·LM2 

'"" 4)).il l!l" 5$C ll,&l~ 
1"1{4~ &,2;,~ )«iSti " I9!>il s,~51 :J),4!0 lS~ 

'""' i ,s 7-5 ~.WI -1\,C.?;; 
199C <l.230 2.1¥: -il,012 

l'iOTESt Pf., "" pl>D<inc; ~nd R, ~- r<l<rWv11/;, ,;:: l\;,Ju"""d• of"'"""· F.\'P'.', .~ 
the f'~?"dffi n~t J'<~ffit ""''® "' "'" "'"'" <>f "fTuly-pbotf',l ~hnwo<l._ '-" 1~7'l <:J;;llar~. 
~~du•I·~ cl 1f><' '"""le >alu~ <A the l>..~d- Pt-, ;, the h~b"*' m:f<'~i:e r~tx-n d M rl,.nt•<l 
•n year 1 ft~f" CAilil .<CC"Wyo cf ••~:dill;t au--e~ge 1->y yUil: cl pl>f>l:irl!( H, "~Ak\>l~••d 
f~ B, {•ec -::'dbk (",2_;) ""J PL, r1; -bfy B, "' R, 1 - 1'4-• R,. S.-e !fjr--f.!i.Ae 
j of (_fi"t>'"' 2 
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C3.2: Prices, Costs and Investment Parameters for California Al-
monds, 1951-lQQO 

\'EAR P, c, Def/, l1'G', AJTR, depr, 

1961 0 467 257 46.36 0.070 0 4:J2 -0.0017 
1962 0.545 17.10- 0.070 0 439 0.0022 
1963 0.492 '"' 48 15 0.070 0.439 0 0006 
1964 0.525 48.89 0.070 0.-139 0 0015 
1965 0.514 '"" 50.23 0.070 0 417 

'"' 
0.0018 

1966 0.508 '"'273 52.01 0.070 0 449 0.0001 
1967 0-485 53.35 0.000 0.464 -0.0057 
1968 0-497 "' 56.02 0.070 0.469 -0-0010 
1969 0.505 59.14 0.070 0.469 -0.0068 
J970 0.538 426 62.41 0.000 0.175 

"' "" ·0.0118 
1971 0.54~ 65.98 0.070 0-47~ ·0.0215 
1972 0.654 466 0.070 {}_485'" 69.10 -0.0285 
1973 !.242 489 73.56 0.070 0.484 -0 0260 
1974 0.750 80.24 0 070 0.181 -0 025& 
1975 0.617 '" 88.12 0 070 0-484 -0.0.15.3 
1976 0 675 "' 93.77 0.100 0-484 ·0.0507 
1977 0 858 649 100.01 0.100 0.486 -00511 
1978 l.402 107.29 0.100 0.486 

"'" 
-0.0142 

1979 1.179 116 80 0.100 0.486 ·0.0389 
1980 1 4'.!l 950 0 100 0 486 

"'' "" 127.35 ·0.033.3 
1981 0 754 1093 139.68 0.100 0 498 -0.0276 
1982 0 909 Jl53 118.60 0.080 0.399 -0.0213 
l9S:l 1.006 1203 15-1 -10 0.080 0.445 -0.0290 
1984 0.748 1214 160 04 0.080 0.336 0.0042 
1985 0.774 1249 164.80 0.080 0.338 ' 0.0120 
1986 I 857 1037 169.11 0.000 0.330 ' 0.0124 
1987 0.967 174.46 0.000 0.337 w' 0.0207"' 1988 1.015 103.1 180.25 0.000 0.337 w 0.02)1 
1989 0.998 1095 187.68 0.000 0.340 rn 0.01611 
lmlO 0.900 I 110 195-41 0.000 0.340 rn 0.0125 

NOTES' p, = price or a.lmond; ($/pound, kernel weight), C, average variable cost 
per a~r~ ($/acre). in non1inal terms. De/I, is the G'.'-/P deftator, 1977=0- l'l'C, ., the 
Lnvestment tax credit for each Si of inve>tment. J.fJ'Hr io the avero.ge marginal tax rate, 
<akulated a.s the top marginal California and Fede.al rates, divided by two, plu• the self-
ernployrnent tax rate. depr, is the period over which year t planting; are depreria\ed for 
tax P"'P"'""· r1 is the real interest <ate, calculated as;, "" v.hcre "'is the percentage 
annual growth rate of D, (the rate of inffatoon) and i, "the non1inal Sta<1da«I and Poo<& 
long term hond rate 
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C3.3: EHpocted 11,1atnr-O: ):'lolds and Establishment Cost;; for-
Califurnl& Alm-0ood Acreage, 1001-90, and Olson's Yield 
Fact1>t for A!mond.i 

~~~~..·--~~ ~... --~-. 
f.C;, 1::,_~_:::• ;..r:~- £<:;\, ·t ' J. 

J'.l() I 1700.i l',4!JJ :l6J.ti ')lf 1 604-0 71Lf. 1 O.:tlf22'1 
lB62 17112 646.J )Nt_;f 42fr_C h(l7.J ?\~_;; ~ C-444444 
! w;:i GS().'; Jf,7_8 42.l.5 6l!A <lil,» l· ().ttlttit5 
l;;{;J ,!\'.r. 4 65:.l.J Jf.fL6 1~1.> 611.8 7ll.1, 7 (),'1J:f\l 
\Jei 1816 tj ff'.Z.3 3"1 5 1!J11 tiX!.~ 732, s l.C<fiO\)() 
!Yim ;)1$.il J1~-1 1C2:l 'tl\J.~ 1J'JJS 1' l.CWO(lfl 
1%7 l~'.-1-!! f,11 .J 3.56-~ !ll () 5YJ. 1 ti'°'.r. lf LOOColl:£ 
lfhS 185~~ Si'36 32-J_J 171.5 5.'192 ll34.7 J; l.OO(lllJO 
!<}51 P.\71/l !\CJ'j ]4;_1 :ill:t.; 567.r: !.'CJ.: 1) l.Xl:JOOO 
!<}"i:l 5~7_; J23L JITO 51J; f2J'!- 1~ l.'.lU'.l'JOO 
1~71 004.<i J11J> -lfi\J.0 5!0.1 \IJ3 g 14 LOIJO(JIJ!J 
la-71 ;9J3 3 ~;:i.~ J;f,j. ;J60.2 71'.'.\I ~.,.,'\,1 15 1\i)(_-0:)0 
1977 l~':Kl .~ \Vkt:t Zf'Vi> ~Jj97 1i'.-•'i f,26.8 HJ l_fQ)(l'.JO 
Hl11 l\l4'.1 !\ 1\K ! :l~fi.1 :l/64 5;l"~ &&r..9 J7 j_(l{lcJO(KJ 
!:>ts. 1)1 J 357.0 Jll\IJ illi~.O &oNJ L'> LCIO[lf)(l() 
1"7~ IS<~.S 1b!'irl JJ52 J71.4 &21.i 41'15 lJ 1.ll()JCOC 
1;;77 !'i!\59 1025.5 -1Qf.J -M~.tl dJ8.o ,}464 .lJ J.(O(;llCOO 
\g78 ~)_(! 11)\:;.\i .'\$i.il 397-~ 516) 429.0 ~l j_;x:oo((i 

1g79 '.'014.I JUb'i-' J41.1 368.8 -li'76 Jl\l.S 22 ; llO!))t(l 
2C26.2 l!Xl.S m.;, 3279 431l6 179 J 23 ; MlCIXiU·~" lik<l 2C1J.1 JJ?L~ 331.2 3.22'} 4Ml 00 24 J.>;O\)()i)(l 

rnw 2USS.5 ;3.,-z_g 349 0 :tto 2 115 J C Q 25 l GOOOOO 
JM;, 2U701i J;>.J;J.J J53.7 '.W!)! 1~47 {),0 ii> 09-7322"1 

Jj(}'/.1 -~77.4 1$;: $ !'•):t5 (i_(i ·;.,. ().Mt-10<w' 
fl'.14.3 26'.l.l 4700 :!7$.f, (l-0 2, O.Jlti600 

1486 )1Jt9 NR~ 261'.I 2J2g Wl!.2 {l_J 29 O.bR'lll'IB "'' 
[967 21)7 0 767.8 J7J4 283.7 4:1.J 0-J JU 0.!IJ;!JJJ 
,9511 2:4: 1 7:;.o ~ '.!ro,() >OO.ll 447.ll 0-0 Jl IJ.777177 
; (lhll 2.&.~1 78'.:L2 2110.l 312\1 1&6.t CO J2 0.7Tl2:l1 
1000 ?i6D4 007.:l 304.1\ 3?~.'J 1111 - D.O , JS. O6\iOONl 

' J{ 0.611111 
s 0.$555:;.'t 

·~-~--~·--- --~ 

NO'TE!:h i.{" !>; ~b_e ~~pe..t;,<l '""'u'"" Y"'L u( an .,,; tt plooled ill y~ar I, in pound; 
P•< "'-''"' (hi•lru:·I!]. £,'(',, G th~ Mta;,;;,h,~ont """' o1 3ll ,u;,e plante.i ;~ ff!M t, 
;,,out~ in war,, after pl~''""f· f, io O!wn·~ yklrl fGt\{>( for aimcnd.<, ,;,qn;; 
ti"' PN:.4tt><>n ~( J~.Af<•re 1i<-kl (j{4) <! .·-~ars ;i;ft<:r p)~"t'n~ 



," Al.i!~n. ('ai.,·»an, Chnsl1a11, Dorfman, !.turua, and Sexfon 

C4.l: Spnnish Almo11d Yields and Weather 1n 
Almond-Producing Regions of Spain, 1959-89 

Yf:A/1 

1971 1,187 "' "'" 48.91 "' 14[>.()4 ""'1972 1,320 576 610 os.r,o "'" 90.74 0.74 
1973 1,090 4fi0 520 36.88 2.14 60.00 13.66 
1974 1,286 '" MO 41.77 1.00 128.)9 10 6~ 
1975 1,267 "' ,00 19.:l7 0.00 106.37 " " 1976 1,481 576 tl30 ·11.)4 "" 77.37 16 49 
1977 "'" 275 "" 911.16 0 43 '.15.89 19.49 
1978 J,300 fi29 '"" 4 LOO I 57 59..JS 0.17 
1979 859 .1()3 340 130.98 •.oo 33.34 8.Y-1 
1980 961 364 "'" J4:l.70 0.71 78.26 0.37 
1981 1.530 472 "" 33.25 2.71 9l!.5 1 7 tiU 
1982 
1983 

1.371 
OM 

<OO 
255 "",00 81-71 

21.JS "'" 4.71 
131-57 

10.07 
1.86 
1.30 

198·1 1,006 '"' "'" 50.71 2.43 0:1.00 0.13 
1985 J.60! 131 52() 62.00 """ 34.09 0 26 
1986 1.111 315 <OO 39./:15 2 57 63.86 "00 
1987 1.415 3,-,1 390 128.29 "" g_53 26.4~ 

JQRR 686 '" '"° 80.11 2.14 51.52 0.46 
1989 L607 "" 560 87.14 1.86 104.00 2.57 

NOTES: y{'''' 1s yields in irriga\o<l orchards, in-shell kilograms per 
hectare. 1/'r" i& yields of unirrigated trees, in-shell kilograms per 
hectare. y'r"' is total yield.<, i!l-shrll kilogr,.1n' µer he<"tare_ The 
followittg wrath,·r data are averages fron1 the weather-reporting st a-
t ions of the Levanle and Andalu;ia region>: JFN, is average rOJnfall 
in rentirneters during Jan'1ary and February. FF, io the o.vcragc 
number of fro>! day> recorded during February. MAR, is avrragr 
rainfall Ln centi1nctcrs d"ring JI.larch anrl April JR, is average rain-
fall in centimeters during July. The data in thio table have been 
afisembled from a ,-ariety of Spanish so1'rc~-' which are on file at the 
U.C. Davis Departm~nt of Agricultural F.-oonon1ics_ 
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C4.2: Spanish Almortd Acreage, Pla1ltin~s, Harve"t", 
and Prke1;; Spani&h Agri<:ulture.t Costs, 1965--89 

~"'All 4~P pliP y.<F Hf·-· {>SF r<'P Ci Hf<"
' ' ' ' ' 

li)W )4).~ 21 f, !I H 11;1 8 ;~ j{,; :5-~J~ lAfJ.<i 
112 6 2J{l 7 115 {; JSll) 14 -II 1US 

1%7 247 -~ 1Wl " 11\ : '..!').~) 15.7\1 ::,;.~ '""' 
l~li}f! ::ll2 ,_; '.'2'J.~ ",,,3 j ~) '\ 22 ,,, lfl% : \9,1 
!01)1! ~'\0 t ?~0.() ; s " )(1\, 8 2~49 ({.~'1 \5~Q 

! J'i'C ;ct;~ 1 !WI? 1'.t.) '.~-'> 8 ;!JW ;1.e1 lJO I 
.~, J2~-~ -.w;i;, 140 I' 18 1l} I $0 tM, Jj' '-"' 
>ITT2 :195 i' :•,jj " 701) 'lJ4] 3, -)~ 2-l!. ".:; lf;'.>_7 
197J 441.& Y!1.9 -15.( )Jt.~ 4t>.ll7 JIJ.?J '.5i.D 
1\)71 18l'-5 IZ.J,() -Jtl.7 .j;,,19 '· 15J <J&" 
1u~s 	 Si)U,IJ 4:{4,S 75'<4 ;j4 -'\1 "''" 1;;~ 1195 )1).JO 

; Hi.£ •l.'>0 (! \() ti ~ l G ii Jl.41 cl4.27 l;\j $"m
h.m 5271 ·161.2 14~ l.05',l 51 4ll :14 5'.I lM.U 
jj)?!) 5!11 :1 481.6 :rot l iK.tl'} 1! 17 lW.U 
J'l'7\I 	 :>-'>S.1 to~-li 334 !'!7-~ ~1.i'~ #»if! ;:d.\l 

SM.& :1-,_r, u )10.~ l!\ ?Z .54 Yl L~S~ 
'" 

l$5.1 	 'd~1 S(l7 3 <\) ::!\ 66 ;<!) ,.5S.7 "" 
l\P:d 	 jf;7_7 ~243 :Jl.5 ;; 00./Ji 7:.tD!J .IW'l "'" 	 '"" (i 

:)f,8,6 3~'!:!.5 l<V•\'! !OJ.Ill 80."j 111'1 t'~' 191'\ ~711 ~Ji.4 ""1 -5 2,'lt.J .z:1.2s j,f>,J7 .61A 
19-~'i ~n.e -33·1.1' t.i '-'S7.\l 109.!. LJ\I (!(! i7L1 
! .ON'\ 377'1 'i~9.t r. j 2~>-·l ).;~_33 l()li lil\ : ·;I Ii 
1!¥7 082/i :;45 \I 250!,l :lli.YJ )(]~ !)0 1724 
d'1!3 ~977 ~&! 2 15 I J&'.! 7 lf\li'S !'1630 t77.b 
l 989 5!4 I 1$l !) Hi ·I ~l'.24.\J !Fi.\16 l(~_?Q 2J!.-~ 

" 
NOTES: -'<•ttt~· J~ld ..re '""""'m<<l in th nu""'°"' 4( he<to.;:f'- ,.i{I' '' 

''-~"l ahc~"d ac•eag• B;'"' "'h<'·""g "'"~"g~ ,v,~r ., uet In<>•_, >r, 

fJJ>"';:§• (pfantut\i_< ""'''" '"'"-~). Hf" i~ !>lm·y·J !.af\<·>'o, .n '"'"* 
~"'"'.!< of 11w1 r.<e t:>~o. "'' &n >»-•hell ""'-"' P1

1 " .o tl.e ~·e•1\!;" fa'"'~"-'' 
o»ico of a,,,.0fl<b :r. 5pain, !><"-""'"" p..: k1k>t'-''" \1n·d<di ),..,;.;, ctr 
ib •\--.,; ;'.;cnu~l tarm l'ric.:: l~.dox f<>:: ~pa;n, C'ij''' k :h<>W1'lld< <o( 
h,,;•twtt oi' ''"'' <Ji<.kr ·h~" J1 yrmo. 't'he <l3U\ "' :hi< tl-tk '""'c '"'''" 
'"""""'h1.-xi from c, •4:i<".y of "'pan!.;h oo-"o~, "~d ar~ "" iL~ At tho 
t. .c_'.!a.vi• DP?"f'""'"' cl A~;;,-,,J-,,,,,r u.,~,m>k» 
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C5.1: Harvests, Stocks, Domei;ti;;; Usage. Net Exports, and 
Prlr.cs of California Almond;;, and Net Export~ of Spanish 
Almonds, 1961-1)1 

VHAR di's;, ,\'.\~·s,1 ,\'Xfr'-1 p;'Af1,\I 
·---~ ------ ·---·-- -· 

1961 79,63'.J 9.152 70,979 3,773 46. 127 0.4\iS 
1002 57,6()() J4.080 .:tJ,142 12,71G £U,.1Sl (j.f)4!: 
1003 72.36() 6)),i~ 53,635 17.931 :-1;;.~:>Z 0.492 
1!161 00,4i!J 7 c'ilil 'rC.966 t6,!>1U 49,tt.1!3 (t-525 
10(0 87,4-liD 9.91'.!J 67,421 21.:;52 51,761 D.5 l-l 
HJ(~ 102.12(; 8.GSU '!8.611 20.012 52.42$ 0.5ti' 
Jr.67 9 L ()20 12.l&G R0.624 20.552 46.52!5 \) ?f,(; 

l96ti 89,40J 2.'.l3C 11,1&6 18 iM :04.357 0.197 
l%L' 14t.?{)() 2.-11}0 104,914 38,011 5iJ.7~ID \l.5t5 
1970 118 ,ii(l(j 5.&;J 79,104 62.f)$5 27.'11J7 () ')33 
1971 1IJIJ .t>IJ:J !:\.4SO !J\J,355 12.311 4 l .?G7 (:_ 538 
l!l72 150.00U '},574 7$,427 TC 9?8 G-i.:~99 (J _f,._";) 
197;) 11)0.">:JO 3.:2.J!) !lf!.194 i/4.93(\ 68.f:c-; i.2$;; 
IS7•1 22tl. '99 9JIB9 102,97! li:i.S90 35,60 (j_ 7.jf) 
197.5 191,\'99 5C,JZ7 126 300 97,tl!\S 44.61'.N tl 037 
197& 285,201 11',t}t;g 161,927 122,Zilll S7,311- 0 &18 
J977 31::1Jl65 19 76.;, 167,;t74 134,963 5S,Jl: 0 1)·15 
ifl7.3 l!!L027 3GJ}1 l G!i. l72 133.1'6-C· 58.75,1 1.450 
1<170 :376,027 l 2.3fll 2.;1,102 i:;G,773 :-'3,4(•7 1.530 
tS80 321.7Y7 2'.1.148 121,00:) JS0.795 32.328- l.47() 
;931 407.444 40JJS4 210.5S7 i,)8,705 50.:JOO o. 710 
19<:>2 .)46 73:J 78.2'.>\7 JSG,133 154,907 7.3.245 I) 04'.l 
1983 241,!\\J:J 831)27 116.&j'J 130,S.17 91,tibll I 04-U 
J9ft.I ·~86,1lJU 13.•)17 3CI .<'115 177.[!()4 5i;.S29 Q_ '!7.; 
!fli\S 162.263 12t>~OB ?:52.U83 293,170 4&,203 0.680 
1VBD 2&1,597 !2 Sl& 41.4!:>::1 2;;1;_rJ1 54.7.NI LG'?{) 
1987 l):j~l.576 20,22& :-;r,:;.~~52 209,49" J.7.(ifi.-j l il'.l(l 
rn&i 590,1111 115.~il 218.21-t :>27.83'J \\•.2lV: 1.05'.l 
1%'J 438,.)(J~ irr.J.t?t. 283,b9J Z91.;;0t1 L02il 
]\)\j() fi5d,:s<1 t>9,72J 252.4-1;). 355.110 2&.lil5 U'.!'.'0 
11\9 l -P3&.IJ2S ll>:!.395 279,1\';l 27::\.003 15.'.15;\ l.!9'.) 

---·- -·--­
NOTES U, '' haTvt>4 •A C~hl::.o>d« af~•~:.<\o, J<ePOTl•'<i int),., Ahn".'.'n<l J1..o;-.ccl <lf 

Ca!i!<>'"i" }\;;;,,.,-,. H~P'"t<"" a,-.,..;p<; 1~ y~ar I,"' d><>»,..ud> of p,.,,;><Js, :._,.,;(.t 
,,_~·iilht. H, "'ur,N-11"'"ltf<1 i""'"wie<. ~.-kulAtcd;,, ('~rry):. "" J'lly : ,-4 '~"'' J 
~" ''~"n"'"'""'"- Jl -"-'- ;, dcmc,;t~- illll;!• _,,.i,,,.1~i,-,J '"' J!'f" ""' /""'-"'' - .:!, , , ­
X.Y}"'· .'<'S! ~· 4 is '.'.S. "-el "'POn<, •n th<:1uo~nd• <lf µ<.ur<:1• iw<lld 1<mght,..., 
tt'f'""'"" h_, th• F~od anct Aw.cuh~'" Org4r.=<.li"" (,\'AO; ,\',\ ," "-' h Spanl!<h >wt 
c·Aµorc~, in <h""'"-~'b ofv~n~th k<-t,-1J w~;ghl M Ctj>ru!cd b_. f.\O, 1;:;-n;,;i:»<:1""i 
b;- >Uh•.r<U'L"'K th<' v"-''" of ohdk1 :wJ ifi>'-d! ~lmoncl h"P"''" fr~"' 11.e v"I"~~ "' 
in<I···~'. and ,;,,.:<,,.1 ~XpM't>_ clnd '"'"''""# Gr <he -.v''"'i\¥ ""'"" of ~lodl"'-1 •~P >'t&. 
;-;'·'\:,, "\-<:~ "'"""'!<" rmwo' "'"""'in C11.1.lm>Ll P"' J><HIL'~ '.!0!'1.--1 "-ei~htJ r>f 
~lmo;i<l \l""l"<t1r>n h,,m l.:)0A. f-r,11 ~'"I 't<"..-E N"''­



C5.2; Almo11.d U~agc and Prieee, and 'f')}lrert Price~, fu:r Germanr, France 
and Great Britain. and R"'1>'t·of·World Aln1ond Usage, 1910-91 

·--­
YEAH 11)h'L ,-;>p~·u ~pJ,D~'L' •pf[!Ll ,;l!f!fi ftfW

' 
•tit-' 

.. c~i "'' _"_______if'"' 
-~· ·----~·· 

!!1-U '<-:<.4&7 4 7:!1 J.w< 27,11(;} ll 090 ~.M !0.6&! I ltt' JS,500  
1971 :'-0,UJ • :J'J6 :ill~ ;u_:.A)$ 1n;;1r t1-€tl! t.\ifjj 2l,440 "·"'.'.' 
lV7~ 12.YJiJ 'Al! :>3".11,, J();,')J ~-~2fi : ~-(.4(; l."~1 11?\1  
!'97$ 1$,;(Y. .\)!,';!l ""2 '.'19 ~!>/!"7 117.11 7 171) \J,;r;1 l :1:>1 }.! 15  
1:111 i"1.7i)'J H& l ~19 U,&J{ 12.&!~ iJ,fl\< lA91 lJ,!Ot'= 1975 :.t:t.3"5 3.Z9t t'!)li ! '1~-1 7_\;µ ~· .2-1( 0 ~!(; 'S,114'. 

'.11!( ;; ,_., ,_l97h 61.:J:xl ··~ 2 "5-1 t1Jj! 6.650 !O.<iOl JI.It!  
l?:T z71! <.l!C ?1i,t0>J '38& 1 :% 18.l·lC r~i .>S,003 6'·""'1978 ~4.\H-t 3 00~ /_p;fr 172!'1 Nlli!~ r. 11& jR_9!Ji, t.1t; 39,-12!  
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C5.3< Almond Usai:c and Prices, and Filbert Ptlecs, fa~ Japan, the 
Netherlands and Canada, 1951-&l 
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CS.S: n..,111 J;"i;r~Capita Private Domesti;;; Consumption Expenditures, for 
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CS.6: Consumer Prieell in the lJnited Sta~el5, Germany Frfl.n1:e, tbe 
Nethvrlandi;, Grettt Drltab1, Italy, .Japan, and Canada, 1901-91 
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124 .41.<lnn, Cartl><ln, Chh•l>an, Dorfrn«rL .~Jurua, ant> Sexton 

C5.7: Real Exchange Rates for Germany, France, the Netherlands, 
Great Britain, Italy, Japan, and Canada, 1961-91 

DE('Yf,'AR rx1 rxrRA rx,~·r.n r.:rfBil rx{1'A r.rf !'.~· rxf-~:I' 

1961 2.539 5.458 4. 105 4.410 1.886.6 427..5 1.237 
1962 2.463 .J.228 4.009 4.263 1.808.6 40.'i.O 1.299 
1963 2.'130 5.051 3.913 4.2--18 1.728.3 380.8 l.313 
196·! 2.'105 J.969 3 787 -t.160 1.653.9 373.0 1.305 
I 965 2.381 ·!.937 3 616 4.061 1.622.2 356.7 1.304 
1966 2.-11·1 5.057 3.611 •1.1 L5 1,602.l 356.8 1.319 
1967 2.397 ·1.966 3.53-0 3.998 1,654.4 345.8 1.285 
1968 2.443 ·1.909 .1 .."i-10 3.1.10 1,691.7 339.8 1.276 
1869 2.484 5.125 :J.-l(l.5 3. 11 l 1,738.3 339 0 1.286 
1970 2.352 5.457 3.527 :1.:J96 1,711.9 332.8 1.272 
1971 2.200 5 319 3.2G-8 3.24G l.G31.4 313.6 1.229 
J972 1.983 4 756 2.9[}() 3.241 1.577.l 270.4 1.198 
1973 1.779 4.486 2.679 3.329 1.700.G 228.9 1.289 
197--1 1.842 4.867 2.688 3.136 1,742.!J 247.6 1.299 
1975 1.794 4.209 2.-187 2.600 1.701-2 244.5 1.322 
1976 1.812 4.407 2.451) 1.867 1.922.9 230.1 l.230 
1977 I. 715 4.409 2.280 1.657 1.718.5 204.7 1.304 
l!J78 J.,'i87 4.077 2.122 1.850 1.605.2 169.3 1.-l l I 
1979 1.543 3.854 2.095 1.999 1..~o:i_1 188.7 J .--174 
1980 1.578 3.668 2.117 2.019 1.558.9 196.8 1.452 
1981 1.990 4.486 2.684 1.696 1,814.2 196.8 1.428 
198-2 2 112 5.048 2.824 1.403 1.850.7 225.l 1.380 
1983 2.195 5.450 2.996 1.186 1.995.6 214.8 1..129 
1984 2.481 6.041 3.386 1.033 2.181.5 218 3 1.389 
l!J8J 2.571 6.012 3.:i07 0.967 1,772.5 219.8 ] _f,12 
1986 l.!J49 4.643 2.G54 1.087 1,391.5 158..5 1.-1·16 
1987 1.692 ~-100 2.324 l.22S 1.202.3 142.9 1.391 
1988 1.693 ~-099 2.333 l.315 1.324.li 130.3 1.286 
198() 1.848 4.4~7 2.596 ] _] 78 1.271.5 143.9 1.236 
1990 1.644 3.879 2.312 2..'>61 l,l!J7.7 178.3 l.23:i 
1991 1.707 4.040 2.384 2.577 l,2lii.8 167.5 1.197 

NOTES: rx; converts from constant-dollar pncc• to real unit' of currcnc~ j It ;, th~ 
""'rkP\ exebaug<• rate, unit> uf J per dDlldr, ti1n"" the U.S. CPI, divided by th~ co\lntry 
J f'Pl For (;r<'at Britain, it i< the inver<e of th" exehang~ rate. All data are from L\!F. 
lnternaho11a/ F111a11c1a/ Stati.<11cs 
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C5.B: Po11u.lati<>n <lf the l:nitcrl States, Germuny France, th• Neth~!'-
lands, Great Britain, li;aly, and .la.pan, 1901-01 

i',€.AR l-'<'P7' S.1 y;ppr:v pop Pile< popflf• popf;BR ?.)J!{T A p;,tpf P!.' 
1' ------·-------

1tl{)l 183.59 Jti.lfl 45.16 CC.64 52):!1 4'J,fll) 94 95 
l!ol62 l&6 ..>4 .){;_(!-! ~7.00 ; 1.80 53.27 5•t2" 95.S:} 
1%3 189.24 07 59 i7J\'2 ll \17 53)i4 ~ •. 1$ 90.6\ 
1964 191..89 58 27 48.31 12.12 &3.85 51.57 9:7.&1 
lih5~ !94 .:JiJ 59.01 4$ 76 12 20 ::i--t-.16 .5J.thl fltL88 
1966 :qc_50 159.50 --1-9.16 :·2 15 54..)0 42.J3 99 7[1 
196"/ 198.ll 59.87 49.S.,~ l2Jl0 .'H.80 52 57 lCO 83 
JYIJS 200 7: 00.:ll ~9.94 J•J.72 553}5 52.99 l{)J.00 
1969 20268 6C -l~ '•O.J2 12J:!7 ,;5_27 ;};l.32 103. t 7 
1;;170 2l.'5.05 t!0.71 5:;_77 :J.()3 55.63 ~.66 !J4.34 
1()7l 207.flti f:.29 5-l :!t 11.J\) 55.!ll 54.01 lll5 7D 
197"2 20U.90 QL(/l' Gl-70 13-33 -'.¢JIB 5-1 -11 1U7.l!f 
1973 211.9: 51.(J7 ')2.13 13.44 -$5.21 5-1 f>J \08.7i 
.'."J74 213.M 62 \).} ::>2.1[! !J 54 :56.22 5-5 lt) lJ(),16 
1975 213 g; 61.83 52.79 ;3_55 56.21 5510 111 ..37 
1976 <:!ti 04 ti LG: 52-9C 1;,t77 ~u :;1 :>5. ro 1t2.T! 
IJ77 220.24 61-41'.1 53"1" 13.SS -W JS 55.'J3 11J.8(i 
1978 222 59 Sl"J:J :0":1t 13,}4 5€.17 5t.l3 :~-t.90 

i\179 z25_1Q 61-41 i}J.ljJ 14.R1 65.23 SG 29 115.87 
lfJilt 227.74 61.56 5:l.88 14.:-t 56.31 56.42 :!£.fl! 
1$1 230.()4 61 67 ;;,_:s 14 2J 56 $5 36.50 11? 66 
l!IB2 232.35 61.54 1"4.41' 14 -31 ;41 3·1 ,)!J.64 l LS.-1S 
1£183 134.55 61.42 S-1-,7J 14 16 5C :JS ')6.~ 11g,31 
l IJH~ 23700 5Lt1 54.91) l4.42 56 4\l 5-r_r.c 120 fJS 
:Dk& Z39.?8 6{},97 55.17 l·l.41' 5f,.&2 37.13 i2il.S4 
l9SG Z{: Ji:! 61.01 55.36 14.56 f;fi.76 57-22 121.4\l 
1987 2-lJJJ-i 61.08 -55.63 14 {ill 56.!)J 57,:;;; !22.illl 
1988 24'5 31 (11.4:. i.J."l-.S7 !4 /\; .)7.01 ,o,7_44 122 61 
1'J!l9 21H.7li 62.0& 56.16 !.\.SJ 57.24 -7 ~., 

;:; ·~~ 12:1.12 
1900 ~49.92 f\3.23 ~5 7'.! 14.\1-l 57 4: 57.66 !23.54 
l\!91 252.69 64.!'l 57.'.)5 15Jl3 57.J7 :.1.0:; 123.92 ---- --------~--- ~~--

NOTf:S, llit:< ,,,.,.. hr tn<lhm"-°" fr"~' l\1F, /"t'J'"'"'t"'""" frr.«».,tal S"tc!1>t1~" 
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