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ABSTRAC: 

This thesis attempts to fill a lung outstanding gap in research 

r:onccrnlOg the decision-making process under risk of small subsistence 

tarmers in the semi-arid zones 'Jf Jordan. l t focuses on f arm incomE: 

variabi li ty. cul tiva tion practices and policy measures to mi tigate yield 

and price risks. Contributions include: assessment of yield and price 

risks and their effects on the variability of farm income; comparison of 

labour-intensive and capital-inLensive agricultural practices in terms of 

risk-income trade-offs, crop mix and resource allocation. The thesis 

proposes hypothetical actuarially-fair revenue insurance and yield/price 

insur..Ince and analyses their potential impact in mitigating risk, 

btabilizing f..Irrn incorne dnd improving resource allocation. It al 50 

.ltternpts to deterrnine the role that trdditional weedy fallow plays as a 

risk Ill.! Ildgelllen t strategy in subsistence labour-intensive dry land 

Llrmlng. Risk ..lnalysis is carried out using a linear risk programming 

technique known dS Ninimization of Totdl Absolute Deviation (tv10TAD). 
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AVA,'lT-PROPOS 

Cette thèse tente de combler une lacune d,ms l.:s dctivite~ de 

recherche concernant le processus de pri&e de decisioll des pelits 

agriculteurs de subsistance des zones semi-drides de 1.1 Jonl,lIlie. E Ill' 

est centrée sur la fluctuation des revenus dgricoles. ItJ'l pt,Jt iqUI'S 

culturales et les mesures politiques ViS .. lOt ,1 reduire les l"Îsques dU 

niveau des récoltes et des prix. Elle comprend notanUlUllt:nt l'év,duillioll 

des aléas dans la récolte et les prix, ainsi que leurs effets sur les 

fluctuations des revenus agricoles; un examen comp,He dt!'l prdtiques 

culturales a fort coeff icient de md in-d'oeuvre et ri t: s priltiqul'S 

capitalistiques en termes de la varidble risque, des cultun:s 1I1l:<tes et 

de l'allocation des ressources. La thèse analyse egdlemellt d,..'s rl!girne~ 

cl' assurance actuarie llement sat isfaisants pour le~ rt:vf~nus dg! i ('0 1 1:0.;, 

ainsi que les prix des récoltes, afin de determiller dd(l~ (1'11'11.: 1l1l::,lIrt' 

ils pourraiC::1t réduire le risque en stabilisant Il: n·VI:!I11 dgri, ol,' ':L "II 

améliorant l'allocation des ressources. 

à déterminer le rôle de la pratique de ld Jac:lif:rr: ('OllUII(: slrdtl,~~i, d'J 

ges t ion des risques dans la cul ture trad i t ionnl: Ile dl:'. tl_ r rCh d r id, ' .. 

L'analyse ,le l'élément risque dt:s [-evcnu~ il. éte Llil.: p.lf Id l'" hlll'lll' '1" 

progranunation linéaire de Id ":1illlmisatioll dl; l'b':drt Id, .... olu 'l'Jl"l" 

(Total Absolute Deviation - ~10TAD). 
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CHA?TER 1: r:';TRODl:CTION 

1.111 ike other types of business, the business of farming, lS carried 

olll III t.h~ L.u.:e ot r:ontinuous uncertainty of natural elements -- drought, 

tr'Jst, wlnd, flood, lnsects and other pests, and various crop diseases. 

rht~':>~ ,ldverse I1dtural elements, most of which are uncontrollable, affect 

,:rop ,}rOductlon and dr<: greatly responsible for instability of farm lncome 

tram yedr ta year. lt has repeatedly been shown that farmers aIL over the 

wor ld experienced uncertainties emanating from natural perils and 

ca l..imltles, such as serious drought and recurrent pest lnvasions. The 

consequences of such disas ters ..ire much more severe for Less Developed 

Cnuntnes (LDCs) than for developed ones. A serious crop fallure means 

105S of incarne and fdrm investment for the farmers, the irrunediate 

consequences being inability to pay taxes and rents, as well as to repay 

credlt installments. Their impoverishment also leads to the loss of 

pllrchdsing power .lnd ,ln increase in their debt/equlty ratlO. 

Cncertdlnties of crop productlon in LDCs can be 1essened by 

lntroduclng, on the one hand, such measures as irrigation, bet ter 

drdindge, extensive land reclamation and effective measures against 

desertifl<:atlOn, and by administrative reforms, social and institutlonal 

unDrovemellts, Llnd efflcient credit delivery systems on the other. 

IllVè!>tment ln the ..igrlcultural :::ector orten involves the .ldoptlon of 

,1dvLlnceu agrlcultural techniques and practices. One reason small farmers 

111 most developing countries continue to use traditional and often 

below-optima1 techniques is that more ddvanced techniques' have not been 



developed for "mLlLl f.lrmers .lS the prlm,lry Itsers. III .lItdlttl111 •. llIti 

perhaps more plduSlbLy, fdrmers who pl'oduCè t'Ill' !>UbSIStt:'I\('(! tt'Ild lI' t", 

more rlsk-averse th<.l11 f<.lrmers COIIU1It:!I'Ct.l1 dgr·t,'tdt'II.ll 

production (Blnswdnger, LqSO), .lnÙ thu~ l1tlwtlllll~ to .Idnpt .Inytlllll~ 1It'\". 

This is especiaLly true in countries Llke Jnl'd.11I whert! .l~l·II'ldtllr.d 

production lS carrled out under very hdl'sh clim,ltlc C\)lldltlllll,>. 

~lore than 92 percent of agncultural production ln lord.lll 1 .... 

carried out under the harsh conditions of its dr'ld .lIId SèI1l1-.lrtd d ll11dte. 

Over 80 percent of cereal crops are grown under r.llnted I:onditlOns. 

Rainfall is extremely variable from yedr ta year .JIld witilln e,\t:tt yt~.:ll'. 

Year-to-year variations in wheat dnd barLey yield ,wd productllJlI were 

substantial during the period 1959 ta 1984. 

Farmers in the drid dnd semi-and dreas nf Jordan dre .1I1101lg 1I1t~ 

poorest in the country, reLyll1g on cereal production dnd to .\ l'(~rt.llli 

extent on the ralsing ot small rumlndnls tor thelr ':>urvl",ll. 

past, today they face d number of probLèl1ls III I?;rC)WIIl~ .Incl m.lrketllllS tllt~lr' 

crops. 

and machir.ery services to increase rirJstlcdlly ln rect:!lIt yt~drs. 

Crop yields in Jordan are amoll~ the Lowest III tht:! ~Jt-!dr Edtot dlle! 

'lorth African regioll (Welllbawn, L9'lO Ifld FAO, 1 Il 

Appendix) . Bath lordan's [JOpuldtlon ~n·"th (.·t .1liUllt 

substantlaL growth rate ln cereal consumptullI, fI'lt only l,y 1'J"-II1 ' 'HW: 

groups for whorn cereals are the stolple tood, but ,tiso tor mlllrJl·:- .. !Id 

upper-lncome groups. The latter group has increato~d ,::xpo:n,]itllro:,> 'Jf! t'J'Je! 



l~(::n<,. ;/ ',nldl '~rf:',Jls are the intermedlJte 50ods, notably red meats, 

f!Oullry omri rj,.ury products. Consequently, ëhe cereal deflclt has more 

tharl doubled, <lnd the gap between wheat production dnd consumptlon has 

t~he:.tt .. Ifld bdrLey ylelds (the most corrunonly grown cereals in the 

drlll .Jre,lS ot Jorddn) dre extremely unstable. In good years, ylelds can 

be tlJree to f lve l1mes the yields of bad years, ranging from 26 kgs per 

dunwn to l:?b kgs per dunurn. In dryland farmlng it is not uncommon to have 

,1 crop tdilure three years in a row resulting in instability in farm 

Incarne ,lOd recurrent tood def ieits dt the farm level. 

Prior to 1973, preva il ing eereal pnees were basieally determined 

\ly 1 lltprn.1tiOllal priees, with most of the eer,.::ll trade in Jordan, both 

loeal ,lfld lmpor:ted in the hands of Jordanlan merehants. After the 

cre..lttOl1 ut the Ministry of Supply (MûS) in lQï3, the Government began a 

pol icy ot interventlon (through :10S) by eontrolling the priee of eerea1s, 

tlour, .wd other food items. While the border priee of wheat in 1973-1974 

WolS dbove US$ 300 p~r ton, the Government f ixed the domestic wheat priee 

~t ~bouL US$ LOO/ton. Although the Government paid wheat producers 

~lighlly high~r priees in 1973-1975 (I1S$ 120-150), they were still far 

heL)w Interndtion .. ll prlees. In faet, international wheat prices in the 

.,,,mt: pt~l lLJd re .. lched J record high (aver CS$ 300/ ton FOE). A s igmf icant 

l[H'rè<l~t~ ln lt)rdcllll,\l1 producers' prlees was lI11tiated only atter 1979/L980. 

[n ~pitè ot the support price instituted by the Jordanian 

Government tc: encourJge cereal production, time-series data on priees 

received by Llrmers for the last eleven years for wheat and barley show 



that price uncertclinty ha:. not beell =ntir,:l y ,·linllll.lled. 

reasonl:> ddvanced for this uncertcllllty cire mLltketin~ bottlèl\t~ck:.. ['lllH' 

storage facilities and the poor timing ot Llnnoullcèmellt ot :-.upport priees 

(Gotsch, 1980). This suggests that until recently l.umen, 1I1 l',unit'd 

areas in Jordan have had to cope with production ,1l1d priee risks 

s imul taneous ly • 

The Government of Jordan has, over the past twenty yedrs, lllitl,\Led 

a nurnber of projects and programs in the rainfed dre..1S to lncreclSC yields 

and production of cereals. These programs alm ta introduce cdpitéll-

intensive agriculturaL practices comprising appropridte tilldge, combine 

harves .. ing, fertilizers, herbicides, and clean to repLlce 

traditional weedy fallow. In spite of their potentlal to incredse ("~real 

yields and thus improve farm incarne, there i5 dbundant èvidence that small 

farmers' adoption of these practices has been very 1imited, prHticu1drly 

clean fallow, application of fertllizers and chemicdl weeri "olltrol (El 

Hurani, 1975; Gotsch, 1980; IFAD, 1983; IFAD, 1()S6). 

For the Last twenty years, dryland re!:>t:'drr.h ,1Ild tdrl1l rl~JI1üllsLrdtlOlls 

in Jordan have concentrated on the package dpproach, which requireb lh,It d 

number of new practices be ddopted s imul tane01lS 1y. This rlpplo,jdl is 

predicated on the belief that the positive interJetlons .lfnong Sepdr.lt(~ 

components of the package are 50 great thdt, even though the lnll{)'/dtlf)lI~ 

are not very productlve when ddopted SIngly, they 

output increases when adopted as a package (~azur, L979). 

A number of explanations have been ot fered ,lb to why t.lrlll!~r·J III 

dry land areas have not adopted these practices. Gotsch (L')~O) 'lttrrbllt(:d 
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LL to Illlfavorable input/output priees, .... bile El Hurani (1980) pointed to 

the gdp betw.~e!l results of experimental deInonstrations of the Leennologies 

,Hld Lumen,' peueptlon of achievable gains from their use. This gap was 

dttributed to d rlumber of tactors, including ins titutional rigidity, lack 

ot bclsic int cas truc ture, pOOt" '::::.c t ens ion services, land 

tragmentdtion, hlgh illiteracy rates dnd the unavallability of credit 

(~lazur, 1979 and IFAD, 1983). 

Among the causes for failure to adopt the capital-intens ive 

prac t ices listed above, two fundamental ones seem to have been 

ove r looked. The f irst is the Inherent conflict in any new production 

system between expected profitability and risk. The second is the fact 

thdt not ,111 small farmers are risk-neutral (Binswanger and Barah, 1980; 

Hazell, 1984; Dillon, 1985; Lipton and Longhurst, 1985; Tisdell, 1968). 

If small farmers are indeed risk-averse, the. ..:hances of adoption of 

new prdctices would be greater if: 

yie1ds are increased substancÏdlly 50 that yield variability 

becomes less than when using traditional methods; and 

yields are increased moderately, whi le the ir variability is 

reduced substantially below that 0f traditional methods. 

ObJective~ of the Study 

The objectlves of this study are to examine the decision-making 

process M smalt subslstence farmers under price and yie1d uncertainty; to 

,ll:>sess the roLe of uncertainty in determining the adoption or improved 

prac t ices; and, to examine the potential impact of 

c1grlcultural insurance dS a POllCY instrument in mitigating risk and 

stabilizlng farm lncorne. 
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The specifie obJèctives l)f this »tudy :nl'luClt': 

..1) Examining dnd evaluatlIlg trc\de-offs between exp~~ctt'd net il:l'l1I1lt' 

and income Vdrlability under ldbot'-intens ive 

agricul tura l prdc t ices. 

b) Assessing the sepùrdte and combined effects nt pri,'e _\lltl yil~ld 

variabillty on farm income under tradltlOllal Idbor-llltèll:itVe 

agricul tural prac tices. 

c) Examining and comparing tradl t iona 1 ldbor-lntensive ,11\(1 tilt· 

capital-intensive agricul tural practices in situations wi th dnd 

wi thout insurance. 

d) Designing a number of hypothetlcal agricul tural 

optIons and analyzing their potential effect on 

allocation dnd farm incorne. This will be carried nut tor tht' 

two situations mentioned in (c) above. 

The analysis employs a linear risk-programmtng ter'l1l1ique Cd L Led 

Minirnization of Total Absolute Deviat ion (MOTAD). This technique l5 

similar to and requires the same data d~ qUùdrdtic progr,jlTunll1~. The 

difference between the t'lia techniques is thdt "10TAD is fairly robubt, ~dSy 

to use and involves less carnput;J~;.anal op~rations. 

Observed behaviour of small farmer-,> shows that t.lrmers grow f'(~r(~,11 

crops in two- and three-year rotatillnb lnvol'J'lllg tradltiulldJ I,dl()w, 

consume a considerable portion ot thetr productioll, r,dy hedvtly 'lll !dlllllJ 

Labor and have Little liquidity. Ihas, to d<::hlt!ve ()bJe(~tl'l': r"I, .t 

linear-risk prograrrumng 

forrnulated and analyzed. 

nodel refLecting the f<1rmers 1 behaviour ''''d~ 
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Tf) .Ichie'le chjt:':tl':e (b), cert..1in assumptlOns concerning yields dnd 

pric"!s · .... ere made and lncame vdriab Il i ty Iv,.S braken down in ta i ts main 

r:()llIpOlleTlt~, that ts, price and ylelù variabl1ity and the variability 

(dll!>l~d by their tnteraction. 

fo dchieve objectIve (C), a linear-risk progranuning 

retlecting the capital-intensive model was Eormulated and then solved. 

The resui ts were then compared to those obtained in objective (a). 

Ta achieve objective (d), a nwnber of steps were followed. 

Previous work on agricul tural insurance was used as the background for 

formula t ing the various insurance op tians. Specifie attention was given 

ta the design of alternatives which could be implemented ta mitigate the 

risk Inherent in cereal production in Jordan. 

The analysis involves actuarldlly fair insurance schemes, 

specif icaily, pnce/yield insurance and revenue insurance. Other 

.lctudrially unfair insurance options were dlso considered. The impact of 

clgncul turai insurdnce on farm income, and on resource allocation in the 

cOlltext ot il typlcal small holding in the study area were highlighted 

using the linedr-risk programming technique. Agricultural insurance 

options were investigated for bath labor-intensive and capital-intensive 

prJ.ctlces. 

fhe .malysls was carn.ed out for two crops -- wheat and barley --

gt'own on J. typica1 small holding in Irbid Governorate. Out of 5,000,000 

dUlllllllS (lO dunums = l hectare) of arable land in Jordan, 10-14 percent are 

under Irrigation (500,000-770,000 dunums). Agricultural production in 
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dnd lts side wddis, where SO p~rcent of the ltrl~L\tèd 1.,lIltl loS I.\i'.\lt.:d; .lI\d 

the western edge of the high pl.ltedu in the è.Uit 01 Il1rd.l1l. 

triangular shdped reglon, coverlng the GovernorLltes .)t [rh Id .\Ild \nun.\Il, 

extends from the Syrlan border ln the north to the .: lty llt 'l.\lI.dM 111 LIlt' 

south (see :Iap in Appendix). It hdS .1.dequdt~ preclplt..ltion tor crnpplll)l. 

activity and contains the bulk of the popuLltion. lH f 1 (' i..ll gllve rlllllenL 

estimates indicate that out of the 3,420,000 dryldnd dunwllb in Jord..lll (.1l1 

agro-climactic zones), about 2,000,000 dunums are in this region .lntl ..lbollt 

two-thirds are in the Governorate of Irbid. The dverLH;e snMll-scale 

landholding is about 76 dunwns. According to .1 recent ly pub l 15her! report 

on Jordanian agricul ture by the United :-Jdtions' Ecol1onllC .llld ~uc 1.1l 

Conunission of Western ASld (1985), over 80 percent ot the hlghl.JIld "m.dl 

farmers are in the lower-income strata. 

The Irbid Governorate was selected for four reason5: 

a) It lS the area ..... ith the gredtest pot.;:ntlal t or ~xpdnd 11l)S 

productlOn of wheat and bdrley, and hdS the highe:'L 1I1cid(~I\("~ 

of rural poverty ln Jordan (IFAD, 1988). 

b) Experimental re.;;ul ts of prevlolls res~(irch • .i!:> Wp' L 1 d!:> dJ ta, "p~ 

more aval1able for the Irbid Governor.lle. 

c) The is f.1lrly :11)1110~eneou::, 1I1 '.'~ 1 rn:, dlld 

precipltcltlon. 

d) As an agro-r.limactlc zone L': :,haff::::, m,illY dldr,\I't.~rJ~tl", (',otl, 

precipltation, ..lgricul tura l prJC lices, t-: Le. ) 'N l ttl 

countries in the region, namely, Syria. Alg~ria, Ir.lfj, :'1o[rj( (:0 

and Tunis ia. 
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This ~tlldy mainly r:oncerns farrn income stabilization. lts flndings 

' ... ill r:ontribute ta d better understdnd:l.ng or smdll cdrmers' attitudes, 

practice& olnd needs. l twill also shed sorne l ight on the adequacy of 

dgrlCllltllroll in&urr\nce dS d potential poliey instrument in stabilizing 

f.lrm 111CUme. reduc ing rural poverty and improving food securi ty in the 

dryland dreas ot the ::ear East and ~orth Afnca. This study may dbo 

stimuldte further research in Jordan and ln other countries of the reglon. 

Organization of the Study 

The study is organized into eight chapters: 

Chapter l provides introductory material including the ~urpose 

ot and justification for the study. 

Chapter " provides a detailed account of the agricultural 

economy of Jordan with particular emphasis on cereal production -- its 

constraints dnd potential. This chapter also sununarizes the findings of 

dvaiLdble research pertaining to crop losses and farmers' perception of 

risk -- its sources and mltigating strategles. Experimental research on 

t..lrmers' olttitudes toward adoption of technologlcal packages is dlso 

discussed. 

Chapter 3 reviews the relevant literature pertaining to 

dec IS lon-making under uncertdinty. 

Chapter !.. reviews relevant li terature on experiences Wl th crop 

tn~llr.lllce tn both developlng dnd developed countries. Elements of a 

theory ot crop Insurance, factors affectlng the demand fo: it and its 

welf..lre tmplications dre ,)150 explored. F'inally, the l'ole of crop 

insurance in mltlgdting dgricultural rlsk ln developing countrles i5 

discussed. 
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Chaptef 5 descrlbes the methL)do10gy pUfsued. pn"'sèl\c:, th.' '\\)[,\[1 

model dnd estdbllshes ltS d~sumptions ,wd ,ldv,ll1t<lges. ~O\lt'('èS ,)t d.ll.1 .\Il.! 

problems with the datd dnalysis Of collt:(·tiOIl <Ife descrtbed. 

carrylng the emplflcdl dnalysis dfe eldborated. 

Chapter b deals with the t:mpu'lcJl re~\lll::.; v<lri')Il::' !>(·t~(\.11 l"'" 

without crap insurdnce are analyzed. This lllcludes .1Il.dysb nt bd~ l" t.lnn 

plans bath under labor- and capltal-intensive Jgricultural pr.lctil·t!~ •. lllrl 

an assessment of the separate and camblned effects ot priee .1Ild yu'ld 

variability on farrn incarne. 

Chapter 7 pravides optlrnal tdcrn plans uSlng the hypothet Ledl 

agricultural insurance schernes, narnely, Yleld/pcice insurance ,HHI rt~Velllle 

insurance for labar- and capital-lntenslve practices. The lInpdct Ilt "fOp 

insurance on stabilizatian of farm lncarne is analyzed. 

Chapv:r 8 pravides a sununary. concluslon, policy lInplu.lllons 

and recammendatians far further research. 

• 
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r;HA.PTER II: rOL~TRY EflCi::CROC:-.JD 

A. IntroductlOn 

This chapter aims to provide background mate rial related to the 

~ubJeet of ClUb study. lt 15 divided into six. sections: the first 

SI1Jlunarlzes the sdllent features of the agncul tural sector in Jordan and 

hl,,;hlLghts the role it plays in the economy as a whole; the next two 

~ec.tLOns discuss the character1stics of rainfed cereal production; the 

tourth section explores the cultivation practlces which include both 

labor- and capital-intensive methods; the fifth section is devoted to a 

d iscuss ion of the resul ts of the research and the campaign made so far in 

relation ta the adoption of capital-intensive agricultural methods as 

compared ta labor-intensive techniques; and finally, in section six, the 

extent, nature dnd incidence of crop damage in Jordan is described. 

fhe populatlOn of Jordan's East Bank is estimated at 2.153 million 

people (1985), of whom about 854,000 live ln rural areas. Over 50 percent 

of the populdtion i.s less than 14 years of age, 46.6 percent between 15 

~lnd 64, dnd the rest above 6'). The male population lS 1.125 million and 

the female population L.028 mlllion. In 1979 the estimated labor force 

WdS Jb\)Ut 397,000 and, accord1ng to Zahlan (1985) the labor force grows by 

.tbOllt "ne percent per year. 

The total number of Jordanians working abroad 1S about ::40,000 

("'eccombe.1 QS1). Between 1975 ,md 1982, remittances to Jordan averaged 

J , -
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represellted 23.L percent.n '~DP, cieclllllng tlJ 13." pen't'nt III lq~h. 

As ,\ result of hlgh JorddlÜLlll èmlgr..ltlon tl) tht, GuLt l'lllllltt'lt'., \.'.l) 

percent of the Ldbor force tll l.'li-W) .lIld incrt'.Ised .;uvernlllt'Ill .,pt.·lhll1l~~ 

during the L975-1977 period, Jorddn experienced .In .1CUtt; Ldbllr ~l\llr L.1~l' 

and consequent surge in wage rates. These Llctors Led tn ,111 llil llL'. \lt 

foreign workers from Egypt, Sudan and Southeast AsLl. rhe tot.ll muulwr ot 

foreign workers in Jordan increased from 18,785 in 1978 to '!3,t,O:? III l'lIn, 

wlth about 30 percent working in irrigated dgricu1ture in the Jordan 

Valley. 

Ro1e of Agriculture in the Economv 

Agricu1tura1 GDP was JD 26 million in 1963 .lnd re.lI'hed IIJ qq 

million ln 1983 (in cürrent JO). However, thlS quadruplln~ ot tht-.! 

agricultura1 GDP corresponds to d relative decline in agrlcultllre'", ::.hdre 

of total GDP. From 1973 to 1975 agriculture's shdre ot GDP .,lood dl L2 

percent, in 1976-1980 it was 9 percent, dnd in 19H1-1'1'i2 it declilled 

further to 7 percent (see Table 2.1). A~ricultllral GDP recurdf.!d d [I:!dl 

dnnual growth rate between 1973 and 19'33 of .1bout II [Jercent. rhl~ 

increase is mainly due ta irrigated dgncul ture in the Jorddn Va Iley ' .. here 

citrus fruit and a wide range of veget.1b les .Jr-: ~rown. [)llrln~ ~hlS 

period, drip irrlgat ion and greenhouse::. wen~ ln t rorJucl~d lhrollgllfJlll lllt~ 

East Jordan Valley. 

farming has been not only Law (as r:omp,H<::,-j t l ) )tlter (OlJlltn.!.., 1/1 tlll" 

region), but extremely unstable. 

During both the 19605 and 19705, the role ot d~rtcultllr'~ in Jrlrrl,j(\ 

in generating emp10yment was below the dvera'Sf:! of rnlùdle-inr'ome ':r)llnlrl'!'>. 



. 
-..1 

(' 

., 
J 

L; 

Ttl'. J~rirlJltllr.1L "p.(:':ur ernployed 'lhout 33.::; perr:ent .)f :~e total active 

l..\bor toree 111 the '~ountry in 1961, but by 1979 ':ohlS figure had declined 

tu a [,()llt L 0 • 3 pe rr:en t . [n the ten-year penad 1960-1970 agnculture, was 

rp.:;ponslble tar [J.3 percent of Jorddn's real total GDP growth. During 

the perlod 1'170- L 9.'30, howeve r , lt recorded a remarkable decline, 

'I)ntrlbutlng nnly .lbout 1).2 percent annual growth in real terrns. 

Table 2.1: Jordan's Agricultural GDP 
~rnpared to Middle-Incarne Countries 

_ Jordan 
mdd le-Income 
Cauntrles 

1960-70 1970-81 1960-70 1970-81 

Agriculture as a % of Total GDP 16.0 8.5 24.0 14.0 
Average Allnual Grawth Rate .. 

- GDP 6.6 9.3 6.0 5.4 
- Agricul ture 5.0 0.2 3.5 3.0 

Percent of Agricultural Growth 
in GDP Growth Il 13.3 0.2 14.0 7.7 

"C.llculated from various World Bank World Development Reports. 
"Computed as: (Agricultural growth rate) x (% of GDP contributed by 
.lgrl<:ulture)/Growth of GDP. 

Non-dgr lcul tural growth ( increased per capi ta incarne dnd 

populat ion), however, stimu1ated the demand for agricultural produce. 

rh10; demand for food has been effectively transmitted ta the farmers 

Ua oll~h the lII.lrke t P Idce, partly through more responsive market ing 

c'lltet·pri,;es <Ind priee lt1Cre.:lSes. F~Hmet's have t'esponded to the lllct'eased 

demand ~lth greater output (Tdble 2.2). 

Agnculture .:lnd the Balance of Trade 

[a spite of the dramatic increase in exports over the last 20 

years. imports have also increased by the same proportion. For example, 
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,.;hi ll~ .t~rl':ul tur,li o:::-..ports ,5rew at dbout :2.<J pt::r-::ent o':t2r ~he perlod 

L97r)-lf~>lO, dgricultural lmports stayed dbout the same. The export market 

ron::.tltute::. most1y frult and vegetables. Vegelable production from the 

Jordall 1J,111ey 'latisfies total local demand. 1 

Food imparts have been on the ri se over the last ten years. 

pdrt lcu1arly (·eredLs. Jordan lS d ne t importer of cereals, dairy 

products, tubers, medt and flsh, dnd fats and oils. Over the period 

1973-1982, dgricuLture's share of total imports reached 19 percent. (The 

dverage of total imports over the period 1973-1982 was JO 514 million of 

which .ln average of JD 98 milhon was for all agricultural imports.) 

Imports of ceredLs during the same period averaged about JD 12 million or 

l:!. peL"Cent of total imports. The value of these imports s tood at JO 3.8 

million ln L973-1975, and reached JO 22 million in 1981-1982 (see 

To.lb1e 2.3 and Figure 2.1). 

Tdble 2.3: Value of Agricultural and Non-agricultural Imports 
to Jordan, including Cereals - 1973-1983 

Year All Imports 

1 q7J L08.2 
1'171. 156.5 
1l)7'i 234.0 
Il) 711 Bq.5 
1'177 ',)4. ') 
l '17H ~,':;8. ::> 

197L) 58'-1.7 
!Ll80 i'lS.L) 
1981 L047.5 
1982 1042.5 

(JO million, current prices) 

Agricul tural 
Imports 

33.5 
4:2..6 
j:2..9 
8B.') 
80.8 
ù8.9 

114. l 
131.7 
167.9 
180.0 

Agriculture dS % 
of AIL Imports Cerea1s 

31 4.7 
'27 3.4 
:2.1 3.'2 
:2.7 10.0 
17 10.5 
')') 10.7 
19 16.2 
18 16.2 
16 19.4 
17 24.0 

Source: Annua1 SLltlstics Reports (various issues). 
Stdtlstics, Amman, Jordan. 

Cerea1s as % 
of Ail Imports 
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Publ ic fnvestments in Agriculture 

Sincp. Jordan 1 s agricultural potential is limited. and the country is 

unab le ta achieve food self-sufficiency, the government 1 s inves tment 

strategy is to reduce the agricul tural trade gap by increasing high-value 

t rui t and vegetable exports. During the past decade, this agricul tural 

sector has benefitted from sizeable public investment (see Table 2..4). 

Table 2.4: Public Investment by Sector 
(JO million) 

Sector 1973-1975 1976-1980 

amount % amount % 

Irrigation and Agriculture 33 14 78 6 
Industry and Energy 45 19 416 32 
Tourism 6 1 24 2 
Transport 57 24 352 27 
Communications 7 3 23 2 
Housing 50 21 258 20 
Services 41 17 160 12 
TO'l'AL 239 100 1,311 100 

1981-1985 

amount % 

756 23 
922 28 

66 2 
546 17 
109 3 
308 9 
597 18 

3,304 100 

Source: Ministry of Planning, National Development Plans (various years) 

Jordan' s major short-term production potential 1 ies in areas where 

water is or can be madE! available. In the past, the government's invest-

ment strategy has therefore concentrated on establishing and expanding an 

advanced, i rrigated farming sector. During the l g76-80 planning period, 

76 percent of the planned public investment in agriculture was directed ta 

the irrigated sector. while only 16 percent was budgeted for the rainfed 

.lreas; the remaining 8 percent went to agricultural support services. 

\~hile priori ty for the irrigation sector was justified as long as an 

unexploited potential existed, the uecreasing rate of return of costly 
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irrigation schernes shows thdt the ,-'ost per dunum nt 1 tTi!~,\lt'd 1,11111 

developrnent is lncreasing. 

Agricultural Incarne 

Past developrnent strategies and investrnent progr.\lns h,IVt' h.\\l .t 

direct bearing on incorne level and on the equity ot ineollle di.,lributiot1. 

In Jordan there are indications \.UNESC\~A, 1985) of consuierLlble inequlllt~S 

and wide disparities between urban and rural inromes. Accord in~ LlJ 

prelirninary results of the 1983 Agricultural Census, the cwerage urb.\Il 

incarne was estirnated at JD 572, which was 60 percent hi!f,her th,Hl the 

average rural incarne, The top LO percent of the urban populat ion, ,l~ 

compared ta the top 27 percent of the rural population, approprtated rnore 

than 35 percent of the total incarne ot the respective Ilrb,Ul LIIHi rur,lI 

sub-sectors. In 1978, 50 percent of the urban population ,md 7'2 percenl 

of the rural population had per capi ta incarnes of less than ID hOO. 

Significant disparities were evident between those engaged in drill 

dependent on agricul ture and those who were IlOt, 

B. Physical Characteristics of the Ralnfed Sector lrl .]orddll 

Rainfall 

Time-series data on ra1nfall for the Last tour riecddes, .IVoll LJble 

show that rainfall in Jordan is highly variable, less .,0 III th.~ ·"f~..,t(!rrt 

and nortf1ern parts of the country thJ.ll trI tllf~ S()llth(~rn .-1rul '~J~t·:rn pdrl::.. 

Rainfall variability in the occupied v/est Bank dop.~ flot ,::.'.cp.t:d Id) I,·:rr:p.nt; 

in sorne areas of the Wes t Bank i t 1S 1es~ than 25 perc<::nt. V.J.r ldb 11 i ty 0t 

rainfall throughout the East Bank, bowever, Ls no les::, than 4() percent, 
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-;"he E.lst E,ll1k or Jordan r:ar be dasslflt:d into :l:ree homog;eneous 

the first conslsts of the Gùvernurates of Balga dnd 

IrbuJ, the .,econd of Amman and Karak dnd the third of [l<la'dll. The analysis 

ot '/BrIanCe for these three reg Lons demonstrates that there is a 

signlf icant statistical difEerence between thelr average rainfall 

precipitation, thus confirming the climactic zoning. The average rainfall 

(l960-198/~) in the five governorates, together with the coefficient of 

vanation, is shown in Table 2.5. 

Tdble 2.5: Average Rainfall, Standard Deviation and 
Coefficient of Variation (1960-1984) 

Average 
Ralnfall Standard Coefficient of 

Governorate (nun/year) Devlation Variation 

Bdlqa 569 181 32 
Irbid 450 128 28 
Anunan 373 139 37 
Karak 339 147 43 
Md'an 65 41 63 

Source: Raw data from Neteorological Department in Amman. 
Calculation made by author on basis of data collected from 
( 1960-1984). 

The overall average precipitation countrywlde during the period 

L%O-l984 is stationary. Rainfall variation in certain governorates, such 

,l!> Kdr.1k ,l!1d ~ld' Jn, makes L.llnfed cul ture extremely rlsky. The coeffl-

('lènts ,)t v,Hiatlon dre 43 percent clnd 63 percent, respectively. \'1heat 

,ll1d b"rlèY yle1ds dnd totdl rainfall ln the months ~ovember to April are 

~ho~n 111 Figures :.2 dnd 2.3. 
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The blllk of Jorrldn' 5 agrlcul tur31 land rt~~Ll\lr-I~~~S ,Ire .11'1<1. t Il.\ t i". 

recelve less thdn 200 nun annual precipit.1t1011. ilnly S.b perl ent ,d tht~ 

total land, about 8 million dunurns, rece1ves more tlhln ~()() IlUlI \)t .1111111,11 

rainrall and only half of that land i5 5uit.lbte for c\lltiv.ltWll. llnly 

350,000 dunurns of Jordan'~ dgricultural tdlld is irng.:!led or' p.II,ti.dly 

irrigated, the balance relies on rainfdll. Tab le ::'.b shows the brocH.l 

agro-climatic zones in Jordan. 

Table 2.b: Agro-climactic Zones of Jordan 

Precipi tation Ared 
Region Average (mm/year) (du 0(0) Percent 

Arid desert 200 8 456 'n .h 
Marginal 200-300 530 ;. 7 
Semi-arid 300-500 170 L.H 
Semi-humid 500 99 1. 1) 

Source: IFAD. Cooperative Development of Rdinfed Agncllltur~ Appr.JiE.~~J. 

Report, 1981. 

Incidence of Frost in Jordan 

Data on lncldence of frost in the Tlorthern part ot the Jordal1 

Valley were compiled and analyzed. For the period 1%O-l9H/~ th~r~ · .... I:!n~. 

on average four days per year where the grass tl~mperJture dt 'J lIun .tbo"" 

ground was O"C, with vanations ranging trom 'f-!!':() to lf:n ddY'> ('of" 

Table 2.7). 

f ras t. Analysls of the records J'Ialldble dnd thf: d.!ld "rd J,:r'tt:d t r'JIn 

farmer interviews show that frost 15 an importdllt rkltlj[ • .ll r',jLJllIllY . JI III d 

source of serious crop damage in the Jordan Vallp.y, :lfH't lI:ul.lr 1 y hr 

vegetable crops and bananas (IFAD, 1986). 
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Table 2.7: 'hunber of DLIVS \>l1er~! :.he ,'Llt>:-- :-,'I11Pl'r.ILtll','" It .., Illl1l 

dbove C'round ln J:;-;:;~~-~,I~\)-~ ~-ï~~_-':~~~,{,-·-

ta moderate, however, the variation of hail incidence lS very 111gh, tt'Olll 

66 percent ln !ladaba/Amman ta 168 percent in K.lrak (see T.lble 2.H). The 

probability of occurrence according ta intensity is shawn ln rdbll~ '1 nt 

the Appendlx. Intervlews with farmers and d reVlew of the Ministry ot 

Agriculture files show that hall has c.lused no t~rop lo~ses (see P,UL (,). 

Table 2.8: Freguency of Hail ln the Governor,ltes at Jorri.lO 

Govemorate 

Amman 
Karak 
Irbid 
\ladaba 

Hail 
Intensity" 

Yloderate 
Light 
:loderate 
Llght 

Average Nl.lmber 
of Days/Year" 

:.47 
0.72 
.!.. r)~ 

L • 'JO 

S L.lI1dard 
D~vidt lon 

':'.'-17 
: .2.1 

Coet t 1 t: jpnt 
nt V.irl.ltlt)(l 

JOU 
J h,~ 

"1'1 

1)1) 

-------_._------------------ --- ------- -----

"According to USFCI, intenSlty is f311ked d~: l,:,>,> th,lII t'",o rJ.!y,> 
light; 2-3 days = moderate; and 3-9 (lays = hedvy. 

bl923-1985 for Kardk and Madabd. I:-bld duta clf'! tUf l}f)l-l.'j>-rï tJ!lly. 

Source: Raw data from '1eteorological Depdrtment. r;dlt',llatlo!ls by dlltr,or. 
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L. .. lIIdho lrll!l<!;S 

Tlj{~ average L.llldholdlng in the ralofed dredS 1'; about 76 dunlUllS. 

Eighty percenl ot the landho1dings are less than 100 dunums, however, 20 

perr::ent of the holdlngs OCCupY 80 percent of the total Idnd. Rentals 

r:onstitute 16 perct:!nt in terms of number of holdings and L'.. percent or' 

total agricultural ~,.Jnd (st:!e Table 2.9). The landholdings riistribution 

pattern ln the Jordan Vdl:ey is completely different, due to the re'cent 

land reform laws that have been applied since 1975. The majori ty of 

tarmers (dbaut 87 percent) own landholdings llOt exceeding 40 dunums. 

Tdb1e 2.9: Land Tenure of Agricultural Ldndhaldings in Jordan (1985) 

Size of ;'IIumber of Holdings % of Holdings in Dunwns % of 
Holding Total Holdings Total Area Area Area 
(dullwns) NlUllber Owned Rented Rented Area Owned Rented Rented 

Less thdll 5 8,522. 7,922- 530 6.2 16,039 14,534 l,SOS 9.4 
'i-LO 3,825 3,136 689 L~LO 2'),679 21,064 4, b 15 18.0 

10-::0 6,926 5,253 1,673 24.2 92,233 iD, 25 7 21,9i6 23.8 
:20-30 5,337 4,068 1,269 23.8 121,891 93,336 28,555 23.4 
30-140 4,6ho 3,561 1,105 23.7 150,825 110,097 34,728 23.0 
40-50 2,968 ::,468 500 16.8 125,914 105,053 20,861 16.0 
'iO-LOO 8,634 7,355 1,279 14.8 570,793 489,440 81,353 14.8 

100-:200 S"~ 79 4,799 680 12.4 701,829 617,119 S4,710 21. l 
200-500 3,35g 2.,891 468 13.9 999,770 873,164 126,606 1::. 7 
'iOO-\ ,000 7lQ 655 64 8.9 452,125 411,580 40,545 G.O 

1,000-2,000 253 238 15 5.9 299,726 281,156 18,570 6.3 
::',000-'1,1)00 S4 81 3 3.4 :20,488 :14,238 6, :.'.50 :.s 
') ,00\)-\ (), LlOO LO '1 1 lO.O 58,920 53,920 ~ ,000 -<. • l 

\ 0, DOl) plus <l L) 1j3,~UO 133,800 

fotd1 ~(), 7'H 4~, 'i 15 8.276 16.3 3,Q70,037 3,494,758 475 274 1:.0 

Source: Depdrtment of StdtistlcS, Amman 

·f 
~( 
.... 



Historie Land Use Pdtterns 

Land use pdtterns ln Jorddl1 l)Ver the lc1st ten ye,\[" ..,ll"\; tll.ll 1.'1,' 

million dunums were cultlvated wlth field l'rops, 3.b millilln d\lll\lI11~ \dtll 

vegetables and 3.b mll1iOll dUI1LLïlS with truit trees. Abolit \lh pt'I ,'t'Ill ,l! 

field crops, 3S percent of vegetables dlld 43 perCl'lIt nt rnut Lrt'~", ,lit' 

grown in the rainfed areas. National r..lll\tt:!d l,llIu use p,lttelll~ dlll'IIII.; 

1980-1984 are provided in Table 2.10. 

Table 2.10: Land Use Pattern of Rainfed Agricultural Holdings (()(JO du) 

Land Use 1980 1981 198:? 1 98 3 19H1j 

Field crops 1981 1650 L6'}:!. 11>62 L30b 
Vegetables 133 158 154 139 LOI> 
Fruit trees 316 327 334 395 3113 
TOTAL 2430 2135 21S') 2.196 1 7'1 r, 

Fallow 532 808 791 707 11 37 
Unused 369 518 SI) 1 277 UI 
Uncultivable 301 177 160 113 7 l 
TOTAL 3632 3638 3637 32') 3 l:!.'lh 

Source: Jordan. Department of StatlstlcS. 

C. Rainfed Cereal Economics in Jorddn 

Wheat ProductlOn in Jordan 

The dverage drea 0960-1984) c111tlvated Wlttl Hh!~dl '~.jl tl ï"dT i" 

estimated at L.64 million dunums (~ee Tdbl·~ :':.lli, '''Ilh .. 1II.!:-::11\I11I11 (Jt 
, . 
~ .. 

milhon dunums dnd a m1.nimum of SOO,()I)I) dunwn., (degr,=.~ ot I.lrldl'! Il t.y (JI 

dbout 30 percent). Over the past two decddes, the ,1ver.}IS'~ dU~,1 l'Idtl'/dL·:rJ 

shows a negatlve and signiflcant trend (~()untry;ndE: ,1IJd by prr)'Jln' ':, '-xr '~rJt 
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perhaps for Ma' an (ACSAD, 1985). In fact, the trend shows that the area 

cultivated with wheat over the last 20 years has declined by about 5,000 

dunums per year. At the governorate level, wheat cultivation areas have 

declined more rapidly in Irbid and Amman than in the other governorates. 

Crop 

Wheat 
Barley 

Table 2.11: Wbeat and Barley: Variability of Production 
and Area Cultiyated in Jordan l1960 - 1984) 

------Production-----­
Average (tons) C.V. 

87,000 
15,000 

66% 
82% 

----Area Cultivated---­
Average (du) C.V. 

1,640,000 
298,840 

31% 
25% 

Source: raw data from Department of Statistics. Calculations by author. 

Average wheat production duirng the same period registered about 

87,000 tons, with a high coefficient of variability (about 66 percent). 

The maximum wheat production recorded was in 1965, a total of about 

225,000 tons, and the lowest level was 16,401 tons, in 1979. In spite of 

this negative trend, wheat production could be described as stagnant 

(fig. 2.2 and Table 4, Appendix). The average wheat yield over the same 

period was about 53 kg/du, with a coefficient of variation of 47 percent. 

Yield data show no sign of trend, either positive or negative, at the 

national or provincial level. 

Wheat production can be classified into three different regions. 

The first region includes Balqa and Irbid, where the highest average wheat 

yield for 1960-1984 was recorded: 73 kg/du in the Governorate of Balqa 

and 60 kg/du in Irbid Governorate. The second region consists of Amman, 

with average yields of 58 kg/du. The third region conaists of Karak and 
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~la'an with an dverage yield of Llbout :'7 k':;/t1ll. 

shows that "la'an and Kdrak hdve the hi~hest .. he,lt ylèld V,I!ldtltllh, \d\I,'1t 

are statistically signiflcant. 

Barley Production ln Jordan 

Barley is the second most import.l11t cerè.ll ~rllwn in Jotd.lll. PUt \(\~ 

the pedod 1960-1984 (see Tdble 2.11), the ,.lVera~e .Ire.! "\lltiv.lled W.\:-. 

about 300,000 dunums (the highest dverage of .lbout ~:!O,OO() dlllllUllS IV \:-. 

recorded in 1962 and the lowest average 220.080 dunw115 Ul lL)~l.). Dut ll1~ 

the past 20 years, the barley cultivated areas have been less volrldble 

than the whea t cul ti vated areas. Irbid and AllUuan have traditlOn .. llly heen 

the main barley produClng . .lrCdS, J.verag ing J.bout ~O(), 000 .md lbO, non 

dunums, respectively, over the last 20 years, followed by Karak wllh .tlJPllt 

110,000 dunums, and by Ma'an dnd Balqa with dbout 30,000 tn 40,000 dUllluns 

each. The 20-year average is dbout 15,000 tons IVlth î l11gh degree nt 

variation (coefficient of variation = 8270). The ma:<Ïmwl1 productllJll lVil1> 

reco rded in 1969, about 188,000 tons, and the LOlVe st III 1 'HL~, .t boul h, 70C) 

tons. However, there i5 a significant downwdrd trend, showil1~ th.n bd! l.~y 

cultivation in the country as a whole has been der::redblng by il ye,lr!y 

average of about 10,000 :iunuJns. ThIs nelptive trend h,!s ol!::'O ile<-:n 

recorded at the governorate level, [)drtlculdrLy in [rbHI, Anund 11 .. "d 

Karak. In Balqa, the negatlve trend b Ilot ,>t.ltlstl"iliy ,>l~IIJtil dlll. 

average for the years 19bO-L)g/. 'Nil!> olbout -(if) ~tL,/hol. 1)':'>rJlt'· tll': d,',l!lI' 

ln the area cultivated durlng that SJme perlod, thf':!': 'N,'j!> !lO > 1~1l111' dol 

trend in barley yield. The stagnant yl~LrJs have L<:<:n e.-:pt.:rl.:rtl:f:d III ,dl 
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~o governorate showed any trend in 

b.ulp.y imprOV~lIleIlt or r1eterloratlon over the last '20 yedrs. 

g,llq<.l and 'VIn 'dn have the highest average ylelds, about 75 kg/ha and 

'>7.5 kg/r.fl, re!:>pectively, followed by Irbid and Amman, ,."ith ylelds 

... lighLly ._lb(we average, and Karak, with the lo' .... est yie1ds. Analysis of 

'l.lr1ance supports th~ hypothesis that there are sig: if icant differences 

betw~en the ,.lVerage barley yields among the three regions. Within the 

second group, Irbld and Arrunan, the difference in barley yields was not 

signlficant. 

Factors Affectlng Cereal Production in Jordan 

The most important factor aftecting wheat production is ralnfall --

ln terms of dbsolute amount, timel iness and overall distribution during 

critlcal wheat growing periods. El Sherbini (1979) showed that when wheat 

yield was regressed on the average annudl rainfa11, the regression 

equ,.ltlOn explal!led only 22 percent of the variation ln the yleld. The 

standard error ot the estimated parameter was re1ative1y high lndicating 

the lmpreclslon ot ~he parameters estimated. 

fo further explore the yie1d/rainfall relationship, a regression 

rillalysis 15 llsed whereby the dependent variables are wheat and barley, 

respectlvely. The concorrunltant varIables or regressors are the monthly 

( thd t is. the month1y rainfall f rom :.Iovember 1:0 

Apr il L flme-",erlè!> .:iJ.ta for wheat Lmd barley y1elds .lnd for ':he 

Illollthly r.linfalls for L9b2-1981~ in the study clred ,He llsed. 

Regression equ,lt10ns which best e;.,.pLain whedt dnd barley y~eld 

Vdrl<1bllity were selected llsing ~lallows (lq73) CI> statlstics. > The 



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

::'3 

results show thdt the best fit is obtainerl I.hen Vlt)ld~ tar t'l'th \\tlt~,ll .IIHI 

barley are regressed on .111 six months' .1ver..lge l"dinLlll. 

Rainfall in Decemb~r, J.lnudry and February ~t~t!11l ta be the lIlohl 

lmportant in explaining wheat/yield variability. Tdblt! ::'.I~ 5lH)\\' .... th.ll 

the monthly fainEalls of ~ovember. ~Iarch ,1l1d April do Ilot ('ontribule lIIul'h 

ta explaining yield variabil ity. The same regress lon cUlalys 15 shows tlldl 

in the best regresSlOns, December, January and February dver3ge raint..dl 

are the most important in explaining barley/yield varlabllity ( St!C 

Table 2.13). 

Table 2.12: Regression Analy:sis for Wheat vs. 
~onthly: RainE aU Bes t ~egression Equ.ltions 

-----------

Nurnber of :1onthly Theoretical Ca1culated 
Regressors • Ralnfa11 CI> Cil R F D.W. 

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

4 Dec. , Jan. 
Feb. 4 3.71 O.':l5Q 7. IR l l."d7 

5 '1ov. , Dec. 
Jan. , Feb. 5 S.19 0.573 j. J':lH 1.61;7 

6 Dec. , Jan. 
Feb. , :"Iar. , Apr. 6 5.91 O. b07 4.626 1 .4/)() 

7 AU 7 (J. 6 î l 3. ()R l 1 • I, li, 

.. Including intercept. in .111 rel;re::'SlO!lS dld flO t .j!l Y 
s ignl E lcan t (hange. 

, .\11 s lX mon ths ave rage ralnf.1l1 (:-.Iovember - Aprtl J. 

The analysis shows that ralntalL l,dfl.ltlOlI., 'lllrlll'4 ',IJ'/"mbtc:r/ 

Oecernber .lnd \larch/Apt'il could b~st ~xpl.lln y1l:1d '! . .Irldll'Jrl!>. rh,: 

absol~te effect on wheat ylelds 'Jt the '1ovember/utc:':<:mbp.r r . .1lItfd1 1 'Nd!> , 

.. however, less than thdt oE the \1auh/April r,llnfdll. 
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Poor rainLill ,nCell!>lty 1:1 the edrly :lart <)f the dsricultural year 

1S ot tE::Il u!>~d .15 dIl llldi':ator ot whether or not ta sow. Eddy sawing i5 

~onsldered important ta increase dverage wheat yields. Results of a study 

by Duwayri (1979), in a number of experiments conducted aver the 1974-1979 

perlùd ,lt dlfterent locatlons in Jordan, show that early sowing was more 

ot tf~n d!>50Cla ted wi th higher wheat yields than late sowing. These resul ts 

dpply to dl1 seed varieties. 

NlUllber of 
Regressors' 

4 

b 

7 

Table 2.13: Regression Analysls for Barlev Yield vs. 
~ontnly Rainfa1l Best ~ebression Eguatlons 

Monthly 
Rdwfall 

Dec. , Jdll. , 
Apr. 

Dec. , Jdn. 
Feb. , ~ldr . 

~ov. , De':. , 
Feb. Apr. 

AIL " 

Theoretical 
CI' 

4 

5 

Jan. 
6 

7 

Ca1culated 
CI' 

4.41 

4.62 

5.53 

7 

0.595 

0.637 

0.66:? 

0.674 

F 

8.334 

ï .012 

5.878 

4.836 

D.W. 

1. 759 

1.820 

1.829 

1.801 

1 Includ lOg intercept. in aU reg ress ions did not show any 
significdnt change. 

'ALI six months average rainfall (November - Aprll). 

The factors dffecting bdrley productlun are generally the same dS 

AIl Important Llctor c1dversely ,..lffectlng barley 

productlon 1S the prlclng [Joilcy, '",hich tavors other cereals and 

legwnes. BdseJ on data collected ln the 1985/1986 survey (IFAD, 1986), 

most tdrmer-s telt that the pr-ice of bddey was not sufficient ta cover 
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aIl production factors. Fa~ers found it more remunerative to cultivate 

wheat in barley areas in spite of mediocre wheat yields. 

D. Agricultural Practices 

Labor-Intensiye Practicea 

Tillage. Jordanian srnall farmers normally in dryland farming carry 

out as few tillage operations as possible for cereal production. No 

tilling operation takes place prior to sowing, and after sowing only one 

shallow tillage is performed, mostly using disc ploughs after sowing to 

cover the seeds on the soil surface. Seedbed preparation is rare; Duwayri 

(1985) found that 99 percent of farmers in the study area do not till 

their land prior to seeding. 

A number of surveys have been carried out on tillage. Snobar (1984) 

and IFAD (1986) show that between 90 and 98 percent of farmers in the 

study area use mechanical power to till the land with either disc ploughs 

or mold-board ploughs. Wooden p10ughs and draught animals are used in 

stony and/or steep fields (El Hurani, 1975). 

Seeds. Basically farmers use two local varieties of durum whea t, 

Horani Nawawi and F8. High-yielding varieties are not used by farmers in 

dryland areas. Although seed cleaning and chemical treatment of the local 

variety is widespread, in fact, more than 65 percent of farmers clean 

their seeds at home. The widespread adoption of seed-cleaning practices 

is due to the belief that a cereal crop clean of weed seeds br ings a 

price as much as 20 percent higher than the price of wheat sold wi th 

impurities (El Hurani, 1975). 

------------------------------
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')':'.'1 LOg ';, ';,Hried out by the farmers themselves. Small fdrmers in 

Jordan .,Llll 'lse the traditlonal "!thod of broadcasting seed, covered wlth 

,>oil by ,,11.1110w tllling . In the study area, 98.5 percent of small farmers 

..,till pr.lctLce "eed brcadcasting (Snobar, 1984). 

Lhemical Fertilizers. It is estimated that less than :; percent of 

tlle tot.li wheat acreage in dryland areas is chemlcally ferti1ized (AOAD, 

lt)78). Out of 48,563 dunums (be1onging to 212 farmers surveyed) in the 

study area, fertilizers were used on less than 48 percent. The average 

expenditure per dunum is about 0.400 JD, 'r/hich represents less than 30 

percent of the recommended dose (IFAD, 1986). 

El Hurani (1975) showed that there 'Nas cl correlation between 

precip1tation and chemical fertilizer use. He also found that 20 percent 

of farmers use organic fertilizer, stemming from the beHef that organic 

fertilizer maintains sail fertility for a longer period (from 5 to 8 

years). 

Chemical ItJeed Control. In spi te of the general awareness among 

tarmers in the study area of the harmful effects of weeds, use of chemica1 

weed control is rarely used by smaU farmers. Most farmers, conduc t one 

L1lli.ng after the rain fa1ls, sa as ta seed and kill weeds at the same 

t lme. About 83 percent of these farmers have never used any type of 

('hemLcdl weed control. Hand weeding 15 carried out by Eamily labor and 

"Oille tH the I-ot'eds ,1re slven to domest1c d(l1mals dS foddèr (t-lazur, 1979; 

Duwayn. 1</H5). 

rraditlonal (l.Jeedy) Fallow. Contlnuous wheat cropping in Jordan 

dry land areas 15 a1mos t nonexis tent because smaU farmers have learned 
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from experienee thdt thi~ prae t iee Ol..ly le.1l1 L) d lSèdse bu il tI-IlP ,11111 LI\ 

yield deterioration. A rest phase, known .IS QOu_' or rcillow, Il,,:,, ht!l'II 

introduced into the crop sequence. Three crops cire grown in rot.\li\\11 IvlLIl 

fallow in the study area: wheat, lentlls ':Illd bdrley. flle crop tnt.\tl\ll1~ 

primarily lI1c1ude wheat/fallow, wheat/lentll/Llllow, barley/Llllow ,llld 

barley/lentils/fallow. The land that is f.1l1ow Oldy be let t ln g rllW 

volunteer weeds. The period of fallow ig .lbout 18 !1lonths. Aecordin~ to 

official statistics, the national average of f.lllow (LtlHO-ll)F{) cHi .1 

percentage of area cropped with field crop5 15 dbout 32 percent, 

fluctuating between a low of 24 percent and a high of 42 percent. The 

crop rotations practiced by farmers ln the study area cire sUlnnlc1d~cd III 

Table 2.14. 

Table 2.14: Common Cror Rotations in the Study Area 

Rotation 

Wheat/lentils 
Wheat/Eallow/lentils 
Wheat/fallow 
Wheat/Eallow/barley 
Barley / f allow 
Wheat/lentils/barley 

% of Farmers 

26 
7 

30 
20 
9 
8 

Source: Zahlan (lJ85) and El Hurani (1~75) 

Traditional fallow 15 synollolllol,~ Wlth ·.QLllfltp.!:::r '';j<f-::dy tdll'lw, .1'> 

opposed '::0 cledn summer EaLLow or lJ.lproved weedy tdllow, '.vhll:h 11l'/()I·/f~., 

medics. :"lost research ln Jordan concernin~ tallow has r;oncentr.Jted ')JI 

"clean Eallow," which as opposea to traditlonal fallow, LJlvol'f(~~ propl~r 
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t i 1 J lrl~ 'N1 th bet ter mechanized weed control during the Eallow yeul. 

through the USe ot c1ean fdilow, it is hoped that 30-:'0 pet:"cent of the 

ralnfall d1.lring the ldle season will be conserved and thus aval.lable Eor 

lh~ Ilext season' s crop. If moisture is lost through Eaulty fallow 

fJraccices or weed growth the benefit oE clean swruner Eallow is lost. 

El lIurani (1980) speculated that the pnmary reason Eor traditional 

Eallow lS that most smaLl Earmers do not have the financial capacity to 

cultl.vate the entire Idnd holding. 

The research carried out in Jordan under the USAID-sponsored Wheat 

Research ProJect (1976) demonstrates that Earmers would likely fail to 

recover c1ean fallow technology adopti .. m cus ts. In Amman and Karak 

tolt:"mers would incur losses in one out of every four years, whi le in the 

study area the lllcidence of loss ap~ears to be one of every two years. 

Resul ts suggest that clean fallow may have contributed ta an increase in 

yield of between 40 and 60 percent. H0wever, the shortcomings of the 

economic dnalysis of labor-intensive versu<; capital intensive practices 

(lIlvolving clean fd11ow) are the fo11owing: 

experimental plots under c lean fallow were managed by 

experienced and well qualified staff, while ttle control plot 

(the ddjacent farmer Yleld) was operated by indiVldu,il 

tclrmers. Thus the increa&ed yields could not be attributed ta 

the [Jdckdge alone, but also ta better mdl1dgement WhlCh suggests 

thdt the galOs ln yields due to c1ean fdllowing are likely ta 

be overestlmdted. 

j 

( 
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",lze of the experilllent ... d Llnll \.,IS ~dn:'èr lh,llI cth' I\,'!.I':" ., 1:" 

in the s tudy drea.. [f ::'Illcdl holding::. .. ère 'l!'>t~d lll:oll',td, th,' 

production cost pel' dunUlll of Jdopllng tht~ technnlllgy \., lik,!ly 

to be higher. Furtherlllore. 

essential part in small-seale LHrning. WelS I:O\llplt~tely 1 ~l\()red; 

value of weeds ln the tradltional weedy L.lllow crop !Ol,lt ion 

was assumed to be equal to zero; dnd 

farmers' attitude towards risk was not cons idered. III more 

accurately 1 farmers in the s tudy area were ~pso f de to ,ISS1UlIed 

ta be risk neutral. 

Economie Value of Traditional Fallow. No rese,Hch hds been l'drrlt!d 

out ta date in Jordan ta estimate the opportunity ('OSL, If ,Illy, t)1 

"fallowing ... Weeds compete with craps for rncisture c.ltld soil nutrients, 

but at the same time pravide green pasture for llvestock dUrlllg the must 

critical period of the year. Clean talLow involveb tilldge dnd 

apportunity casts, the latter inval:es diternatlve gralln~ grounds, 

purchase of feed or reductlon in the number of animais. 

~Iann' s (1980) research results in Turkey show thdt 

prote ln content of volunteer weeds grown during fdl10w "'as ~qUl'l,!I'!llt ln 

about 60 percent of barley protein I~ontent. He ,d.:5o t011nd thllt tri!! 

expected increase in yleld resultln~ tr-OIJl d~dll t..lllow d()~', Ilol prov!tJ!: 

sufficient 1l1centive for fdrrnt:rs to tor!;o the ~r,l?lll~ 'l,dut, IJ! 'tll'I',L. 111 

order tt) adopt clean fallow. 

that unlmproved traditlonal weedy fdllow lb econolllll:,JlLy mOrt: 'lldt)]I! th,l!1 

c1ean sununer fallow. 
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Tile ",Jpl Li l-intens ive agricultural prdc t lces recommended to small 

Llrmers 'Jy the government owned agricultural machlnery stdtlOn in the 

,tudy drea lnvolve il nwuber of operations. dpp1ylng both to wheat and 

b ... rLey (Tcible 2.15l. 

T,.lb le 2.15: Operations and Cost/Dunum of Capital-IntensIve 
Agricul tural Practices 

OperatlOn Cos t JD/du 

2. shallow till1ngs 
Seed cleaning and chemical treatment 
F'ertilizers (10 kgs per dunwn mecaphos) 
Seed dd 11 ing 
Weed control (herbicides) 
CombIne harvesting 
8ags. sewing & transport 
Seeds 10 kgf dunwu 
Total cast of production 

!'.lource: Zdhlan. 1985. 

0.80 
0.25 
1.05 
0.50 
0.50 
1. 50 
0.96 
1.10 
b.66 

Evidence (Snobdr. 1984; IFAD, 11.'3b; AOAD, 1978) suggests that smdll 

~ubsistence farmers in the study area still rely on family labor for crop 

production. Because of limIted dccess to credit and lack of job 

l)pportllnities elsewher~ (Seccombe, 19i3lJ, ln addition to uncertainties 

.lssocidted with the capItal-intenslve practlces (see next section), small 

Lu'mers resort to cast !TIInimizlng techniqUeS winch lmp1y full utilization 

,1t t.lmtly Llbor and no use of ferttlizers or .::hemical weed control dnd 

milllmunl t l 1 lage. For examp le, the co tal Velr iab le cos t of produc t ion per 

dunwn tor wheat under tradltional labor-intensive practices i5 estimated 
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at JD 2.86. The amount of family labor for each dunum of wheat is about 

2.05 man days (Ministry of Agriculture, 1975). The additional per-dunum 

cost associated with fertilizer application is JO 1.05; for chemical weed 

control it is JD 0.50; and for combine harvesting it i5 JO 1.50. (See 

Appendix for detailed crop budgets.) 

Capital-intensive practices are of particular importance to large-

scale farmers because family labor is in5ufficient to hand1e large 

farming operations, and supervision of the farming activities and labor 

costs can be extremely high. The extent of land fragmentation on large 

farms is also less acute as compared to 5mall holdings (ShaHi, 1985) 

(5ee Table 2.16). Finally, most large farmers have better access to 

institutional or commercial credit (NENARACA, 1985). 

Table 2.16: Land Fragmentation in the Raiofed Areas 

Land Holding 

Less than 5 
5 - 10 

20 
30 
40 
50 
60 

10 -
20 -
30 -
40 -
50 -

100 -
200 -
500 -

1,000 -
2,111 -
5,000 -
Greater 

200 
500 

1,000 
2,111 
5,000 

10, 000 
than 10,000 

Source: Shafii, 1985. 

1 number of parcels per holding. 

Average Holding 
Area (du) 

2.2 
4.8 
8.8 

12.6 
16.2 
17.8 
26.1 
45.2 
84.7 

127.6 
363.0 
992.0 

1546.0 
5521.0 

Degree of Absolute 
Fragmenta t ion 

1.12 1 

l. 56 
l. 70 
1. 98 
2.16 
2.53 
2.87 
3.32 
4.13 
5.88 
4.13 
3.53 
4.85 
3.17 
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[Il ':h:.., ':>ectlon '''e wll1 examine the re1atlonshl[)S between lnput and 

I)'ltpllt tl)r bath L.l.bor- dnd caplLll-intensive practices, with the 

dS':>Ulnpt 1011 that yle1ds ..ire Increased by 30 t.o 70 percent under the 1dtter. 

LlD1e 2.17 sho'''t> that the benefit/cost ratlo is sensItive to the 

probdt: 111 ty 0 f occurrence of a bad year. In fact, if the capital-

intenslve practices guarantee an increase in yield equivalent to 30 

percent ot the observed yield and if the probability or occurrence (of a 

bad year) 15 greater than 0.3, adoptlOn of capital-intensIve practices by 

farmers is doubtful. However, if the probability of occurrence of a bad 

year is less than 0.3, farmers may adopt those practices. 

Table 2.17: Benefit/Cost RdtlO for Capltal-Intenslve vs. 
Labor-Intenslve Agriculturai Practices for Wheat 

Labor-Intenslve Practlces 
Yield (kl(/du) 
Pnce (JO/ton) 
Total V,1rlab1e Cast (JD/du) 
Value of \~eedy rd110w (JO/du)" 
Gross mdrgln (JO/du) 
C.lpitdl-tntensive Practices 
Yie1d (301.)' 
Yield (70%)' 
Priee 
Totdl V<ll"ldble ':ost 
Gross 1ll.:1t"g ln (JO'%,) 
Cross Illarglll (,O!) 
Benet l t/ co!:> t (30%) 
Benetlt/co!:>t (;"0%) 

Poor Year 
1984 

45.7b 
115.00 

3.91 
1.00 
2.35 

5Q.49 
77.79 

115.00 
n.ob 
Ù .18 
2.29 
0.08 
0.97 

"rIus 1$ !:>et ,1rbltrarlly cqudl to jD l.OO/dunum 

Good Year 
1983 

121.51 
146.94 

3.91 
1.00 

14.94 

157.96 
206.57 
146.94 

6.66 
16.55 
23.69 

1.11 
1. 59 

Average Year 
1975 - 1985 

74.59 
110.30 

3.91 
i.OO 
5.32 

96.97 
126.80 
146.9/" 

b.bo 
7.59 

11. 9 7 
1. 43 
') )-
_._) 

"Assumed tù provtde .ln additlOnal 30% over the yle1ds obtawed under 
labor-intenslve practlces. 

'Assurned tll proVlde dn cldditiand1 70% Qver the yie1ds obtallled under 
tabor-lntensive practlces. 
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A conslderdb1e nwnber nt ',ne,lt dt'1110nstr,ltlmJ-, \\It"l" "II rtt'lI ,,"~ '.v 

objective of these demonstr.1tlùl1s \';,IS to lllve~tig.ltè )fIeld Il!~p\1(h,· tl) 

capitdl-lntensive agricultural prnct ices. rhe tl1ereclSt" III whe.ll vlt·ld" 

achieved Qver this period, ln dlfferent parts nt the countty, t ,ll\)o\ed t 1 lll1\ 

29 percent ta 77 percent. The C.:1pit<ll-lntenslve .Jill 

considerably better in areas with hlgher rainidll. 

yie1d response lncreased by an dverage oE 77 percent. In the ponr 

rainfall areas, such as Ma'an, the increase in yleld did not e:<('el~d ~9 

percent. In the study area, the yield incre.1sed by clbout SO percent, fhe 

results natlonWlde are presented ln Table 2.l8~ 

Table 2.18: Average Yleld Achieved in Demol1strdtLOl1 PLots Using C..tpL~!L: 

1969 
1970 
1971 
1972 
1973 
1q74 
Average 
S.D. 
C.V. 

Intens ive Practices Inc luding C ledll ~lilnmer F.l! l!~~vs ._ L~lb()r-
Intensive ?ractice for Ali Ralnfal L Aredh (2')(J-/IOO): Hheal 

Cdpltal-Intenslve 
Practices (kg/du) 

186 
l64 
101 
141 

62 
153 
134 

42 
:n 

L,Jbor-lnten::. LVI-' 

Pra c t if: e h (,.; / d Il ) 

Lü7 
~') 

Cl 7 
97 
37 

119 
'II .. 
..:~ 

~ 1 ~ 

DLt t.-:n~I)(" 

73% 
nh 
77% 
3l'Z 
1 .. " ) 1 0 

..:., i" 

- -----~-

Note: ~ihile average yleld InCre..ihed '"y )4 t,,:r f C:IlL, '.I.·! f f) .. t t 1'.1"111. ,,j 

variation ln )fleld, '",ith and wlthout the f·c1[Jlt.li-llltellsl"'; l,roll ll/.' '" III'Jr" 

or less remalned thE: same, 31'% vs 34i., r~hp~ctlv(dy, 

Source: :linis try of Agricul ture Resedr<:h Depdrtmt-:n t. Anr~ltI L_t'-'::E2!~' 
(various issues) 
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The most lfllDortant e.<ternally f :'1anced pr:> lect ."h:.('h hJS been 

('ofllplet~d lo cl ri te ,md thdt lasted il :ons ider':IDle perlod .)f Ume 

(19bH-1')74) Wd~ the JOInt USAID/Jordanian Government proJect. fhe 50al 

ut the projeLt W.1S to double whedt production !:ly 1980. The major 

,f(,ttVltie!:> ut the proJect were to conduct annual cropplng dnd surruner 

t,lllow demonstr.:ltlOns. These demonstrations took place on privately 

owned t.lrms ln arder to attract farmers' attentlon and demonstrate the 

b~net tts ot Cdpltal-lOtenslve practices for increasing wheat yields. 

The technical package involved proper tillage, grain drills, 

chemical weed rontrol and use of fertillzel. The average Increase in 

wheat yield in the study area, as a result of adopting the technology 

d lscussed ilbove, was about 'i0 percen t, wi th d 5 tandard devia t ion of 

22.'i kg, or 71% higher than the standard deVlatlon of the yield resulting 

from the use of labor-intensive practices. 

Tite capltal-lI1tensive techI1lques increased overall average yield 

,1::. weLl as yield variability in .111 gavernorates (see Figures 2.4, ') -_. ) 

,lIld .!.. b ) • The coeft iClent of varidtion was on the same arder of magni-

tude ..lS thdt tor affiCldi statlstlcs on yields obtained in the study area. 

Jord,lll' s Patent lel i in \.Jheat ,lOct Barlev 

Lnder .Ill IFAD-sponsored program, the .-irab Center for the Studies 

()r And .llld DryL1I1d~ (ACSAD) deveLoped hi~h-YleldiI1g, drought-res1:,;tallt 

DlIlltl'; ttle perlOd 1981-1'-'84, ACSAD ('onducted a lIumber ot è:xperlments ln 

tl1ree hÙVernOr..ltes of Jordan ([rbld, K..lrdk .. lOd Amman) jSln~ these 

VLlrlètlèS lnstead of the local \'ihe..lt dnd barley varieties. These 
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FIGURE 2.4: t.JHEAT YIELD VAR IABILITY , ANNUAL DE~IONSTRATIONS 
IRB ID Cmrr::ruiO'f'.,A',:'t, 1967 - 1973 

Yield 
Kg. /du. 
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Average Annuili Ylelds Technologv Plckilge -0 s 22 ~ 

Averlge Annuili Yields Tradltlon.1 P.ckage - 0:: 131 

SOURCe: JO_DON .. fit.,. " •••• 'cn jI"OGuCffon 1"01"'"'"_ \JSAIO "' •• "'1"'1011 Dc 1 '" ~19. l'' 
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FIGURE 2.5: WHEAT YIELD VARIABILITY, AI'illUAL DE}10NSTRATIONS 
N-!MAN GOVERNORATE, 1967 - 1973 
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I.JHEAT YIELD VARIABILITY, ANNUAL DENONSTRATWNS 

KARAK GOVERNORATE. 1967 - 1971 
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Tht~ ACSAD , .... heat and barley vaneties outperfor!.led tbe local 

vdrletle!:>. U"ll1~ proper .'>eedbeu preparation techniques, ddequa te 

tertllL:in~ dt .!ppropriate seeding r,ües, as we11 modern technology, the 

edrly results show the potential fOI:" tnCl:"ease of bath wheat dnd bal:"ley 

productlon ta be substantlal. \ A UniversIty of Jordan study conducted 

during the 19705 by Duwayrt and others reached slmildf concluslons. 

F. Incidence of Crop Losses in Jordan 

There dre few studies concerning crop losses in Jordan, most of 

which focus on post-harvest losses. Duwayn (L984) found that the most 

lmportdllt source of post-harvest los ses for wheat was harvesting 

procedures: Illechanical harvesting accounted for about 25 percent of loss. 

wlllle 15 percent was attributed to manual harvestlng. S torage IS the 

second most import,ll1t source. with lasse::. ranglng from 4.5 percent ln 

modern !:>torLlge houses ta 14 percent tn ordinary storage houses. Trans-

portdtion contributes dbout 0.5 percent ~o the total post-harvest lasses. 

found that for many vegetable crops harvestlng 

transportat ton 'Nere respons lb le ~or 2 percent, , 1 
L_ 

()t"rl'ent ,lIIri 1) perl'ent of lo::.ses. re::.oectlvely. The ':I)ncluston::. .Jt this 

",tully .I['e "hOI-.Il ::Jelaw. 

In.\ !:>urvey l'onducted by the dutht)f L1n beha_t Ji IF:·,D lllVolvlng 

sm.lil Llfmers in the stLldy dfea, t \~as tound that ~O percent 'Jt the 

L.lfmers sutfered tram crop damages. The major cause I)f Cf op ddmage lS 
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cause of crop 1088, 

, , ..... 

pests and f loods dS major Cduses of crop ddmdge, III .ldli t t 1l1l\. Lhé 1Il11:, t 

frequent problems fdcing rdinferl d~rlcu\tllre lI! the "tlldy dl'l'.1 .Il'l' 1.1('" "t 

dndlo!.'" inadequate distribution of rain during the growlllg "'~~L\HOII. 

Table 2.19: Percentage of C~'op Loss due to Hdrve::,tln~!~J~t~!,tll..tl~ 

Harves ted by hand & machine threshed 
Combine harvesting 
Traditional threshlng 
Traditional harvesting & thresh111g 
Traditional harvesting 
~echani~al harvesting 

\.Jheat 

s. :; 
9.2-10.4 
3.3 

4.4 
0.7 -4.6 

Traditiondl sowing & machine harvesting lZ.5-l6.5 

-----,- -- - --- -

14 
~g. 5 
10 

Lent i \::, 

tH.!} 

Note: Crop Loss is calculated as a percentage ot yields in Blots whil'h 
were grain dri lled and harves ted wi th adjus teci comb ln!'! harves ter". 

Source : ~. Haddad (1981). 

whedt and Bar1ey Lasses 

In the 1986 survey, farmers were ;]sked to ~tate rj,llnagp. ,J" .1 

percentage of the total variable cost of production. The f()llf)wln~ t.!bl.~ 

swrunarizes the farmers' response8 tor the years 19B4/BS <1111i 1'1:11/"1'1 . 
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r.ID;'~ :... 2(J: P~rl.:'.::ntJge of F3rmers Reü')rting Crop Damage 

Ddl'Idgf:::::' J~ Perr:ent 
(Jt rotal Varidblp Cost 

'Jo Loss 
lfl% 
:'0% 
:''1'7. 
301-
50% 

100% 

1984/85 1983/84 

43 35 
6 7 
7 5 
7 4 

10 6 
13 17 
15 26 

1984/85 1983/84 

36 30 
2 6. 
"T 4 1 

l, 4 
Lü 6-

17 9 
24 44 

Source: IFAD Bdseline Survey: Small Farmers Agricu1tural Credit Project, 1986 

rarmers' Attltudes to Crop Insurance 

The results of the survey (IFAD, 1986) conducted in the rainfed 

,lre.1S ot Amman, Irbid and Karak show that of the farmers interviewed, 79 

percent are in favor of a crop insurance scheme that would guarantee at 

Least tot,li varldb1e production costs. Seventeen percent of the farmers 

were agalnst dny torm of crop insurance, Daslcally for religious reasons, 

and four percènt expressed no opinlon. Of the farmers who were in favor 

ot crop lllsurance, 57 percent expressed lnterest in lnsurance dgainst 

drought, while 42 percent preferred dll-rlsk insurance induding drought, 

pes ts and d iseases, and hot winds (see Table ::.21) . 

Tdble 2.21: Farmers 1 Resoonse ta Crop Insurance Scheme 

Favor Oppose Cndecided 
Reg lon 'Jo. ~,lrme rs '" ~o. Farmers " 'io. Farmers '" 'io. F J.rmers '1 

10 '0 '0 .0 

Amman 7;., 36 6 Q 92 :) 4 3 " Irb id cl2 44 63 68 25 27 4 4 
K..lr.lk -'il) 19 31 78 

.., 
18 ,) 5 , 

rota l 207 100 163 79 35 17 q 4 

Source: [FAD BLlseline Survev: Small Farmers Agricultural Credit Project, 1986 
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Summary 

This chapter reviews the agricultural sector in Jordan and the 

characteristics of dryland farming and cereal production as practiced by 

5mall farmers. Results of past agriculture research experiences were 

critically analyzed, specifically with relation to the agricultural 

practices and their effect on crop yields, farm income, and their 

variability. From this review while it appears that capital-intensive 

techniques have a potential to increase yields of crops studied, their 

variability remained the same or higher than that of traditional 

practices. Fallow as a crop seems ta play an important role in explaining 

why smal1 farmers have shown little interest in switching from 

traditional practices to capital-intensive practices. 

In the next chapter, relevant literature pertaining to risk and 

uncertainty in agriculture will be critically reviewed. 

Notes 
1 With the exception of the four main crops where Jordan is a net 

importer (potatoes, anions, cantaloupes, and apples). Total imports of 
these cornmodities average about 2,300, 1,300, 6,000, and 25,000 tons per 
year, respecti vely. Vegetable exports comprise about 60 percent of 
Jordan's total exports. 

2 Jordan Valley Authority statistics show that the average 
development cast per irrigated hectare for the latest Southern Ghors 
project is about US$ 12, OOO/hectare. 

3 According lo the Land Reform Law of 1975, irrigated land in the 
Jordan Valley is distributed according to the following schedule. 

Size of 
Holding (dunurn) 

Percent 
Distribution 

26-40 87 
41-70 Il 
71-1~ü~O ____________________ ~2~ ____ _ 
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4 The number of regressions performed in each case is equal to 

~ (~) where(~) represents (7!)/{i! (7-i)!}, and where 7 refers to number 
i 
of regressors, including the intercept. 

5 "Cp defined as 
Cp = (SSE)p + (2p - n) 

(1.! 
(SSE) i5 equal ta the swtl of the square of the re5iduals, p ls the 
number of regressors, n the number of observations, and a2 is the 

variance of the error lerm. Where 'Ô'2 i5 an estimate of (}'2, and is 
usually obtained from the linear model with the full set of q 
variables. It can be shown that the expected value of Cp is p, when 
there i5 no bia5 in the fitted equation using p vari ables. 
Consequently, the deviation of Cp from p can be used as a measure of 
bi as. The Cp statistic, therefore, measures the performance of the 
variables in terms of the standardized mean square error of 
prediction. It takes into account both the bias as weIl as the 
variance. Subsets of variables that produce values of Cp that are 
close to p are the desirable subsets. The selection of "good" 
subsets is done graphieally. For the various subsets a graph of Cp 
is plotted against p. The line Cp=P is also drawn on the graph. Sets 
of variables corresponding ta points clo~e ta the line Cp=p are the 
good or desirable subsets of variables to form an equation. Il 
(Daniel and Wood, 1971) 

6 ACSAD 59, ACSAD 65, ACSAD 67, AND ACSAD 71 for wheat, and ACSAD 
60, ACSAD 68, AND ACSAD 76 for barley. 

7 Wheat varietie5 sueh as Hourani, F8, Deiralla, and barley 
varieties such as Deiralla 102 and Deiralla 106. 

8 If the farmers' adoption rate is assumed to be about 50 percent 
and if the effect of rain is eliminated, i.e., by choosing those years 
with similar rainfall intensity and distribution as 1981-1984, the 
potential yield increase is about 40 percent. 



· .' CHAPTER rII: REV!E~ 0F T~E lITERATL~E: "ISI\ \.\!:' L \\ l"":- \1\ 1'"\ 

A. Introductwll 

The beginnlng of the formai study ot rt~1<. ,',Ill th-' tl.II',-t! ln 

Bernoulli (lQS4), who "'dS puzzled by \vhy people wen~ Ilot wlillll~ l'l pul 

large aInounts of money tnto a Wl th 111 t i Illl r' 1II.llllelll.l li ,'.1 t 

expectation. This phenomenon ls known tu economlsts ...Inti -;t.ll u,t il' 1.11I~ ,1'> 

the St. Petersburg Paradox. According ta Bernouli, il plausible ,>,dllllllll 

to this apparent paradox is to suppose that people II\d:umlll~ t!~pt!detl 

utihty and not expected monetary value. The importance ùt rlsk III 

economic decis ion-making was recognized by ~larshilll (1 q~O), W...I1 r.l!'> (1 'l:!b) 

and Knight (1957). Objectlve probability dnd ~llbjec·tivl> prnb,lbll ity, ill 

Knight's view, designate risk and uncertainty, respec:tively.' 

Economic declsion theory as a Eorm,li ,lre<l ln o:=COlllllllir: ,\!l,lIY'>l'> 'jWt!,> 

il gredt deal to '1orgenstern and Von :"Seumann's (1')67) "ork O!l K.tI1lt! Ll\t~()ry 

and to Savage' s (1962) contnbut ion tn clec b lùn theo ry. VOIl 'l1~1U1ldllll ,\Ild 

~lorgenstern (1947) demonstrated th,lt ma:ünlll.Jl:on ut o:=~:pt-:( lo:=d utlt Ity ,1,> d 

rational decision-maklng crtteriol1 carl bl-! proved t ['0111 ~!lIIpl.: {JlJbtlll.!I,I:'> 

about choice, and that the 'ltillty fllnrtLOn ('dl! b.~ r:.HrlUI,tl ly Illt-·.t,>llr,t!li,· 

up to a linedr transformation. The ut 11 i ty t 11l\t: t Lon l~ dS,>lllIlI'd '" tIf' .t 

Eunctlol1 of random varlables, whose ·;·.p~,t..;d '/.Il,lt. '.Ill Il" '1101'1/111/11\ 

SUbJ8ct to ''/<21l-specltled constralnls. !ll'~ Ij'~'.l!o !()!I-lIIdr,.;r ! .t ", • ! l ".1\ 

according ta the shape of hlS utillty ~Il!l"t:t)ll -- d!o ru,1-- .t'/';l'-.'. .If 

prone or risk neutral; h~s behavlour ':an ho:= ~.{p Id 11l1:d t,y r Oll'/I'r', 1 !I~ 1 tl' 

/' 
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,isky rlé"l::.ion problem wtl) an optlmization probl::'11. Ail importar.t 

>::<tenS10ll nt Von 'leuIIlann and "!orgenstern'5 dpproach :.s the Bayslan 

d,:r:i::'lon theory and lt" dppllcations (Marschak, L963; Zellner, 197i). In 

lltis .lpprorlch ':.hé rleclS10l1-maker's prior beliefs are combined with other 

Illtormatloll ta ODtdln posterior probabll1 tte::.. The pr10 r 

FrobdbLlltlèS ~dn b~ modlf1ed sequentiaLly on the basis of ne~ 1nformat1on. 

~everal other approaches of subjective or behavioural natures were 

dl:veLoped ,l1ld dppL1ed. BehavLOural decis ion-making mode Is dre based on 

lhe ,:oncept of "bounded rationality," characterized by a continuous search 

ror d sdtisfactory cholce or alternative (Simon, 1973). The rules are 

otten dd hoc, and risk is identified as the probability that the objective 

(winch IS consldered a StochdStlC variable) does not fal1 below pre-set 

':rttlcal leveis. There are several rules which are offshoots of the 

"bounded rdt1onallty" concept. These Include the "safety-first" princ1ple 

,1I1d lt., Llmlly members, the "strict sdfety flrst" dnd "safety flxed" 

pr InclpLes (Chdrnes <" Cooper, 1959; Roy, 1952). 

fhe sdtety-first concept argues that the deC1Slon-makers' 

dependence on their externd1 environment for survival dlctates their 

lPldtlVt" preteren,'e tor .,ecurlty over f)igh average profits per se. In 

~trl('t-:;dtety tir:; t (or chdnle-col1strained progrdmming) prot:t lS 

Il1d~11l11Lèd ~UbJt:f't to <ln èxogenously predetermIned disaster Level dnd 

ln the s..ltety-t t:-.,ed or nnn:.m..l:-" ru1e, the mUlllllUlll 

letllfn:-. Ire lll.JxImIzed subJect to ttxed f'l.H1fldence Levels. 

[n bath the normative .wd sUbjectIve models ot declsion-maklug the 

li.,\", ,'lllll:ept ot prob..lbtlity lS used exp1icltly. Day (1965) intr-oduced tlle 

" 



principle ot "cJutiou::. optllnizin~." ,,111('11 ,11i,)\,S lh,' 01.,,'\'-.1\)1\-111.1"-,'1 td 

"in the nelghbourhood" of the sJfety lI1!\l'. 

is repldced by a "5 a f et y me t r le, ., ,) 1\ 1 Il t li,' 

neighDourhood of the safety lone is bct::.ed. 

variety of Simon's boundeù rat1onal1ty concept. 

Another concept, closely related tn l'Jl1tIOU::' ,)ptIIllLdne;, 1., the 

"focus 1055" concept 1ntroduced by :-.hackle (1!}4Y). lt tllvnlv~~., L11" 

modification of a feasible region fac1ng the enterprlse tn ,tCI:OlJlll tOI 

risk, a form of which was developed by BOUSSdrd <inti Petit (1'lb7). rh 1::. 

concept assumes that farmer's focus on J mm·amwn permitteo los., l.?\',!l. :Jo 

single undertaklng 15 allowed to contrlbute mOre th,ln cl l'ert.llIl proport IO\l 

to the total permitted loss. Edcn undertak 1ng .1ù(b to the .t Ill)wed 1 llhh by 

increaslng the total expected incarne. 

Utility dndlysls pro\'1(les a ::.ystem .... hèreuy 1'<)11::.1.,1'-111 

between rlsky dlternatives are evaluated. 

between a number of alternatives, thé r:onseq\H~n('e!:J 'Jt n't11I'11 .t['~ d.,'-,I)ll.lt,-,j 

n'ith probability distrlbutlon. 

Dehdvlour or the nec 15 lOll-l11aK'ô[ 

showed th.Jt , . . , ·,1 ,IIr1pl .. 

postulates (m postuldtesJ are SdtlStu:d, tht:: 11tuity 1'> IrIPd.,llrdl)l~ '1f! '-1) 
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n',E:se !JOS tuLJto::" ar-=; Ci! rompiete 

',r(I':'lrl~ dIH1 tr.JI1!:>lt1vlty; (b) ':ontlnulty; dI1d (r) lIldependence. If 

the:,>!": [l(J<,tlll.ltes ,1re .1dopterl by the decision-mak",r, ct utllity fUllctlon 

l-,t." n:t Lectlng nlS preferred outcomes dnd persondl ]udgement of th!:: 

dlU!' e,> r:ont rOllt1n~ hlIn. 

:!~rnoullldn Jecision theory requires deciSlon-mdkets to be utllity 

IlI<lXl1I11ler!:> • As!:>umlng that the decision-maker' 5 choices are consIstent 

W1tl! the :-w postulates, then for èvery alternative there exists a utility 

tunetion dSsocldted with i t • The value ot ChIS utility func tlon 

rleblgnate!:> the rank of the alternatIve cho1ces. 

III Cdses where the utU i ty func t 10n is monotonlcally lncreas Ing, 

I.~~ .• tlle Llrger the mooetdry galns, the sreater the utliity. The 

II1drglIldL utility depends on the attitude of the decision-maker toward 

rlsk. \ldrg inal ut li i ty decredses, remalns cons tant, or incredses lf the 

deI' 1., 10Cl-mdker lS risk-averse, risk-neutral or risk-prone, respee t ively 

("t>è Flfiure 3.il. 

~lte e'{pecled ut1ilty model, l'OIllffionly .J.seJ dS d declSlOn-maklng 

tl)() l , l!:> bdseu on medn-Va r idIlC e ana lys l S . The mean-varldnCe analysis 

lmpite,> ,1 quadr.1tic utllity tunctlOn Ln lncame. :'h e qua d t- a tic u t i lit Y 

t\llj('tlllIl ~:{tllb1tS tIlCreJSlng ,lbsolute rlsk .l\"erS1on and has cl maximum 

\',ll\le br>ynnd whtdl the mdrguldi '.ltllity of Încnme decllIles. Prdtt (1064) 

Ii.l~ teJI,,'ted the IllèdIl-\at-1clIlce hypotht:S1S .1" "1lI1teIlJble." 

\LtttlJugll decreL1S1I1g margInal utll1ty 15 "utt1clellt to def Ille 

llsk-dverse bellJ.v10ur, tlle nngn i t ude of (l'/lth t~ equal to 

wècllttll lS insurtIC1ent ta Jssess the' degree or risk averSIon (Arrow, 
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'Ill l ! ty 1 \ll\': t tOll. Thts led Arrow/Pratt to suggest the 

("R~.) me,bure whlet! llon-lncreaslng fune t ion 0 f 

Ilrro\Y ,tLso propo':>ed ..ln Illdex to meclsure reL.ltlve rlt>k averSlon 

(I<f{/;) , d 1l0!l-de('r'~clslng functlon of 'Nealth. 

1\11 dl!..ernatlve to increaslng absolute risk aversion. proposed by 

Frt~\ll\d (1'15b), 1:' d utlltty funetlon wlth constant absolute risk 

dVI~rs 10n. This tunetlon was reJeeted dS untenable by Arrow (1964), and 

l'rledmdll dnd Sdvage (1948). Turvey ct dl. (l9S6) , however, argues that 

'·Ollst.lnt rlsk clvers :.on i5 tenable in farming bU5lnesses Slnce: 

1l10.,t humers wlil make decistons dS to their farm plan 
III the sprlng. \~ithout temporal interference, ..ind 
.lsswnlng that decislons made between penods are 
independent ot one dnother, the tclrmer's dttitude 
towdrd rlsk w111 be charactenzed by cl slngle value 
whlch remdlns constdnt at least untll the next year. 

[:'{pe! teri Uttlltv ~octel with Yield and Pnce Cncert;untles 

l'he ,lppllCdtlOIl ot expec ted wlth Yl,,:ld pnce 

1l11c'ertdlllllè:' IllVO ives three groups ot vdrlab les. The fust group, 

,I:,~tuned to be under the control of the farmer dt the time ot his 

décIS ton, HIC l ulle the use of ferttltzer, machlnery, ldbor, L.lnd, 

lll'rhl('lde~, 1IIS~,·tl!·ldes ,ll1d .:rop \arletles. The second sroup tnvolves 

Jlr,·-d.~l.·tl111tl!·ct '.dtl.JbL.::s ~nl,'h, ,Il::noul;h [lot :ontrolLlbL.:: c1re Kllown to 

tilt-' t,ltl1let~, -iUL'1l ,l:, "L1d tertiltty, mOlsture, elevatton, ::.Lope, etc. 

rh.' lhild ':;l'ollp Jt vdrl..lblet> .Jre r:elther COlltroLlclble Ilor known to the 

~dlmer ,H the time ot hlS deClSIon, drill include output, priees, c:llnfall, 

tt-'\l1peLlttlre, w1IH1, etc. 
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It is asswned that ..l yield-response fUllct ion ,'~presst'd ,'~; .1 

function of a set of variables is: 

y = f (X, Z, S) 
(3. 1 ) 

where Y is the crop yield; X is a vector ot COlllt'olled illplll~; 1. ,~ .\ 

veetor of uneontrolled but predetermlned v.lriable~; ,\Ill! ~ ls .1 v,-" Lor nt 

uneontrolled and unknown variables. 

Output and input priees vary over time .1S, III gelll!rdl, t.111Il1!t~ "rt~ 

priee takers, however, we cau asswne that only output priees d'.\ll)<\'-', dlle 

to the time lag between planting and harvestlng sedsons. Tlw priet.'!'> ni 

inputs are asswned to be known wi th eertd inty. Risk "SSO( idted will! 

output priees is, therefore, related to supply/price correJ.ltioll, .I~ tllI~ 

demand for many erops is highly pnce inelastlC. 

shifts in supply oecur eombined with ine1.1stic dt.'lIldlHI, pri("~ t IllctUdti()Il:' 

are likely to be very great. 

If il is the priee of the output Y, .wu P, i', tilt: pr],".: (JI lllt~ 

input X" the gross-revenue equation is ab tollows: 

n -R = p.Y - L X,P, (3.2) 

i=l 

Let us assume that the probability (llslril'lltllJll (JI HI', g(!<), ' .... 111. Il 

ean be expressed as follows: 

g(R) = g (P.f (X, Z, S) - Z(PX)} (3. 3) 

As PX is glven for any X, the distrlbution of 1,( H) ' .... ,! 1 ),,,'/' t l'f' ',,, 1111' 

shape as g(p.y). The expected utllity reL.ttioll ,.,: 

E(U) = h {E(R), VeR)} (1.4) 
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It follows that 

d(U)/dx~ = OE(U)/ÔE(R) . dE(R)/dxi + OE(U)/OV(R) . dV(R)/dx~ 

By equating to zero the first-order condition gives: 

IdE (R) /dx~) / (dV(R) /dx~) ... - (ÔE (U) /ÔV (R) ) / (dE (U) IdE (R) ) 

or 

dE(R)/dV(R) = - (ÔE(U)/ÔV(R))/{ÔE(U)/ÔE(R)} 

(3.5) 

(3.6) 

(3.7) 

The expression on RHS of equation (4.7) is the slope of the iso-utility 

curve in the E-V plane, and the expression of LHS is the rate of 

substitution betwen E(R) and V(R). 

Figure 3.2 shows two levels of the expected-utility curves: U1 

expresses a higher level of utility for aIl combinations of E(R) and V(R) 

which lie on their curve as compared to U2, that is, an equal level of 

E (R) on both curves is associated with lower risk for Ul than for U2' 

Similarly, an equal level for V(R) for both curves is associated with 

higher E(R) for U1 than for U2. 

F is the mean-variance frontier of yield-response possibilities of 

each point on the curve, and reflects an efficient alternative 

combinat ion of decision variables. Each combinat ion portrays a certain 

level of risk asso~iated with a particular expected level of monetary 

gain (R). The maximum utility is obtained at point A. 

The relationship between marginal revenue and mar~inal co st can be 

derived as follows (Anderson, 1977): 

E(R) m E(P)E(Y) - ~P~X1 

VeR) {E(P) )2V(Y) + (E(Y) )2V(Y) 1- V(P)V(Y) 

(3.8) 

(3.9) 
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Vitferentiating E(R) and VeR) with respect to Xl results in 

(3.10) 

dx, 

dV(R) 
dx, 

{(E(p»/+V(p»}. [dV(Y)] • wV(P)E(Y) .[(dE(Y)] 
dx, dx, 

(3.l1) 

Substituting dE(R)/dx, of equation (la) into equation (7) yields 

E(P)·(dE(Y)/d-, ) = P, + RSUEV (dV(R)/dx,) 
(3.12) 

The LHS of equation (12) represents the expected value of the 

marginal product per unit of x, (marginal revenue). The RHS consists of 

the mnrgllwl cost per unit of x" P, at equilibriwn, plus the marginal 

co~t of rlsk per unit of x, as a result of the varidtlce of R. Equa t ion 

(12) can be expressed, .Jlternatively, as (Magnusson, 1969, and Anderson 

~_al., l(77): 

E(MVP,) = rlFC, + R"Ir i = l, 2, n (3.13) 

where E(MVP,) is the expected marginal vdlue product of input x" 

MFC, 15 ..1 non-stostastlc margin factor cast of _nput x" and R"Ir 

15 cl "r15k adjustment factor." Rd is the farmer's ris k-avers ion 

coefticient and Ir is the marginal contribution to risk of additional 

inpul use. If R" = a the fdrmer is risk-neutral, if R .. < 0, the 

LI nue r i 5 d ris k - ta k e r . If Ir is 15SWTIed positive, then with R,>O 

the t"lsk-dverse fanner will tend ta use fewer 

input!-., x,. 

Risk Aven, ion <ind Resource Alloc.lt ion 

III tne prevlous sectlon the discus:--JÎoll focussed on the effects of 

uncert.\lnly LIll the level ot input demand. In this section the eUects of 

uncertLlinty l~n the cost structure are discussed for a single output case. 

For d discussion of the multi-input models see Nelson (1987). 
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It is assumed at the out set that uncertainty affects the output 

priee only and that the de~ision rnaker exhibits constant absolute risk 

aversion. In addition, the decision maker is assurned to be a priee taker, 

in that he Iraximizes expected utility of profit, and the marginal cost is 

a monotonie increasing function of output. The expected utilityl of incorne 

takes the form: 

EIU(I)} 
2 

E ( 1) - ~ • Ra VR ( I) 

where E(I) = expected profit; VR(I) = profit variance; and 

Ra = a measure of aosolute risk aversion parameter, Ra ~ O. 

The expression for profit can be written as follows: 

(3.14) 

l = (e + PlY - C(Y) - Fe (3.15) 

where Y is the output (non-stochastic), C(Y) is the total variable cost 

of production, FC denotes the fixed costs, and e is a randorn variable 

with mean zero and a variance of VR(e) . 

From equation (3.15) it follows that: 

VR(I) = y2 • VR(e) (3.16) 

E (I) = PY - C (Y) ( 3017) 

Substituting equations (3.16) and (3.17) in equation (3.14) and 

differentiating with respect to Y, the first-order condit ion for 

maximizing expected utility gives: 

P = marginal cost + (Ra /2) 'Y'VR(e) (3.18 ) 

The expression of RHS in equation (3.18) is also known as certainty 

equivalent. The term (Ra /2)'Y'VR(e) is the risk premium. The re1atiûnship 

between Y and R is such that as R increases y increases. 
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C. ~easurement l f Risk-Aversioo Parameter 

IJdrlOus methods for estimating the risk-aversion parameter (RAP) 

hd'le been proposed in the 1iterature. Young et al. (1979) distinguishes 

tliree ma in procedure.,: 

J) Dir~ct ellcitatlOn of utility funetien is based 00 interviews 

Wl th f armers. These interviews are designed to de termine 

pOlnts ot il.d.lfterence between "certain" outcomes and risky 

alternatives lnvelving hypothetical gains and losses. The data 

gathered from the5e interviews are analyzed and a utility curve 

15 fltted ta them. 

b) Observed behaviour techniques concentrate on collecting 

lnforma t lon related ta the economic behaviour of the 

dec1S1on-maker .. ith respect to input demand and output supply. 

The results dre then compared to behaviour predicted by 

theoreticJl mode1s of proftt maximlzation under uncertainty. 

,.) ExperimentJl techntque draws upon psychological research for 

meJo.urir.~ risk preterellces of farmers by using actual financial 

compensation at different levels over a series of several 

VlS i ts to the f drme rs . The farmer lS expected to select 

C:l:'rt,lln .11tern,lt1ves from d number of suggested gambles, wlth 

the ùutCOIllt! determlned by a t 1 ip of cl coin. 

the ebserved-behJV10Ur method rel les on the 

gener.d ized p,)wer-prot!uctlOn func tian (\losc.1rdi and Janvry, 1977). The 

tirst-order condition wlth respect tù input demand lS derived from a 

s.lt~ty-t'irst model to drrive dt: 
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(3.19) 

where MVP~ is the marginal value product for input x~ and p~ is the priee 

for input xi; a is the coefficient of variation of yield, and Ra is the 

risk-aversion parameter (RAP). Another variant relies on varying the risk-

aversion coefficient parametrically, and the value that minimi.zes the 

difference between observed and predicted behaviour is selected as 

representing the farmer's preferences. 

Empirical Evidence 

Empirical studies based on normat ive and behavioura l IlllH.le ls wet"e 

mostly carried out in developing countries, and provide empir ic,tl ev idellce 

about the at titude of agricultural producers vis-à-vis ris k. [II these 

ernpirical studies the three techniques discussed clbave dre used. 

3.1 summarizes sorne of thé empirical studies. l t appeclrs tha t, Wl th the 

exception of those in Roumasset 1 s wark, mas t Llrmers in dt~vt~ 1 op i IIg 

countries are risk-averse. 

Author 

Scandizza 
& DilI on 

Binswanger 

Roumasset 

Moseardi 

Year 

1978 

1980/ 
1983 

1976 

1979 

Table 3.1: Swrunary of Empidcal Studies 

Country Madel/Technique rlajor Cane lus ion 

Brazil EU/UE 

India EU/ET & EU 

Philippines LSF/OB 

~exico SF/OB 

~ajority of Llflllefb 

are risk rlver~(~. 

"1ore tboll HO?o ()t bdlllpl(! 
sdrnple ilrr; ru,k dV(:r:"I!. 

fncollclus i v(: 

EU: Exp~cted-utility models 
ET: Experimental technique 
OB: Observed behaviour 

UE: Utillty-elicitatioll tedlClj(lu~! 

LSF: Lexicographie safety Eir5t 
SF: Safety first 
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':lt:v~rdL 'nathernallr:,ll prograrrunlng rnodels have been 11til1zed to 

t~ldbor.!t(~ wnoLe-farm pL-lnnlOg as an ald for farmers in decision- maklng. 

rll,~se whoL",-tarm pLannlne; tools include linear programnnng, quadratlc 

progr.llrunln~ and linedr-rH.k progranuning. A brief sumrnar:' of these models 

tol10W1>. 

Llne . .H Progranuning. Linear programmlng (LP ) has been the mos t 

w1rlely used technIque for farm planning. The LP maxJ.rnlZation model could 

be expressed dS follows: 

:'-lax1mize: 
SubJect to: 
and: x J > 0: 

z = ex 
AJ..-: B 
(i = l,2, ... m. j = 1,2 •... ,n) 

wherp L is net farm 1ncorne, C lS a row vector of the per-unit net return 

of the n enter prises, and X is a column vector of the n enterprises. A ls 

d (m x Il) matn.{ of the amount of resources required for a unit of jth 

enterprises .md B is a column vector whose elements are the resour('es 

LP cl::. ,\ tdrm-pL.lnning tool has been subject to ':ertdln .;riticlsms. 

It d1>1>U111eS tlldt dU parameters in A, B dnd C ,He known with certainty, 

however, risk could .1150 be incorporated ln the element of A ma tri:-:: 

fùllowlng \.Jicks ,.lOd GU1se (L 0 68). The optlmal plan resulting from LP may 

LP operates ',.,.ith the 

Llèlt .lhblUnptlùn of proflt 1113X.lnnZ .. ltlOn ln · ... rllcn El(Il 

Llrrner 1S rl5k-neutral. [f the fdrmer 15 rlSK-d\"erSe, the farm pian 

derived US11l~ LP mGy not be optimal. 

-------_._------
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To a110w for the risk-averse dec is ion-maker. the LI' f .Hm p 1..11111 ill!-i 

mode1 wou1d need to be extended to inc1ude income v,u-telllce nl- tbk. l'he 

inclusion of income variance and co-variance in cl belst(· I.\' l1lodtd 1~ 

expressed as a constraint or an objective lunction. Il is nul .1 \ illt'olr 

expression but a quadratic one. and sa this problem must he :-,p\v.-d 

al ternati ve 1y. 

Quadratic-Risk Progranuning. Quadratic-ru;k pr·ogr.lIlUning ((JHI') 1-; 01 

technique used to acconunodate non-linear (quadr.lli(·) l·on:-.ll.1illlS (l! 

objective functions in the optimizdtion process tn .UrlV'? .Il dl il' il'Ill 

farm plans. Risk is considered only with regard lu tht~ Ilt:l n-lulïl:-'. 'l'III' 

resource cons traints or the technica1 co-eff ic ienls .\ re .Ill .1SSUIIIt?d w 1 L11 

certainty. The typica1 formulation of a standarrl QRP 1:-' dh lo\\ows: 

Minimize: v = XMX 
Subject to: Fx = À (0 < À < \,,' i( ) 

A:«=>B 
and. xi.- > 0 (i = L. 2 , •.. III ; j = 1.:':. • •. Il ) 

X, A and B are as specified for LP. whil!~ :'-1 it, L11'- Vol! i.tlll":-

covariance (n x n) sqUdre matrix. 

variances of each of the n enterprises, •. 11ld the o[t-diilgOIl.d .:l':lIu-!Il Ill, 1 

is the covariancp of gross margin between ith <111(1 jth t'Ill,:rprl:":", l' I.,.t 

row vector whose e1ements dre the gross margill!-J 'Jt Il t-:Illl:rprit,(· ... dllt! 

is a pararneter which varies between 0 dnd <Iny prt~-,>P'·" 1 1 1 .:d v:IIIl!', Il',lld Il Y 

the expected maximwn total gross margin. 

The objective of QRP is to deri'/f~ d rl!-Jk-~tl lf.1t:lll l,Hill pl.t11 Llldl 

either minimizes V for a given expected gro!::.!::. IIIdrgill or IIId.{)1II1/.':', LIli: 

expected gross margln for a given Level ot ri~k. 
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'",ill product: d set of efriclen:: t .. u-;n 

p1.J'l'> Whl!'[1 olltl:l1e the E-V trontler F (F'15ur~ 3,2), 

r~RP WélS 1I11tLllly used III portfoliO dndlysis to dllocdte resources 

,~tti"l'~lltly ,wro~s d nwnber ot rlsky dlternatlves ta ma:dmlze the 

de'!'>IOIl-mdk.·r'" Ilttllty_ "Iarkowitz (1970) was the tirst ta sugiSest that 

porttol in r-IIIJlr~~ prob1ellls 'culd be formulated as d QRP prob1t:m, r!:'eund 

(l')~IJ) .wri Heddy (1952) ,lppi.ied QRP ta farm planning. Heady and Candler 

(1')')8) pOlnted out thdt rlsk aversion may lt:dd to :,electloll of a fdrm plan 

h'lth lowf~r rlsk dnd more stable incarne. 

(~RP has tound several practlcal dppllca tions ln tarm pldnning _ It 

hd'> been used to determlne rlsk by Stovall (l9b6), How et dl. (1908), Chen 

.IIH! Bdkèl- (197 / .. ), \';lens (1976), dnd many others. 

[l should be noted thdt QRP offers optimal choices .ithout the need 

tn eS t lIn..! lI" t arme ri:. ' utlllty functlons dlrectly. Al though l t is 

.1pped llng, cert...llll dlfficultlèS .1ssoclated with its 

Ipp1lCdtllll1'> ottel1 drise, majnly Large-scdle computations and lack of 

è 1 t 11: 1 e Il t cl l ~o JO 1 tllfllS , There dre 31so problems wlth "local optlmd bound by 

nptlll1.l" (Schur1e, 1977) . Pos t-op t ImaU ty and marginal and 

-;t-'Il<'ltivlty ,1ll.IlYS1S dre llot strdightforward and may cause c:ertdln 

dttllcultle'i (Hdz.>ll, L971), 

Lllle.H R lSh. ProgrdlTtmlllg. [n 0 rder ta ~o L ve sorne of these proD lems, 

H.I!.,'ll ll'l71) ",uggesteJ J. Lll1l~.II-rl",K-prOgrclmmln~ .JLterlldtl\-e ta \~RP l'or 

Lllïll pLllllllng under risk. rhl", tëchni'lue i5 h.nohn dS \liIl1mization of 

f.n.1l t\bsolute DeVldtloll (~lOTt\D)_ t\Lthough :lOTAD requHes the same datd 

.15 (~RP, It dl).:!S not h.Ive many ot the illh~rellt computdtion,ü problerns 

~ "~'r~?-<,; 

-: 
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because it can be solved with standard linear programming methods. MOTAD 

will be discussed in detail in Chapter V. 

There are several other linear-programming techniques which have 

been developed as an alternative to QRP in deriving E-V frontiers. These 

include separable programming developed by Thomas et al. (1972), ma rginal 

risk constraint LP (Chen and Backe:, 1974), focus/loss technique (Boussard 

and Petit, 1967), and chance constraint programming (Kennedy and 

Francisco, 1974). 

Summa~ 

In this chapter, literature pertaining to decision making under risk 

was reviewed, including expected utility model with yield and priee 

undertainties, risk aversion, and resource allocation under risk. Other 

theoretical and empirical evidence relating to the measurement of ri3k­

aversion parameter was also discussed. The whole-farm planning model., 

approach to decision making under risk, such as quadratic programming and 

other linear-risk programming alternatives were also discussed. 

The second part of the literature review, which dea13 with 

agricultural insurance, is found in the next ch~pter. 
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'Jotes 

The dlfterenct: between the two 1les ln the degree of homogenelty 

ut ~ve!ll:, 511<:0 ,\:, t05s1ng clll unloaded r:Oln or the chdnces of a pdr~icular 

".1t.Jstrophe at cl ~iven time. 

Objectives ta be optimized are assumed to be normally 

dlstrlbut.:d. whicll me cl!1 S that the Imp1ied expected-utlhty tunctlOn is 

qll.IÙr.lllC, dnd .11so ~mp11es lncredslng dbsolute risk averSion. 

rhe normal dlstrlbution of the detlon outcome assumes thdt the 

dt->C1S10Il-Ill.1l-er u, Ilot concerned wlth hlgher moments (kurtosls, skewness, 

,'l,'. ) ; • ., d mecl:'\lr,~ ot rlsk .lnd that Varl.:1nCe 1S surflclent. Vdridnce 3S a 

thdt the Utll1ty tunctlon cQnslder-:; only one 

.lllr lbllle LJ Le; ùptulliled. It decl:'lons dre to be bdsed on mulvple 

<lbJt~('tlVè:', VJrldllCe 1:, Ilot sufficlellt. 

I{owever. clccordtng ta \1acCru1Unon (l'lbS). ':onsistency boi.Js only 

1 t l-,I-..v "Vt~l1lS ,ln~ percelved .1S erpllvdLent :;,) lInCer':,llT1 events. ft ::1lS 

.!1;,lIIlt'lltlIl .lllllùt De Il'3de, the Bdy:'lJl1 dpprodc~l ITIdy ':;e more "u:tJole 

concept Jt 

tlllCert.llllty .IS llpposed to rlsl-..." 

Rlllill13sset (1 4 70) i11u:,tr.:ltes :bJt the e:..:pllclt clSSumptlOIl th,lt 

.lll 1Iiduect utdlty tUl1ctlon bdsed on ùlle-pt::rlod gdmbles, 19nores Jll 

llthèt- perll1ds vlOLltC:, the \IV 111dependence postuldtes. 
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·r::\'~utt .\Ill.i :4~.:.itl·.~ 

R , ( ',) = - L " ( :N ) / L . ( ;.; ) 

where \~ 15 '~eJLth, L\Illi L" c1111i lJ" .ne tlr.,L .llld .,è('lllld d"rI\,ltl\,"'" dt li 

· .... lth respect te \~. 

The Arrow-Pratt drgument CdO be ~unun.lrized Ll~ tl)LL,lW.,: 

a) A farmer possesses greater clbsolute risK IVf~I''''l()1I til.11I ,lIl1ltllt'l 

farmer at all levels of wealth, it dod llllLy Il th,' rI ... k Plt'lIIlll1ll 

for the first farmer lS ,llways hq~her th,lIl the r1~k pl ('111111111 tll! 

the second farmer at ,111 Levels llt Wêcllth. 1 t tlll!:> ('IJlII! lllllll 

dpplies, the tirst tdrnler wdl .dw,IY::' bt:! wlltlll~ LI) pdy .1 

hlgher InSULinep prenlllUn th.ll1 the .,et·ond l.lnner. 

b) Risk dverSlOlI l5 cl decr~,j!:>lIHI; tunl'tlOTl llt w>:._dth lt .1Ile! Il Il 1 Y 11 

for aoy rLsk LeveL the certalIlty t:!ql1l'l.llt:!nt 1., lllhlJ(~1 W 1 Lh 

nlgher d::.set!:>, l.e. the ,1l1l0unt ot t l!:>k prellllllll1 1.., ,,111.111"1 

c) A utllity function e:-.hlbltln~ .1 deI' t I~,j.., 11l1S rI., ~ 

averSIon ':aIl be USt~t.i to de"crlbe the Leh.tvlOl1r 01 .Ill IlIdl'/ldll.l1 

',.ho 15 wLll1ng ta pdy cl risk prentlWII dg,llilSt rt.,k d.·, IP,j.,,:., 1., 

his level ot .ve,l1th Iflcreases (['[dtt, 1')1)/1, p. 12l). 

f, r 
.. Il order to expLdin the ["telt :onshLp r-I,1t 

1 dll fi' III r 

'Ollcepts: 'J l 1 ~ 1 If 1 1111 IUlI 

11111'1', 'Ill 

r1sk prem1um [R(\OJ",[), '",her~ 1/ .. ,J1ld Il, l::' llllLl.1l 

Arrow's noteltlon. 
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I!> :lOn-stochastlc 'l,irlaoLe. [El [) - ;:{Iw", T \] 
• 1 :el talnty-

'~'1U 1 .. 1l ~1I ': .ni nl1le. 

,+m 
'f< 11'~ r':! :: ( U ( l » =_,;p J r~ ( r) d FU ( l ) '.-/1 th ~ (I) belng the :t:'eund-type 

utllity tunctlon ..... hlCh exhlbits constant :1Dsolute rls~ averSlon. LU) = 

- ~xp (-R " I), whet:'e R~ is the rlsk-averslon pararneter and l :s Incarne. 



(H:,\PTER IV: REVIE\~ OF mE LfTC,,\:-t.Rr: 

.\. [ntnJt!uclu)!l 

t'I) l' Ill" Il: ,\ 'II l' \ ... 

not aV81lablè, tènd tn [_ l'ù lt!C t hy 

divers Ifywg c rops. rlo.lrding tesu]t..:; 111 tht~ withdr,\w.ll tJt ~.l\IJ1~,> 1II'\lI 

investment activlties, whicll may lldve J l1e~,ltl\!e t-tlècL tlll prOdll<'lllJll. 

Crop diverslfIcatlon often resu!ts 111 d !:>hitt tram lntell::,\VI~, ~P"( l.tll/t·d 

cash crops to more dlVerSlflt~d sùbsistence productulIl. l hl' ~ .t 1 1lI1'1 .... 

ratlondie tor dlverslflcLltlon l~ thdt ~rOWl!H~ dlttt-!r'":'nl ('l'Op" 111 \.Itlllll'> 

climdctlC' dnd ecologlccll ZOlle~ reduces the probJblLlty 01 ,1 lilt.11 l,,·.·. III 

the case ot .ln untoreseell n.ltur.tl Cdl.lmlly. rhl" r l"k-III.lll.l);\'-!IIPlll 1111 ,I·.ll!'· 

15 based to a lJrge .:xtent ,HI the rI5k-.tver~1()1l ,Ittlllide • .tllli Ilot ,)Il 

market si~ndls or stimuli. BeCcluse ot ,t1 L.: Il.ll l 'J. 

rlsk-maodgement declslon~, ':rop ::,pecl.lll/.dllOll I)tt~ll II1\,O[v'·".ln ,:-,1··.,',1':·: 

,\n increcl::.e III the .Wlount 'JI tUrI(!::' bl)rr()w.~d hy '.111' 1,lrll1.-r Will 

the l'I>l::) . 1 t 

) Tl \ 1 1 l t) l, t l j [j .' 1 t 111' 'II 

hl 5ner than the tund" he · .... Ollid !ld'Jt: t. J 1,'Jl'l'UW. ,111<1 j j .11\11 :11<1 f ,!, 111.11 '1 f '11' r 



']c,k-,j',.:rsp. ':,lt!1,1t10!1 ,Ind thelr tear thélt SUt li pr,)\!;rtlms <JU~r:i 'hcu:ge tbeir 

l':':f.l ut dl·.lt!::.tmt!llt. lllr:reJ::.e tbclr debt/equltv rdUo dI'fl t:t.llS ;.JlJCe t~'<21ll 

dt gredter risk. 

'1ll1d 11 LHmers hdve. aowever. '2n~aged informa 1 

These lllc1ude sharecroppln~, borrowlllg f[(lm 

informdl ,:redlt sources or tdml1y members, selling parts ùf m,un dSSE:ts 

.1lld resortlng to sedsondl migratlon. As these arrangements spreJd rlsks 

only over Olle re~lt)(l. and otten over one vIllage, tlley dre not etficient 

.1., 111 poollllg rlsks d::' mlght, ln pnnclple, be Clch1eved with cl nationwlde 

,'rop-lll::.ur...lIlCe ::./:heme. This, however, tS still subject to turther study 

(1I.llc:row, 1')4,13; rteffer, 1956; RAy, 1981; Ahsan, ~'l':ll; and Hdzell ~al., 

l ')Kh ), 

rhe t::ftectlvelless of these and other tradttional r-lsk mdnagement 

str,ltegteS by VdrtùUS types of farmers lS an ~mpirLCal issue. \~ha t 1S 0 f 

,'lJ111'erll to thl", ~tudy lS the cost-effectiveness ùt these rlsk-mdnCl~ement 

llIe.lSIl rè::. , Ivh tch ,:ollld be very expensive for o-ubbistence farmers. The 

1)!JV1I)ll::' ,1itt!rT\dtl\e preven t ion techIllques 

.,lfU'.ltIOll. tntèL-cropplng Jlld fleXIble Input use. 

lllClude crop c!lver­

There lS alslJ strong 

t'\It!P!lI'è th.lt t,~n,l1lcy h.l::' ::'een used clctIvely in rural ,HedS \)t [ndiJ ':0 

..,prc'dl! '1!'Îc!1lI'tlùll rtsh.s buth wl::.bin clnd betlve:::n cropptnlS years. (Jo'1da 

Poltl:v IlIdJ..ers h,lve been cOllcerned \vIth the IncIdence ot r1Sh.s t.)r 

èhè t 1) li 1l\.111~ t eclSOIlS : 
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rural poor; l'rop CHiure could re!:>llit III .~pl"l)dtJ" .lt :111""[\' Illd 

malnutri t lon. 

dS ilvestock, homeste~\d or ,h?,rlclIltuLll 1.111Ib, ,li l'Vt'l\ t \} 

,lbandon .:lgrll~u1ture ,~ompit!l,~ly \,hich l'Duid "ttu'l Ivhl,l,' 1'11,11 

'~ommuIll t les, lne 1 url illiJ; traders .Illl! l'Oll!:>lllller" . l " 1 .., 1.., 

partlcularly eVldent 111 the dryl..llHt Llrullng 1I1 LIll: 'J,' Il 1' . .I::.t 

dnd :-.Iorth Afrlcd reglon, lncludllle; Jot·ctdn, whete l'\lr.ll ,"{(1dllS 

lS growlng at an cllarming rdte (El Sherbll11, 147<). 

b) As fdrmers ln LDCs Lire tYPlcally risk-dverse, lhe retull1~ .rIP 

reduced by dvoidance of risk through the lise nt tr.ldltl!lll.\L 

measures. This behavlour ledds to r~dl1c t Ion III t drill IIlI'()!lIP.., 

dnd lower supply ot "rlskier" J~rlluLtllr.l1 ,'onunodtllt:". Low.! 1 

supplies Cdn directly atfect l'O:l!:>lllller,,' wplt.ln:, ,llId rl'dl1l'" 

forelgn exchdIlge dIlct IIdtlOIl.l1 lll'-'Jrne. 

c) Severe ris:': exposure mdy lIl(~r~JSe tilt: llk,'11I100<l nt d"!dldl 11II 

bank 10ans, especldlly 111 yedrs ct 'l'Op t.11 !url!!.. p, JI li l , J, III 

recovery by findl1Cldl credlt lIlstttlltlOll" wC)llld !tdVI' ',,!v,·r.d 

consequences: reverSlon to credit r.ltlolllllg ,.wl! .rppll lLI'11l JI 

t..lrmers dccess ta red 1 t, 

Iher'~ dr(~ certJ.lll r l"k-.,h.trll1~ iii,",' Il.1111.,,11'> UI.! l '.Ill 1""'1" '. '" 

[armers' bu~den )t rbk. 

between crops or .1mong other :o(!I'tùrs ) t " tH. ':' OllOllly. 

trdnsfer risks to ather members ot SO'-l.~ty I)r ~Cj ..,p,~, j.llll..:d !!l"r.lt.'llJ')'I', 
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:. '1. J t_ '.!: 

rl"I<--.,il.)r~:l"; U\!:>tltutlon::. ln dev~Loplng c:ountrles, sucn dS efflClent 

lll!>t 1 tut Ions, agrlcultural insurdnce companles or trdders ln 

Et f le lent nsk ::.preadLng reauces the total risk burden 

tu ,,[Jci..,ty dnd m,lY be benetlcl.1l to farmers. 

III orner for risk-dverse farmers to adopt Ilew technologies, as weil 

olS to rece 1 ve tlte necess.1ry training dnd other technical needs, the rlsk 

.)::.::.oci.1ted wlth the lnt:-oduction of such new practices should be 

rTlltlgatt:d. The mitigation of risks lS, as shall be seen later, necessary 

bllt Ilot sutflclent [ur tarmers to adopt new technologies. 

\l,lllY rlsks are uncontrolldble and can Ollly be dealt with by 

'ol1l[>ens,ltlll~ t,lrmers ln bdd years. 

tor lncorne Lnstabllity, 

If price fluctuations cire the pnmary 

price-support or price-stabil1zation 

::.chemes I11dy be the best dlternatjve. Efficient credit lI1stltutions can 

Jl::.o help t lde fdrmers over ln poor years. Crop lJ1SUrance is another 

po 11Cy optlon; 1 t wo!:"ks bes t when tht: source of lncorne f 1uctuatlon is 

yleld fatLure .1::' d resuit ùt duuatlc condltLOlls (Dillon, 1985). 

[he rem3Lnder of this chdpter provldes a bner review of the 

prl11cipLes l1t ,lgncui tural insurdnce. The impact of risk 011 crop 

IIISllr.ll1Ce 1::. expll1red, and the V,lrlOUS d~ricultural Ï.nsurance schemes 

["I!>k l\t'l~l,'11 IIHI re"ource ctllOC.ltlùl1 l~ re'llelvea ln Part I~. Pd rts D .llld 

L dlSC\J~b the rdctors attectLnlS the supply and dem.lncl of .l~rlcultur31 

111SUt".lOce, respel'tlvely. The f1[l.11 section outlines seleeted count:-ies' 

experience::. Wl th dgr Leul tur .. ll 111SUranCè schemes which were irnplemented ln 

\".lrll)US l'L1l1'ltrlèS. 
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': rop 1IlSUt.lllCe. 

lllsurdnce 1'111 be discussed ln this 5eC!;1011. 

n,une ly Y l~ i li .tllt! 1 t' \' t ~ t 1 t l t· 

ïie Id 111:,ULIIICt' ('n"t'I ... ,'t (11' 

105S not exceedln~ ",Ol'e historlc,.il ,IVet',ll2;e v,tllle, l'lit! Il 1 1 t " ,11 L1l.' 

crop(s) ill questlon elre ,>pecitled in ddvance, .lnt! lndem!1ltlè ... ,lit' l',' 1'011.1 

to the farmers it yields tdl1 below ,>orne Spt~('l t let! perc·ellt.l~e .11 t il,' 

h1storical averdge (expected vdlue). 

For a yield-ll1SUrance policy, the tn::.urLlnce premuulI "(Jld d Ill' 

specified as (Hogan, 1982): 

PR = E(C,,)(1 + S + d) 

PR lS the premium ta be paid in every stdte ot lldLure, h (h = l,..! Il), 

over which E(C n ) is determined; C tl is the "ompel1~t1tlOlI pdyllltmt III L11~' 

state of nature h; s is the s<.l~ety 

adm1n~strat~ve loading. The safety lOdding S ,Il low~ tor .! tï~,>erVt! 1 tint! lo 

cover losses of the insurlng lnstltution durlIlI; b,ul ... t.lt~.., ni Il.!lllr,~, III 

ldeal situations, premiwns dnd lndemnities should SUIn to .~er{) ,te r!)~'-l t~H" 

states of nature. 

Because risk o~ crop damage dmong po llcy ho lder::. lit til~ ..,dlllt: r"~ 1 (J!I 

does not satisfy the standard actuartdl d::.::.umptl(J!l ul i.!ldt~p~lld(:llt (' (".,!.., 

drought, flood, or pest Infe",tiltlon .\r~ liktdy ':tl .ttt,~('t Illdlly IdllOl'l',I, 

1l1SUrance. 

It lS dssumed thJ: 11lS1lranco:: 1., 

premiums. 

the social benefits of the::'è subslI..Iles ()tE-.,f~t èr.p , ()"t..,. 



'lnd.[ J:.~,j'()'lrdb,,~ "tateS I)f '1.1::l1r.:: "(J11l0~nsatlon payme'l~s cire 

t 111.1.~[ ['~ou.:~d by .1 dcduct.Lble dmount ;J.nd by ':O-ln"UrdI1Ce, tr,e tor'11uld 

lor llH~ prellllwn 1" ddjusted as follows: 

PR = E(P,,) K.ma:< (e E(Y) - Y.,.tJ)( l ... S + ,.1) 

',~IIt:r<: E(P,) 1:-:' the expected pn.ce ot the output dL the stdtE; ot nature 

il, .tnd K 15 the CO-1I1SUrance factor, B lS the deductible factor ' .... here K > 0 

,lnd () . I~ .- l, Jnd y" i" the yield in che state of nature (Hogan, 198~). 

I~rop 111!>ur<-lnce ,md R1Sk 

Following Ehrlich and Beeker's (1972) rnodel of crop insurance and 

risk, the standard economie rnodel of deClsion-rnaking under nsk lS 

dep1': tecl ln f1gure 4. l, where the hOrizon tal scale represents incorne and 

tilt' vertlc.d sl'die represents utllity. Let U, (I) and U"U) lepresent 

rl"k-dVerse dnd r1.sk-neutrai utillty funetiQns, respectively. r" and 

[, ,u"e level., of incorne associated with the states of nature h and s, 

,ml! p ,lnd (l-p) <ire t.he aSSocldted probab1.lit.les. P i3 the probdbi li ty 

th,!L the :-:.t,lt.e il occurs and (l-p) is the probabillty that the state 5 

ùccur:-:.. [he expeet.ed incorne under this s ltua t ion lS 

E (I) = p ( L,) + (l-p) l , . If the 5 tdte of ndture h occurs, the ut il üy 

[evel 1>. U( I,,); simildrly, the utllity enjoyed for the st,lte of nature 

'i, tt lt 11CCurS. 15 U([ ). The expected utility for rlsk-averse fdrmers 

1 s: E ( U ( [ » ::: p [j ( r ") + (L·- p ) L' (I ). lü s k-,lve rs 10n i 5 represented by 

the tUll<'lll111 U(i'.( [)) --. E(L( [)) ,1Ild t"l.sk-lleutr-.1ilty Dy E(L(I» C(E(IJ). 

[Il Fi.;ute ! ' ~ . - ITIdX 1 rnunl ..1mount (lf lnSUr.1nce .1 risk-dverse 

dl~('ls11'n IIlclker "','Ould be wllling ta purchJse dgdlllSt a probdble riSK i5 

I. \>'l1ere 1. is certclinty equlvalent. lf .1n insurdnce scherne 



J , 
Î 

74 

fig:4.1 
decision involving risk 

risk averse vs risk neutral 
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fig:4.2 
decision involving risk 

risk averse farmer 
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lncome level I. , and lf r. <I, <E(I), the 

premiwn lev':!l E( Ii - I~ is dcceptable beCduse lt is smaller than the 

maximum E( I) - r. that the decision-maker is willing to pay. If, on the 

other hand, [.<EU), but Ig<L than the premium E( 1) - I h would 

be too becJuse E(O - I~:> E(I)-L • The dec is ion-maker is 

unlikply ta pdrticipate in this insurance scheme. (Djogo, 1983). 

AII,.llysis of the efficiency (E-V) frontier (whole-farm planning 

method) L.lcing the decision-maker in a situation without insurance is 

shown in Figure 4.3). If it is assumed that by purchasing insurance .he 

dec iSlOn maker' s nsk would be reduced by moving to the Left of A but 

lower than C (because of the premium payment), his efficiency frontier 

would shift from Fu ta a higher efficieney frontier but lower than FI, 

that is, ta a higher utility leveL than I" but lower than Il, and he 

may opt for crop insurance. 

It the insurance premium is tao high, by opting for crop insurance 

his ethoency (E-V) Erontier would Shlft from F" to d lower frontier 

but higher th.lll FI and would move to the LeEt of B. The decision-maker 

would be on ct Lower utility LeveL as compared to doing without insurance 

dnd he may choose not to purchase insurance (Djogo, 1983). 

Revenue Insurance 

Af ter \40r Id Weir II, many governments were eoncerned wi th the 

problems of price Jnd yield uncertainties facing agricu1tura1 production 

.1Ild fluctuations ln farm incorne. ~lany p:dsting agricultural lOsurance 

schemes .1re conee rned prirnarily with yield rather than priee ins tdbi li ty. 

t 
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fig: 4.3 

least efficiency frontiers 
under alternative farm plans 
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rn thf::: United StJtes, the Federal Crop Insuran~e Ae;ency (FeIA) 

otfers producers two options: AIL Risk Crop Insurance which pays an 

lndemni ty to the insured for any yield decline arising f rom any 

undvolddb1e tdctOl:' such as weather, pests, floods, ha il , fl:'ost, disease, 

(~tc.; and undel:' the second option, the producel:' is allowed to choose from 

dmong three levels of Yield pmtection 30, 60 or 75 percent of their 

historical yield. At the sarne tirne, the insured is offered three levels 

of price protection. Vnder this option, no indemnities are paid if yields 

are above the covered level and the price below the selee ted priee. When 

indemnity is called for, it is carried out on the basis of the yield and 

price levels as selected by the poliey-holder. 

An al ternative to yield insurance lS the relatively new idea of 

revenue insurance, initially discussed by Johnson (1947), Swerling (1959), 

Lloyd (lq77) and Dandekar (1977). The most comprehensive discussion 

,wailable on this subject is the report on rural incorne fluctuations 

pl:'epdl:'ed in 1978 by the Australian Industries Assistance Commission (AIAC) 

<lnd pub lished by the Australian Government. AIAC provides a detailed 

discussion of the farm incorne stabilization plan as originally proposed by 

Lloyd (1977). This plan is based on a voluntary, regionally-based ineome 

insurance plan. As an illustration of this voluntary insurance scheme, 

dssume that the regional incorne per hec tare f rom d produc t 
was X percent highel:' or lowel:' than nOl:'mal in a partl.cular 
yeLl!:'. A11 insured farmers in the reg10n would then 
recelve pay-outs of X percent of the region 1 s normal per 
hectare lllcome from that pl:'oduct on each hectare they had 
insured (Lloyd dnd Mauldon in Hazell, 1985). 
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A major advantage of the revenue InSUr,\nce schellle i s i t., !,lllt'Ilt 1.11 

for substantially reduclng the risk of lIlorcll hJZdrd ,md dd\'er"t~ ..,~It't'll,lll 

(ta be discussed later in this chapter), partlcuLlr'ly "hel. tlle Plt'11l1\llllS 

and indemnities are determined by movement in regional ylelJs ,\Ill! pr1t'ps. 

In such cases, they are not dependent on events under the cOlltrol ot thl' 

individual farmer or on risk characteristics of the ind,:,vldual tc\tlll. l'lw 

other advantage of revenue insurance 15 thJt it relates lhe bene! iLs to 

the income of the individual farrners and protects but Joes Ilot support 

incorne at relatively high levels. 

Similar to the study undertaken in Australia, the V.S. èongress 

appointed a Farrn Incorne Protection Task Force (FIPTF) to investi~ate the 

concept of revenue insurance. The FIPTF report of June LlJR'l, enL i t Led 

Farrn Incarne Protection Insurance, concluded that basic dat.l to eval\lilte 

the usefulness of this type of prograrn is not .lVaildble and precluded its 

initiation at that time. It did, howl.;ver, reconunend implemenlcltioll nt d 

pilot revenue scherne in order to collect the data necessdry I.n delermule 

the usefulness of such a scheme nationwide. In d L ')H3 st ully, Lill! 

Congressional Budget Office reconunended initiatlOn of d pi ot rt~VeIlUI~ 

insurance scheme. 

Unlike classical yield lIlsurance, revenue insurance 15 dt~S l~llpd to 

deal with priee and yield uncertalntles. The present dgri"ultllraL 

policies ln Jordan are geared towdrcb dt'dL1IIg '<'Ilth prlf:l~ 11IlLf:[ t.Jlllll':o., 

through prlce support for wheat and i:drl~y. Thl::, support '<'IdS in! tldtf~d III 

1979/1980 and involves payrnent of specified poc':!s .it h<1rve~ti[)~. ">llppOrt 

prices are announced early in the 5ed~on. Rt:venue insurance in t8gra t>::~> 
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:)[1-'~ .lOd yield pnllCies by directly addresswg the 1ssue of lncorne 

tluctl~atl()nS .1r-iSlllg from y1eld and prlce vadabil1ty, dS weil as the 

var1dbility cdused by their joint effect. 

Revenue insurance is [Jotentially useful in sltuations wher-e pdce 

.wri Yleld vadability exists; as in Jordan where local production of major 

cereills lS negligible as compared ta total imports, thus producers pdce 

is affected by the vanability of the international priees. The 

varidbility of yield, as shall be seen later, is an lmportant factor which 

largely contributes to farm incarne fluctuation. Furthermor-e, most of the 

subsidies provided by the government to the agricultural sector in terms 

of cheap credit seem ta favor large farmers (World Bank, 1983). Among the 

recommendat ions made in a report published by an inter-governmental 

conunittee, Analytic Study of Possibilities of Increasing Cereai Production 

in Jordan, were grdduai elirnination of wheat subsidies to consumers (which 

1:0St the Jordanian Government a yearly average of about JD 6.98 million or-

the equivalent of US$ ~O million) and increa-:::'ng the Government 's support 

to ceredl pr-oducers from its present level of about the equivalent of 

us$ 3 million. The committee aiso recommended r-esear-chio s the feasibility 

ot dgrlcultural insur-ance. 

C. fnsur-ance, Risk Aver-sion and Resource Allocation 

fins sectlon w11l il1ustrate the effect of insurance on d 

rlSk-,IVerse t.lrmer in terms of resource allocation and risk shadng. This 

sectlOll i5 bdsed, \Vith slight amendments, on the work of Ahsan et al. 

(lqs:!), Kouadio (1982) ,lOd" (Nelson 1987). The analysis is concerned with 
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a single output. It is assumed that the farmer is competitive and growing 

~ 

one crop, with the yield as a random variable and the price predetermined. 

There are two states of nature: i) bad state oceurring with 

probability a, and H) good state oeeurring with probability (l-a). If 

the farmer pays a premium in aIl states of nature and reeeives an 

indemnity during the bad state of nature, the profit in both states is 

expressed as (with probability a and (l-a), respeetively): 

(4.1) 

PYgL + RL-VL (4.2) 

where P = the known priee: Yb = the yield associated with the bad state 

of nature; Yg ... the yield associated with the good state of nature; V-

the marginal cost measured in acreage; l R = the insurance premium; s -

the insurance coverage rate as a percent of average yieldi Y ... the 

average yield; and L = the land allocated to the crop. 

The relationship between insurance indemnity and premium can be 

expressed by: 

(4.3) 

where t is the cost per amount of coverage. 

Equations (5.1) and (5.3) can be rewritten where: 

(4. <1) 

(4.5) 

The expected utility of the profit can thus be expressed: 

E{U'l)} = aU(Ib ) + (l-a) U(l g ) (4.6) 

The first-order condition is arrived at by differentiating equation 

(4.6) with respect to L after substituting the values of: lb and 19 for 

their values from equations (4.4) and (4.5). 
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dE{U(I) }/dL "" aU' (lb) (PYb + (l-t)P(sY-Yb) }-v 
+ (l-a)U'(Ig){PYq-tP(sY-Yb)-V} = 0 

U' (.) denotes to the first derivative. 

The second-order condition is as follows: 

f - d2E{U(I)}/dL2 .. aU'" (Ib){PYb+(l-t)P(SY-Yb)-V}2 
+ (l-a)U" (Ig) (PYQ -sP(sY-YQ )-V}2 < 0 

(4.7) 

(4.8) 

This is satisfied for a farmer exhibiting a risk-aversion level, i.e., 

U"(I) < O. 

The relationship between the cost of insurance and acreage can be 

explored by total differentiation of equation (5.6) and using the results 

of the second-order condition. The expression proposed by Pratt (1964) and 

Arrow (1971) for the absolute risk-aversion coefficient is defined as: 

Ra (1) = -U" (1) lU' (1) 

by assuming Ra(I) constant in all states of nature, specifically: 

f={L/ (P (sY-Yb ) )} dL/dt = aU" (lb) (PYb + (l-t) P (sY-Yb) -V}L 
+ (l-a) U"(I '1 ) {PYg-P(sY-Yb)-Vn .. +aU' (Ib)+(l-a)U' (Ig) 

By substituting Ra (I) above for a constant value Ra, L1 becomes 

(4.9) 

(4.10) 

f = (l-Ra ) {aU' (I b ) + (l-a)U' (Ig )} (4.11) 

Under positive marginal utility of profit, the impact of reducing the 

premium on planned acreage depends on t.he sign of (l-Ra ) and on whether 

the utility function exhibits positive and diminishing marginal utility. 

If so, the premium reduction could bring about an increase in output of 

(Ra<l) . 

Ahasan, Ali, and Kurian (1982) have provided an analytical framework 

for analyzing crop insurance as a public good. They assumed that the 

producer maximizes the expected utility, that the insurance scheme is 
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~ctll;1rially f,ür. J.lld th::!t ln equ~llbrillm the tnsuter ,""If'ns 'L'I',) !,11'tll. 

The producer-chou.:e variabl~ is the dmount ,)t inpllt wtlldl "I)IILd bt! d"\lll,'d 

to risky dnd riskless production dctivities. the l1lput lS 1 tSI-.-LII' Il'.1:-.1I1~ 

and the producer is Llsk-averse. Under these .lssumpt LOIIS .1 Illunb.'l' lIt 

conclusions can be drawn with respect to the proùucet·., beh.lVllllll'. 

a) Producers will opt for full insurLmce covel.l~e 1 t prt~mlluns .111' 

actuar1ally fair. 

b) Producers devate inputs ta f1Sky productiOn dctlvltles llIlul 

expected return on the margin ot that lnput is equc.tl to Lhe 

rate of return on riskless dct~vltles. 

Input into risky production dctivitles is greJter W t th 

insurance than W1 thout inSUrill1Ce. 

Ahsan et al. extend the dnalys 1S tn more thdll Orle producef .l\1d 

conclude that information externaltt ies Will lnhi b l t equillb r illl11 11Ilder 

competitive insurance markets and ~hrlt public SUb~ldl"ation nt InSl1f.\lIce 

is desirable as a second-best solution. 

Nelson et al. (1987) extended the work ot Ah~d!l .~L .d. I>y 

considering a general production model with multiple inputs •. 1l1d outputs. 

Nelson et al, show that in the mult1ple toput/output model lt i., Ilot 

generally true that risk-averse fdrmers wOllld lIse 1,~.,., Iflpllt', th.Hl 

risk-neutral farmers because ot th,~ Inter 1·;tlOlI 'Jt Input .... rI) r f:,{dmp 1 f!. 

two outputs could be produced 'Nlth .1 ,>.1I~1.~ Ir'llllt. Il thl,> :lqJllt l, 

risk-increasing Eor output one d!\fl rl<;k-r,:dllcln~ ror 1l1llpllt ~''''J, r:lt,~ 

risk-averse producer Will produce L,=ss ot 'JutPllt (J1I~ -l!Hl rnor.~ 'J! q1ltpl!L 

two than the risk-neutral producer. 
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pr":1lI1111l1 IS pO!:>ltive lf the input is maY"l?;inally nslr-inCre..lSlng ..lnd 

!I,~~,jtè'/~ lt th>: lllput lS margindlly risk-redueing. 

[n the !>dme artlcle ~elson et dl. showed, using the t:::conomic theory 

(Jt "ontrucu., t~ilt under lnformation externalities il sec •• ld-Dest solution 

t.., posslble wlth cülrunercldlly deslgned insuranee. 

P.H'eto ortimality of the effeets of insuranee in risk sharing has 

been demonstrated by Borch (1962) dnd reiterated ln 5tiglitz et al. 

(1979). However, for Pareto optimality ta be obtained a certain number of 

dSSumpt lons mus t be made. The most important is that competitive 

insuranee firms have perfect knowledge of the risk attitudes of farmers, 

which implies that problems sueh as moral hazard and adverse selection are 

ruled out. Furthermore, Pareto optimality requires actuarially fair 

premiums. Under these assumptions such insurance will alter the 

Input/output decisions of the risk-averse farmer, causing hlm to behave as 

lf he were risk-neutral. 

There dre two approaches to assessing the social-welfdre lmpact of 

.lIly pub lie insurance scheme. The first approach is the concept of net 

return to society, or the Hicks-Harrod verSlon of Pareto optimality (Just, 

1978 ). The procedure involves approximating the supply and demand curves 

tor .1 glven lllput under the assumption of constant abso1ute risK aversion 

.Ind .'onst.lIIt t..!.ctor priees. Changes ln soe1..11 welfdre dre dssoeid:ed with 

.lre.!S belnw the aggregate demand curve ,lnd clbove the aggregate supply 

Ctlt"ve. 



-y 

1 

35 

The se-.::ono appro,lch relles on the \.nrk \lt -\r"rDIV ,lnl! Llnd \1'):"\)) ,IllII 

tredts public insurdnce dS .lny puoliL investment \l.e., "1'\lhL:,' ";\1I1I1"L 

According to Arrow ,Illd Lind, pllb 1 il' 

investments are borne by SOclety .15 ,\ wl101e, ~ln('e the l'ost nI rl~k ld th,~ 

soc let y dS il whole 1S ne~liglble. 

desirability of d public project (such dS public 1nsur.lnce) thl~ ~()Vell1l1le, t 

should act as if it were risk-neutral. This implies that "Positi'll~ :ind.1l 

benefits of insurance occur, therefore, when the .nratlabiltty ot insllr.lllCe 

moves private-resources allocation in the dtrection ot risk-neutr.ll 

optlmum" (Roumassel., 1976, p. 223). l 

Moral Hazard 

In insurance literature (Ahsan, 198'1; Il.lzeLl, Lt}Hb; Ray, 1981; 

~elson, 1987), moral hazard occurs when the insured tdrmers l.lke dction:. 

that alter the probability-loss function wlthout this heing detet'ted by 

the insurer. The consequences of moral hdzard .lre th.l t the i n::lured 

indlVldual's rational choices Jiffer trom the Parèto nptim.llity deV1Cf:. 

In other words, "Inputs which reduce the probdbility ot low Yltdd ':011111 be 

used less intensively than is socidlly optimal" (Nebon. lY87). 

In the absence of strict control by the insur.\nce dgency, it le; 

likely that Jordanian farmers ',o/Ould det tntentially to incre,l!>f! '_h.! 

probability that yields would f.lll beLow the covered lev~L. l'he!:>/-! dlllrHl'> 

could tl1clude lower fertll izer ..1nd herbl(~id~ II~.:, 1II1prop.:r 'lb': ,>1 "rllllblll': 

hdrvesters and mlnimum tillage. 

obtaln the maximum price for thetr crops or may flot report the tnlL '/J!U~ 

of their crops by selling portions .... ithout r,,:portwr.;; lht-: ,>aL~!>. 
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( 
,werage report yields, wou'd thus fall below the insured level, making 

that farmer eligible for indemnity, when in fact he may not legitimately 

qual i fy. A number of remedies have been suggested to discourage moral 

hazard, including: 

a) of fer insurance contracts to cover less than 100% of the 

his torical yield or income; 

b) provide clear legislati"n specifying the illegality of 

intentional alteration of yield and revenue; 

c) include a deductible clause by which participating farmers 

share part of tbe crop damage or loss in revenue wi th the 

insurer; 

d) require participating farmers to provide satisfdctory proof 

i regarding their agricul tural prac tices; 

e) base indemnities on measurable parameters which characterize 

the state of nature (such as rainfall, type of soil, wind, 

termperature, pest population, etc.) 

These parametérs are in turn applied, using econometric models, to 

estimate the output. The estimated output is then used to determine 

whether indemntity is warranted or not. In Jordan, i t is unI ikely that 

(d) or (e) ahove could be implemented because they require rigourous 

monitoring, highly qualified staff and considerable budgetary allocations 

which at present may not be available. 

Adverse Selection 

Adverse selection occurs if the insurer cannot distinguish the 

"inherent riskiness" of different farmers. Insurance companies may have 
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-
access to information about aggregate risKint>s:o nt .\ ~roup nt t.H'mt!ls. 1\)[' 

example, those ln a certain region. PeemilU11S .lre set by tre.\till~ ",',\l'Il 

farmer's expected l055 as if it wel'e equal to the .1re~\'S clggn'g.\tt! 

expected 1055. This premium may be higher or lower thdn the .\ctu,1l 

expected 10ss for a pdrt~cular carmer. Those w i th expected 10ss clbQve tht! 

average would opt for insurance while those w~th expected 10SS below the 

average would opt Out. Adverse selection will cause deporture trom Pareto 

op t imali ty. 

Adverse selection is a potential problem in the context of Jordan. 

There is significant difference in climatic conditions between .lnd within 

the governorates of the country, particularly sail qua li ty and r.:lÏnf ail. 

Although area approaches could be used to address thi,:; issue, separ,lte 

zoning would be required for its implementation. 

The most difficult question, which needs careEul analysis, i5 how 

ta cope with the yield variances among farmers in any single zone. There 

is sufficient evidence that significant diEferences in average whedt <lnd 

bar Ley yields as well as their variance exist between farmers in Lhe !3dlllf~ 

governorates (see Chapter II). The major reasons, in addition to climatic 

and agronomical reasons, are that Earmers practice different dgriculturaL 

practices varying from labor-intens i 'le sem i -t rad i t iond l to 

capital-intensive improved practices. The size of the hnldl!l~" .1:' 'N1'!ll dt" 

management ot the farm 1argely contribute to this VdrldbLlty 1)[ yjdd~. A 

uniform insurance premium 15 unlikely ta be attrd('tiv~ to f<.lrm~rs who ha'lI! 

historie yields above the historie governorate yH:!lds and most r:(!rtaillly 

t~~y would not participate in such a scheme on a voluntary bd~lb. 
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Participdtlon '~o'üd ~hu:, be 3ttracti'le under such ronditions only to high 

rlsk L.lrrnerc;. 

A number of remedies have been suggested which could be applied in 

Jo rdan: drop-auts trom the prograrn would be discouraged by charging 

re-elltry fees; or rnultl-period contracts could be introduced which on the 

basis ot the individual 10ss ratio, a flexible pr eml~l.m rate woul. be 

adopated (i.e. , increased or decreased over the contract period). These 

measures could work well in countries where sorne experience with crop 

insurance already exis ts , proper Legislation is institutionalized and 

where proper monitoring by the insurance agency is operational. In the 

context of Jordan, where no experience with crop insurance exists, it may 

be useful to start on a pilot.level with a cornpulsory area-oriented scheme. 

Public vs. Competitive Insurance Schernes 

lndividual full-coverage, actuarially fair insurance contracts in a 

pertect-information scenario produce Pareto optimality (Rothchild and 

Stiglitz, 1976; Raviv, 1979). Moral hazard and adverse selection are 

issues which may cause the solution to depart from Pareto optimality. 

Moral hazard will cause farrners to reduce their efforts to prevent those 

losses covered by the insurance (Spence and Zekhauser, 1971), which may 

illf luence the probabi li ty function of losses. 

Ahsdn et al. (1982.), reccgnizing the problems of moral hazard dnd 

cllivc!"se selection, reconunended d second-best solution, subsidized public 

insurance. They contended that this type of insurance is more relevant in 

developlng countries, where statistical information and the logistical 

support for g.lthering and processing the information are rudimentary. 
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:-;e1son (987) proposed an alternLltivt> spcond-hest S('ILutll1ll, h,ISt~d 

on the self-selectlon prinClple. The selt'-seL~ctloll pt"lllclple. 

originally proposed by Rothchild and Stiglitz (l97Q). invoLves ,\ ~eL 01 

contracts to be proposed to the tdrmet". As tdrmers L'hoose the slllL\bLe 

cont-act, theit" r-isk class i, revealed to the insurer. Al thou~h tilt' 

issues involved with the imple"lentdtion ot self-seLection LIl':iUr,lIlCe 

schemes are theoretica11y attractive, the information needed for desi~nillg 

such schemes is not likely to be available. 

Nelsen's (1987) proposed second-best private-or-iented iosurJllce 

scheme for agricultura1 procedures is possible "at le:lst theoretically" 

and does not necessarily contradict Ahsan's public insuranee proposal. In 

a world of second-bests. it remains dO empirical problem to show which nt 

the two second-bests is "first best." Fa;: countries sllch dg Jorddn whert! 

the financial market, particularly in the rural areas, is underrleveloped, 

inc1uding the insurance sector, this may be dn import .. mt re(lson to 

initiate a public insurance scheme for agricultural producers. 

D. Factors Affecting the Demand for CroE Insurdnce 

Those in faveur of providing public crop insurance argue tlldt 

existing risk-sharing arrangements are lnadequate for rarmf!rs, 

particularly in dryldnà farming. The IlIlder1ying I~oncern Î!:. thal tlll~ 

traditional risk-loss mdnagement meChdllisms could be: 'N~ry ':ostly ill t.1!rlllh 

of farm survival. Restoring farm-prorju<;ti'/~ r:.lpdr:ity 1!l.t b10w prOI:~".." 

and the growth and equity implications ot severe setbacks bhould bl: th!.! 

concern of any public po11cy (Ray, 1981; Ahsan ~~., 1981). 

) 
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Ccop-insurance schemes .5hould be evaluated against aIL other 

rliterTlativ~::,. l.ncLuding farmers' declsions. For example, Hazell (1986) 

report!> that in :'-Ie:uco, a crop insurance scheme for maize would involve a 

')0 percent subsidy of the premiwn if it was to be acceptable to the 

Lumen, in the ralnfed area. 

F,Hmers' demanà for insurance is affected by a number of factors. 

Generally, farmers will purchase insurance if expected benefits exceed the 

costs. As farmers may not plan over the long-term, they tend ta look at 

insurance with a myopie view. Thus, farmers would buy insurance only if 

short-term benefits exceed the cost of purchasing the insurance po1icy. 

Farmers' demand for insurance, at any particular point in time, is 

J func t ion of the Leve l of premiwns, which is based on the expec ted ne t 

incarne from production and the occurrence of disasters in the recent 

pasto The stability of the demand for insurance over time is strongly 

influenced by the farmers' perceptIon and understanding of the particular 

scherne. 

Niewuwoudt et al. (1985) found that the demand for subsidized crop 

insurance in the United States appears to be 1ow. In their empirical 

s tudy they attributed this 10w demand to a number of variables: expected 

rate of return with insurance, expected risk, crop specializatl.on, land 

ownershlp, disaster payments and farm size. 

\lore 11lSUr.1nCe will be purchased JS higher risks are experienced. 

Specia1ization lS a1so an important factor in determining the demand for 

insur;:mce. In IntensIve wheat-growing areas in the United States, such as 

:'-lont.lna and North Ddkota, the percentage of acreage insurance reached 



- between 40 percent L\nd :;0 percent i'l l'ecent ve.ll'S •. IS ('nmp,u',' 1 lI) li 

percent for whedt acreage in III inois dnd Ind l,lllol, 

Farm-slze pdrameter had d negdtive sign, llldic.ltill~ tlhlt .Ill 

increase in the Edrm Slze was assocldted with d decl ille in the pt>rcent.q~t! 

of insured dcreage and that risk premium declines .\S tolrm ,.,lze incn·a,.,es. 

This suggests that wealthy farmers with large tarms, who llSll.llly holVI-! 

better access to credit, may have less incentive for crop insurancc. rh i s 

also seems to support Biswanger's (1984) drgument th.lt demand lor 

insurance by landless farmers may be significant, sillce the lnsur .. lnce 

contract could be used as collateral for production or investment 10ans. 

Anthropological studies in Latin America indicated thdt f .. lrmers do 

not view insurance as a long-term f inanc ial inves tment, 

also show that: 

Thl~se stlldies 

a) when insurance is made campulsary and tied ta credit, f,lrrners 

rej~ct it because they view transaction co!:>ts ,wd prellllWn:-i .113 

an additianal cost of credit; 

b) if farmers do not receive indemnttles Lifter the second or thin! 

year, they tend to ledve the pragram; and 

c) availability oE insurance for individudl "rops 'Ni 11 1 e.Hi 

Earmers ta purchase insurance only for tbe rlskier orwc;. 

In addi tian ta premlUffi rates, the demand for insuranCf! ..,f~eIflS ln hl~ 

affected by the out-af-pocket and traOS<.lctl011 "oc,l" lt 

provided through thp existing credit institutionb. 
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E. The SUDDlv of Agricultural Insurance 

The long-term cast of insurance is determ~ned by the cast I)f ri6k 

protection dnd the transaction cast. Depending on the insurer' s 

portfolio, transaction costs generally include the cost of issuing the 

policy, preliminary inspection, disaster inspections and harvest or 

futures inspections. There are also the fixed costs of handling, 

processing, ,lOd retrie':al or information. The cos t of bearing risk is 

determined by the ,~xpected magnitude of the loss. Transaction costs are 

trad it ionally lower tor area-approach insurance schemes than for 

individualized insurafice schemes. 

Government contribut ions have taken dif ferent forms, including 

subs idizing premiums, financ ing adminis trati ve cos t and providing 

reinsurance •. As premiurns have not been set high enough to cover losses, 

reinsurance support has often been the largest financiaJ contribution of 

governments. This is a1so partly due to the imperfect financial markets 

in LDCs. 

It is widely recognized that one of the limitations ta the 

implementdtion of crop insurance is the lack of adequate data to estimate 

premiums (Ray, 1981; Rustagi, 1983). There are two methods available for 

the cdlculdtion of premiurns. The first is to use the insurer's actuarial 

t!xperience to establ ish El set of initial premiums which are continuously 

...ldJusted 35 more informdtion on indemnIty lS made available, as in the 

UnIted States ,lOd Japdn. The second approach uses yield data to establish 

premiums that <lre ddequate to meet the expected indemn~ty in case of crop 

Lü Lure. 
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The actuarial pnnciples involved in the ,1dminlstrLltioll nt l'II'milllllS 

using yield data have been discuss<:"d in det,ul by Hclll'to\~ (llj/Ill). Blltts 

et al. (1958), Dandekar (1977), Togdwa et dl. (1\)79), Rustdgl l't ,Il. 

(1983) and rnost recent1y by Skees ~. (l'H~b). ,\Cl'orct ing tll thl!s,' 

pdnciples: 

a) those farrners who are expe rienc i ng the l.ugest yleld 

variability should pay the largest premium; 

b) calculating premiwns for edch farmer is Ilot prdcticed: dlH! 

c) if a uniforrn rate is applied for a11 farmers, those with less 

than average variability will SUbsldize the others. 

The above three points will lead to unstable crop insurance, LlS some 

farmers may abandon the scheme, leaving the 1l1SUrer faclng ill1 ,ldvprse 

selection problem. 

Sorne of the problems associated with the use ot yield d,lta to 

determine the premium are: unstable government policies, leve 1 of 

application of inputs and scarcity or hlgh price of insecticides. Ail 

these factors could contribute ta variability in Ylelds. 

Dandekar (1977) proposed the homogeneous-drea approdch, which 

entails the following: 

a) normal yields are estimated by geographlcaL ared&; 

b) indemnities are paid at a uniform rate to ctll IlJsured t,lnner'i 

in the area, irrespectlve of the dctudL yl.!1rJ 'it lhe "rop'" (Hl 

their respectIve tarrns; 

c) area-un~forrn prerniums are calculated on the 

year-to-year varidbility of yields for the area; dl1ll 
T 
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ri) through continuous revisions, premiwns are set dt d higher 

l~vel in areas where the year-to-yedr variabiltty is 1drger. 

An ddvdlltdge of the area approach is its potentl<ll ta reduce sorne ai the 

tranSdction ~osts d&sociated with inspection. 

BE:CdUSe of the inabilityof crop lnsurance compdnies ta distinguish 

between high-nsk <lod low-risk farmers, they resort ta us ing more easily 

observed varidbles, such as sex, age, race, caste, etc. (Hazell et al., 

1986), which elre thought to be correlated with risk. If differentiation 

cannat be achieved, insurers may set the prem~ums 50 high that only 

hlgh-risk individuals will find insurance attractive. 

F. The Experience with CrOD Insurance 

Agricultural insurance was intraduced in Germany during the first 

half of the nineteenth century to protect farmers against hail damages. 

[n the last half of the nineteenth century, livestock insurance was also 

in operation in Germany. Since then, agricultural insurance has been 

introduced in the United States. lapan, Sweden, Israel and Canada, and in 

LDCs including Mexico, Sri Lanka, Brazil, Costa Rica, Panama, Kenya, 

Mauritius and India. Sorne insurance plans are state-owned or the 

government meets or subsidizes the entire operation cost, while others are 

priv.1tely operated. Sorne are voluntary while others are compulsory, dnd 

Sllflle Drovide full. coverage while others pt"ovlde only l imi ted coverage. 

SÙfIle .1re l1nked ta credit, though the majority are nat (see Table 4.1). 

Countries such dS the United States, Japan, Brdzil, Sri Lanka, 

~Iaurltius. Sweden, .lnd ~Iexico have had several decades of experience with 



) 
'1 

----------------------------------- ~~ - ---

f' __ 

1 
1 
1 
1 
1 
1 
~ 
':J' 

.~ 
J 
> 

" Î 
1 
1 
1 
1 

'" 1.. 

Jo = 

:=; " L 
'" '- > " '­> - L 
:> /' 

'" - ~ 

ij-~ 
~ " ~ _ ... 
11 '" > ::> 
"'.) 
~ 

'­
::> 
.1 

'" -:: 
:: ':1 ~ 

~ ... 
, /> 

i-- ~ l' 

--~-'--:- ~. _ ~ "'-
..... /1 , 

, 
::> 
..J 

'l 

::> 

::> 
> 

-= 
'..J 

::> 
/> 

= 

J .. 
'l 

<­., 
::> 
:l U 
.11 '-

1..­
::> - ... 

" ~= 
1.. 
o ~ 

'" "' - ~ 
:l 
a..J1 
.:: '" :; 0 
..J-

= 

" 

'-

,.., 
"''-
1.. " ~ .11 
--'­
C::l_ 
.:l~:Jl 

";aO 
>'--' '" 

" ~ 
>-

'l 

95 

:l~ 

'" ~,... 

c: 1.. 

.r. 
01 

'l 

'-
:l 
.11 

-. 

.:: 

" 'J 

'" 
CI. 

.,.. :J 
<-
::> 
'" :> 
:J 1.. 
:l.. U _ ':l 

::> c: 
,-' :l 

.: 

= 

" ~ 

.. 

, ,- 1 
, 1 

/1 

ï 

1) 

::.. 



1 
( 

96 

Pilb lie ly supported Icrop-insurance programs. Only the COS. f8der.1l Cl'op 

[nr,uranc..:e Corporation (Fere), however, operates with d milumwn .:lf 

~overnment subsidies, cl situatIon acllleved only J.fter years of heavy 

los ses and several bankruptcies (BuckLer, L950)." 

Forty-seven years after the Fere was credted, its performance is 

still not completely satlsfactory (Kramer, et al., 1982). Performance has 

been evaluated on the basis of the following: farmers 1 participation; 

number of farmers indemnif ied and served; and 10ss ratio 

(indemnlties/premiu'.ls). During the penod 1948-1978 the total indemnities 

dmounted to US$ 1.26 billion, while the premiums paid amounted ta 

US$ 1.21 blllion. Th~ Fere administrative costs for the same period 

amounted to US$ 351 mlllion. The loss ratio is about 1.33, suggesting a 

subsidy rate of about 33 percent. In addition, the ndtional participation 

rate wa,s 11 percent of the eligible cultivated area. Major reasons for 

the Low part lC ipdt ion rate by farmers in the Fere scheme could include the 

tollowing: 

.Il impact of the scheme on the variability of farm income may be 

insigniEicant; 

bl other risk management strategies may be used; and 

I~) Low protect ion is offered. 

Strdtegies farme~s use in risk management lnclude: 

.1 1 other government programs, such as emer5ency Loans, disaster 

payments, deflciency payments, etc.; 

b) hedging of future markets and forward contractlng; and 

cl ·crop diversüication. 
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Eundamental grounds: 

cl) premium rates charged may not be consu,tent \yttlt tllll"t> lh.lL 

indlvidual fdrmers expect; and 

b) Fere scheme does Ilot tdke into dccount the lntt~r.\(·tlon cll pt'lCI! 

dnd yield uncertainty, 1. e., 

premiums, compensation, etc. are b.lsed on Înt:lJmpletl! 

information. 

The current Japanese crop insurance progrdm orlginated f rom the 

Agricultural Loss Compensation Law, enacted in 1947. Tsujii (lq82) drgues 

that the government subsidy to rice insurance in Japdn 15 50 1ar~e tlldt 

its impact on supply has been negl igib1e. Y.lmdllC'hi (1%4, l')HO) .!rgues 

that at the time of the introduction of crop 1l1SUrance in 19/,7, ricl~ 

production was dominated by smal1 farmers, many ot whom hdd become 

owner-occupiers under the 1947 land retorm. SUbsldized crop lnsurance W.IS 

made compulsory in an attempt to prevent newly created owner-farmers t r'om 

reverting to tendnt status in disdster years througlt dlstre.,s or I.llld 

sdles. Subsidies were biased in favour of farms 10C..lted in rl~kier .uedl>. 

rni tially, insurance coverage was based on the .ued appro.lch, the 

result was that hlgh-yield farmers were l.lllder-indemniEted, '",hile fl1i4h-r'lSk 

farmers were over-compensated during r: rop fa illlre~. 

lnsurance reforms, the indlvldu .. d plut dpprOddl '-0 r)[f~1II1111n d'~L~rrnUldll<HI 

was enacted and fle:{lbllity ln the arnol1nt ot r ()Ver.l"l'~ tl) r.!rrllf~rc; '''';1:-' 

introduced. 

J 
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l After World War II, many small farmers became "part-time" holders 

and crop insurance was unsuited to their needs. To maintain the viability 

of crop insurance, compulsory minimum acreage for various crops was 

imposed as a condition to qualify for the purchase of crop insurance. 

Brazil's national crop-insurance program (PROAGRO) was established 

in 1973 as a voluntary program to assist farmers in repaying loans in the 

event of certain natural disasters. Initially it provided coverage of up 

to 80% of the amount of a loan with a standard premium of one percent. 

Loss ratios were high, and climbed to 40 percent in 1975. The program has 

survived with the aid of large government subsidies. In 1980, the subsidy 

from the Central Bank represented 58 percent of PROAGRO's total revenues. 

According to Hazell ~t al. (1986), PROAGRO' s poor performance is 

a ttributed to three basic causes: first, a low prem~"um rate was charged 

and the cost of administration was high; second, because the program was 

voluntary, it attracted only a small number of participants, who tended to 

be high-risk producers; and third, the program was too specialized in 

wheat and upland rice. 

A number of substantial changes h3.ve been made to PROAGRO since 

1980. The program is now compulsory for aIl farmers who have experienced 

lasses in previous years. The ne"1 reforms include high premium rates; 

however, the crop-insurance program in Brazil still depends on generous 

government subsidies. 

In this chapter, the development of agricultural insurance was 

discussed, along with its advantages as a tool in mitigating ris~, using 
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graphie representations of risk-averse decision maker with and without 

insurance. The concept of revenue insurance was presented. A model 

depicting the impact of agricultural insu rance under the assumption of 

risk aversion on resource allocation was e1aborated. Other topics, 

including moral hazards, adverse selection, public versus privat~ 

insurance schemes, and welfare considerations, were also discussed. 

Factors affecting the demand and supply, a10ng with sorne empirical 

evidence, were also presented. Experiences of sorne developing countries 

with crop insurance were surnmarized. 

In the next chapter, the MOTAD model, its data requirements, and its 

preparation will be elaborated, along with the methodology for 

incorporating various agricultural-insurance schemes into the model . 

Notes 

1 This ls similar to assuming that the co st of production is a 
function of share of land devoted to the crop, where the cost Lor function 
is homogeneous with degree zero in output in every state of nature 
(Kouadio, 1982, p. 14). 

2 This is valid only in risk-increasing input. If input is risk 
reducing, this is not necessarily valid (see Nelson, 1987). 

3 Pratt (1964) showed that with utility functions with constant 
relative risk aversions, profit must be strictly positive in order to have 
positive and diminishing marginal utility. 

4 The degree of government participation in financing crop insuranc"..! 
varies from program to program. Much debate has already been presented 
about the justification for government subsidies of insurance. According 
ta Roumasset (1977), government support for crop insu rance indicates that 
there is no significant demand for iti had demand been present, it would 
have been met by the private sector. Roumasset argues that, a~ government 
does not have any comparative advantage over the private sector in 
administering the scheme, creation of subsidized crop-insurance programs 
is a misallocation of public funds. He also argues that if crop in'3uranr.:e 
is made compulsory in order to attract large numbers of clients te make 
the scheme administratively and actuarially viable, then resource 
misallocation will take place at the farm level. 
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l 
CHAPTER V: FRAMEWORK FOR ANALYSIS 

A. Introduction 

This chapter pl:"esents the detai1s of the mode1 used in this study 

as well as a number of practical extensions. In Part B, the fOl:"mulation 

ut the MOTAD is discussed which includes a description of the basic model 

Jlld extensions. The decompos i t ion of income variab il i ty to price and 

yield vadability is a1so discussed. Part C deals with data requirements. 

pl:"epal:"ation and shortfa11s. Part 0 presents the s teps followed in 

implementing the MOTAD mode1. The final part highlights the incorporation 

of hypothet ical agricul tural insurance schemes, namely yield/price 

insurance and revenue insurance. 

B. Formulation of MOTAD Madel 

Haze 11 's (1971) Minimization of Total Abso1ute Deviation (MOTAD) 

mode 1 hds been used to analyze the da ta in this s tudy. On the bas is of 

samp 1 e data on gross margins of different acti vities (gross revenues per 

dunwl1 minus variable costs per dunum). the mean absolute incarne deviation, 

denoted by A, may be defined, using Hazell's original notation, as follows: 

s n 
A = LISE L (c h J - g J )x J 1 (5.1 ) 

h = 1 j = l 

where s = number of observations in the time series gross margin 

date; Il = number of activities in the model; c = gross margin for the jth 
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activity on the hth observation; g = dverage gross margin for the j th 

activity; and x = 1evel of the jth activity (in dunums). 

The mean absolute incume deviation as def ined above accounts Eor 

the variability in gross margins of a singl~ activity, (ts well ,\5 for 

interactions among activities affecting total income variations. 

The objective is to minimize sA subject ta a nwnber of constrnints 

which include land, crop rotation, capi tal, labor, market ing, L\mily 

labor, etc. Ta convert sA to a legitimate linear-progranuning objectivf! 

function, a procedure similar to that used by Ashar and Walldce (1963) is 

employed. This is achieved by defining new vdriables. 

n 
Yh = E (ChJ -gJ)x J (for h=l, 2 ••• s) 

j=l 

s 
such that sA = ElY hl 

h=l 

Now define new variables Yh and YIt such that 

+ 
Yh = Yh - Yh 

+ 

(5.2) 

(5.3) 

(5.4) 

and Yh , Yh .::.0 (for h = 1,2, ••• s) (5.5) 

absolute values of the total negative gross margln 
deviations around the total expected return of lht: 

hth year. 

absolute values of the total positive gross llIargin 
deviations around the total expected return of tllf! 

hth year. 
+ 

This formulation represents YI. by two positive nwnber'i, YI, 

+ 
and YIt, yet allows Yh to be either positive or negative. Thus, Ylo 

and Yh can be chosen in such a way that either can equal zero yet still 

satisfy equation (5.4). 
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Using this approach. Yh could be represented as follows: 

(5.6) 

since either Yh or Y h is always zero. Substituting 1 Yh 1 into 

equation (1) yie1ds: 

s + 
sA = E (Y h + Y h ) (5.7) 

h = 1 

minirnizing A is equiva1ent to rninimizing sA since s is constant. The 

MOTAD mode1 can be expressed as: 

s + 
Minimize sA = E (Y h + Y h ) 

such that: 
n 
E 

j = 1 

n 

E 
j = l 

n 
L: 

j = 1 

h = l 

+ 
(c Il 1 - g 1 )x 1 - Y h + Y h = 0 (h = l, 2 ••• s) 

f JX J = À (À = 0 to unbounded) 

a, JX J .::. b 1 (for i = 1, 2 •.. m) 

+ 
XI' Yh • Y h .:.. 0 (for ail h, j) 

(5.8) 

(5.9) 

(5.10) 

(5.11) 

(5.12 ) 

where fi = expected gross margin of the jth activity; À - expected net 

incorne; a, 1 = technical requirements for the jth activity in the ith 

constraint; rn = number of constraints; b , = ith constraint level; and 

all other variables are used as defined previously. 

+ 
Equations (5.9) through (5.12) are al! linear in x, Y" and y,,, 

therefore, a linedr-progranuning algorithrn car, be applied to tnis model ta 

minirnize sA for each specified expected net incorne 1evel. That is, 

expected incorne level is parametrized in equation (5.10) allowing 
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minirnization of mean abso1ute incorne deviat ion for each spec it ied incol11e 

level. Equation (5.11) corresponds to the ordin.lry linear-progr:tIlUlling 

constraints, and equation (5.12) satisfies the non-negativity restrictions 

required for the linear-programming rnod~l. 

The MOTAD model has rn constraints in equatiol\(s.ll), s constrainls 

in equation (5.9), and one constraint in equation (5.10) The total of llie 

constraints equals m + s + 1. The model contains rn + 2s activities, :!.S 

more than the standard 1 inear progranuning model bec:1use 

+ 
of Y h and Y h (h = l, 2, ••• , s). 

In this study, x J will represent dunums allocated to the jth crop 

and Yh are absolute values derived from the expected value of the hlh 

crop. For a given farrn plan: 

.... n 
Yh = 1 Yh 1 = L (c 1 J g 1 ) x,1 (5.13) 

j = 1 

+ + 
when Y h is positive; otherwise Yh = Ù, sa that Y" ho the SWll of 

the absolute values of the positive total gross margin deviates .1round 

the expected return, based on sarnple rnean grobs rnargins. SiUlJ larly, 

(j = l, ') .. , 
when negative; other~ise 

••. , n) are sample me an gross margin, 

= O. Since ~, 

the swn ot the .tbso lule 

values of the negative total gross margin deviatior:s must be !~quai to the 

SUffi of the positive total gross margin deviations, therefure equaLiulI (5.8) 

can be wri t ten as: 

A = 2/s 
s 
L 

h = 1 
(Y h ) (5.14) 
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The minimization of A is equivalent to minimizing sA/2 as 2/s is 

cons tant. This suggests the formulation 'Jf MOTAD model in terms of Yh 

only. This model is specified as fo11ows: 

s 
Minimize: E Yh 

(5.15) 

h = 1 

n 
E (c, J - g, )x J ... Ylo > 0 (5.16) 

j = 1 

n 

E f JX J = À (À = 0 to unbounded) (5.17) 

j = 1 

n 

E a, JX j < b, (for i = l, 2, ..• m) (5.18) 

j = 1 

XJ' YI! > 0 (for a11 h, j) (5.19) 

Equation~ (5.15) ta (5.19lcan be identified as Model A2. 

This formulation is equivalent to the initial model involving the 

minimization of the SUffi of absolute values of gross margin. It is also a 

linear-programming problem which can be solved by conventional 

l inear-programming codes wi th parame ter options, dnd leads ta the same 

results dS the initial model in equation (5.1) 

Equations (5.15) and (5.16) are the only equations that are dHferent 

in the initial specification. 

n 
If, r (c'J - gj)X j < 0, equationS(5.15) and (5.16)result in 

j = l 
n 

YII = r (c'J -gj)xjl 
j = 1 

n 
and if r (c, J - g J )x j > 0 

j = 1 

(5.20) 
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then, equations (5 .. 16) and (5.15) result in Yh = O. Thi.s version is 

supedor ra the pre'lious one as i t requires ol\ly n + s .lctivities. llnlike 

the first which requires n + 2s. 

The second version (equations (5.2) through (5.20» was used for 

risk analysis and ex ante evaluation of various hypothetical crop 

insu rance scenarios in the rainfed agricultural sect or of Jordan. This can 

be presented in a matrix format. 

Minimize Id- (5.21) 

such that AX .::. B (5.22) 

Dx + Id- > 0 (5.23) 

F'X = À and X, d-. À ::. 0 (5.24 ) 

where X = activity decisian vector, as defineù before; A '"' ,1 matrix ot 

input parameters; B = a vector of resource availability; r = ,\ <;oltUlllI 

vector of expected gross margins; D = a deviation m1.ltrix representing Llw 

difference between actua1 and gross margins and expected gross m<lrgills in 

a particular year; and d- is a vector reprebenting lhe Lotdl Ileg,ll ive 

deviations swruned over the years and mul t ipl ied by a row vec tor ot nnes 

O's). 

lis an Identity matrix. À in the grosb-margin <;onstr:1ÎlIt i.., .1 

sector (defined previously) to be parametrlz!-!d to determine d '>t:L of 

risk-efficient farm plans, and to trace the least-rlsk-8tfiri(!I1CY tronli!:r 

in the space of expected gross margln and total negativf~ d!~Vldtioll~ (~':I! 

Table 5.1). 

If Id- is employed as a risk measure, then tann pLJ(I~ hdving 

minimwn total negative deviation for a given expected total gross margin 
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leve1 are se1ected. If, however, risk measure i8 def ined in tl'nllS oi 

standard deviation, then 1d- according to Hazelt (ll}7l), I!,\/'td l .\Iul 

Scandizzo (1974), and Brink and McCarl (1978), could be extenderl by: 

(5.25) 

where s is the number ot years in a time series = '2'2/7), provided th.Jt 

the population is normal1y distributed. 

Assumption and Properties of the Model 

The use of MOTAD requires that a certa in nlU11be [" of dSSWll(lt ions be 

made at the outset. 

a) MOTAD assumes that farmers' preferences between Lll terndt ive 

farm plans can be exp1ained by the expec ted incomc-abso lute 

deviation utility function, that farmers mdximize expected 

utility, and that utility is a function of return ilnd return 

variability. There is no need to specify the functional form 

of utility function. 

b) The probability distribution of gross mdrgin tot'" al terlldlive 

farm plans is normal1y or approximately normally distributed. 1 

c) Ex post analysis of farm plans on the bdSis of pdsl till1e-~eril!S 

data can be expected tü result in an ex __ '.!!~t(! dl1dlyc;is which 

cou1d ho1d for the foreseeable future. Cost 0t productioJl 

causes no variation in gross marginb. The only source!> 01 

constraint are yie1ds and prices. This dllalys 15 dOf~h lIol 

necessari1y hold true for long-term planning. 

The approach employed in this study ·,."ill u!:>c lhp. orlgillal 

specification of MOTAD as proposed by Hazell (1971). ln addition, thE! 
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( 
re lat ionship between the shadow value of the expected gross cons traint 

wil! be used to estimate the Pratt risk-aversion co-efficient dt each 

optimal farm plan. This way, priee and yield stabilization. as weIl as 

insurance schemes, could also be evaluated ln relation to the 

risk-aversion parameter. 

Results of the MOTAD model provide the least-risk-efficiency 

f rontiers. Any specifie policy instrument when introduced to the initial 

situation may change the original least-risk-efficiency frontier by 

shifting it upward or downward. and/or by changing its slope. Such a 

change in the frontier may be associated with changes in crop mix. land 

allocation. expected gross margin and the leve! of risk. 

There are two steps in the process of modelling. The first is to 

formulate the model as a profit-maximizing problem. in which the maximum 

expected total gross margin i8 subject to the given resource constraints. 

The second is to reformulate the problem as a minimization of total 

negative deviations over the sample years, subject to the resource 

constraints and a given expected total negative margin, as specified in 

equations (5.20) ta (5.24). 

Confidence Interyals 

The total negative deviation of optimal farm plans was used to 

estimate their variance (see equation (5.25)) This variance is a 

population variance only when the population ia approximately normally 

di~tributed (Davis and Pearson, 1934). 
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Using the expected total gross margin dssocidted wlth tilt' oplimal 

farm plans and the normal tables, the following confidence 1 imits \vllllld tH' 

estimated (Anderson, 1975). 

P (G < 0) = Po 

(5.26) 

Po denotes the probability that the opt imal farm gross marg in Lllls 

below zero, while Pd represents the prabability that the optimdl faf"ln 

grOGS margin falls below G I and G,. 

Linear Risk Programming as a Maximization Problem' 

The minimization problem of the ~lOTAD lll1ear-risk progr.lInming 

discussed in equations (5.20)-(5.24) can be expressed in IdgrallgL.lI1 torm01t: 

, 
Min. HI = Id- + k,(-B + Ax) 

, , 
k 1 ( Id - + Dx) + k, ( - F'X) (5.27) 

where l is a lxs vector of ones, d- is a sxl column vector. 

are row vectors representing shadow values relating to the resourCe 

constraint and the total negative deviation constraint. k 1 is a sCdlar 

representing the shadow value of the expected gross margin constraint. 

The maximization equivalent of the problem in equat ions (5.20)-(5.24) 

can be expressed as a lagrangian form: 

(5.28) 

Where Ra is the Pratt risk-aversion parameter a".d ri .I!ld 

vectors representing the shadow values as sac iatetl Wl th th~.: n.: 1 (~v"lll 

constraints. The other variables are as defined ahave. 

MOTAD procedure involves varying the amount of o-:xpectf:!d gror.,s 

margin À • Equation (5.27) will generate a least-rlsk-efticicnf:Y trol1tjf~r 

identical to the' one which could be generated by (5.28) (Anderson I~~~., 
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1975). À is bounded o < À < M>'t where Mit is the risk-neutral level of 

expected gross margine 

Since A, B, and d- are the same for equations (5.27) and (5.28), an 

optimum tarm plan Xo implies that the right-hand side of the expected 

gross margin const.!:'aints in equation (5.25) equals the objective function 

value FXO in equation (5.28). 

The necessary and sufficient conditions for minimizing the condition 

in equation (5.27) are 

(3H , /ClX)1 = l(3d-/ClX) + k~A - k!rcCld-/ClX) - k~D + k;F'< 0 
X = XI) 

(5.29) 

(3H , /ClX) leX 
X = X o 

" " = l(Cld-/aX)X + klAX - k,I(Cld-/dX)X - k)DX + klF'X = 0 

(5.30) 

The neeessary and sufficient conditions for maximizing equation 

(26) are: 

H1/ClXI = F'-R,,1(Cld-/oX) - r,'A + r;I(Cld-jdX) + r;V> 0 
X = Xn 

(5.31) 

(5.32) 

From equations (5.30) and (5.32) by transferring F'XI) in both 

equations and comparing the terms, it follows that Rd = l/k l, sinee 

k l is a sCdlar. 

This is consistent with Freund's (1964) interpretation of Ra. 

The risk-dversion parameter can therefore be exp1icitly defined as an 

"imputed shddow value which reflects the opportunity costs ot foregoing or 

gaining income by accepting or rejecting an additional unit of money" 

(Turvey.1986). This approach will be used in this study to evaluate 

farmers t J.ttitudes towards risk. 
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Ra represents the last unit of risk the farmer is .... i L l ing Ln L.1ke 

when resources are fully utilized, that is when cerLllnty èquiv.dt!nt is 

positive (Paris, 1979; Weins, 1980). 

The shadow values of the constraints change on1y when d clldnge in 

basis occurs. This imp1ies that the shape of the least-risk -et t idelH'y 

frontier could theoretica11y change when the change in bas is nCClll"S. rhus 

in order to trace the least-risk-efficiency frontier, À will be ch.\Il~ed .IL 

suitab1e intervals, within which the change-in-hasis solut ion .1re rt!('orded. 

The maximum value for À is the risk-neutral gross margin. When 

resources are not fully utilized, the frontier tends to have :l curv,lLure. 

This is obviously so, because the shadow value ot the constraints .1re not 

zero (Turvey, 1986). 

Assessment of Yie1d/Price Variability 

Incorne variability is broken down into its components: variability 

caused by priees, variability caused by yie1ds dnd variability caused by 

the interaction of yield and priee. The formuld used is round in Houck 

(1974) and Matthew (1984) and summarized as: 

Vr(P y) = (E(y»2 Vr(p) + (E(p»IVrCY) + 2E(P).E(Y)Cov(P,Y) + 
2E(P).E {(P-E(P»·(Y - E(Y»} Cov(p,n + 
2E(P)·E {(P-E(P». (Y - E(Y»} + 2E(Y)E{(P - E(P)}(Y - UY» 1 (5.33) 

where Vr(·) = variance; Y = crop yield (kgs/dunum); P = ('rop prier:; 

Cov = covariance; E(P) = expected price; and E(Y) = ~xp~ctud yield. 

Equation (5.31)can be rewritten as follows: 

price yield 
vadPY) = variation + variation ~ 

varidtion due tn 
interaction ut price/yif:ld 

where price variation can be approximated by the tirst term dividf~d by Lhe 

total of the right-hand side. Similar 1y, yield variat ion i5 approximated 
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by the ~ecollri ~~rrn divided by the total of the right-hand side. The third 

t.~rrn r'~pre~ent~ '/aridtion in incarne caused by the interactIon between 

yie1d .. lIld priee. E(P) and E(Y) are approxirnated by their respective 

~Llmp le means. 

C. Data Preparation Eor MOTAD 

The MOTAD model data requirernents are: 

calculation of gross margins for 1975-1985; and 

s tandard-linear programming requirements, that is, land 

constrainC5, cropping rotation. 

It 1s assumed that production costs do not cause any variaticn in 

gross rnargins; thus, calculation of gross rnargin deviation is accornplished 

by calculating deviations in total returns around the average total 

returns. 

Estimates of annual gross rnargin for each crop without insurance 

were calculated by multiplYlng the actual yield per annum by 1985 adjusted 

priees dud subtracting 1985 total production variable C~3tS. 

Yields and Priees 

Yield data were obtained from the annual crop-cutting surveys 

,'onduc ted in the s tudy area by the Minis try of Agriculture each year f rom 

\97') to 1985. It is recognized that aggregate data in a specifie region 

tcnd to underestimate yie1d vdriabil.ity dt the Earrn-level, as shawn by 

Eisgruber l1%3). Recently, Siegfried (1985) showed that in Kentucky 

farm-1evel rnean yields for corn, soybeans, wheat and tobacco were 

signif icantly above the county aggregàte mean yield. The yield variance 
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for the same farm-level data exceeded estimùted tdrm-county .\ggrcgatl! 

data, implying that county aggregate yield ulllle r-e st i nid tt>s 

farm-level variances. 

Siegfried aiso deri ved, us ing MOTAD procedure, the leds t-r i sk-

efficiency frontier for bath county- and farm-Level data. She f Olllld t ha t 

the leas t-risk-effic iency f rontier derived f rom coullty <lggreg<lte y ie Id 

data domina tes the frontier generated by the fùrm-Ievel yielrl data. This 

indicates that at each Ievei of risk the county LeveL yield datd 

overestimates the feasible expected gross margin. 

Similarly, experimental data also tend to underes t imd te the y ie 1 ci 

variability because of their irreplicability. There is no empiricdl 

evidence available ta demonstrate which data ta use whcn farm-level dat.l 

are not available. As there are no Iong-term experimental yicld dat.! on 

anyof the crops under consideration in this study, this situation did Ilot 

arise. Furthermore, available data from experiments carried out under the 

USAID Jordan Wheat Project (1976) and other agency-funded projects show 

similar or even higher variability of yield, in spite of the cOlllrolled 

envi ronmen t • 

Time series data from 1975 to 1985 were used in this study. Yie1d 

data were tested and adjusted for trend using simple linear regression 

(Y(t) =a+bt). Crop priees were those priees reeeived by farmers after 

harvesting, adjusted for the 1985 priee level using the index for priees 

reeeived for all erops. The priee series was a1so tested and adjusted for 

trend using simple 1inear regression. 
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Crop budgets are required for all the crops invo1ved. Variable 

COlots and net returns for each crop were computed using published 1985 

crop-~nt~rpnse budgets. 

Ta drrive nt crap budgets for capital-intensive practices, both the 

cost of production and yield were adjusted using the research finding (see 

Chapter rI). These adjustments reflect the minimum and maximwn incredse 

in yield achieved by varlous pl:ojects, théJt is, 30 and 70 percent of the 

observed yield average over the period under ana1ysis. 

Machinery was assumed to be availab1e through the cooperative 

agricultural machinery station at rrbid. The agricu1tura1 season was 

divided into three sub-periods corresponding to the major operations 

carried out on the farm (November-January, February-May, June- . 

Septembed. The hired-labor constraint wq.s set to ref1ect labor scarcity 

in the study area (Seccornbe, 1981). Family labor constraints were set at 

a maximum of 86 man-days (Snobar, 1984; rFAD, 1986). 

Fami 1y consumpt ion requirement cons train ts were se t equa1 ta the 

average yearly consumptl.On per head, that is 945 kgs o[ wheat, 420 kgs of 

barley and 150 kgs of 1entils. These constraints were derived from the 

results of the 1983 Agricu1tural Census, and verified by pub1ished 

consumption statistics in Jordan (Haddad, 1985). 

The land constraint was placed o.t 76 dunum, the average land 

holding for s"'.::.ll farms in the study area. Lanr! ·renting activity is 

aJ lowed for ~1l the mode1 at an ongoing rental fee of 2.5 JD/dunum (leo, 

1987) . The operating-capital' constraillt reflects the practice of 
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agricultural credit in Jordan, so that 80 perct-~nt ,)f the tL)t.ll t"I.!'luit"0m.:nt 

is provided by credit institutions. 

While 20 percent of the total requirement of opera t ln~ cap i td l i$ 

provided by the farmer himself, farmers' own funds cIre .lssumed eq\LLd tl> 

about 60 dinars (see IFAD's Smdll Farmers Agriculturdl_ Cr.-eLiit Pt"ojel:t 

Appraisal Report, 1983). The annual int:!res t rate is the ango ing t".lte 01 

7 percent. The full linear.--dsk model is pr.-ovided in T..lble 5.2. 

D. The MOTAD Implementation Procedures 

Ini tially, the MOTAD procedure is used to determine dl1 opt im,ll 

alternative farm plan for the typical small farmer practicing l<.\bor-

intensive cultivation techniques in the study area. Crop mix, expected 

gross margin, and trade-offs between ru::k (dS medsured by totdl negative 

deviation) and expected farm ~ncome associated with the optimal Llrm plans 

will be determined. 

The traditional cultivdtion techniques, discussed in Chapter [[, 

involve three crops (wheat, barleyand lentils) and fallow in two- ,lIlel 

three-year rotations. Traditional fallow, as discussed in Chapter Ir, is 

assumed, in the absence of chemical fertilizat ion and herbicides, to be 

part of the ecological and cultural proccc;s which prOdUCE:b thé ,)bser'/ed 

yields for the crops concerned. This implies UMt thé dver,lI~e dlHllwl 

production toregone by practicing traditional t..lllow 1S '~(IUivrl1'':llt to tlll: 

expected yield loss which may arise from deterioration nt soli t--:rtility 

as a result of permanent cropping. This appears to be rl reaborwbl~ 

assumption because time-series data on cropping (Jat terns ùver the las t II 

years in the study area show an average yedrly fallow of about 30 pf:rcent. 
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the economl.C value of \~eeds gro\vtn~ on llle tr,Hlttiolldl r .. llllw, ~\)l1lt! 

results from Turkey suggest that the value of we~ds grOlvlllg 1111 

traditional fallow lS higher thdn the v,llue of <ln Jddition,d t1lC're.l:>e III 

yield, if c1.ean [allow is practiced (1-lann, L980).' 

In th1S study an ex post value not exceeding the results .Irrlved 

at in Turkey are considered with and without variability. To explore the 

effects of yield and price variability on income var idbill ty, the rlOTAD 

model will be implemented by fixing, one at a time, the pr ices Lmd the 

yields at their respectl.ve 11-year averages. 

E. Treatment and Incorporation ot Insurance 

In this study, three types of hypothetical agr1cultural insuranc:e 

are 1ncorporated into the linear-risk analysis. The first type is ,.\Il 

ac tuarially fair insurance scheme, lnvo 1 ving revenue insur.lllCê .wei 

yield/price insurance. ThE' coverage rate lS 80 percent of the .tveraK'! 

gross margin. When any of the 11 observdtlons on gros::. marg ln::. '''d'' less 

than 80 percent of the average value, the difference between lhp dc:lual 

gross margin and 80 percent of the average gross manpn l~ ré!mand~d ln 

the producer as an indemni ty. The total indemn:ty mandJt"'!d ')v~r th,! 

period under examination is divided by the number at yedr::. tu '\[rl'IC~ dl 

an annual premlum. rhe insured stream ot gro':>s mdr;pn~ '!'l'lalb .If llidi 

gross margin each year, minus the annuaL premllllll, plils the lnrl\~1!1I11t.y 

payment, when applicable. 
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Obvious ly, the mean gross margin remains at the same level dS 

'vithout lnsurance; the varidnce .lnd the co-efficient of variatlons are 

reduced, since the fluctuations of the gross margin dre smoothed. lt 

should be lloted thdt since total variable costs are dssumed to cause no 

varL.lbility in incarne, insurance applied ta revenues or to gross margin 

results in the same conclusions. 

[ncorporatlon of price/yield insurance into the MOTAD model 

requ1res slightly different calculations. The gross-margin insured 

stream was c;llculated so that when either the price or yield falls below 

80 percent of tneir respective mean value, price indemnity equal the 

difterence between the insured priee and the actuai priee received, 

multiplied by the insured yield. If, on the othe r hand, yie Ids f a11 

below 80 percent of the average yield, the indemnity paid equals the 

difference between the insured yield and the actual yi:ld, multiplied by 

the insured priee. The insured gross-margin stream for price/yield 

insurance is cl result of the sum of the product of the actual yield and 

ItS prlce, the priee indemnity and the yield indemnity, dnd the nettlOg 

out of the .lnnual premium. 

Since price/yield 1nsurance is an actuarially fair scheme, it 

preserves the mean and reduces the variance of the gross-margln stream. 

These two types of insurance .lre used in the cases of traditional and 

",IPltdl-lntensive dgricultural practiees under various scenarios. 

NotlMl i tv Assumpt ions of the Crop Yields dnd [nsurance 

This dpproach will dlso be used to es timate che annual premlUffi 

Indemni ty under a number of scendrlO~. This type of insurance is bdsed 
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on the method developed by Botts and Boles (1958). This insurance is 

similar to that offered in most countries that have opted for crop 

insurance. It basically offers protection against yield fluctuations, but 

no coplete protection against priee variability. The validity of this type 

of insurance depends on whether yield distribution i3 symmetrical. Fifty 

precent, 65 percent, and BO percent (of the average historical yield in 

the study area) insurance schemes for yield will be propo3ed and the 

linear-risk analysis will be applied. The method used to incorporate thi3 

type of insurance into the MOTAD model is similar to the method used for 

the actuarially fair scheme. This type of insurance i3 not mean-preserving 

and may not reduce the variance either . 

$ummary 

In this chapter, a complete mathematical formulation of the MOTAD 

model was presented, including its property and assurnptions, data 

preparation, and full specification, along with a mathematical relationship 

showing an intuitive approach to deriving the level of risk aversion from 

the MOTAD model without the need to reformulate the model. An outline of 

the proof was provided. 

The next chapter will provide the empirical results of the MOTAD 

application in deriving optimal farm plans and risk-efficiency fronLiers 

for the options set out in Chapter I. 
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?iotes 

Levey and Markowitz (1979) have shown that E - V approach is a 

close approx1mation to a wide rangp. of situations where the normality 

assumption does not hold. 

'The praof relates a risk-dversion parameter to the inverse of 

the shadow value of the gross margin constraint in minimization of the 

total negative dev1dtion problem. This proof is, however, provided for by 

the quadratic prograrruning progranune in which a constant risk aversion 

pdramet~r and a trend utility function 1S utilized. The results have been 

extended by the author to MOTAD for which dn outline of the proof is 

provided. 

'''The crude protein content of the weeds was dbout 60 percent 

that of the barley. This differential coincides qulte closely with what 

was reported by the farmers. Conservatlvely, it appears that the value of 

the weeds as forage in the spr1ng of 1977 Wab at leabt 1 7L/kg. 

ro r the 1977 hdrves t, the whea t price was dpproxima te ly 3 TL/kg. 

This meclllS that for every three kilograms dry weight ot weeds plowed 

llnder, the farmer would have to realize more than one additional kg of 

whedt from the practice (Le., c1ean fallow) in arder to justify it 

t:!conomically," (l'lann 1980, p. 98). 
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CHAPTER VI: FARM RISK ANALYSIS 

A. Introduction 

This chapter examines the potential trade-offs between expected net 

income and incorne variability under different crop-diversification plans. 

It also examines the separate effects in Jordan of yield and pr ice 

variability on incorne variability. The chapter is divided into seven 

sections. Section A summarizes sorne relevant statistical indicators, while 

Section B presents the results of optimum crop diversification, assuming 

risk neutrality, using classical linear programming. In section C, the 

initial efficiency frontier (IEF) is derived ernploying the MOTAD 

procedure, and the results are discussed in terms of crop mix, resource 

allocation, and incorne variability. Section D explores the sources and 

magnitudes of yield fluctuations, and their effect on incorne variability 

by deriving the IEFs for price and yield. Sectic.n E deals with incorne 

variability arising frorn price variability. Section F analyzes why srnall 

farmers showed so little interest in adopting irnproved capital-intensive 

agricultural practices between 1975 and 1985. Sections C through F also 

ernploy the MOTAD procedures. Section G provides a summary and conclusion 

of the chapter. 

B. Data $UrnmakY 

Treatment of Fallow 

The approach used in this thesis, and particularly in this chapter, 

i8 based on the assumption that fallow provide8 an additional economic 
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valuE: associated with voluntary weeds as grazing materials. Since no 

dgronomical research has been carried out in Jordan to es tablish the 

magn i tude of the value of voluntary weeds, the approach in this s tudy 

though arbi trary is based on results of sorne research which was carried 

out elsewhere in the region (Mann, 1980). 

The economic value of weeds in the context of the traditional 

labor-intensive agricultural practices (as grazing materials for the 

farrners 1 small ruminants) has been incorporated in farrn budgets in two 

different ways: 

(i) value of weeds was assumed to be fixed with no variability and 

given arbitrary values, JD O.O-JD 0.5 and JD 1.00 per dunum of 

fallow land on the farm; and 

(li) the value of weeds was assumed to be equal to 60% of the value 

of the yield per dunum of barley, i t was further assumed that 

the weeds 1 production variability was reduced to reflect 

certain agronornical assumptions which speculate that weeds are 

more efficient in rnoisture use than cereal crops. Average weed 

yield was rnaintained but variability was reduced by 50%. 

Calculation of the coefficient of variation and standard deviation 

of the net incorne per dunum1 for the three crops under consideration 

(wheat, barley, lentils) shows that the net incorne per dunurn of the wheat 

crop exhibits the least variation, followed by barley, and then lentils 

(Table 6.1). 

Crop rotations involving fallow have a risk-pooling effect in that 

they reduce both ne t incorne and income variance. A three-year crop 
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rotation, wheat/fallow/barley for exarnp1e, reduces the net i ncome pel' 

dunum below that for wheat (the crop with the highest net income per 

dunum) but maintains it above barley's net incorne per dutlum. The vdrianee 

is reduced in the same way. The wheat/fallow/b,H1ey rotdtioll Lor 

example, generates a net incorne of dunum JO 2.l~60/dunum with d stdnd.lnl 

deviation of JO 2.29/dunum and a coefficient of vari..ltion ol H'>.b 

percent. Net in corne per dunurn of composite crops involving fallow in d 

two- or three-year rotation is relatively more stable thdtl the incon~ tor 

the individual crops involved. The zero cost of production of weed .llld 

the pooling affect of fallow tend ta stabilize the per dunum net incorne of 

each rotation invo1ving fallow as compared to the situation ot continuollS 

cropping. 

Table 6.1: Traditional Fallow; Ayeraqe Net Incarne per Dunurn 
.. f V • t' Standard Deyiation and CoefflClent oarla lOD 

for pifferent Values of Fallow 

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

Crops 

Wheat 
Bar1ey 
Lentils 
Wheat/Fallow" 
Barley/Fallow 
Wheat/Fallow/ 
Barley' 
Wheat/Lenti1sl 
Barleyd 
Wheat/Lentils 

Fallow - 0.0 
Net 

Incarne 
JO/du 

5.689 
1.693 
4.477 
2.844 
0.846 

2.460 

3.956 
5.083 

STO 
JO/du CV % 

4.87 85.58 
2.28 134.79 
6.12 136.67 
2.43 85.58 
1.14 134.79 

2.29 93.17 

4.21 106.50 
5.29 104.26 

Fdllow = 0.5 ----
Net 

Incorne 
JD/du 

5.689 
1.693 
4.477 
3.095 
1.096 

2.627 

3.956 
5.083 

STO 
JOI du CV % 

4.87 85.SR 
2.28 134.79 
6.12 136.67 
2.43 78.66 
1.14 104.06 

2.29 87.26 

4.21 L06.')O 

5.29 104.26 

Fallow = I.U 
Net 

Incarne 
JD/du 

5.689 
1. 693 
I~. 4 77 
3.3h'J 
1 • 346 

2.794 

3.956 
'J.083 

STD 
JO/du r.V '7" 

l~ • 8 7 8 ') . ') 8 
2.2H 1 V~. 79 
() • 1 2 L ] 6 • Il 7 
2./d 72. 7 'Ii 
1 • LI~ 8/~ • 7/. 

l~ • 21 J Of! • 'JO 
5.'1.9 10l'.26 

"The imputed value of fallaw, as weeds, lb dbsurned to range b(~twl!'Jn 
JO 0.0 and JD 1.0 per dunum with no variability. 

hThis is a two year crop rotation involving wheat and fallow. 
cThis is a three year crop rotation involving wheat, fallow and badey. 
d This is a three year crop rotation involving wheat, barley and fa11ow. 
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Tf '-l dunlUll of fallow generates JD O.5/dunlUll, the coefficient of 

Vdrlatlon of the composite crop wheat/fd11ow/barley declines from ~3.17 to 

87.26 percent. If the value of fallow is lncreased to JO 1.OO/dunum, the 

coefhClent of variation of the same composite crap declines further, to 

82.06 pet"cent. As the vdiue per dunum of Llllow increases. net incarne/ 

dunlUll generated by a twa-year crop rotation involving fallaw becames 

re1atively more stable than that of the individual craps Invalved. This 

result, though trivial because the return to fallow is assumed constant, 

its implication in the analysis of risk is very important, as shall be 

seen later. 

Simi lar resul ts are obtained if weedy fallow is asslUlled ta produce 

an imputed economic value propartional to barley yield. The coefficient 

of varidtion for wheat/ fallow/barley declines from 93.17 percent, in the 

case where the fallow value is assumed ta be zero (Table 6.1), ta 

77.23 percent when the value of fallow is assumed to be proportianal ta 

the yield of barley (60 percent of the barley yield). The standard 

devi..ltioIl, 011 the ather hand, has increased sllghtly fram JD 2.29 ta 

JO 2.7'2. When vdriability of fallow yield is reduced by 50 percent the 

eaetfieient of variation declined further ta 73.42 percent (see 

T..tble 6.2) while the standard deviation increased slightly. 

In T..lble 6.2, the net incomè per dunum af wheat/fallaw is reduced 

by clbout :.!3 percent while the stdndard devlùt10n 1S reduced by 38 percent, 

,15 eompared ta whedt as cl continuaus crop. For the barley/fallow 

rotation, the net incarne per dunum increased by 43 percent while the 

5Llndard deviation was reduced by 31 percent, as compared ta barley as a 
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continous crop. Similar resu1ts are a1so obset'ved in three-ye,\r crnp 

rotations involving fal10w narnely wheat/fallow/bdrley. 

Table 6.2: Traditianal Fallow; Ayerage Net Incarne pet Dunuro 
Standard Deyiation and Coefficient of Vari3tion 
for Different values of Fallow 

Fallow Yield Equa1s 60% of F,lllow Vie 1d Equa1s llO% nt 
Barley Yield with the sarne Bdrley Yie1d with d '1()% 
Barley Yield Variabllity .. Reduction in V.ld_L~_bJ_l) ~y " 

Net Incorne STn Net Income STn 
Crops 

, 
JO/du JO/du CV % JO/du .JD/du CV % 

Wheat 5.69 4.87 85.58 ') .69 lLS7 ~').':lH 

Barley 1. 69 2.2.8 134.79 1.6Q 2.2R L3/~.7l) 

Lentils 4.45 6.12 136.67 4.t1R 6. 12. 136.67 
Wheat/Fallow d 4.43 3.03 65.58 4.113 2..83 63.79 
Barley/Fallow 2.43 1.83 75.02 2.43 1.64 b 7 • ') l 
Wheat/Fallow/ 

Barley 
p 

3.52 0.7:! 77.23 3.52. 2..'H 730 /12 
Wheat/Lentils/ 

Barley f 3.95 4.21 106.5 3.95 4.21 \06. ') 
Wheat/Lentils 5.08 5.30 104.26 5.0R J.30 104. :!h 

aThe imputed value of fallow as weeds is assumed to be equa 1 tn bO% nt 
barley yield with no variability. 

bThe economic irnputed value of fallow as weeds is assumed ta be l.!qUd 1 
to 60% of barley yield wi th yield variability assumed to be equJ L tn ')0% 
of barley yield variability. 

cThe difference between (a) and Cb) is rnan it es ted only U1 thr! 

variability of the yield of fallow, the net incorne per dUllIun .'> 
rnaintained the same by design. 

d This is a two year crop rotation involving wheat dnd taLlow. 
e This is a three year c rop rota t ion invo 1 vi ng whe,lt, f,lLlow ,trld bd ri (:y . 
f This is a three year crop rotation involvlng wheJt, barLey .lOd LJl1ow. 

It should be noted that the analysis presented dbove pertdills tu th.: ll~!t 

incorne per dunum and not to the overall farrn plan. 

To surnrnarize, imputed value for fdllow IIIdke~ crop roL.lti(JTlS 

involving fallow more attractive under all three bcenarios Jnr.:lltiO!l(:r1 db(Jvr~ 

al though the net incarne per dunurn of each of the rotat ions (tWQ and 
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three-year rotations) i5 slightly reduced, the variabl1ity of the net on a 

per-dunum basis ls also reduced substantially. The important point is that 

the percentage decline in net incorne is rnuch less than the percentage 

decline in the variability of incorne, which suggests that crop rotations 

involving fallow rnay be risk efficient, as we shall see later. This is 

validated by a cornparison between crop rotation involving fallow and 

continuous cropping. 

Table 6.3: Average Net Incarne per Dunum, Standard Deviation 
and Co-efficient of Variation - Traditional Fallow 

----Case 1----- ----Case 2----- -----Case 3-----
Net Net Net 

Incorne Incarne Incorne 
Crop JD/du SD CV JD/du SD CV JD/du SD CV 

Continuaus Whea t 5.69 4.87 85.58 5.69 5.87 85.58 5.69 4.87 85.58 

Wheat/Fallow 3.34 2.43 68.27 4.43 3.03 68.27 4.43 2.83 63.79 

Wheat/Fallow/Barley 2.79 2.29 77.23 3.52 2.72 77.23 3.52 2.58 73.42 

Case 8ssumes fallaw generates JD 1.00/dunum with no variability. 
Case 2 assumes fallow generates a value proportional ta the yield of 

barley, and varidbility of fallow yield is the sarne as that of 
barley yie ld. 

Case 3 aSSWlles fallow generates a value proportional to the yield of 
barley, and Its varlability is reduced by 50% of that of barley. 

Bredkdown of Incorne Vdriabi l i ty 

Using equation (5.23), incarne variability is broken down into 

variabilities of price and yield, and into the interaction between price 

and yield (Table 6.4). 

It is reasonable to conclude frorn Table 6.4 that yield fluctuation 

is the main source of incarne variability. However, it i.s difficult to 



127 

clccurately interpret the interactlon ht~t\,t"t"1l pl'i,',: ,111d ~ il'll! •• 11lt! ",llIl l,Ill 

must be exercised in concluding thdt prlee tlllctuLltiOIl i5 ,Ill inSlf.\lllfl".lllt 

source of income variability (if demanu is downward slopil1~: the pru e ,\Ill! 

yield covariation will be negative). 

Table 6.4: Breakdown of Per Dunwn ~et Incorne Varl.lbility' 

Variation in Net Incorne C.1used R:i 
Total Priee/Yie ld 

Variation Priee Vie ld Interaction 

Wheat 100% 13.35 47.16 39.49 
Barley 100% 15.86 88.37 -11.24 
Lentils 100% 24.70 42.27 33.02 

"Costs are assumed ta cause no variability in gross ll1corne. 

C. Farm Organiza t ion and Pro fil" :-la:dmlza t iC'lI 

The Earm plan that maximizes expected gross margin (risk-neutral) 

subject to the set oE constraints discussed in Chdpter V us ing l ine.lr 

programming (LP) is considered Eirst. 

The rnaxlmum expected gross margin was JD 2:?I~ (see t'able 6.'). t'he 

profit-maxirnization plan calls for planting 34.13 dunums ot 'Nhedt, t).b 

dunums of barley, 6.13 dunums of lentils and 2H.54 dunwns of t;1l1ow. The 

production is carried out in a combination nt Olle tw()-y'-~a[' rlltdt 1.0fl 

involving wheat/ fallow. dnd two th['ee-ye 1[' ro Li t 1.!)11~ 1 fl'/O J '/ 1 Il'; 

barley/fallow/wheat and wheat/lentlls/barley. 

The [,lsk-neutral proflt-maximizatioll pldtl rioes flot dld!l;;': d~ 

posltive value of Eallow is incorporated. flowever, when th(~ lrnputl~d ·I.duf~ 

of fallow is parametrized as e:<plained ln the p['evious Sf~(:ttrm. th(~ 
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'::<pE::cted ~t·u::,::, IIIdr::.;1l1 .!I,IlHSE:S dccordingly (se"" T .... ble 1).5). Tn ,111 Celses, 

the r~sulting farm plans are dominated by the wheat/fallow rotation: 

barley/fallow does not figure in the optimal farm plan. The marginal 

revenue generdted by devoting dn additional dunum to barley/fallow 

rotdtioll, given the constraints of the LP, is lower than the marginal 

revenue for wheat/Edllaw rotations. The risk associated with risk-neutral 

tarm plans is obviously higher in the case where fallow yield variability 

was assumed ta fallow that of barley (see Table 6.5). A wheat/lentil 

rotation is a different case since lentil production is sensitive ta 

labour and capi tal cons traints. J Even so, when the credi t limits and 

land constraints are relaxed. the wheat/fallaw rotation prevails, leading 

ta a fdrm plan which specializes entirely in that rotation. 
1 

Tdble 6.5: Risk-Neutral Profit-Maximizatian Farm Plan vs. 
Imputed Vdlue of Fallaw (Jù/du) 

Fallow Value Fixed at: Propartional to 
Enterprise Units 0.0" 0.5" 1.0' Barley Yield" 

Wheat/Fallaw Ounum 56.07 56.07 56.07 56.07 
Wheat/Fallaw/Barley Ounum 1.54 1.54 1. 54 1.54 
Wheat/Len t i ls/ Bdrley Dunum 18.38 18.38 18.38 18.38 
Expected Ne t Incarnt:! JO 224.10 238.43 252.65 314.89 
Total Negative Deviation JO 907.45 907.45 907.45 1,014.01 
srn ot Net Incarne JD :!16.88 216.88 216.88 242.35 
CV of Net Incarne Percent 96.7b QO.96 85.84 76.96 
Fallaw ,15 Percentage 

of Cropped Ldnd Percent bO .15 60.15 60.15 60.15 
F,lliow dS Percent..lge 

of Totcll LllId Ho Idlng Percent 37.55 37.55 37.55 37.55 

"No econornlC value is irnputed to fallow crops (i.e., weeds at a 
fixed vdlue per dunum) 

"Fallaw weeds are dssumed to produce equivalent to JO 0.:5 
'Fallaw weeds are dssumed to produce equivalent to JO 1.0 
"Fallaw weeds dre dssumed to be proportional to barley crop, i.e. 60 
percent of barley yield with its variance reduced by 50%. 
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The expected gross margin-total negat lve devldtion t nlllt ier WolS 

traced by parametrically varying the expected gross mdrgin cl1llstrainL.· 

The initial-efficiency frontier (IEF) represents the m1.nimLUll-rt;,k LlI'l1l 

plan for each level of expected total returns over vLH'wbLe eosts. Fi.~l1re 

6.1 shows the IEF fat" the representative smaLl land holding under stlldy. 

Each point on the Erontier represents a minimum-risk farm or~<lnizdt ion tor' 

the corresponding level of expected gross margin. 

The slope of the IEF, between changes in basis soLution, is 

constant (see Chapter V). The slope f1attens graduaLLy as gross margin 

increases. This is consistent with similar wot"k done ln thl.S clt"ecl us iog 

quadratic programming (Turvey et dl., 1986). S ince the s lape ot the 

frontier at each Une segment generated by changes in bilS1S soLution is 

the inverse of the marginal risk, this imp1ies that there i5 .1ddltionaL 

risk per JD as the margin increases. 

The s Lope of the IEF is about 0.36 when expec ted g t"o!:>s marg in is 

increased from JD 80 to JO 82.5, while the slope dssoci.Jted wlth d !<:ro!>s 

margin increase from JD 208 ta JO 2:0 1S about 0.15. As marg loa l rlsk 

increases, the movement along the Erontier in the northeast rlirertlon ~Lso 

increases. 

The last point on the IEF represents the maXl.mum "IrQ::'::' Illdr~l!l 1,lldt 

can be obtained by a 76 dunum Idnd holdlng ln the study [Irl~d. IlIld'~r LIl,= 

assumed constraints. Total negative devlatlon dnd L.lrm Oq,pllLl.dtlCJII tor 

each solution point in the IEF are presented in TJble b.6. 



#-~ 
i "'1e ~ 

LEAST R:SK EFFICIENCY FRONTIER 
LABOR INTENSIVE PRACTICES u •• c .OOEL 

EXPECTED GROSS MARGIN IN JD'S 

fig:6.1 

240,~--------------------------------------------------~ 

220 

200 

180 

160 ~-

140 

120 ~-

100 

"" 

...... 
w 
o 

80~1,----------~----------~----------~~ 

320 520 720 920 

TOTAL NEGATIVE DEVIATION IN JD'S 



131 

It should be nor~d that for Tc\ble 0.6. the \IOTt\D l)('ll('t'dllt'" t.\kt·~ 

advantage of the fdet thdt the dual of the gross nldrglll ('OIl~tr.\I11t u\ Llw 

minimization problem is the inverse of the risk-dvers iOll pat',ll1\etQI" lI\ tltt-> 

equivalent maximization problem (see Chaptt~r V). 

Risk-aversion parameter (RAP) (row 

interpreted in conjunction with the certainty-equiv . .1lent row (row ~) ln 

the followlng way: as RAP increases, the cost ot l'lSk. which ts equ •. ll Ln 

the total negative deviation multiplied by the vdlue ot RAP. ,11:.0 

increases. Thus, by multiplying RAP by the corresponding vi\lue ot tot.ll 

negatlve deviation (row 11) and subtracting the result tram expected gross 

margin (row 2). the corresponding value of the cert.linty-equlvalent (row 

3) is obtained. The resuLs can. therefore. te interpreted dS it expp.cLeri 

gross margin is maximized in .... hich Cdse the objective function is Ll\l~ 

certainty-equivalent expected gross margin (row 3). or dS it the tol.1l 

negative deviation (row il) (the objectlve functlon) is minimlzpd, fJirect 

comparison between e:<pected gross margln and rlsk dverswn IS intuiLlvply 

r.Jore appealing. 

Although we shall continue to refer to totdl llE'gdtlve devldliull ,1S 

a measure of risk in deriving the IEF. the variance nt the ',::'{pt:1 t.~d ~r():.:. 

margin at each optimal farm pldn .... ;)S .Jlso l',llrUl.lted to defI'/" thl! 

conf idence intervals (row li) (see r::hdpter If). rn pro'/lllt"! "WII(J" r: ',(JI) ,JI 

the variation of the expecLed ~ross margul ,dOll~ t:h,! IFi-, '_h.: ")':! rI' l''IIL 

of variation was also r:alculated (row 13), 

The lowe r par t ot T<.lb le 6.6. rOW5 14-23. prU'/lOf.!'" .( dl r'!1 ,_ 

interpretation of the optimum Earm plan' ~ ':rop mix. 
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E. Expeeted Ill(:orne ,\l~~L~~J: \l1x_~L_Ri~~ 

Risk-~eutral Fdrmers 

As discussed earlieL, if the L1Lmer 15 t"lsk-neutl.ll the IlldXlllluJ1l 

expected net incarne that l'an be ..lchieved LIl the l.l\1d llol,lll1g i:-. "bOlll 

JO 224.10. The total negative devidtion, dS Li rnUllmum rlsk .\S:,()('l.ltt-'d 

with this 1evel of income, 18 JO 907.46. 

With a standard deviation of JD 216, this level ot lill'On\l! eXhlbll1:> 

very high variability -- about 97 peLcent. The CLOP InlX geneLdling lilis 

incarne level involves rotations with the highest ,~oetficient ot varlati()n 

and 5 tandard devia tian. Since the farmeL is Lbk-neutr..!l, the eert.lll1ty-

equivalent 1.11come i5 .1150 JO 224.10. IHth the tot..!l lLUld tmldlllg t ully 

cropped, the total fallow shdre is about 36 perrellt. 

lenti1 acreage comprise 45.60,8.74 and 8.60 percent, Lespectively, nt Ult! 

total land holding. Further analysls shows that no barley II> grown ()eyond 

what is needed for auto-com.umption. \linety-e:ght percent ot the l.d low 

is used in a two-yedL rotation with wheLit, dnd ,lbout two pt:r('ellt l', I1l>ed 

in a three-year Lotation with wheat dnd barley. TIt 11:> 15 ~:xpl" tl~d, 

the gross margin per dunum of the barley/fallow rotdtlOl1 1" the 1()we1:>t. 

Since the farmer 1s t:"lsk-neutral this ccop rirops <Jul ut tbe optlllldl pl'lIl. 

Rlsk-Averse Farmers 

At d very h1gh risk-averslon pd Clmett:'r (IU,l' = (J. j), th,· "pl.lllldi 

farm plan lS chaLactenzed by the tollowln~: 

a) A high portion ot thE: ~and i5 Ilot tarmed, dGOI!l -dl ;,':[":111.. 

b) The percentage of tallow ~s li perc~nt hlglter t.h .. Jf1 111 th.: ',j~I: 

of risk-neutrallty, due to the ~nt['HlC{! r)t d f'"!ldll'/,:ly 
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low-risk r:rop, bdrley/fallow. ,All of the r,lliow 1" pt-,ld'..lced in 

two-year rotations of wheat/fallow and barley/faLlcw. 

c) The expected incame assaciated with this optimum fdrm plan lS 

substantidlly lower than wlth the risk-neutral situation: 

lD 80, dS cornpared ta JD 224. 

d) The total negative deviatioT1 associated with this level of 

incarne is JD 326, which is a1so substantially Lower than that 

for the risk-neutral profit rnaximizat~on plan. 

e) Coetficient of variation of expected gross rnargin is also very 

low, at 38 percent. 

At a moderate risk-averse level (RAP = 0.15), the land is fully 

Iltllized, LOcome and total negative deviat10ns are slightly reduced dnd 

the crap mix changes noticeably. ~Ioderately risky crops enter the plan 

and high-risk crops 1eave it. Fallow increases to about 14 percent more 

than in the risk-neutral case because the wheat/fallow/barley rotation, 

Wh1Ch has d relatively law standard deviation cornpared to the other crops, 

is indicated in the opt imal crop mix. Comparison of the three cases 

discussed dbove is swnmarized in Table 6.7. 

Table 6.7: Land Use and Risk AverSlon 

R1Sk AverSlon Pdrameter (RAP) 
1) .0 O.LJ ),3 

~ Gntlsed Le\l1d in Tù t..11 Land Holding [) 0 lb '0 

ro Lü Fd llow dS % of Croppt:::d Land 60 74 71 
[Wl) Yeelrs F,1l1ow Rù t.lt 10n ..lS 7- of 

[ù tell Felllùw '18 87 100 
Tllree Years Fdllow Rot..ltlon dS " of 10 

Total F..ülow :;, 13 0 
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F. Ledst-Risk-Effictencv Frontlèl eUHI tht! V,dut:! ,)f F.lll,l\\ ._-- --- -

Thus far, the analysis has been cJ.rried nut \.ttll t!tt~ ,1~"'\lIl1!,lldl\ 

that traditional fallow generates no t.lnglble ~~onomi~ \',Ilue. 

discussed in Chapter II, dlthough no ddtd .Ire .IV.\l1.lbll' thdl .l ... .,l~n 

accurate economic values to fallow, for the pm'pnsè nt tlll~ "l'(' t inn .1 

small posltive value (with and without v.lrtdbillty, ::.ee P.lrl B) hol~ t'èt'lI 

arbitrarily assigned to it, .lnd the MOTAD procedure WdS conducted. 

Positive value for fallow has two etfects on the oiver .. l!-Ie gross 

margin per dunum. First, it increases the avera~e gross marf.l;in 011 .1 pel' 

dunum basis for ail composite crops rotatlog with tolllow, trI [Joth two ,\Ill! 

three-year rotations. Second, lt maint.Hns the stdndard deVl.:ltion .It lt\t~ 

same level or increases it slightly but, reduces the '~oettl(·tellt clt 

variation (because the value of weeds dS d grazlng materL.d for llvestllck 

does not carry a cost of production). From the pOint of view nt the wtcole 

farm plan, the least-risk-efficiency frontler reduces the rtc,k .IL ,~,jdl 

level of expected margin as compared to the tnitL.1l model, .1Ild tlle Ill~l\er 

the economic value of fallow the higher the risk reductioll. 

The maximum expected gross margin d1so increases. 

of fallow ln rotation increases as RAP increases, .lnd decreabes wlth 1 Clwer 

risk-aversion levels, thus, the '/alue ot the lneome toregone trorn not 

cropping the land lS relatlvely higher wtth hl~tll;r rl::.k dv'~r~J[)l1. 

value of fal10w Increuses, turmers wlth l()w,~r fl:,,( d" .... r'>lull III' r' .. .." UH; 

proportlon of fdllow ln their r:ropping p.ltt'~rIlS. 

efflciency frontiers were derlved tor daterent ·I.il'H~b or t.ll~{J""" llld 

compared to the Initial model Ua1low value lb zerQ) III Fl,I,'ln~ (J.:.!. 

,d 

Optimal farm pld!1s at the change of bdS lS Jre: presf-!!\tt~d in T.it) 1 e::. ',. ~-I).1 rJ. 
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Table 6.8: Summarv of RiSk Efficlent Farm Plan under Labor-fntenslve 
Practices i3dsic "Iodel Fal.low V~üued cit 8.5/Ju: ~o ~nsurLlllcè 

UNIT 

1- RAP" 0.127 O. ~4h 
2. EGM" JD 225.000 215.000 
3. CEG~l' lD 123.096 28. S 76 

E . ,j nterErlse 
4. LENT ILS Dunum 
5. WHEAT/FALLQW Dunum 56.060 59.990 
6. BARLEY/FALLOW Dunum 7.830 
7. WHEAT/BARLEY/FALLOW Dunum 13 .330 2.470 
8. WHEAT/BARLEY/LENTILS Dunum 6.090 5.710 
9. \-l'REAT / LL'l'T ILS Dunum 

10. UNUSED Dunum 0.02.0 0.000 

11. TOTAL NEGATIVE DEVIATION" .JD 801.650 759.320 
12. STn' JD 191.592 l31.476 
13. CV{, 

14. LENTILS h 

15. WHEAT n 

16. BARLEyh 
17. FALLOW n 

18. UNCROPPED 
19. FALLOl~ I~ IWO' 
20. FALLOW r~ IHREE l 

2I. FALLOW t I~ CROPPED LAND~ 
'l') "w. FALLOW2 % L'l TOTAL FALLOW 1 

23. FALLOW3 % IN TOTAL FALLOWm 

3Risk aversion parame ter 
nExpected gross margin 

% 85.152 

Dunwn 2.030 
Dunum 34.670 
Dunwn 6.640 
Dunwn 32.640 
Dunwn 0.020 
Dunwn 28.030 
DunLUfI 4.610 

% 75.3ll 
% 85.876 
% 14.124 

·Certainty equlvalent ~xpected gross margln 
J Crap rotat.lons 
~Risk as measured by ë.otal negatl'le de'liatlon 
,- Standard dev1.ation 0 f the expec ted gross marglO 
gCoeffic:ent ot Var1.atlon of expected gross margHl 
hActual crops grown on the f arm 

'34.407 

1. 903 
32.722 

b .642 
34.733 

0.000 
33.910 
0.823 

'34.168 
97.630 

2.370 

'Total Eallow results Eram two-year crop rotatlon 
lTotal Eallow results from three-year crop rotatlon 
~Percentage of fallow land in total cropped lcind 
' Two year Eallow as a percentage of total f,lllow 
mThree year fallow as a percentage of total faLow 

~otes: Rows 14 - 23 are derived from rows 4 - :0. 

0.240 O.29h 
205.000 ·lil.l)()O 

28.01b -7.375 

1.630 1. 'H)O 
60.810 22. 180 
12.730 L3.2.80 

0.830 

0.000 38.640 

718.690 32.9.200 
L71.765 78.678 
83.788 87.420 

1.907 l .900 
30.687 Ll.090 
6.642 6.640 

36.775 17.730 
-0.010 38.640 
36.770 17.730 
().OOO 0.000 

Q3.730 'JO. 32.1 
99.986 100.000 
0.000 0.000 
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;"L; ,. 1). j: ~~~l~j-.:~Rbk Efficient Fclrm Plcln under Ldbor-Intenslve 
:-r,lCtlc:e!:> adsic :'ludel rdllow Valut:d at L.O/du: '';0 Insurdnce 

---------------------------------------------------------------
UNIT 

l. RAP' 0.108 0.221 
:!.. EGM' ID :!.42.500 232.500 
3. CEG;'!' JD 154.980 64.913 

Ent~q~rise " 
h. LENTILS Dunum 
5. WHEAT/FALLOW Dunum 56.080 59.930 
6. BARLEY / FALLOW Dunum 7.710 
7. WHEAT/BARLEY/FALLOW Dunum 12.570 2.650 
8. WHEAT/BARLEY/LENTILS Dunum 7.350 5.710 
9. WH EA TI LENTI L5 Ounum 

10. UNU5ED Dunum 0.000 0.000 

ll. TOTAL NEGATIVE DEVIATION' JD 312.520 759.920 
1 r) STO' JO 194.190 181.619 
13. CV" 

14. LENTILS l, 

15. WHEAT" 
16. BARLEY" 
17. FALLOW" 
IH. UNCROPPED 
1 q • FALLOW IN TWO 
20. FALLOW IN THREE 
21. FALLO\.J " DI CROPPED LA.'JO' '0 

'l') FALLOw2 % rN TOTAL FALLOW' 
23. FALLOW3 % IN TOTAL FALLOW IIt 

IR isk ,lvers lon parameter 
'EXPècted gross margln 

% 30.078 

Dunum 2.450 
Ounum 34.680 
Dunum 6.640 
Ounum 32.230 
Dunum 0.000 
Dunum 28.040 
Dunum 4.190 

% 73.635 
% 87.000 
10 13.000 

('ertalilty eqU1Veilent è'<pected .<;ross margln 
''l'ro(l roLltlùll" 
Rl~k ,\" me,lsurl~d hy tot;:d negJtl\'e devlcltlon 
~t.I!ld,lrJ deV1LltU)(1 ot lhe èxpt!cted ~ro::.s I11drgln 
'roettl~l~nt ot varldtlon ot expected gross margln 
'.\ctllcd ':t·ops grown on the tarm 

73.116 

1. 903 
32.752 
6.642 

34.703 
0.000 

33.820 
0.883 

84.034 
97.455 

2.545 

fIl tcll t...ll Law re::.ul ts t rom tl-wo-yedr crop rotat lon 
'Tutdl t...lllaw results trcm three-year crop rotdtlon 
• Percent.lge ùt t,lllow L.lIld ln tùtdl cropped lclnd 
'Two yedr falLow as d percentdge of total fallow 
"Three yeLlr t..iLlow as d percentage of total L1l1ow 

Notes: Rùws 14 - 23 ..ire cterived from rows 4 - 10. 

0.221 0.321 
222.500 100.000 
64.890 -6.692 

1.830 1.900 
60.820 22.620 
13. l30 13.290 

0.220 

0.000 38.190 

714.680 332.480 
170.807 79.462 
76.767 79.462 

1. 903 1.900 
30.483 11. 310 
6.638 6.645 

36.975 17.955 
0.000 38.190 

36.975 17.955 
O. ('00 0.000 

94. 747 90.431 
100.000 100.000 

0.000 0.000 
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Table 6.10: SLUrunarv or Risk Efficient F'.\rm t'Lm .1l1dt>l' !.dllH--[lltl'll~t\·l' 
--------~---- -- -----

Pt"actlces: Basle :'-lode L FJllow ~dlued dl D0~ ut Bd l~ L:_y _ \ __ t t:_ l_d 
Value ,vi th F d 11aw Vc\rL\bility AS::'lU11ed Egua l 
Yield Vdrlclbility 

L}JIT 

LAMOA 38. ~8 7.31 
1. RAP" 0.03 O. L4 
2. EGMt> JO 314.89 305.00 
3. CEGM' JO 288.40 186.53 

Enteq~rise 
<l 

4. LENT ILS Dunwn 1 • 'JO 
5. WHEAr/FALLOW Dunwn 56.07 58. <) 7 
6. BARLEY/FALLOW Dunwn q. ':>7 
7. WHEAT/BARLEY/FALLOW Ounwn 1. 54 ).'16 

8. WHEAT/BARLEY/LENTILS Ounwn 18.39 
9. WH EA T / LENT ILS Ounwn 0.00 

10. UNUSED Dunwn 0.00 0.00 

11. TOTAL NEGATIVE DEVIATION JO 1,014.01 806.411 
12. STD' JO :242.35 :207.()') 
13. CV'; 

14. LENTILS \ 
15. WHEAT" 
16. BARLEY' 
17. FALLOW'\ 
19. FALLOW IN TWO \ 
20. FALLOI-I IN THREE' 
21. FALLOW % IN CROPPED LANO" 
2.2. FALLOW2 7., IN TOTAL FALLOW' 
23. FALLOW3 7., IN TOTf\L FALLOWIII 

"Risk avet"SlOn parame ter 
QExpected gross margln 

7., 76.96 

Dunwn 1).13 
Dunwn 34.68 
Dunwn 6. 6/~ 

Dunum 1/1. L 7 
Dunum 2~L04 

Dunwn b.13 
% 72.00 
% '32.06 
% 17.94 

'Certainty equlvc\lent expected gro~s m<Jr~ln 
J Crop t"otatlOns 
. Risk as measured by totdl negatl'le devldtloll 

Standat"d devlatlon or the expec~ed ~ro~s mar~ln 
"Coefficient of '/drldtlon ot -::xpect'":d ~ro~~ JIld.npll 
"\Actual crops grown 011 tne farm 

Il7.1}() 

l. qo 
H. JI, 
I).ol, 

36. 12 
34. '.!. 7 

l.X') 
90.59 
94.87 
1.13 

\ Total fdllùw t"esults r rom two-year I:rop rotation 
JTotal fallow t"esults trom tht"ee-yeJr ~rop rotdtloll 
~Percentage of fallow land ln totdl r:t"opped land 
I Two year fallow as a per~entage of tot.l1 fdllow 
mThree year fallow ab a percentage ot total t:.d low 

~otes: Rows 14 - 23 dt"~ derlved from rows 4 - IO. 

t,) ';()1" ùt ntlt ley 

-- ---~ --

---- -- -- - -- ----- -~ 

:!..811 '.!.. 7 ~ 
(). ~ "1 (). lh 

28':> • no l~O.()() 

~.88 -'>.7, 

1.90 l • 'Hl 
51.74 ~~.79 

22.30 l7.b7 

n.oo ~ 3. hl~ 

SOO. ') ') /,28.7b 
l'l J • II l 02./,7 
/)7.l3 bR. ~:!. 

l .. )() 1 • 'In 
2'i.':17 11 . l, () 
11. l,'! H • HI, 
l7.{J'l 2(J • :2 l 
37.0') 2(J. ~ 5 
O.UO (J.OO 

9').12 91. I~ 1 
lOO.OO IOO.OU 

0.00 (J.no 
--------
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l G. Farm Income Response ta Yield Variability 

As shown in earlier. the variation in farm income caused by yield 

variation is substantial. amounting to 47.16 percent of variation in 

expected gross margin per dunum of wheat. The variation in gross rnargin 

per dunum caused by yield variation in barley and 1entils is es timated at 

88.37 percent and 42.27 percent. respectively. When the same calcu1ations 

are made over a longer period. 1962-1984, yield variation as a source of 

farm-incorne variation was slightly less. ' The reason for the lower 

variation is that between 1975 and 1985, the years 1975, 1979, 1984 and 

1985 were drought years. The lowest yield recorded during the period 

under study was in 1979 and the highest was in 1980 (see Appendix). 

Yield Stability and Crop Mix 

The main foeus of this section is to analyze the relationship of 

incarne variability to yield variability. The analysis assumes cons tant 

yields during the period in question. Yields for the three crops (wheat, 

barley and lentils) were fixed at their ll-year historical average thus 

reducing yield variability by 100 percent 

Yield stability has a significant impact on the optimal farm plans. 

Land utilization has increased substantially (Table 6.6); for a risk-

averse farmer with RAP = 0.27, the unused land declines by 54 percent. At 

the same time, land allocated to wheat and lent ils increases by 304 and 

286 percent, respectively, without a decline in land allocated ta barley. 

Two-year fallow rotation, as a percent.1ge of total cropped land, is 

reduced by 10 percent; as a percentage of :otal fa] ow it is reduced by 3 

percent. On the other hand, fallow in three-year rotation, as a percent age 

of total fallow, is increased by 3 percent (Table 6.11). 
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At a low 1evel of risk aversion (0< RAP< 0.2.), the optimal farm 

plans are identical to those in the initial situdtion as the risk-dvendull 

coefficient and share of low-risk crcps in the farm pldn increases. 

The level of total negative deviations (at every level 01' expeded 

net incorne) is much 10\oJer when yields are stabilized dS compdred ta the 

ini tial mode 1. (Figure 6.3). Crops which entered the plan dt .... lll11ch luwer 

RAP in the initial plan now enter at a relaliveLy higher RAI:'. This 

explains the higher proportion of three-year fallnw t'otat ion ta tùtal 

fallow, as cornpared ta the initial model. The increase in three-year 

fallow rotation, along with a slight decrease in two-ycar f.ll1ow roL.1Lioll, 

is the reason for a general decline in percentage of total faLLaw wit.h 

respect ta total cropped land (Table 6.11). 

Yield Variabili~y and Farm Incorne 

The ex~ected net incorne is slightly reduced throughout Lhe 

frontier. The reduction in expected incorne 1s less sem.itive ta ri~k at 

higher levels of risk aversion. As risk aversion increases f rom zero to 

0.4, for exarnple, the decrease in expected incorne amounts tü ] ess than L l 

percent of the expected incorne of the risk-neutraL situation, white in lhe 

initial rnodel the difference over the sarne range is about 200 percent. 

The variance of expected incarne has been reriuced by more than 11C) 

percent. The 95 perC'F!nt conf idence intcrval 15 rnuch narrower th,1Il in Lt\!: 

initial rnodel. The stability of incarne is diso appanmt at d '/!'ry high 

risk-avers ion coefficient. The e:<pected net i.nr:omf! 

substantially (certainty equivalent is pObitive) and the var Lmce 

decreases. However, the stabilization eftect at a high risk-aversion 
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laule ~. 11: SuwmdLY~~~cleot farillLf1~er labor-Ioteoslve PractJ~~ 
Basic Model wlth flxed Yleld: No Iosuraoce 

----

UNI T 
---

1. R"P~ 
2. [l:.Ml> JUs 
3. (EGr-\' J[h 

WfiIl.D~" 
4. l[NTIlS DunulII 
5. WlifAT/fAllOW OUIlUIII 
6 BARlEY/f/ollOW Dunum 
7. WIlEAI/BAIHE.\'/fAllOH DUlium 
8 WIŒAI/BARlEY/lENlllS OunulII 
9. WllfAT/lElHllS OunulII 

10 UIIUSEO DUIIUIII 

II. TOIAl NEGAIIVE 
DfV lA T lOti'"' Jlh 

12. SW f 

1 { ( vu 

H. ltllTllS" 
1<; \-IUlA T" 
Il, ti41H fY" 
17 fAlLOW" 
18. utlCROPPED 
19 fAllOW IN IWO' 
,'0 1 AllOl-/ lU TIU~[[' 

21. tAllOW l LN (ROPPED lAND' 
22. fAllOW2 ~ IN lOTAL fALlOW' 
n fALIÛH)~' Hi TOIAl fALlOW'" 
- ~- - - -- --

"~l~" dV"I~lull pdraaleter 
"l)o,pt"llt"J ~IIJ~~ 1Ild.'·ylO 

0.000 
L07 b \0 
207.610 

Su 080 

1.540 
18 {SO 

0.000 

j 1.J 7UO 
80.007 
lB ~d7 

6.121 
il} b80 
u 6'10 

L8.553 
0.000 
28.040 

Il 511 
LO 180 
'.l8 202 

1.798 

• (t::'1 t.jlllly ~4ul\r'..ilC'nt eXfJl:"(l~d yr·lP;)~ IUdr~J1" 
"C, up ,·ut.jllUII~ 

O.U~O 
207.008 
190.870 

56.080 

1.540 
18. -{80 

0.000 

334 700 
80 007 
)8 Sl7 

o ln 
{1}.b80 
b.6/JO 

LS 553 
0.000 
2tl.0'1O 

0.513 
Lu lBO 
')8.202 

1 7'18 

'kl~1o. .;~ lIIc:d~ur"ll by total o;;gallvt? lI~ ... lallon 
. )t"lIll.1I LI J..,vl"llon or th~ ""p"l t"L1 !.l1·0~~ ,uarylll 
"CIl"I'I( lll,t ùl vdll.3tlon of ~"P"lt~J y,o~~ IIIdlyll, 

fh,l"., t-:ll,,~ 1·\ - ..'{ are lltêrlVell 1,'uIII row:. 4 - lU 

0.100 0.150 0.200 U.lOO o AllO 
207 616 207 614 207. Il 14 193.408 185. 1~8 
174.140 157.400 140.660 108.430 80.t'J0 

5b 080 56.080 5b.080 56.080 32.000 

1 540 1.540 1 540 14.nO ~8.2HO 

18 380 18.380 18 -{tiO 5 710 5 710 

o 000 0.000 0.000 0.000 o 010 

334.760 334 7bO 334 770 283 2bO 2uZ.170 
80.007 80.007 SO 009 67.{/JS 62.058 
38 5i6 3S.53b 38. S 17 i~ 00 i i i 1:1'10 

b.127 b.127 6.121 l 'JO 1 l 'JO i 
sI} b80 34 680 31\.680 3'1 1.,80 iO !JI. i 
L L'JO L bIlO 6 bllO 6 L40 14 loL) 

LB 553 L8 553 28 553 Q 777 m 7LO 
a 000 0.000 0.000 0.000 0.010 
2tl.0'1O 28 040 28.040 28.0'10 lb.OOO 

o 51l 0513 o 51'~ <1 7 il 12 lLO 
LO.180 LO ISO 60 180 75 S')I LO 8') \ 
98 10,' 98 202 98 L02 85 5,19 ~5. b \ 1 

1 7'l8 1 7% 1.798 14 451 44 ~l, 1 

"AnUdl (rops grmm 00 the tarm 
'lot,,1 talla" resull~ troIU two-y""r LIU!, ,ut"l'u', 
'Tul",l lal10w r",~ult:. fro," thr.,,,,-y,,,,,r LIU!, ruldtlul, 
·Percentaye ut fallo" l"nLl 11\ tot,,1 LroppeO land 
'T"o year rallo" as il perC;;lltily" 0/ tutdl Idllo .. 
'''Thre'e yt:dr lallo .. d~ d p"rll:,,,t,,yt:- ul t.Jt,,1 {"llu" 

t''r' 

1--' 
~ 
w 
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; .. , ... [ 1::> mor'": ::>lÀ!llt!('J.T1t th,.m dt a 10l.-risk aversion ~evel. At J. risk 

.!v~rslon l.~vel of ().4, the expected gross mélrglll incredses by over 120 

p~rcellt, comp,Hed ta the iIlltial model, in both the stdndard deviatlOn and 

the ('C)etfl'~ient ut 'Jar1.ation. This increase in income 1.S obviously 

,lssaclated wnh more extensive land use and, more importantly, with the 

lower cast of rlsk. The fOLlow1.ng exarnole illustrates this point. 

At d high r1.Sk-d'/ersion level (RAP = 0.4) in the in1.tial rnodel, the 

cast of risk is apprax1rnately JD 128.4. When y1eld variability is 

elimlllilted. the cast of risk at the same RAP :'5 approxirnately JD 104. 

This reduction in the cost of risk induces the farrner to increase his land 

use by Sb percent. and thus increase his expected net incarne by over 25 

percent. 

H... F'arrn Incarne Response to Price Variabilitv 

As discussed earlier, price Vdrldbility 1.S an important source of 

tdrm lncorne vdrlabllity. About 13.5 percent of the vanability Ln farm 

illcome generated from wheat production on J. per dunwn basi.,; is traceable 

to ttle vdridbil ity of the price of whedt. Simildrly, farrn incarne vari-

,lbility on cl pet' dumun basis aris1ng tram pnce variabil ity of barley dnQ 

lentlls is estirnated ,lt 15.82 percent and 24.70 percent, respectlvely. 

Ftlt' the pur poses ot the rest of thl"; se·:tlOll, price~ fOl' ... heat, 

..l11 V,lrl.lt~on.s c..lused by prlce. 
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stability (Table 0.12). The most ::ilgnlflcLlIlt ..:h • .lI1ges .In! th.lt: 

It:vels. 

b) A11 fallow ldnd is used ln LI two-year l'otLlt Ion wllh I)lll,'r 

C' rops . This is expected because wheat/Llllow/twrley ('["'lP 

rotation has a relatively low gross marglll ,15 compùred lI) 

wheat/fallow or wheat/lentils/barley. 

c) Fallow in two-year crop rotcltion is reduced, lIlùlllly beCLlUse tilt .. 

fallow/barley gross margin 15 lowered; turthermore, when Prit (' 

vanability L" ellInlnated, the st.'\Ilddrd devi.ltlon III 

wheat/barley/lentils rotation is signlt ir.,lIltly reduced. 

d) Fdllow land decreases dt the low rbk-dversLon 1,~'1el ,wd 

incredses at Ingher rLsk-mdc>;ln It:!vel>. .1':i t urnp.ll(!d Lo LIlI-! 

lnnial model. 

Price Variabilitv cllld ~et Incarne 

The maxlmum expected gross manp 1 increLIse!> ,lVer the illltl,d mod,·l 

by aDout 4 percent. i:he €:xpe(:ted gross rnargll1 ,lt ,\ RAP IJt (J,l, lJI<'rt!dC,"C, 

devlation, Increase~ only by )2 per(~t'Ilt. 

by around 50 percent. 

of JD 907.'24 and a RAP ot 0.1 in the l!lltl.!l rnodEd. 

gross marg.ln for the opt imal tarm plan 1<> ;0 2~4. :"hen IJr~(:~ 'l,Il lolt, Lilly 
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',.Illie the ..:_':~ec:ed income t:'ises to ID :~34. 

Law level of t:'lsk aVerSion lS more dttral'ti\'e in l'llt.\tlon wilh Wlll'dl ,Illlllt! 

thdn in rotdtlon I-Jith bdrley .md wheJt. the whe.tt/lentll IllLILlllil 1-; .1 

riskier crop. At .:l high rlsk-dver::.ion level, lenttl,; .lle t:'otdtl!d .... ILh 

barley and wheat because ct the Ldtter's re LI Live ly 1 nw S t.llld.l rd 

devidtion, thus, less and less land is used tor Llllow, ('omparp(\ lo L1IlJ 

initial model. Wheat and bJ.rley production is more or less sLlble 11\ 

comparison ta the initial mode 1. Lent 11 production lllCrédSei'> 

considerably, because the price variability nt Lt::ntil" lt. the hlglw~t ot 

the three c rops . 

The effecL of prlee variab_lity on tat:'m IIl('Ome l~ Sl~Il:tjl'antlv 

less than that of yleld variability. Althou~h elimlnJtlon ut prll'I! 

variability brings more land into production .lt .1 n./~ RAP, ttlt" cnst nt 

risk remains hlgher Lhan in the Llllttdl Ir.odel (Tdbll-J 0.12). rllt! '1'1 

percent cont idence inter'/al .:tt each level ot expe!:tt::!d incollle rerndlll~ '''Id~f 

in compdrlsan to the "ame incollle when ylt:!ld vdrldbtlLty l::. ·dunllldlpd, Lill 

is significant1y narrower than thd.t ot the tnltldl model. Sim 1 LH 1 y, ,\ l 

each 1evei of lncame the sLandard de"Ldt ljl1 .me! the "(Jet f L" l''nt 'JI 

variation are substantially reduced. 

when the prJce "er;,e::. WU1=> ,1dJUbt.",d t) ,~i lI111Ildl'; lll!" ,-",. '- .r 

; 'II '.p"rrnof'_, !,r 1 

which was introduced in 1980 may have lldd SOIn!: ~t t·:':t ')11 l!l': 'Il.!';!!l l'ldl: 1)1 

incarne variabllity resultlng from prlce t:U~tudtl~n. 
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Least-Risk-Effieiency rrontier 

The least-risk-efficlency frantier associated with the Elimination 

of price variability lies above the frantier representing the initial 

rnodel in Figure 6.4. The IEF is also presented in chat figure. At each 

level of expected incarne the associated risk was reduced. Sirnilarly, when 

priee variability was elirninated, the expected incorne at each level of 

risk increased. 

The relationshjp between the two frontiers (:an best be explained in 

terrns of cl simple rnathernatical relatianshjp. ~e have seen earlier 

<Chapter V) that between chclnges in basis the portion of the frantier is a 

segment ot a s traight l ine. Since between each change in bas is the 

inverse at the dual value assoclated with the canstraint of the expected 

gross margjn is the RAP, this coefficient changes ooly when the basis 

changes. It follows that the equation of any straight line segment of the 

least-risk-efficiency frentier can be expressed as fol1ows: 

I, = e* 1 + aiR (6.1 ) 

(6.2) 

where Il ,1Ild I, are net incarne assodated with fixed priees and 

initial model, respecLively, and R is total negative deviation. C,": and 

Ct,'c cIre certain ty-equl va lent incarnes which are f ixed a t eaeh r-isk-

.\Vers ion level; are the values of the risk-aversion 

l'oetticicnt. Therefore, the slope of the le.îst-risk-efficiency frontier 

Jt various line segments is determined by the magnltude af the RAP. 

() 

(6.3) 

-~~-----------------------------------------~---
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LEAST RISK EFFICIENCY FRONTIERS fig:6.4 
PRieE VARIABIUTY 
l.~"O. _"'E"a.". Gln.t.ClICa:. 

EXPECTED GROSS MARGIN IN JO'S 

-~+~ 

wilh "1P:i:" 
+--- t -~+ 

priee variability , 

-1 

F- ~ initial :rontier _J 
320 520 720 920 

TOTAL NEGATIVE DEVIATION IN JO'S 

~ 

~­
D 

• 
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nI<: " 1 t L .~ ~ "rlan~':! :n 'let lncarne lvi th and without priçe stal:,:1ity is 

IJ t"f) P') r t LOllcl L to ~h~ r,1 t 10 ot the RAP for d glven level cf rlSK. 

!1 Ull.:e (u l /dI, ) (R = R": ) < l, it follows that dl la, < l 

.1. > ,j" ,IlIU ',lnce th~ margInal risk is the inverse 01' thE> r:isk-

dver.,ion para:neter, Lt follows that the IEF i5 reldtlve.:.y flattet" in 

"omp,uison to the ne"" frontier wlth priee 5tability, l.€., the marginal 

rL,k 15 Lower wlth priee stabilization. The separate etfects of prIee 

rlsk dnd yield risk are presented in Figure 6.5. 

1. Capital-Intensive vs. Labor-Intensive Agricultural Practices 

In this section the relationship between capital-intensive 

dgr lcullura 1 prae t iees dnd labor--Intenslve agdcul turai jJrdctices is 

Two scenarlOS are explored using cdpital-intensive practices. 

[n the tir5t, the yteld lS Increased by 30 percent over that of 

Idbor-intenslve practlces; in the second, yleld is increased by 70 

percent. [he ::.tandatd devlation of the yleld is dsswned ~o rernaln 

Illlchclnged l ::.ee Chdpter [I). 

The::.e scellarlOS are compared to the ldbor-intenslve practices and 

tl) è.Jch other ·,.,.hen: tallow is asswned to hav~ zero vdlue, a posItive 

V,dllè 11t JD O.J/dunum ,lOd a posltive value of JO 1.0/dunum (see 

.'hcl[Jtl!r \Il. The dl1dlyS1S 1$ ,:,Irt"led oue. tlSlng the \10TAD procedure. 

\Vlth the hypothe::'lzed 30 rerc:ent lncre.Jse 111 y1.eld, the results 

lT.lbl~ D.L3) 1I1uic3teS thdt III the rlsk-neutr"31 pratlt:- lTI3XlmIzation 

.... -.olutlon the expec ted gross marg in Incredse::. by 33 percent aver 

" 
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LEAST RISK EFFICIENCY FRONTIERS 
UtmER PRieE AND YIElD \ARIABILIlY 

fig:6.5 
L .... a" , .. lIlEN.IVIE r"AC1.CEI 

EXPECTED GROSS tv1ARGII'J IN JO'S 

650 .' 

450 .-

250 .-
~ 
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22(' 

FIXED rELDS 

FIXED PRieES 

~, 
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* **-
* 

YIELD VARIABIUTY 
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_---------- PRieE \f\RIABILTY 
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!dtJltè ',.;~: ~'!lI_lf~~:~~_'~_3isk EEf:<:1_~_'1t :arm Plan under Cdpit31--:ntt:l1~ 
r'srlculcurai Practlce~: BdSic :1odel 

C'JIT 

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

W'" Yit-: ld Illcr'=dsP over Ldbor-Intensive Practice::. --------- ----

l. RAP' 0.00 1).05 0.10 O. L 5 o. :0 0.25 0.30 
'1 EGM' ID ~Q7.65 .:.97 .Ii S '297.65 '296.87 ~g7.61 71. 13 71. 13 
L CEC~1 jD '297.65 '232.90 i.68.15 103.39 38.68 -lU.:5 '2 -26.85 

Ellteq~rJ::.e " 
4. LENTILS Dunum 1. 59 1. 59 1. 59 1. 59 '2. 1 '2 1. 58 1. 58 
5. WHEAT Dunum ~5. 65 45.65 45.65 45.65 44.86 8.44 8.44 
b. BARLEY Dunwn 5.09 5.09 5.09 5.09 5.09 5.09 5.09 

10. UNUSED Dunum ~3. 6 7 '23.67 '23.67 ::'3. h 7 ::'3.93 60.89 60.89 
11. TOTAL NEGATIVE 

DEVIATION" JD 1'29'; .07 1295.07 1'295.07 1295.07 1::89.85 326.59 326.60 
['J STO' JD 309.52 30°.5'2 309.52 309.52 308.27 78.05 7,'3. Ob 
13. CV" 70 103.99 103.99 103.99 103.99 103.84 26.22 107.74 

7010 Yie Id Increase over Ldbor-Tntensive Practices 

1. RAP" 0.00 0.05 0.10 0.15 0.20 0.25 0.30 
:: . EGr1 ' JD 453.66 453.66 453.66 453.66 453.66 453.6.5 105.08 
L CEG:--I' JD 453.66 369.96 286.27 '20'2.38 118.88 35.18 -18.17 

F~tè[[l~.,e 
, 

/, . LENT l LS Dunum 1. ';9 1. 'j9 1. 59 1. 59 1. 59 1. 59 1. 58 
"> • WHEA r Dunum ~'i.65 4').65 45.65 45.65 44.86 8.44 8.44 
/) . BAR LEY Dunum 'j .09 5.09 5.09 5.09 5.09 5.09 5.09 

L () . UNUSED Dunum 23.67 '23.67 23.67 23.67 13. (, 7 13.67 '23.67 
11. TOTAL 'lJECArIVE 

DEV l t\ TI O\j' JD lb73.89 l673.~9 1673.89 lb73.S9 L673.89 1673 .. '39 410.83 
L': . ~ ~D iD 
:l. t:V' >/ 

0 

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

'RI::.!,. ,1\er~l(l11 p,lrLlmeter 
'E:-.per tt'!d ~rl1SS nl.lrg Lll 

4\)0.06 400.116 ':'00.06 
St'l.18 88.18 Ss .18 

. l'ertLllllty equlvalent expected 5["0::.s marglIl 
"Cellp rot.ltlOI1::. 

400.06 
,S8.1,s 

'RI::.!,. ,15 me,l::.ured by total negat:.ve deVl.3tlon 
'St..lllliard deVl.3t Ion of the expec ted gross margln 
'CùetfLclent of vdridtion of expected gross margin 

400.06 400.06 98.l9 
~8. 1 ':3 '38. 1 '3 21. 64 
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devL1t lon) inc reases by 43 percent. 

~.05 in the labor-lntensive case to 4.36. 

l':hen the ylelds drt:; ~lssul1led to inCt·e.l~t' by Îll pel",·lll. tilt, 

risk-neutrdJ. sclution ylelds d ma:umum expected gross Ilklrgin (JI ID ',') 1 .I11d 

a total negatlve dE:VLltlon of JD 1,674. rhe idbor-intensive t:.J~e .,Ih)\~" " 

203 percent increase in expected lncome ,.IIld clll lSb percent ltlCrCdSe III 

risk as measured by the Lotal negat:ive devlatlOn, "r ,\ del'r02.b>! ln 

risk/income ratio from 4.05 to 3.69. 

In bath capital-lntensive cases, about 31 percent ,Jt the 1.llld l~ 

uncropped. This impiies that for rlsk-neutrai tdrmers, product iOll .1Ild 

income could be lncreased substant:lally tE ('clplt..tl-lntell~lvP pr.\cti,'p.l> 

were adopted. The uncropped land lS a result ut the {·d(Jlt.d '·Olbtr.llllt 

imposed by the mode l . Hawever, e'len thougll formal {'n~dlt ltl~,tltlltlons 

provide credit equlvalent ta SO peccent ct th\~ productlon {'ost,>, tdnners 

with limited worklng capitdl .He 11111ü.ely, even when they dn~ Il,,k­

neutr,.ll, ta take advantage ut the potentldl benetll~ Dt ':.lpit.d-lllt,!Il..,lve 

agricultural practlces. 

In the capital-intenslve model the ':rop mu-: lS domuldted by wtw.\t. 

Barley and :'enttls are produced soleiy t.-)r tht.: !dllllly'" 1 (;Il<"llllptl{JIl. 

Since priee rdtlos of çrops remaln Ilnchdn~ed, prr)dll'.! ltlll il! t,.lt !l'Y <,t.dy', 

more or less dt the same ~e':~l. 

by 30 percent; for the ,JbOr-lnten1:.1'/r.: ':.lSt~ lt l~ ~.,)I., 

assumed to increase by 70 tlerc~nt, the rl",k/lncolll\-, r.~tlU l!o ;.I)'J, '",hl' II !.., 

marginally higher than the labor-inLens i'/~ r·,j,>e . 
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;,r,[t '::11"', iJlltperronll capital-intensive practlces wlth d yleld increase of 

,Il perl ellt. At ylelcl increases of 70 percent, labor- dnd capl tal-

l!1t~!l...,i'/f~ pLlctlces are more or less comparable. Figure 6.6 shows that as 

ll,t= ~rDs,>-mar!~in level rises above JD 800. the fr:;lntier of the 

I.lbor-tntensive 'f.c-del lies below that of the capital-intensive model with 

70 percent increase ln yield. 

When fallow is assumed tc produce an Imputed positive value 

(JD O.5/dunwn), the labor-intensive pract:.ces rrontler lies above bath 

rdpltal-Intenslve practices' frontiers (Tables 6.8 - b.10 and Figure 6.7). 

The following conclusions can be drawn from this section: 

.1) Improved practlces dre potentially 'Jeneticl.~l to small farmers 

under :.Ie existing input/output pnce relations and if these 

practices bring about a minimum of 70 percent lncrease in yield. 

b) If the value of fallow IS more than 0, then the 70 percent 

inCredSE' in yleld is not sufficlent for fdrmers to adopt these 

capItal-intensIve practices. 

J. Summarv 

Pnee and y lè 1d var iabl1 i ty elre a major source of the ·/ariab1.l i ty 

III lll<'ome 111' smd!l tLlrmers, partlculdrly those who are highly risk-averse. 

Ïleld rLsk 15 substantldlly more Important than prlce rlsk, 

l'olltrlbtlt1n~ about 61 percent of Incorne varlabillty. Priee r13k on the 

,)th~r h.l!1d, ('ontrituted about 39 percent. In the presence of yield and 

priee risks the tdrrner's decisLOn to adopt various crop rotatlons as a 

----------
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LEAST EFFICIENCY FRONTIERS 
CAPITAL INTENSIVE VS LABOR INTENSIVE 

fig:(ÔJ6 
AND TfI"DIVIGNAL "'LLO_ 

EXPECTED GROSS MARGIN IN JO'S 
300 .- --·-1-1--1---·---· -h-I-I-d---" 

caplta ntens ve practlces Wlt y e s 

250 

200 

150 

100 

50 

assumed 70% hlgher than traditional 
tabor intensive practices 

_----EJ-----------------
EJ 

'

"0 ____ --------0--------

4"'" ----- labor Intensive practlces 

dt ~al Intensive practlces with yields 
are assumed 30% higher than traditlonal 
labor Intensive practices 

OLI ______ L-____________ ~ ____________ _L ____________ ~ ____________ ~L_ ____ ~ 

32659 748 444 79834 850.354 907.46 

RISK(TOTAL NEGATIVE OEVI,f\TION IN JD'S) 
IfI.IPUTEO \ALL'E -OR F"LLOW 18 ZERO 

.-. , 

1-' 
ln 
ln 
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LEAST EFFICIENCY FRONTIERS 
LABOR INTENSIVE VS CAPITAL INTENSIVE 

,. DIP"'ftIENT .LUE' POli .. LlO. 

fig:6.7 

EXPECTED GROSS MARGIN IN JO'S 
350~1 --------------------------------------------------~ 

300 

250 

200 

150 

100 

50 

labor Intenalve 

, 

fallow valued at Jd 1.0/du 

fallow valued at Jd .5/du 

-----+ 
-+---+~ 

________ -----~-----------------El-----------------[ 
- - - capital Intensive practlcea wlth 70' 

yleld Increaae oYer labor Intensive 
practlces 

~/ '1.:,., l''onolve p.actlc •• wllh 3D .. V :~:.~ 'ncrease over labor Inlenllve 
practlces 

o LI ------~------------~--------------~ ____________ ~ ______________ L_ ____ ~ 

326.59 748.444 798.34 850.364 907.~t6 

RISK(TOTAL NEGATIVE DEVIATION IN JOIS) 

~. 

..... 
V1 
0\ 
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Re.,;ul ts l:nnt l nl1 th.\ t ,~IIt'.\ t 

production in rotation with Eallow is a1so risk-etficient. 

The ral..ionc!le for tarmers 1 production oE bdr1ey .1111\ LenLi h. \ Il 

spite oE the disar.vantages of thes~ crops LIS compdred to "hl'dl. \.; 

explained by thelr risk aversion and subsistence needs. 

Al though adoption of technology improves the over.lll farlll llll'ollle 

(expected gross margin). the associated Llsk dt each level ot net lncnlIIe 

is higher than with the labor-intensive methods. This is dlle to .1 number 

of factors: 

a) Capital-intensive techniques lncrease the over'all y ield dverage 

without significantly reducing its variability. 

b) Adoption of capital-l11tens ive tedllllques is inverse ly re L.lteù 

to the economic value oE Eallow. [E tra.:iltiona1 fdllow .lSS\lJnes 

d positive value, the inerease ln yield required to pr()vid.~ 

suffieient incentive ta small farmers would have to \.le 

substantially higher than the assumed 70percent increa::.e. 

e) Farmers 1 percept';'on of the technique may not be shaced wi tll 

d) 

those of the research s ta t ions. F drme rs muy f ee l tha t the 

projected increases in yields resulting Erolll the .1d[)~)t ion "t 

sueh techniques cannot be reallzed. or that the per(:I~lIL.l~e ut 

lnerea'ie is lower than that pred ic.1ted by '::<perullenl:-:.. 

plausible because dvatlabtlity ul :l~Lhll() 1 u~y do·!,> tif) t 

necessarily imply an adequà te use ot it (El HUf31li . l '.J 7') ) . 

Priee flue tuations complieate the p ll: ture turtht:f, l t 1::-

coneeivable that farmers Cdll apply modern tecllllology d!ld 
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d( 11:("/(0 '~.,:r::ellen~ -:rops in cl specifie year, Jnly co twve the 

l'nprOV"!llIent Ul ylp.lds wlped out by a decllne ln prlees. Hlls 

"itu,ltion is ltkely to happen ln the context of Jordan, ' .. here 

,>torav,~: fdcilitles and marketlng infrastructures are still poor. 

H1ls sltudtion !las, in fact, !-Jappened in the lrrigated >.ector 

ot Jorddn. Fdrmers !lave tntroducea a llllmber of innovative 

technique~ , such as drip irrigatlOn, plastic houses and 

htgh-ytelding varieties. The results have been spec tacular; 

ylelds of vegetable crops in the Jordan Valley dre comparable 

ta Interna t ional yields. However, wüh vegetable export 

markets shrinking in lhe last few years and a lirnited domest1c 

market, the priees of vegetables have declined dramatically, 

exposing farrners ta price risk, and thus to incarne instability. 

l' 



ISince cost is assumed ta Cd~lbe no vdrLlbtL Lty III 1 1l!'()Illt' • 

analysis of gross incarne and net lncarne ledds to the bdille t'p:,,,d ts. 

"The maximum expected gross rnarglll de terminer! in the LI' :"olul j'Hl 

without risk was then specif ied as the ~ross Illdrglll COllhtrLlÎnl 111 L1w 

~IOTAD mode 1 • The farm pLUl deterrnined ~y :lOTAD tor lhib ~rnc,::, Ill.lt~lll 

level was identical ta tne 11near-progr.\lllnnl1?; boIUtlO!l. 

lIn spite of its ldrge gross Illdrgin. ,1S "ompdrèo tl) th.! C)'!.,~! 

crops. lentil production is Idbour-intens Lve. rlllS Ill<l rI!; ln bef'l)lllf.:-. 

significant1y low lf labour needed goes beyond .\vaLlc.lblt: Lllndy t.Ülf),jr. 

:'>iote that the cost of production for hdrl~y lb Inbl~ndlf.\IlLly 

lowcr chan wheat; dt the Si:'me Ume, :ht: b.\rley'-. ptlUJ ,1Ild y1l:ld .If" 

significantly lower than those of wheat. 

anImal feed (Arabiat, 198')). The government pOLlCy lo encnurdge Il'/f:c,lf)l'J.: 

production by SUbsld~zing imported anlillai r~ed '~oIl1d pLJy .. !l'~';dt )'1" rl)l.· 

in encouraging bar1ey producttull. 

productIon IS ':drrled out III dry1dlld dr'::d!> ,)t :urrJ.ill to 111,:-.1 l.1rlll' r', )';lrl 

fam~ly needs and/or in marglnal L.tnds "'Lere:: ;lhl:dt ,J.lld I)ther 'rf)IJ~ ,tr' 'l'il 

suitab le. 

'The value by · .... hlCh 5robs man',lo r:han~és ..1., r l bk Ill' r'.d·.'· ... 'Jr 

decreases bet' ... een any t"'o r~hdllr,es in basu, soluti'm l~ t_hr! dlldl 'if Lh.: 

gross margin constraint. 
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"Thl::: slope of tne frontier is dY/dR as dY!dR ~ecre~ses èR/clY 

lncr<:!ases where Y is the gross margln and R is the tulaJ negatlve 

devlatlon. 

For the period 1962-1985, coefficient of yield variation per 

dunum for wheat and bar1ey was also 43 and 67 percent, respectively. 

"Coefficient of varlation for wheat, barley and 1entil priees 

ealculated for the period, 1975-1985, were 17, 20 and 22 percent 

respec t l vely. It shou1d be noted tnat the coeffiClent of variation of 

wheat priees in Jordan over the period 1975-1985 was similar to the 

coefflelent of varlatlOn of Foe prices of wheat in AtlantlC ports of the 

U.S. In fact, the coefficient of varlation for wheat priees in the 

penod 1971 to L981 ln Ohio, for example, was about 18 percent (Djogo, 

1983). Thls imp1ies that any prlee lntervention which may have been put 

ln place by the goverrunent of Jordan has not been effee1:ive in redueing 

the pnce varlabil i ty of wheat. It has been argued that support priees 

have not worked s imply because of marketing bottlenecks and storage 

problems and aiso beeause of the possibility that the p::ices were not 

announced at the right tlme (Gotseh, 1980). 
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::'HAPTER ""II: ACRfCLLrURAL [~SCRA.'i('r, ,-\..'.n I~-\l\~l r'\I,l\IE 

r\. Introdllc t ion 

IlhUI .1Ii< t' .1.... .\ 

polic~ lnst.rUJnent "or stabi l izin.; Llrm llICl)me. T'rin hypotht,t i,'.! i ill-'1l1 ,IIll l: 

schemes ,He proposed ,lnà ..ll1dlyzed ln telms ùt thett PO(,~lltl.tl 11111'''' l III 

improving land use <ind ::.tablllzing the 1l1COme ot sm,1l1 t.lrlller". l'he .... · two 

schemes are: claSS1Cdl yleld price/yield insur..lnce ,lIld tb~ rt'l.ltlv,·ly 1\t!W 

concept of revenue insurance. Actuarldlly f,ur :"chemeS..lb weil .11> ::.dwIlJe!; 

deslgned using the normal probablltty density tUlIctlon .ire di::.rusbt:"1. fhe 

comparison is carried out in terms of opttmal t,lrrl pLdll!' gelleraled by 

:-IOTAD procedures. 

The chapter i::. dlvided inta [ive l>ectlUIl::'. ~11P t 1 l'!> t .,,!,'ll (JI! 

contains preliminary dlJdLysls dnd relevant stdtl.l.;tlC:tl llldl(',ttO/.." r!J.· 

second section dedL", wlth dctuar-iall:1 tair 111SUl'dll('e sch'~lI1e::. ,lIIll LlI':lr 

potentidl benetits. rhe thlrd section presents thl-: lib Il Cd 11'" .." hem., 

de51gned dccordin~ ta Botts dnd Boles' (1)'14) pro'edure; ',(Jill'; prut,J.;lI1o, 

relating ta yield distributIon dre discussed. [n S'!" t lun four. r f: '/ .. 1\ Il!! 

insurance for small farmers (:.lpital-lntens LVe l!> 

examl.np.d. SectIon [ive provlde!i ,j Sllll1ll1,HY .ltld 'on' 111,>1';[\ ut th'.:! rl1.\I't:.:r. 

of varldtlUTl of the gross revenues wit.h .llld 'r/lthout hyp,,'lt,,:i,IO li j'J .l1r .. 1J' f' 

sc1ternes are presen ted in Tdb le 7.1 . 
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,1,>IUdn'_';), t.he propose<:l r~venue 011:0 Ylel<:l/price Insur;:;'llee 

o Il~l'I<;" '11..11nt.l1Il tilt; JVt:rage ~ros~ mar:?;lll on a p,,=r dunlL'n Ijas:s ('Hlc.er :he 

.j~'>IUllpll()n ut .lctuarldJly fclir premiumsJ and reducl'! ILS V,lrlàrlCe. 

r.tl,l~ ;. r: '~:t:!rase Gross '1arglos, St_dl1dard DevldtlJrl and 
LJerfl~lent ot Varlation ct Insurance ~chernes Considered -----------

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

t;rofl Cude' 

-------

R..lS le 'Iode l 
Average Gross Income (JDs/Du) 
StJnddrd Devldtlon (JDs) 
Cuelflcient ut VclrlcltlOn 

Rt:venue [llhl1raltCe" - ._--------
t\\r:r..1g~ (;'05.':> Incume (JDs/Du) 
~Lll1ddrd DevIation (JO.':» 

( : Cl,~ t tiC li: Il tut V.H- 1 d t 10 Il 

Prlee ~ Yleld !nsurdnce' 
Averdge Gro,>s Income (JD~/Du) 
S t..lIld.trd Dev 1 dt lOl1 (JDs) 
r:,)el t i,: LeIlt nt Vclrl.ltlorl 

~J/F B/F 

4.93 2.65 
2.43 1.14 

4iJ. 33 !~3.14 

4.93 2.64 
2. li D.d5 

42.71) )') 'J<:; J ___ ..... 

4.93 2.65 
2.24 0.88 

45.34 33.39 

'(~l~t:()~~~: tUF, vl/L. B/F represent 
\,Itt:.lt/F.illl) ..... , t,hedt/Lenttls dnd Badey/Fallow, 
\.J/fl/L reprehent three-yedr rotatlons of 

\~ht:!dt/B.lrl8y/L8nLils, respectlvely. 

l'I/B/'r t~/B/L 

5.05 9.91 12.23 
2.29 4.21 5.30 

45.37 42..47 43.36 

5.05 9.91 12. ~2 
1..s 9 3.79 4.96 

37.35 38.22 40.54 

5.05 9.91 12.22 
~.OO 3.93 5.12 

39.55 39.b2 41. 85 

two-year rotatIons 0: 
respec t ively. W/B/F and 
l~hedt/5arley/Fdllow and 

COVt:f.\.;t:! LJtè 15 dSSLUTIed equal to "30% of the historical dV'2rage of 
the ~rOSb incorne oVer the perlod 1q7~ - L985. 

'1'()Ver,l~e r.lte l>. Jssl.lffied equal to ,'30% of the nistorlcal yleld and 80% 
ùt lhe 11lstorl'-dl prIee respectlvely ,)Ver the penod 1975 - 1985. 

\ULI~: flte v.due dt Lillo'" LS clSs'_u:led ~O equal zero foc all mode1s. 

:l ,>hlltllJ be l10ted thdt be':dUbt! ot rrlce fluctuatiollS, dn 

ll-Lu,1I1.1lLv LIlr pLIIl :hdt lIl.':>ures Jnly yleld 1>'111 Hot ne:::essdrlly 

1 
i 
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standard devldtlJtl !:>lgniticdlltly [ll(ll"e Ll1,llI Vt,~Ld III l, " ttl'->\II 11l<" "ILl! III 

80 percent coverage r..1te fûl" the CL"Op!:> 111SHt ed l'li 1 " 

type Jf InSUr,1l1Ce ..Ils!) reduces the \,It i.lb 111 Ly ,lt st "~,, :",'\"'llll'''" 1" 

me3sured by the coefficient ot Vcll"Lltll'tl, ~)y L.., p,!rl l'Ill rdt 1,1I",IL 11101 \Iv 

33 percent for barley (Tdble -;.1). 

\~ith revenue insurdllce, the tot,li lllùemnltll~!:' t'~('l'l':t,d .Ill.! tll,' 

prerniums paid aUl"lng the ; erlod under .1ll(Jly~ 18 .J 1 ter.-:d thé ~ t! '!.llll III lI1t' 

deviatlon of the gross revenue tram the rnean. IndemnJ tie., ttlr blllh ,'l'Op" 

· ... ere rnandated in four out of e leven yedrs. flie dVer.tge !lldt~llllllly Wd," JI) 

O.ï86/dunum for wheat ;Ind JD O.50::'/dunwn for b.lrlpy (Sl~e r.lbl,~ 7.:'). 

Yield/prlce insurance at an !~O per~el1t ,'()Vt'r.l~1-! rdL," pr<">t<j'Ie., Uw 

level of the average gross revenue dt the S.lme Lev<! 1 olS wlltlDut lIH.llr .lllt t!. 

The variance and the coefficient of varl.JtlU!1 ,jr~ rt~du{(!d !'>IO:Il1tl',Hllty. 

The coefflcient of varlatlO!1 ot the gross revenlle per <1l1l11UIl 1., r.~rlllc ,<01 by 

6 percent Eor wheat and by ::9 percent tor barLey (Lib I.! 7.1). 

Under the yldd/pru:e inburan.:e tnodel, prL':'~ lIlUeIlUllLl"., lur .... h'dl 

occurred in one out or eleven yedrs tor 'dl1t::dt, .JI1d ln thr!::e out Ilt .:1':""11 

years for barley. Yield lIldemnitlt's, ')11 the othe: t"l!\d, · .... er~ IIIdl,C].lt, d 1:1 

three out of eleven year" for whedt, dlld III t ')tlr 'lllt \lt .: l'~'/('l\ J"d/, 1 tJt 

barley. 

The dnnual premiurns for wheJt dod t,dr.,.:" 'llloJ'./ '.t,,· if) 

ccverage rate Eor yleld/prlr:e In"ur<.WCe, '''~n! ID ().,.-, .. /dllfltWI 111d J); 1).'1 1)) 

dunum Yield/priee 11lsur.J!lC: 

protectlO!1 for barley than for whedL (TdbLe 7.3), 

1 

J 
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C. Whole-Farm Planning and Insurance 

In this section the impact of the two insurance options, revenue 

and price/yield, is discussed in the context of a whole-farm planning 

approach using MOTAO procedure. The results of MOTAD procedures, with and 

without the two insurance options, will be presented and analyzed in lerms 

of the objective function, crop mix and incarne stability. The results are 

presented in tabular forrn s imilar to that in Chapter V. 

Risk Aversion and Expected Net Income 

Reyenue Insurance ys. Yield/Price Insurance. A comparison of the 

values of the gross margins under di fferent RAPS (Tables 7.4 and 7.5) 

clearly illustrates that revenue insurance is more effective in 

stabilizing net incorne than price/yield insurance. 

Table 7.4: Expected Gross Margin (JO) for the 
Opti.mal Farm Plans Under Risk Aversion" 

Revenue Insurance 
Yield/Price Insurance 
Initial Madel 

Unit 

JO 
JD 
JO 

Risk Aversion Parame ter 
0.0 0.15 0.3 

224 
224 
224 

210 
210 
210 

195 
80 
80 

"En tries in this table represent expected gross margin (JOs). 

The Y5 pe rcent conf idence in terval reveals that ne t incorne wi th 

revenue insurance is more stable thciIl with yield/price insurance or with 

no insurance (initial model). The coefficient of variation of the gross 

l11..lrgin for optimal farm plans is also more stable in the case of revenue 

lllsurallce (Table 7.5) than for the no insurance or yield/price insurance 

cc\ses. 



l t.l 7 

','1: th re"'emle insur.lnce. the tot.li lIegLI t . VP dl' ..... 1.1 lllJIl h.l'" ,1t'\-lt' '-lt'It 

reldtlvely more for edch Leve l of expecled g ~'l'''~ ,11.\ r~ III ln ,'.t,' li t ,lt':1I 1'[,\:1 

than for the initIal model or tor the t LI l'III pLIIl 1>'1 lh VIl'ld/pl Il " 

LnSUrdl1Ce. Th2 ratto ot risk to the ('ùrn!splllldlng .'\.pl'L'ted ~r d',!-J 111.11 ~ 1 \ 1 

in edch farm plan lS also Lowet hlth re\'t'lIlle 111::'111'.111"1;;' lll.til l,Il Il 

yield/price insurance tor dlL Llrm plans (T,lb le 7. =,). 

Table 7.5: Coefficient of Varidtloll ,md R.ltlO or Ribk ut thL' --- --- - ---- ------ - -~ 
Expected Gross :1arg1n (.JD) _tor~l!.1!.,ll F,lrnI.P!.tt.!,? 

------ -- ---

Expected Gro::'b :-1J~~ 
, 

Rdt 10 nt R u,k . -------- - --
::'24 208 ~" , - :!~/~ ~OH H" . -

---- -- - -

Revenue Insurance 84 7~ HO 3.12 1.2') L JH 
Yield/Price Insurance 84 ,~4 H7 3.7e, l. 11 l.l) 7 
ini tlal Model 97 n 97 4.05 3 • 81~ l, .lJ 7 

"Coefficient of variation (standard devLltlOn/expected gros::; lll.1rgul). 
"As measured by the total negative devldtlon divuied by thl! ,~xpect,:d 
gross margln. 

The objective of both revenue insurdnce Jnd yteld/prtu: IllSllrdn'-f~ 

is to reduce the cast of rlsk ta smi1l1 fdrlllers. fhe reduLtlull il! L11t. 'IJ ... l 

of risk depends on two parameters: total negJtlve deVlcltloll ,tIId HAl'. TIl': 

effectiveness of eacn lnsurance scheme UI r .. dI1Cln~ the '-')st (If r I..,k i-. 

measured by the inverse of the dbsolute ,d]lte ot th .... dlldL III tIlt, ,t'lf'r,l~t! 

gross margiIl r.onstt'dlllt rnultlpLled Ly tot,li Jlf!~,Jll'ff' d.:'/l.lll()ll. T'IlL' 

sma 11er thib 1 1 r t~ f l 1 Il t Y 

1 S mo r e e t f e c t l ve t hL! Il P r t u:: / y lt~ l d • Tl::, Il r.J Ill. f ' trI r f! d Il (' 1 fl g :: " 1: ,().., 1. ' J t 

risk. Effectlveness lncredbeb as ri:,k dVt-;rSiOI! ll)l'r~,j:'~" ([dblt-; 1.')). 
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!.tiJj.! 7.1): fn,<,wance and the Cost of Risk As a Percentage 
LeC[~dbe ut the Cost of R1Sk ln the Inltlal ~odel ' 

Rlsk-AverSlon Parameter 
Cnlt 0.1 1).2 0.3 

Revenue [nsurance 
YleLd/prlce rnsurance 

10 
:, 

342 
::'0 1 

'Figure::. (',llculJted ilS: (cost of nsk with Insurance cost of 
rlbk wlthout insurance)/(cost of risk without insurance) x 100. 

Re:,ource Allocation dnd Insurance 

Ldnd Use and Crop Mix. Land use under hlgh rlsk aversion is 

slgniflcantly improved with bath insurance options, as compared to the 

lllltial model. At RAP = 0.3, the 43 dunums that are unused in the initlal 

model become fully utilized with revenue insurance. In relative terms, 

1.1Ild use wlth revenue lOsurance has more than doubled at the highest RAP 

However, dt the same RAP, yield/price insurance has no 

o.,lgnificdnt impdct on ldnd utllization. 

Both 1nsurance optlons have no signific.:ant effect on the crop mlX 

Lit lliw-nsk dversion and risk-neutral levels. At these levels, crop mix 

1-; ('h,lr,lctenzed by d large proportion of land devoted ta whedt in 

rotdLlon wLth fallo~. 

(·,tth revenue Lnsurclnce, .1S RA? incredses ::le per:ent..1ge or f.11101~ 

t" t"C1pped Llnu ..11so Lncredseb because when the wheot/b.-l.rley/fdllo~ 

r,lLILL,Jll [e,lveb tt1e optimal Llrm pl.ln, the barley/fallow rotatlon ~nters 

Ll, '..ll1bLlI~ .\Il oVèrall tughèr f..111ow percentoge (Table 7.8). 
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Shdre_~_Fallow as Percentage of Gropoed Land 

[lllttai \lodel 
Revenue ["surance 
Yield/Price Insurance 

Leasc-Risk-Efficiency Frontiers 

R1Sk :Ieutral 
RAP = 0.00 

60 
60 
60 

Risk-Averse 
RAP = 0.250 

75 
76 
85 

The 1edst-risk-efficiency frontiers for the initial model and for 

models wi th revenue and yield/price insurance at an 80 percent coverage 

Levet were drawn by tracing the loci of the alternative optimal farm 

pLdllS, with the expected gross margin on the Y-axis and the totdl negative 

devidlions on the X-axis (after necessary scaling). The data for the 

models are swrunarlZed in Tables 7.8 and 7.9 and shown in Figure 7.i. The 

Initldl model lS the same as describt:d in Chapter V. 

The least-risk-eff: 'iency frontiers generated by the ~IOTAD 

procedUl-e tor revenue tnSurdnce lie ...1bove the contours of the initial 

model and the yield/price insur,lnce model, suggesting that revenue 

1Ilsur,:lllce lS more effective in reducing risk at every Level of e'{pected 

f;rosli nldrgul. Yield/price insurance completely domina tes the initial 

morlel, showlng thdt dt edch Level of expected gross margln, the risk leveL 

('Ollid polentl..tLly be reduced in comparlson to the pleln without insurance. 

~l)th ll\but"..lI1Ce bchemes could, Ivtthlll a feasible rdnge, potentially r-educe 

the rlSh. <iL l~very f~dSlble level of expected gross margln. 

----------- -------
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Table 7.9: Fallow Rotation for Different Levels of Bisk Aversion parametcr 
(Fallow valued at JD 0.5 dunum) 

Two Years Fallow Rotation 
Initial Model 
Revenue Insurance 
Price/Yie1d Insurance 

Three Years Fallow Rotation 
Initial Mode1 
Revenue Insurance 
Price/Yield lnsurance 

Risk Aversion Coefficient 
0.1 0.2 0.3 

86.0 97.6 100 .0 
90.0 94.5 95.0 
86.0 98.0 100.0 

14.0 2.4 0.0 
10.0 5.5 5.0 
14.0 2.4 0.0 

aFigures are calculated by dividing fallow in two- ,md three-year 
rotation~ respectively~ by total fallow. 

When insurance options are introrluced at the same Ume that the 

value of fallow is parameterized, the structure of the crop mix rellldins 

basicê1lly the same. Revenue insurance increases the use (.If rot.ltion, not 

ine1uding fallow (Table 7.9). This is due to the fdCt that reduetion of 

the cost of risk induces farmers to plant relatively riskier cropi=. so dS 

to maximize the insured total gross margin. To explain this point 

further, at a RAP of 0.1, in both the initial model and the model with 

yield/priee insurance, wheat and barley produc t ion i5 exclus i vrdy based on 

two-year rotations with fallow. Thh is expected because taUow i s value(J 

at JD 0.5/dunurn. With revenue insurance, total land utilization incrf:t.lses 

by more than 100 percent and crop production inr:ludes a slight d(~c["(;!abe in 

f allow (Table~, 7.10) • When the value ot fallow i5 increasE:d ln JD 

1. 01 dunum no change is vis ible (Table 7. il). 1 
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J. Pr-::mium Rat.:: \lakin;; 

A ~rowillg number of 5 t11dles are produc ing eVldence dg.:l.lnS t the 

d!:>!:>wnptlon ot synunetry dnd the use of normal distribution ln caleulatlng 

crop-wsurance price premiums. Yeh ~t al. (1980) found that the '.heat 

,Jrobability distrlbution in ten out of fourteen dlstricts in ~lanitobd 

to be asymmetrical. fn four out of tèn districts the 

dbtributlOn ot wheat yield was skewed ta the right, and in the remainlng 

ti lX dititricts it was skewed ta the leEt. Nelson (1987) tound simllar 

results in eleven corn-growing counties in Illinois. 

Pure premlum calculation when annual yie Id data appear to be skewed 

ta the right will underestimate the real pure premium; when annual yield 

dat.l appedr ta be skewed ta the left the pure premium will be 

Qverestlmated. The bias will be aggravated if annual yield data appear to 

be less hedvily concentr~ted than ~he normal distribution (Day, 1972). 

In this section, an dll-risk yield insurance seheme is designed, 

whereby the pure premium is calculated using the normal probability 

Jensity funetlOl1. Assumptions of coverage rates of 50 percent, 65 percent 

and 80 percent of the eleven years' hlstorical average are made. 

NOTAD procedure lS appl ied ta derive the least-risk-efficiency 

trontier tor the plans with and without insurance. Other variations are 

.dso èx.lfllllled, including elimlnatlOn of poce effect dnd parametrizatl.on 

l1t the premlUJII rate. 

I,~ht~.l t .Hld B,ir ley ïield Dis tribut ion 

EX.1mlnation of the yleld delta for wheat and barley for the period 

[Yb 7-[984 (T.1ble 7.12) s urrunarizes the estimated values for the 

1 
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coefficient, skewness, kurtosis and Ko1mogorov-Smirnov pdrnmetel". ~lllh 

coefficients of skewness and kurtosis indicate that the lit "l11dlity 

assumption for wheat and barley is not valid. In fdct, it was rejet"ted ,IL 

5 percent significance using the Kolmogorov-Smirnov parameter. 

Table 7.12: Statistical Parameters for Wheat and Barley Yield D.lt.\ 

Wheat 
Barley 

0.033 
0.317 

Kurtosis 
(KS) (n,) 

1.432 
2.143 

Kolmogorov­
Sl11irnov 

(KS ),1 

0.221 
0.168 

"The Kolmogorov-Smirnov parameter is a distance test based on the 
maximum discrepancy between the numerical distribution ot the 
sample and sorne hypothesized distribution (in this case Ilorma 1) 
(Shapiro et al., 1981). 

Premium Rate Under Normality Pssumption of Yie1ds 

Premium costs are ca1cu1ated by the expression: 

P = (R.GY.PG) (7,1) 

where P is the premium, GY is the guaranteed yield (a pereenlage Dt lhe 

historical average), PG is the e1ected priee and R tS '.he rate dldrged. R 

is calculated by the expression: 

R = (EL/GY.100) (7,2) 

where EL J is the expected 10S5 which is derived hy L111~ f:!:':pn~<;!:>lO!l 

GY 
EL = ... ) (GY - y). f (y) dy (7.3) 

using the 1985 priee leve1 at sa percent, 65 percent dnd HO perr:(!nl (Jf LIli! 

historical average as guaranteed yields (coverage rate). 
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The expected loss (theoretical premium), as calculated using the 

procedure of Botts and Boles (1954) (equation 7.3), is presented in Tables 

7.13 and 7.14 (quantity equivaler.t kgs/dunum). Table 7.13 shows that at a 

coverage rate of 50 percent during the period 1975-1985, the annual 

premium paid for wheat was 2.066 kgs of wheat and no indemnity was 

mandated. When the coverage rate was increased from 50 to 65 percent, the 

annual premium was 3.978 kgs of wheat, while th~ average indemnity over 

the sarne period averaged only 0.774 kgs. With an 80 percent coverage 

rate, the average premium and indemnity were 7.044 and 4.28 (kg), 

respectively. 

Table 7.14: All-Risk Crop-Yie1d Insurance: .Theoret ica t Prerniwn 
Structure for Wheat and Barley io the Sturly Âred 

Theoretical Premium .1 Theoret lcal PremiLUn " 

(kg) (JO) 
Coverage Wheat Barley Wheat Bartey 

------ ---

50 2.066 5.999 0.227 () • 4HO 
55 2.595 6.802 0.285 0.544 
60 3.228 7.684 0.355 0.615 
65 3.978 8.649 0.438 0.6'-12 
70 4.856 9.700 0.534 0.776 
75 5.875 10.840 0.646 0.867 
80 7.044 12.072 J. 775 0.96() 
85 8.375 13.399 0.921 1.072 
90 9.873 14.822 1.086 1 • lB/} 
95 11. 544 16.341 1. 270 1.307 

100 13.393 17.960 1. 473 1.417 

.IAs a percentage of the dverage yield in Irbid drea for 1961-[98/1. 
bTheoretical premium is equivalent to the expec ted 10ss in k~s. 

Source: Calculated by the author us iog Bo t ts ,.tnd Botes prO('f:r!urc. 
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r clb 1~ 7.14). The ratio!. ot premiwn to indemnl ty for wheat and bar ley tor 

the ttln~e ,-overa~e r.1tes are present.=:d in Table 7.b. 

[)~pelldll1g on the ':rop mt:-:, the ratio ot weighted average of the 

premulln .1I1d llldemnlty wou1d be sllghtly 1010er than that tor wheat aione. 

ThiS ::.u~ge,.,t" th,lt the céilcu1ate·j premiwn for barley is relativ"!ly more 

.lctuan,llly tair than lh.lt for wheat. Consequently, in the short term, it 

can be concluded that expected 10ss, as estimated using Botts and Baies' 

procedure, renders the premiwn/indemnity structure "unfair". 

Tdble 7.15: Indemnity Premium Ratio Under :-Jormality Asswnption 
ot the Yields' 

Crop Caverage Rate 

Wheat 
Bdr ley 

50% 

o 
30 

b5% 

19 
47 

61 
82 

'CalcuLlted by swnming indemnitles from 1975-1985, and divlding by 
the sum 0 t the premlwn multipl ied by 100. 

<\c tuarially Unfair Yield Insurance 

[he yie 1d tnsurance mode l uses the [Jremlwn structure as der:ved 

t rOIll lhe IIOrInal distribution t::!xpectt::!d-lùss rel.lcion .md Inc.:ludes 50 

the lè,lst-rtsk-eft 1Clency tront 1er Wl thout insuranct::! domll1ates completely 

the least-risk-ett iClency frontier generated wlth insurance over all 

ranges ot fedslble incarne (Figure 7.2). 

1 , 
~ 
~ , 
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:·,hP'll the 2.fft:(:t ,)t priee was elirnini:lte<:i, the l~.:lsr.-r~sk-.:fficiency 

trf)lll1er wtth tn::.llrance <.il a 50 percent coverdge r-ate aom~ndtt::d t~e 

()rt~irhd ledst-flsk-effic~eney frontier dnd the frontiers generated by the 

h') ,wei .':lU percent coverage rate alternatives . In 5 pIt e of t lu s s l i g h t 

. .ldV,H1L.lge, provtsion of prIee support by fbang the priee level at the 

('rops' Il-year average is more effective. The least-risk-effieiency 

frontiers with fixed prices domina te those generated by all three 

insurance ,tlternatives. when the premiurns dre reduced Dy 50 percent and 

Ruaranteed prlces are offered, the insurance option with the SO percent 

eoverage rate olltperrorms the other two options, but lS stlll dominated by 

the least-risk-efficiency Erontier generated by guaranteed pr1ces only 

(Figure!. 7.3, 7.4 dnd 7.5). The L?ilst-risk-effiClency frontiers Eor a11 

insurance schemes using the prem1urn/indemnity structure of Botts and Boles 

shows tha t th is type of c rop insurance is unl ike ly to provide the 

protection necessary ta stabillze farmers' income in the study area. 

In conclus ion, premiurn calcula tian Ils ing the normal density 

tunction appears to generate unfair prem1Wlls becduse the total indemnity 

paid during the il yedrs was substantiaLly lower than total ?rem1Wll paid. 

lt should also be noted that no administrative reinsurance-loading factors 

.1re dealt with in this study, that is, the study deals only wlth public or 

semi-public insllrance schemes. 

E. Revenue Insurance and Capltal-Inlensive Agr1culturaL Practices 

This sect10n deals with the lmpact of revenue tnsurance on the 

adoption of capltal-inte~sive pract1ces. Revenue insurance is oftered tor 

---------___ J 
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t~,lch ':rup 'ieparately and then Jointly. Capital-intensive practices are 

d!:>~IlIl1ed to have been ddopted by small farmers, as dlscussed in Chapters II 

.lOd \J. rn this section the credit and landholding limits have been 

Tlle credit limit has been raised ,-y 100 percent and the 

ldnd-renting activity has been increased to 60 ddditional dunwns. 

Revenue rnsurance for Wheat 

Crop rnix with and without insurance did not change for RAPs below 

0.2; Lowever, for RAPs above 0.2 a slgnificant change in the crop mix was 

observed (Table 7.16). At a high RAP, production of a11 crops was barely 

sufficient ta meet subsistence constraints. At a risk-neutral level, 

bO dunums of additianal land was rented in and a 200 percent increase in 

borrowed funds was observed. 

Revenue insurance at RAP of 0.2 induced farmers to rent additional 

land; with d very slight increase in the coefficient of lariation the 

farmer increased his incorne byabout 35 percent. At a RAP of 0.3, with 

revenue insurlnce for wheat, the land was fully utilized. ~et farm incorne 

increased sixfold d:1d the coefficient cf variation of the farm plan crop 

mix was substantially reduced, from 98 to 50 percent. Barley dnd lentil 

productlon remained at the subsistence level (Table 7.17). 

Revenue rnsurance Eor Barley 

When revenue insurance for badey only was offered to farmers who 

..lùopt.::d the cdplL.ll-intensi\"e prdctlces, no slgnific.lnt effect on crop rnix 

or on expec ced incorne was observed. The variance of the expec ted incarne 

tor each alternative farm plan "as reduced ins ignif iean t ly. Land 

aUocated ta barley rem.1" .. ned at the sam€' level as in the case withaut 



, 't ',.. t J 
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lll,>ur,lllr:p. . fhl:! optimal fdrm pLlns 'vere dcminLlt~d '., "hedt in spic':! of 

r~'/ellue ITlbUranr:e for barley. Barley and lentl1 production at :very level 

ot risk averSlOn remained equal to the family'c; needs (Table 7.16). 

Table 7.17: Wheat Revenue: Insurance vs ~o Insuran~e 

Risk Aversion Parameter 
0.2 0.3 

With Wheat Revenue Insurance 
Land Use (dunum) <J 

Expected Net Incarne (JO) 
Varidnce of ~et Incarne (JD) 
Coefficient of VarIation (%) 

Without Wheat Revenue Insurance 
Land Use (dunum) 
Expecterl Net Incarne (JD) 
Variance of Net Incarne (JD) 
Coefficient of Variation (%) 

136.00 
1,057.45 

946.06 
91.17 

76.00 
675.38 
594.67 
88.05 

"Above 76 dunum indicates land renting activity. 

Revenue Insurance for Lentils 

76.00 
675.38 
528.30 

49.95 

9.20 
109.00 

98.22 
90.00 

When revenue insurance was oEEered for lentils only, no change was 

observed (Tdble 7.18). This was expialned by the fact that Lentils are a 

Labor-intensive crop and current wages dre relatlvely high. Although 

revenue insurdnce reduces the variance, the net gross revenues rernained 

unchanged on a pet" dunwn basis; when hired Labor was used the net rnargin 

was reduced substdntldlly below that of whedt. 

Revenue [nsurance for Wheat dnd Barlev 

When revenue insurance was offered for bath wheat and barley, 

,:ert,'lln s Ignif icant changes were noticed frorn the no l.nsurance case and 

the case where insurance was offered for wheat only. These changes 
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occurred for RAPs equd l tl) or hi"iher thdll ,) • .:. \L ,1 RA!' ,11 ,). ~. "'\ ,'IIlI,' 

insurance induced the t'entai ot 3ddit101l.11 Lint! . \Ill! the "'ff"I'I:11I, ,lI 

additional funds. At a RAP of 0.3, cüthough no t-enting III l.trld ,H-

additional borrowing was observed, LI slgntflcLlnt ,'hdn~e ll1 l'illp tIIl, 

occurred, including a substantial increase 111 bat-Ley .I,·re.t~l! (..,,!t! 

Table 7.19 and Table 7.~0). 

Table 7.18: Summary of Risk Efficient Fdrm Pldn Under~ilal-Inten_~_~~e 
Practices with 70% Yield [ncrease over Ldbor-Intenslve 
Practices - REVENUE INSURANCE: LE~TILS 

------

UNIT 

1. DUAL VALUE 10.00 1.00 Ln :!..'10 
2. RAP 0.00 0.10 0_20 1) _ Hl (). Il n 
3. EGM JD 1057.45 1057.45 1057.45 514.38 100.bl 
4. CEGr-l JD 1057.45 656.55 255.64 24.78 -21).'11> 

Enteq~rise 
5. WHEAT Dunum 129.32 129.32 129.32 ~6 • :; 7 ,~, llh 

6. BARLEY Dunum 5.10 5.10 ".10 27. ~"i ., . ~ () 
8. LENTILS Dunum 1. 58 1. 58 1. ~d 1. ::>R 1. ,R 
9. U~USED Dunum 0.00 0.00 0.00 (J.OO f:lO.HH 

la. RENTED LAND Dunum 60.00 60.00 bO.OO (J.no f). (JO 

TOTAL NEGATIVE 
DEVIATION JD 4547.41 4547.41 24~3. 1:? /404. O~ 40h.OK 

11. STD JD 1086.82 1086.82 593.4A 96.57 ')6 • '17 
12. CV 102.78 102.78 87.87 91.90 ') 1 . 90 
13. BORROWED FU~D JD 883.82 883.82 14 68.02 1,6.14 4h.14 

-----

The t'esults show that barley insurance .llone b l1!lllkely Ln ,lt tt::I't 

badey production at any RAP. 

insurance 15 offered jointly for wh~dt dnd barley. 

and dsk-neutral farmers. the crop ml=< wdl bt::: domlllated by ' .. ht:::.tl. 
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T .. hle 7.1'J: C,se t~ith dnd t.Jithout Insurance: :";heat anù Barley 

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

Whea t Ac: rea~e (dunwn) 
Bdrley Acreage (dunum) 
Lentils Aereage (dunum) 
~et Incorne (JD) 
Variance of Net Income (JD) 

Rt::!venue 
Im,urance 

for wheat Only 

69.30 
5.10 
1.58 

514.38 
390.04 

dRisk aversion parameter = 0.3. 

Revenue 
IIH,urar.ce for 
Wheat & Barley 

46.57 
'2.7.85 

1.58 
675.38 
528.21 

Revenue :nsurance for wheat, Bar1ey and Lentils 

\10 

r lsurance 

8.44 
5. lO 
1.58 

109.00 
98.2.2 

When revenue insuranc~ was offered Eor the three crops jo~nt1y, no 

chan?e ln the optimal farm organizations was observed at 10wer RAPs 

(0.0-0.2.). At a higher 1evel, the optimal farm plan and crop rnlX was 

similar ta the case where insurance is offered :or wheat and bcl.rley, Le. 

considerable increase in barley acreage. Lentils always rema~ned at a 

subsistence level. 

F'. Surnrndry and Conc lus ions 

The insurance options analyzed in this chapter include ac tuarially 

L.dr revenue insurance and yield/priee insurance. The hypothetical 

insur.mce options were designed 50 that total indemnities were equal ta 

total ",remlwns. fhis wdy, both the revenue insurance af'd th€: y 1 eld/price 

insurance ,1ptlùllS Ill.HIl t.liner! the J.verage fLirm lncome \vlth .md without 

insurance dt the S.:lme leve L • Slnee fluctudtions in the gross margin cire 

reduced, the variance dnd the coeffiClent of variation for the stredrn of 

yearly gross margin dre .11so reduced. 
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Table 7.~O: Summdrv of Risk Efficlent F.lrm Pl.ln Lnl10t (·.I!?lL.ll-ll\Ltht\,· 

Practices \-'Îth 70% Ylel.d l!lcreLI:;l~ LIVe l' Ldl!U["-ltlL,:nbl\l' 

Prdctlces - REVDUE I:';Sl'RA.'JCE 

Wheat and Barley 
1. DUAL VALUE 
2.. RAP 
3. EGM 
4. CEGM 

ENTERPRISE 
5. WHEAT 
6. BARLEY 
8. LENT ILS 
9. UNUSED 

10. RENTED LAf'..1D 

UNIT 

0.00 
JD 1057.45 
JD 1057.45 

Dunum 129.30 
Dunum 5.10 
Dunum 1.58 
Dunum 0.00 
Dunum 60.00 

TOTAL NEGATIVE DEV. JD 4009.07 
958.16 

90.61 
883.82. 

11. STD JO 
12. CV 
13. BORROWED FUND JD 

Whea t, Barley and Len t ils 
1. DUAL VALUE 
2. RAP 
1. EGM 
4. CEGM 

EN'fERPRISE 
5. WHEAT 
6. BAR LEY 
8. LENTILS 
9. UNUSED 

10. RENTED LAND 

JD 
JD 

0.00 
1057.46 
1057.46 

Dunum 129.32 
Dunum 5.10 
Dunum l.58 
Dunum 0.00 
Ounum 60.00 

10.00 
0.10 

1057.46 
656.5') 

1~9.12 

5.10 
1.58 
0.00 

60.00 

4009.07 
958.Lb 

90.61 
883.82 

10.00 
0.10 

1057.44 
657.04 

129.32. 
5.10 
1. 58 
0.00 

60.00 

S.OO 
0.20 

1057.4') 
255.64 

129.32 
S. lO 
1. 58 
0.00 

60.00 

4009.07 
<158.16 

90. Ji 
~83.82 

').00 
0.2.0 

1057.4') 
256.65 

129.32 
") .10 
1. 58 
0.00 

'JO.OO 

- - -- -~ 

3. 33 
n.30 

') 14.38 
24.1H 

46.S7 
27.85 

L • ')H 
0.00 
n.no 

1632..00 
31./0.04 

75.:-:-:3 
4'i2.77 

3.33 
0.30 

510. '33 
24.18 

2. ')() 
0.1.0 

100. Il L 
-::Q.5h 

~ .1.4 
">.10 
1. ')13 

6(). l'ir! 
() • DO 

3:': '1 • Id 
77.78 
77. 30 
1~6 • li. 

2. :'0 
o ./.0 

lOS.Ol) 
-:!.b. ') l 

l.h.23 'i./. /• 
28.19 J.lO 
1. SR 1. ')K 
n.uou fJO.HH 
o . onu () .00 

TOTAL ~EGATIVE DEV. JO 4003.994003.9<1 4003.99 161~.h') " ~O . (JI. 

7L.;. ,"l,'i 
r,.I)f) 

11. STD JO 956.94 956.94 'J56.'}h ~kt).,~2 

12. CV 90.jO )0.45 91).)0 71.:-$(J 
13. BORROWED FC~D JD ~83.82 8Fn.H2 ~H3.~:: '".1..1'. 
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{>, tlldrLtl1y fdir insurdnce 1:. 'TIotl' .. lted by the theoret i-::,l ~ N0rl-- .Jf 

l'ItSdll ~t .Il. (i.'f~~) and :JeLson et dl. (L()qi) (see C;hdpt~r IIIl, l,ho have 

d10wn thdt 11llder actudrially Edir insurance schemes, farmers wlll opt for 

tul1 ('()\~r.l~-i!. These rE:sedrchers hdve ..1150 shown that risk-dverse Earmers 

'",Ul bl~hdve ..1:' lf they <..Ire risk-neutral when they purchase dctuaridlly 

L.tir insurance. The dnalysis was carried out by choosine; one cover.lge 

fate on1y, thJ.t 15, 80 percent of the historical dverage for wheat and 

barley. Since lent ils are not a priority crop ln Jordan, neither revenue 

nor yieLd/price insurance was offered for this crop under labor-intensive 

practices. 

Revenue insurance outperformed price/yield insurance, in that farm 

income exhiblted less variability, and the level of risk was uniformally 

lower dt eac:l Level of expected gross mdrgin. At higher risk-aversion 

levels, revenue insurance reduced the risk/gross margin ratio substan-

t ially more than price/yield insurance. Land use dt high rlsk-aversion 

level5 was more efficient with revenue insurance than with price/yie1d 

lllsurance. 

The leds t-risk-ef f 1ciency frontler for revenue insurance always 

domll1dted the frontiers for yield/prlce insurance dnd the initial !T'odel, 

,;howlll15 that revenue lnSUr:ll1ce generates optimum, more rlsk-efficient farm 

p 1.1ns. 

t.l longer perlod th:ln thdt usea ln the study) shows that the dssumption of 

tlorma1ity dl)t:S tlot hold. Yields ..ire skewed ta the rlght, w.th the mode on 

the lùwee yle1d slde. l:'his suggests that unadjusted normal distribution 



lS llOt ret'ommended tù derlvè lllSULlllCt;? put-: ['l';ll1t,Ullb :\'1' .I~ 1 

lnsur,Hlce 011 the basls \)t !11storic,.lL Y1eld ddt.l. 

An lnSUri1nce scheme using t I)e no rmal dellsÎtv tllnl'ttOI1 Illi 

ealeulat ing pure prem1.wu \v,lS d!ldlyzed ilS ing Lhe 'IOTAD prùt'pdllr"". rhe 

re~ults show that S1.nce thi>, srheme lS Clctuaridlly unt.dt-, LIli! \)ptlm,tl 

farm plans without insurance dre more risk-et t iC1ent ttldll thO~t~ WI th LlI~l> 

type of insurance. When priee effect was elllninLlted Lille! the pllrf' premÎlUn 

was reduced by 50 percent, although the scheme bec.:lme more Llttrdctive, It 

was still less efficient than priee support on 1 ts own. 

Revenue insurance was tested in situations where !'apltdl-intt:!nsive 

agricultural practices are adopted. A number nt scendrius were tt!::.ted, 

including revenue insurance for one crop dt ,l tlme, ror two c:rnp:-. ,Il .\ 

time and for dll crops. No fundamentdl chdnge ol:curred in I:rop mil< in ,Ill 

cases where insurance was offered for one crop on ly. rhe I"rop mlX ' ...... s 

dominated uniformly by wheat. Bdrley dnd lentlis were grnwn tJl1)Y tor 

subsistence purposes. 

V/hen revenue insurance was of fered for tWIJ dlHI three 1" rop~, .111 

important change was noticed: farmers with RAP dround 0.1 '"ill devote 

over 30 percent of their land holdin~s to barley, Wh1,:h lS nut the 'i1:-'I! 

with revenue insurance under ldbor-tntensive pr;j~tices (S"I! r;lt..tpt'-r IJf). 

fully utlltzed, :he ne~d tor .tc!Cl1Lull.ll "f,;rjJt 15 ,:>ub.,t.mll,tl. 

ta conclude that if revenue 1llsurance ,1nd .tptt,ll-tntentol"/I: pr:JI tL'.':'> '''''r'~ 

adopted a vast expanS1.0n 111 rurJ.l l'red1t UI ttlt: ..,tudy ,jr~d~ "')11111 !Id"/I. tri 

l be mobilized. 

l 
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~otes 

1 The ledst-eff ic:ency-frontier associated with the case when 

fdllow IYdS valued proportionally to barley (with and without variL bility) 

dominated the rest of the frontiers. 

the resul ts obt..lined in Chapter VI. 

This conclusion is consistent with 

Since the value of fallow on a per 

dunum basis was set at 60% of that of barley and its variability was 

assumed to be 50% lower than that of barley, the LEF associated Wl.th 

optimal tarm plans domina tes the basic model ..lnd the models which follow 

were set dt dn arbitrary value of JD O.S/du and JD 1.OO/au. The important 

point is that no matter what the value of fallow is, once it is 

incorpor.lted into the MOTAD model it renders optllnal farm plans involving 

fdllol-' more 

Furthermore. 

os"" efficient t~1an when 

comparing capital-lntenSl.ve 

fallow is valued ae zero. 

practices ta labor-intensive 

practices w1thout incorporatl.ng ..l value fat" fallow tends ta underestlmate 

the f.um 1ncome. and overestimate its variability. 

The eVldence must be interpreted with caution, bec..luse data for 

the spe<: 1t LI' <Ire.\ elLe not necessarl.ly representative ot the pLobdbility 

dlstrtbutlùn ut the y1.eld datd countrywlde. 

Ta estlrndte EL, dssUlning that f(y) is normal density function, 

15 explalned ln Skees and Reed (1986). The procedure involves nurnerical 

integration ut' d truncated normal distribution (see M. Abramowaz et al., 

1%8) • 



.. 
This 

purchûslng r-::\'enUe insural1ce will ..it equillbriwi bt' r.t'lt,~l lit l " Il'',> 1 ht"'v 

will be at higher iso-utllity curves. 
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CHAPTER VIII: 

Introduction 

!->m,lil farmers in the dryland areJS in Jordan, lii<e most farmers in 

the ~tèdr Ed!:.t .llld ~orth Afncd reglon, pr.1ctice ,:ultlvatloll me"hods WhlCh 

.Ire domlndted by bour, or weedy tallow, wich very Limited application of 

f:hemir:.t 1 fcrt t l izers or chemlcal weed contro 1. Government pol ic ies in 

Jordan, ulming among other things ut increasing food supply, have 

r:onstJnt ly dttempted to induce small dS well as medium-sc,lle farmers ta 

ddopt capital-intensive practices and reduce weedy fallow dcreage and 

inLroduce lllstead dean sununer fallow. These measures include the 

establishment ot a number of relatively weU equipped agricultural 

machinery stations, includlng seed cleanlng units and a significant 

exp;lI1sion in ugricultural credit has taken pldce. The ~xtenSlon service 

Jt the ~liOlstry ot Agriculture as weil as those of the Jordanian 

Cooper,.tt lve Orgdnizatlon have promoted package of modern 

~dpltJl-intenslve practices which involve basically minimum tillage, 

('hemical fertilizers and weed control, ln addition ta combine harvesting. 

Appropriate crop rotations Including clean fallow are also promoted. 

\vhde these pOllCy medsures have been instituted for the past 10 years, 

\l~l"y tt~\" smaiL LH"merS have ddopt~d the lmproved prJ.ctices. 

fn this study, the sec tor in Jordan dnd the 

dl..1t.lctedstlcs ot dryldnd tarming and ceredl production as practiced by 

~m..lll fJ.remrs were brelfly reviewed. The results dnrl methodology of pasc 

.lgdcul tural research experiences were cri t ically analysed in terms of 
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to dddress :iome gdpS lt:t t by the pt è'. tOUS n::S.!.\l "11. 

the declsion-making process dt ::'!n,lll tJl"'llerS 111 tht! dl'yl.llld 111'.1" III 

~valuating existing 1,lbnr-lntens 1 \'è pr.lo' ':. l<'t-1~ 1,' IS-,I-VI ... ----- --- tt\!' • ,IP 1 t.1 i -

intensive agricultural pra('tlces .... ,i.; è'<piot'pd. rh\-' llllp",'t ,'1 Vlt·id IlIti 

priee '/ariability on t.um 1l1COme W,I~ dl~Ll ,I::.';p~~ed. RI!('llIl.lIl,'llI~ tlt.> 

importance of trddjt~onal fdLlow, ,III .:\ttempt .... ols Ilkld ... lI) 11ltl!~r.ltl! :.tiio\" 

as a crop in the risk analysis undertaken ln tlus stlldy. 

The procedure f.)r risk dnalysis Ilsed la ,hl!:> ",l,Illy \!3 k\\lJWII ,1:-' 

Ninimizatior. of Total ~~egdt1ve DevidLiol1 l~10TAD), J..s ')ppo~èd tu "lldeir.ll l" 

risk programming, ~lOTAD lS .:\ iine,Jr rlsk pro~rclrrunillg tt:!cl\lli'lu,~. l'lw 

structure of ~OTAD procedure i5 simlldr Il ro~ r.1\lun 1I1~ l t 

establishes the trade-0tts beeween ~ros3 mar41n~ dnd risk. R i:-,k 1:-, 

measured by the total ne,;ative devidciol1S dbout the ,,:":pp'(·t~d ~r():-,s 

margin. The :'-lOTAD VerSLOI1 Ilsed for this study \;, ~l;~lttly rlLttt-:!['/!lI' trolll 

:,rocedures used el5ewhere. Till 5 metltor! m111i/ll1Zt~:-' the tll t,tI 

deviation ot the gross margln trom the me..ll1 ~ro~s marglll by polr.111leLt II.II1K 

the latter w~thout converting the probll:!m into ils nid 0( 1 ln t 1. 01 t 1 0 Il 

equivalent, it is possible to der~'/p. the rbk ,1'I8r"ll)1I pdro\nlet,~r ,.ttldl 

corresponds ta the optlmal Level of totdl rtr:"Jtl'I'~ dt-:!'.Lltl'lIl ,y ,111"":' 

lnvert in~ the shadow '/cllue of ~h~ ':onstrollllt 'JI ~~ t, .... : ..; "'/1" --, '11t t r .1 • rI 

constralnt. This was tested and an OlltlUH: ,)t 

relationship is provided ill Chdpter V, 

Analys~s of the ddta a'/aiL.lDll:! 'Jn th':! r/~~\llt", 'Jt '/[jrll)l!~ fI:',/:JI/I. 

programs on agncultural prar.tlces in Jordan "hu'fI ':ook pJ,\I:I~ 'tllrln~ lh.! 
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~l.-:tlt.::. dlld tae :.evelltles rf::'.eai the tollowin.,;: 

.1) the lluproved Cdpltai-intenslve cul curai 'llethod.s 

demonstrated the possibility of increas1n~ cereal yields 

si~nlfic3ntly, ranging frol'1 40 ta 60 percent; 

h) wh i le these improved prilctices c01l1d potent lally increase 

y1eld, their scope in reducing the \",lridbility ot ylelds is 

Llmlted; dml 

c:) the t:conamic valuation of these lmproved packages using the 

rul ing input and output prices wa" carried out for medium and 

l.trge-sca le tarming. Output from weedy tallow was ignored and 

t.Jnners dssumed to be risk neutral. 

rhis chapter is divided inta tour sections. The first sununarizes 

the scope of this study ,md highiights certain methodolagical and data 

problems. Section two summarizes findings relat1ng to yield and price 

V.Iridbility a"ù their effect on farm incarne; trade-ùEfs between nsk and 

incnme dnd clssOclated optimal farm plans, crop mix and resource 

.1l1ocatLOn; .1nd compansan between and capital-intensive 

dgrlcuitural practices ln terms of risk efficiency, farm incorne and 

resource .111ocdtion. Section three provides a sunun:lry of the impact and 

rolt'! ,Jt hypothetical dlld actuarially tair revenue insurance, dS well as 

vleld/price lIlSUr.:.111Ce schemes dS palicy instruments tor stabilizlng farm 

:!\c't)me ,Illet unprov1ng resource J.iloc.1tion. Certain aspects relating to 

prellllUJI1 rate-tndking clre aiso discussed. Sec t: ion four presents the major 

111l11tdtiùns uE this study dnd sorne reconunendcltlons for turther research. 



Ddta Problems 

Alt.hoguh the results of this study .H'~ uidy robust, Lt\t\t~ll!IlL ddL,\ 

deficiency cannot be ingored. Yield data was ('oi It:(:ted hy the \lil1btt'y or 

Agriculture or by the :-Iational Buredu of Stdtistics tllrol'~~h the u~ll"l ('l'Op 

cutting surveys. Crop cutting ,>urveys provide a~gre~dte cldt.\ hy .'top ,11lt! 

by governorate. Such data ignores the possible .iiff~r'ellcl~s '.~I Lllill tilt: 

same area in terms of soil, precipitatLOl\, etc. 

differenees among farmers in terms of the size at the LiI1dholùillg, 

tenurial arrdngement, agrieultural praetices, etc. ::5imil..lrly, ddL.\ t rOIll 

research institutions in the country hdS been collected with diff .. :t'tmt 

Jbjeetives :n mind and thus cculd net be utilized for this study. 

B. Summary of Yield and Priee Vandbility 

The statistical analysis of the three major crops ~rown III the 

study area namely wheat, barley and lentils bhow that the ylelds .Illct tht-> 

priees of these crops over the period 1975-19R5 h.:J'It-: t::;.:periellct~d 

signif icant variab ility. By breaking down per dunum gLOS!> i(lt'Ulnt~ 

variablity inta its components, yield and priee ui.:Jbility as w~ll a., the 

interaction between the two, barley yield exhibits the hi~hebt ·/;lrt.lbillty 

followed by wheat and then Lentils. Pdr:e variabtLity fur Lenttl~ l::i llJ(~ 

highes t iollowed by bdrley and ;vheat. The '/;jriJlJllity ot ~r()." 1 :). Uill" 

caused Dy the interaction of yields and priees dpp.~drp.d to bt-: ':.hè Iti..i;flf!',l 

in wheat followed by lentils dnd barley. 

Further analysis using the 'Nhol~ [".Hm pLannln~ dppro,u:h ,how(~d that 

the priee and yield risks are evident. By stabiLlzill~ thp. yj~ld . .., lJf thl-! 
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three crops at a pre-determined 1eve1, the level of risk at any level ot 

expec ted gross mdrgin is reduced substantially. Similarly by stabilizing 

the price of the same crops at a pre-determined level, the It:'1el of risk 

at any level of expected gross margin is also reduced significant1y. 

However, yield risk is substantial1y higher than price risk. Based on 

these resu1 ts it can be asserted that the presence of yield and priee 

risks were evident in the study area, thus producing risk averse farmers. 

Analys is of optimal farm plans appear to subs tan t iate the 

assurnotion that d relationship between the practice of traditional tallow 

in the crop rotation and risk exists. It appears that high risk aversion 

is associated with a higher percentage of traditional fallow in the 

optimal farm plan. The analysis also shows that wheat crops grow 

principally in rotat ion wi th fallow. When other crops are grown ta meet 

the f ami ly needs they are grown in e i ther two or three year c rop 

rotation.:;. As gross margins increases, diversification increasingly 

restricts wheat and fa11ow. 

The analysis in Chapter VI includes a comparison of risk and gross 

margin trade-offs among the optimal farm plans for the basic model and in 

the situations wheJ:e price and yield variabilities were removed. The 

analysis revealed that yield variability is a substantial source of farm-

incorne variability. The assumption of 100% reduction in yield variabil.ity 

results in about JD 464 reduction in the total negative deviation for the 

sarne level of gross margin of about JD 207. Further analysis shows that 

yield stability brings about very few changes in optimal farm plans, in 

terms of acreage of fallow and crop rotations, for a wide range of risk-

aversion coefficients. 
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a significant source of tdrm ;,llcom~ varldbillty. 

however, appears to be relatively 1ess import..mt th:!11 yield V.H'i.lbillty. 

Approximately bl% variability in the gross maril;in tl)r dlffùrl~nt npLim<l1 

plans is caused by yield variability ..lnd .lbout 31)'7., IS cover,:.d hy pri"I' 

variab i li ty. The assumption of 100% reduction in pricl! V.H'i.IUi 1 ity 

resul ts in a decrease in risk by about JD 307 dt the seime leve 1 lIt ~rn,,~ 

margin of JD ~07. 

As pointed out in Chapter VI, lhe impdet ct pril't~ v.Jrldbi Ilty 

appears to be less important than yield '/drtdbility for two re,ISOJ\:;. 

Firstly, aIL erop priees have been adjusted to 1985 pnce lev!":ls thl"['eby 

reducing their variability. Seeondly, the Government ltcl~ instituted 

support priee for wheat sinee 1979. However, the dllalysis Indir:att:::s tlldt 

price variability has not been entirely el iminated. 

The analysls was also extended to explore the re lat iotlsh i p betwet:!tl 

risk avers ion and adop t ion ot improved dgr ieul tur,il prdcL l'~es. 

Statistical analysls demonstrates thdt the gal!1s ll1 ylelds, t rom propP.r 

tilling of the land. using seed drills, chemical ',oJeed control, fertiliLen, 

and combine harvesting, is substantial reaching up to 4.0% nt the yield1-> 

recorded. '..Jhere 1.abor-intensive methods are used, howp.ver, tUlll:: ,>erl!!,> 

data from varlOUS cereal improvement pro:el'ts ,.d~() "huw th.lt thuugli 

capital-intensive techniques ,:'.)nsistent ly 

practices, they have not managed ta reduc' yield varLJbtlity. 

Further analysls using '1otad procedurp. subbt.1Iltiatf:& UliS pOltll 

further. If the yields of the three crops are rlot increased by at 1 ea1->t 
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70%, the labor-intensive practices are more risk efficient than capital-

intensive practices. If it is further assumed that inclusion of 

traditional fallow in crop rotation generates additional imputed incame by 

providing grazing land for small ruminants, the assumed minimum 70% 

increase in yields resulting from adoption of capital-intensive techniques 

will not improve risk efficiently when compared to the labor-intensive 

practices. 

c. Swnmary of Agricul tural Insurance Analys is 

The main purpose of Chapter VII was to determine the effects which 

could be antic ipa ted f rom a potent ia l number of agricul tural insurance 

schemes. specif ically, two al terna tive agricul tural insurance schemes 

were proposed and their potential impact on farm incorne resource 

allocation in a typical small landholding in the dryland in the study area 

were analyzed. The two insurance schemes which were proposed are revenue 

and joint yield/price insurance. 

Revenue increase would cover the gross revenues received by small 

f armers. A minimum level of gross incorne would be inbured whereby the 

small farmers would be indemnified if and when their gross farm income 

falls below the specif ied insured level. The indemnity would be equal to 

the ditference between the actual gross incarne deterrnined (yield times the 

area planted times the previous market price) and the insured incorne. 

The second option is the joint yield/price insurance scheme. Un/tel:" 

this sctleme, insurance is offered to insure a specified percentage of a 

historical price and yield level. Yield indemnity is received whenever 



the his toncal yldd leve 1. This 

differenee between the specified pet"celltLH~e ot t!le .\ver:1gt: hlst\)!"lt'dl 

yield and the realized yield multiplied by the illsured priee lt~\èl. III 

the same way, lndemnities dre pilld ta the sm.lll t,lrmt~t' wht"!!l the pl'~V,I!ll1\1l. 

market priee fa Us below tRe insured level. The priee intlemn 1l v b 

ealeulated as the differenee between the insut"ed priee c\llli the prt-::\i.1 L 1 illi-?, 

priee mul tiplied by the insured yield Leve1. 

Based on yidd •. 1I1d priee ddta tor the ilia jùr crops o;rown i Il Lhe 

study area, grass incarne series for" 1975-1985 were ci.dcul.lled tOI d 

typical dryland holding of 76 dunurns. Indemnltles and premll1Jnb wen .. tllt-!lI 

calculated dS if these :nsuranee schemes were offered to tll<-~ <;Illdll 

f armers • The per" dunum premiwn rate was set equal to :lVf~rage lIIdt-!llmity b() 

as to satisfy the condition of fairness. The per dunum premium r.lt.~., lot' 

wheat and barley revenue insuranCE: \Vere JO O. 781> .\llIl JD Il 1() 2. 

respec t ive ly. For joint priee dnd yie id illsurclllcP the prpmilun t d t~., p~ t· 

dunurn were JO 0.454 for wheat and .JD 0.401 for barley. 

For comparison purposes, descripttve statistics tor the iltbur,...d .111<1 

uninsured gross margins revenues tor the year's under' "onsldt::l,jtlU!\ ',;~U: 

calculated. The insurance schemes dS propo.,pd in thlS ..,tudy wep: .j'·"I~lI,",d 

50 as to maintaln the dvera~e gross margill ~nchan~éd ·,;bll.-: P:dU'::ll~ '11'.lr 

variability. 

The results of the small Idndholding !'u;;gest that typi,;,J) t i.,k 

averse small farmers would be wllling to purr:hJ!>f;: revenue lnSllr.ln r:,.: ~:'I':I\ 

l at premiums above the actuarially faIr' level. S~'/eral in.':ollrafll.f: ')ptlOI1S 
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(r':'/~nue .Illd yic:ld/pric.e lI1bUrance) 'Nere made dvalldble to the "mall 

t...tnw;c, III CJ.beS "here ldbor-intenslve or c..lpitdl-intensive agricultut"al 

prd,:tlces arr:: used. The eU ic lent choice was to insure the .wo major 

I:rops, wheat and bdrley. 

fli~h risk .lversion f.lrmers (RAP 0.3) wlthout insurdnce nid not 

Iltilize .111 theu land holdlngs for crop production. Ey takin~ dcreage 

out of ,:rop production, small farmers reduce rlsk but at the same time 

thelr expected gross margin was also reduced. 

\~hen im,urance was offered, bmall farmers with the S<lme rlsk 

.lvers ion level .ncreased LlIld utllization. Since insurance reduced the 

~t"OSS margin variance l t Induces small fdrmers to Increase land 

utllization by devoting larger propor:lOlls or their landholdings Jr crop 

produc t 10n. 

When revenue insurance WolS offered to small farmers adopting 

c.\lJLt.ll intens1ve agricultural practices, the expected gross margin, 

dep~ndlllg un the level of rlsk dversion, changed accordingly. The chdnges 

in the expec ted gross margin with insurance depended on the resul ting 

var1dtlon lil cropping portfolio brought about as a result of revenue 

insurance. If the varlation in wheat revenue relative to barley or 

lentils WolS chdnged noticeably, small fdrmers would respond by increasing 

the ,"r"op mix ln fdvor 0t the lèdSt rlsky crop. The prot'tt margm of the 

l't'OP tù which productlon 1S shlfted would determlne whether the level of 

th~ optlmoll f~rm lncorne ~dS increased, decreased or remained unchanged. 

The eXamlll..ltion of yields for "heat and barely distribution over 

the p~t"LOd Hllder analysis shows that the normality dssurnption cannot be 
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sustallled, 

designed dt VdrtOUS ..:overcl>l;e leveb. : t "LiS t ,'ulld th.\ t t11r' ., lllhiti "II 

with guaranteed prlee ollly IJUtpertorms the insllr.ll1l'· llptions clt \':1I10IlS 

coverage ra tes. When insurc\l!ce opt lOIl~ t,)getber '" 1 th F,U.I r.l tt=t!d pl' i l'l' .11111 

subsl.dized preml.um were introduced, it outpertorms the sièlwtlOIl Wlt!Wllt 

insurance but remains sUb-OPClllldl compared tl) SlLu.1tiom; wlLI! ~Il.lt,lIltt!t:d 

priees only. This suggests thdt premiums under tllis type ot ill~lIrdlll": 

seheme need ::0 be adjusted. This could be done by estLln.\til1;'; 0111 '~lllplr.\I'.d 

probability denSlty funetion for the crop yields. 

D. Limitation of the Analysis and Recommendations tor Furt~e~_R~:':O:;~:'Ir;('_n 

The assumptions made for r.arrying out this study bdVIO 110 rjlllltJt .1 

significant influence on the results, robustness or the r~sult,> 1',111 lillly 

be validated by relaxlng sorne ot the dSSwnptlOll~ IIklde. Al tholl;.;tJ ,>Ol1Jt! 

assumptions have imposed themselves due ta the scarr~ ity or lll.lde'lUdl,y !JI 

neeessary data to re lax them. Other ass1unpt Lons h.JV(~ to be mad": tu rt:lldt:r 

the objectives of the thesis man3~edble. 

Formation of Expected Val~e 

margin and devidtion of the sros:. mdn.;:'n Illlt: trorn their :ne.JI). 

known that farmers do not rely :,llnply on tht:: pa~t illt')rrndtl'Jll t'J 

. , forumulate thelr deeisions. It .... 111 therdore ~nrkh the dfl,.t!':!-JL if 

, ,~ 
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Jitp.rlldLl·/~ Oj:-:pt::ctattOTl models dr~ tested dnd compdr,;:d. 

dc(:ornplu;lIt:rf ::.peclfic research LS to ~ndic3 te the 

. :pe(; L.t ton tormat 10n process which produces expec ted va lues of gross 

nlargins. 

Live~tock rlTld Diverslti~atlon 

f.lrtners ln the dryland of Jordan dre engaged in d number nf farm 

lIIanag.;ment practices ta diverstfy crop production Lnciudllll?; the producti.on 

of C..lsh crops such as tobacco and summer vegetab.es. Alt'1oulSh livestock 

is Ilot integratt:d 111 crop production as such, mast small farmers hold d 

sm,d l nwnber of animais mainly sheep and goats. famers also practice 

sorne torm ot rudimentary sequentiai marketing particularly livestock and 

to a l imi ted extent cereal crops. Incorporation of livestock arij crop 

diversification into a whole tarm Llsk analysis model would be dn 

important extension of this study. 

Tr<.lditional Fdllow 

The Imputed economic value of fdllow in this study was pdrametrized 

111 dU drbitrary way relying on research findings carried out elsewhere in 

the region. This was unavoidable due ta lack of data. From the author's 

experience, farmers' opirllons surveys by themselves .'lre unlikely ta result 

ln .1l1y iagnifi.cant improvement of the existing database. A crop cutti.ng 

"'\lrv~y tollowed by sOllle stJtlstical analysls to IlnK value )E weedy fallow 

to .1 ,~ere.ll crop would perhaps be mOre userul. especlally if such cl ::.urvey 

1::' carried out in difterent dgro-cllmatic zones. 
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lns t itutional Set-up for Pilot Agricul tural Insur,:mce 

No attempt bas been made to discuss the institutiollJL design 11I)!­

the financial implication of establishing a pilot schem.~ of eitber revenue 

or yield/price a Il risk crop inSUrdt1Ce. In 198') d s tudy, dccnmp Lished 

through the bilateral aid of the Federal Republ ic of Cermany, re('ommended 

the institution of a pilot crop insurance scherne in the area of :'-ladaha 

(see Nap). This study has two major f L1WS. Fïrst, it IlSt~d very 

short-term data to determine premium rates, using Botts ,1l1d Boles 

procedures. As in this study, however, there was no evidence tlldt wheJt 

and bariey yield data follow a normal probability density function. The 

second flaw is the proposed scheme did not address the problem Dt prirc 

insurance. 

Premium rates need to be adjusted by attempting ta derivp dll 

emperical density function of the yield time series as suggested by Nelson 

(1987) and Yeh (1981). This analysis would require additional research. 

There are a good number of viable ins i tut ions in Jordan who have 

the competence to design and implement d pilot agricuL tural insurdTtr f
,: 

scheme, notably ACe, and regional institutions who could provid~ terhnic',j l 

assistance. In order to make the schemes as simple and llIdllag • .!at.>l.! .1" 

possible, it is recorrunended that such schemes be based on dll drl~d 

approach, be compulsory and applied, at the initital stages, tn lht, UyO 

major cereal crops -- wheat and barley. 
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APPENDIX 
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T,jbi.~ t: Yie1ds of l..Jheat and Barley (kgs/ha) in DrvLand Areas in 
Seleeted Countries of the Nedr East and ~orth AErien Reglon 

------Wheat------ ------Bar1ey----- '..Jheat Barley 
19/~8/49 - 1952/53" 1948/49 - 195:2/53 • 1982 ' 1';82 ) 

Algeria 620 690 600 765 
Iran 900 1,010 1,083 '357 
r t'aq 480 770 750 7'24 
Jordan 700 840 200 400 
Lebanon 730 1,230 1,278 1,200 
Morocco 610 740 1,074 929 
Syria 770 870 1,188 489 
Tunisia 490 370 1,250 706 
Turkey 1,000 1,150 1,908 2.034 
Yemen (North) 1,021 946 

Average 700 863 1,037 900 
srD 164 244 455 457 
r.v 23 29 44 51 

"FAO Production Yearbook. 1965 
"FAO Production Yearbook, 1982 

---------
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Toul., 2: I.r!wL.fuu!!l.2.1 L~l!lJ!l!1'.2.l illl!LJ! . .o.!Lls:y YJ d !!~. "l~ =- ~B'( 

" 'il e h!LUgiJ!J.ù -------------------Ra 1/11 aIl \ IIUll) --------------------- Total 
Yt'Jr \/heat Barley November Uerember Jdlluary february Nclrch AprIl Ralnlall 

1 ytJ { '1 { 00 n.oo 8 70 LI 10 51 ,0 III 'JO '1') 00 '17 50 12'}' 50 
l'Ib,1 Hb 00 79 00 !:J<J 00 100 '10 78 40 lô .0 87 40 'J 10 .lbO ID 
l':Il,~ 100.00 '-l8 00 %.10 58 YO 151 'JO 5S '10 19 50 48. lU 449.20 
1%0 4,1 00 23 00 66 '10 05.80 '~8. 90 6,1.30 105 40 2 00 '-141.30 
1%1 lùY 00 115 00 42. ,0 I(J 1 00 150 ..'0 u13.IO lBl ,10 18.~0 t.~ 1. 50 
l 'H,t! bd OU ll5 00 78 ,0 b5 10 IS5 '10 ,~, SO 11 bU 27 40 ",80 40 
19lJ':I 101 lIO 1'11 00 )5,20 11!J ~O I!JI !JO n 80 ILb.80 n,3D 480 90 
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Table 3: Intensltv of HaB and Probabilitv of Occurrence 

Probabili ty 
---------------------Hail Intensity------------------- of Occurrence 

Light = less than or equal ta one day / year 
\lodE:rate = more than one day and Less than 
or equal to three days/year 
Hedvy = more than or equal to 3 days/year 

Source: RdW data from l1eteorological Department, Anunan. 
Calcul,nions by author. 

------
--~~---~ 

0.475 
0.127 

0.398 
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Tdb1e 4: Yields and Priees Adjusted for Trend. 198::; Pdce Level _,1111\_ I.F~ 

Yïelds Priees 
Year Wheat Barley Lentils l~heat Barley Len t i 1 q 

-----
1975 74.545 68.091 77 .436 111.6b4 llb. 734 1 <19. J 70 
1976 77.291 53.782 90.593 llo.164 91.003 US. (H8 
1977 71.036 42.473 86.749 101.712 11b .lWl t3 2. 'lOb 
1978 71. 782 50.164 68.905 90.213 5b.023 143.65':> 
1979 46.527 18.855 30.062 82.766 57.972 127.2<)9 
1980 116.273 110.545 113.218 134.993 75.290 246.680 
1981 76.018 48.236 83.375 128.777 n.145 228.023 
1982 45.764 30.927 65.531 95.301 82.331 208.5:!5 
1983 121.509 90.618 111.687 146.945 73.079 lQ4.787 
1984 45.755 36.309 69.544 114.837 94.376 184.603 
1985 74.000 55.000 70.000 110.000 89.000 t 74.000 

Average 74.591 55.000 78.827 110.307 84.0110 179.571} 
sn 24.157 25.205 21.958 19.013 16.800 38.7 /44 
CV 32.386 45.827 27.856 17.237 19.986 21.57, 
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Table 5: CROP BUDGET 1: Labor-Intensive Agricultural Pra~tices: 
BARLEY (1985) 

Cost/! tem Unit Quanti ty / du Unit Cost TOTAL lD 

Means of Production JD/du 
1. Fertilizers kgs 
2. Chemica1s kgs 12 0.025 0.3 
3. Bags kgs 1.4 0.3 0.42 
4. Seeds kgs 10 0.08 0.8 

Subtotal kgs 1. 52 

M.Jchinery Hire JD 
1. Tillage times 2 0.4 0.8 
2. Seed Dri 11 ing times 
3. Chemical Spraying times 
4. Combine Harvesting times 
5. Threshing/Winnowing times 1 0.3 0.3 
6. Transportation times 1 0.48 0.5 

Subtota1 1.6 

Labor JD/hour 
1. Fdmily Labor 

Crop Residue Removal man-hour 0.248 
Seed C1eaning man-ho ur 0.056 
Weeding man-ho ur 6.272 
Harvesting man-ho ur 8.064 
Packing, etc. man-hour 0.008 
Subtota1 14.648 

TOTAL VARIABLE COST (JDI du) 3.12 



214 

Table 6: CROP BUDGET 2: Labor-Intens ive Agricul tura 1 Pme t ices: 
WHEAT (1985) 

Cost/Item Unit Quant~ty /du Unit Cast TOTAL JD 

._--

r-Ieans of Production JO/du 
1. Fertil izers kgs 
2. Chemicals kgs 12 0.025 0.3 
3. Bags kgs 1.6 0.3 0.48 
4. Seeds kgs 12 0.11 1. 32 

Subtota1 kgs 2.10 

Machiner~ Hire JO 
1. Tillage times 2 0.4 0.8 
2. Seed Orilling times 
3. Chemical Spraying times 
4. Combine Harvesting times 
5. Threshing/Winnowing times 1 0.3 0.3 
6. Transportation times 1 0.48 0.1.8 

Subtotal 1. 58 

Labor JD/hour 
1. Family Labo 1."" 

Crop Residue Remava1 man-hour 0.32 
Seed Cleaning man-hour 0.08 
Weeding man-ho ur 8.00 
Harvesting man-ho ur 8.00 
Packing, etc. man-ho ur 0.008 
Subtotal 16.408 

TOTAL VARIABLE COST (JD/ du) 3.68 

._----_. 
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Table 7: CROP BUDGET 3: Labor-Intensive Agricultura1 Practices: 
LENTILS (1985) 

Cost/Item Unit Quantity Idu Unit Cost TOTAL JD 

Means of Production JD/du 
l. Fertil izers kgs 
2. Chemica1s kgs 11 0.025 0.275 
3. Bags kgs 3.5 0.3 1.05 
4. Seeds kgs 6.6 0.19 1.292 

Subtota1 kgs 2.617 

Machinery Hire JD 
l. Til Llge times 2 0.4 0.8 
2. Seed Dri 1ling times 
3. Chemical Spraying times 
4. Combine Harvesting times 
5. Threshing/Winnowing times 1 0.8 0.8 
6. Transportation times 1 2.1 2.1 

Subtotal 3.7 

Labor JD/hour 
l. Family Labor 

Crop Residue Removal man-hour 0.042 
Seed Cleaning man-hour 0.02 
Weeding man-hour 8.00 
Harvesting man-hour 11.82 
Packing, etc. man-hour 0.025 
Subtotal 19.907 

2. Hired Labor 
Sowing man-hour 8 0.625 5.00 

TOTAL VARIABLE CO ST (JD/ du) 11.317 

( 
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Table 8: CROP BUDGET 4: Capital-Intensive Agriculturul Practices: 
BARLEY (1985) 

Cost/Item Unit Quantity / du Unit Cast TOTAL JD 

Means of Production JO/du 
1. Fertilizers kgs la 0.105 1. 0') 
2. Chemica1s kgs 11 0.03 0.33 
3. Bags kgs 1.5 0.25 0.375 
4. Seeds kgs 10 0.08 0.80 

Subtota1 kgs 2.555 

Machinery Hire JO 
1. Tillage times 2 0.4 0.8 
2. Seed Orilling times l 0.5 0.5 
3. Chemical Spraying times l 0.5 0.5 
4. Combine Harvesting times l 1.5 1.5 
5. Threshing/Winnowing times 
6. Transportation times 1 0.5 0.5 

Subtota1 J.8 

Labor JO/hour 
1. Family Labor 

Crop Residue Removal man-hour 0.248 
Seed Cleaning man-ho ur 0.056 
Packing, etc. man-hour 0.056 
Subtota1 0.360 

TOTAL VARIABLE COST (JDI du) 6.355 

--- --------
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Table 9: CROP BUDGET 5: Capital-Intensive Agricu1tural Prac~ices: 
WHEAT (1985) 

Cost/Item Unit Quanti ty / du Unit Cost TOTAL JO 

Means of Production JD/du 
1. Fertilizers kgs la 0.105 1.05 
') 
40. Chemica1s kgs 12 0.025 0.2753. 

Bags kgs 1.6 0.25 0.4 
4. Seeds kgs 10 0.11 1.1 

Subtotal kgs 2.825 

Machinery Hire JD 
1. Tillage times 2 0.4 0.80 
2. Seed Drilling times 1 0.8 0.8 
3. Chemical Spraying times 1 0.5 0.5 
4. Combine Harvesting times 1 1.5 1.5 
5. Threshing/Winnowing times 
6. Transportation times 1 0.5 0.5 

Subtota1 4.1 

Labor JD/hour 
1. Family Labor 

Crop Residue Remova1 man-hour 0.08 
Seed Cledning man-hour 0.01 
Weeding man-hour 1.0 
Harvet ing man-hour 1.0 
Packing, etc. man-ho ur 0.001 
Subtotal 2.051 

TOTAL VARIABLE COST(JO/ du) 6.925 

If 
( 
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Table 10: CRO? BUDGET 6: Cap i tal-Intensi ve Agricul tunl1 Pract iees: 
LENTIl.S (1985) 

Cast/Item Unit Quanti ty / du 

Means of Production 
1. Fertilizers 
2. Chemicals 
3. Bags 
4. Seeds 

Subtotal 

Machinery Hire 
1. Tillage 
2. Seed Drilling 
3. Chemical Spraying 
4. Combine Harvesting 
5. Threshing/Winnowing 
6. Transportation 

Subtota1 

Labor 
1. Family Labor 

Crop Residue Removal 
Seed Cleaning 
Weeding 
Harves t ing 
Packing, etc. 
Subtotal 

2. Hired Labor 
Sowing 

TOTAL VARIABLE COST (JD 'du) 

kgs 
kgs 
kgs 
kgs 
kgs 

times 
times 
times 
times 
times 
times 

man-ho ur 
man-ho ur 
man-hour 
man-hour 
man-hour 

man-ho ur 

6 
11 

4 
7 

2 
1 

1 
1 

0.042 
1).02 
8.00 

11.82 
0.025 

19.907 

8 

Unit Cost 

JO/du 
0.105 
0.025 
0.3 
0.19 

JO 
0.4 
0.5 

0.8 
2. l 

JO/hour 

0.625 

TOTAL JD 

0.63 
0.275 
1.2 
1. 33 
3.435 

0.8 
0.5 

0.8 
2. 1 
4.2 

5.00 

12.G1,) 
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r.Jbi.: Il: Premlum OlS hdemnity for \·/hedt Under ~orma1 Distribution 

Croe Insurance Rate 
--------50%-------- -------05%--------- -------80%---------

Yedr rndemnlty Premium Indemrll ty Premium Il1demni ty P remiurn 

1'17') ().OOO 2.066 0.000 3. g78 0.000 7.044 
197/) 0.000 2.0b6 0.000 3.978 0.000 7.044 
1977 0.000 2.066 0.000 3.978 0.000 7.044 
1978 0.000 2.066 0.000 3.978 0.000 7.044 
1979 0.000 2.066 2.250 3.978 1;. li7 7.044 
1980 0.000 2.06b 0.000 3.978 0.000 7.044 
1981 0.000 2.066 0.000 3.978 0.000 7.044 
1982 0.000 2.066 0.000 3. q78 1;.995 7.044 
1983 0.000 2.066 0.000 3.978 0.000 7.044 
1984 0.000 2.066 0.000 3.978 16.006 7.044 
1985 0.000 2.066 0.000 3.978 0.000 7.044 

Average 0.904 2.066 2.271 3.978 4.284 7.044 
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Table lZ: !'r~'1li\un vs Indemnitv for: B.ldev Unctel" ~olm.ll Di$trihllt 1"11 

-----

CroE Insurance R.1te -------- -
--------50%-------- -------05%--------- -------80%---------

Year Indemnity Premiwn Indemn i ty Premiwn [ndemn i ly Premllllll 

-------_. 

1975 0.000 5.999 0.000 K.64Ll n.OO!) 1:2.01:2 
1976 0.000 5.999 0.000 H.049 n.aoa 1:.07:': 
1977 0.000 5.999 0.000 H . 6'~ 9 1. 7'16 1~.l)7:~ 

1978 0.000 5.999 0.000 8.644 n.aon 12.07:!. 
1979 9.942 '.999 19.430 .~. 649 :!.g.917 1:!.O7:!. 
1980 0.000 5.999 0.000 8.649 0.000 1~.07:: 

1981 0.000 5.999 0.000 8.649 0.000 l :.!. 0 7:!. 
1982 0.000 5.999 0.000 8.649 15.034 12.072 
1983 0.000 5.999 0.000 8.649 a.non 1:!.O7:2 
1984 0.000 5.999 0.000 8.649 8.845 l :.! .O7:!. 
1985 0.000 5.999 0.000 8.649 0.000 1:.!.O7:!. 

Average 0.904 5.999 2.271 8.649 4.959 1:!.O7:!. 

.----
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