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Abstract

Crop insurance contracts typically constrain the choice of price at which indemnification
ocours to be dess than the expected ontpiet price This restriction is first analyzed assuming
only risk averse farmers, and vield and price vncertainty, General conditions under which the
optimal price selection is hornded above by the expeeted ontput price are found to be difficult
to derive, The resulis of numerical simulations based on a range of different utility functional
forms are presented. and a strong tendeney is observed for the optimal price selection to he
honnded from bclow by the expected output price. The effect of inereasing output price
variability on the optimal price selection is also considered. The simulation results suggest
that the optimal price selection is often non-increasing with a mean-preserving spread of the
output price distribution, Lastly, it is noted that even in the presence of hidden-action moral
hazard, if the incentives for shirking are not too high. then constraint that price selections

be lower than the expected ontput price may still be binding.

Nept. of Economics. University of Melbourne, Parkville, 3052, Australia
1 would like to thank Jim Vercammen for useful comments. | also benefited greatly from
the comments and corrections of an anonymous referee.



TOINTRODYCTION

Multe peril crop wsarance prograts, typically sabsidized, are common tn many connbriex,
Faplanations of the appatent uninsurahbihitv of these schemes have heen the foons of mach
attention over a long period (see Pomareda (1986) for-a pood sarvev) Various reasons
have been suggested 1o esplain why the market appears to be wnsarable, ranging fram
high costs of rarang funds (Chambeds, 19855 hidden acion moral bazard (Chambers, 19593,
vosthy state venification pHvde and Vercammen, 19943 and adverse selection (Skees and Reed,
Jos61 However, there s~ mus b work to be dome i nanrowane the gap in om onderstanding
betwern the propertyes of condracts predictod by sophitivated theoretieal models and the
contracts that we observe actially being olfered We focus bere oua canton feature of
avtual oontracts that the proce selecton at who b iedemnifcation ocours = lower than the
expedcted onfput prive and sdentify conditions under which this vestoction s not Pareto
aptimal 1o help motivate the discussiom swe focns on the general fonn of the conteacts
affeved by the 1ope e the US gsee Harwood and Jageer (1999 for a diseussion of 1oeje
oty ia}

Chensing an o apce contiac! under the tere pragram in the US involves the farmer
miaking a prece solection together seith s chotee of gecdd guarandec from a menn of alternatives.
The price selection velers to the price at which the vield deticit, the difference between actnal
and meated vicld, isindemmitiod. The yield guarantee specifies the vield fevel up to which
the rore will indemmify Josses indemmilieation occurs i and unly 3§ vield [alls below the
vield puarantee. Indemnity pavments are equal 1o the vield deficit maltiplied by the priee
sededc Lion, Any price selection can e made i the range from 30 100% of the FOICs pxpected
output price for the arop in question. The premium varies accopding to the particular pair
of price selection and yvield gaarantee chosen. We are concerned here only with identilying

conditions under whicl contracts consirained to offer price seleetions not higher than the

expected outpmt prive are Pareto dominated by other confracts.
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We et analy 2o a model o whinh vield and outpat pnce are ancertam, and farmers are
proke averse penes cuch as moral Bacard are absloacted fromn fnsrance contracts offering
srdettsinbie alion ot o sedented coustant pate lon vield shoctGdle below o sedes ted viedd grarsstoe
are sratbable to Lanere thew contricts are deagned 1o masomee the expected ahhiy of
farmsers subieet to the sewrance proveder ohfamig o given devel of expected probl Tt
shown to b it sl to derna general conditngs under atuch the optimal pruce selection iy
apch comtracts o bonnded atuie by the oxpested ot pat gnice However, woang oomeroal
sindatione thiee diflerond cxamphes noolvong diferent atdity bate Gonald forms, are given
for whset the optund prae sbecton v bounded bedor 1 the cxpedted ontput prive
any viehd pastarter o the tange of feasdde viebds e these evamples a vonsstent negative
tefationedup etsern the aptunal prve sebec oo ared cebd poarantes s aba abserved | while
the optimal poce sedection s ot incrcasang with mvan peesenang spieads of the oatpat
procc dedrdatnn Phe ande cvaraple rnowhecdo the aptimal procc sebechion was Tower than
the expected ont gt poace peapered vhat the scld guaranter be salboently ligh and ot pas
price vatiabnhitn to b -afle wntle haph

Phe vt obtained bore cappet thad an the aboae e of olbet factor such as nusral
barapd, poreabdy w larpe b nd plaseabde conditions et under whah actual coop msutanee
ceatbtac s are Pateto dotiateded B caitpacds that Lo jrss e mecden Liotes b be hugher Lhan
the expected ontpat prce B light of the well docnerasted marahndity of probleas of actual
Oop mentance progratis the observation o of potential podicy relevance,

The mtaston b the optial pre sl i breimg logher that the expected outpat price s
that the partioniar forn of actoal crup msuranee contracts are restrchive m the sese of ot
abowing Tattsers to choose s b s mdemnty pavisent w addition o a price selection

we Burther Sexalubily w sllewing transley

s viedd puarador A !ump s payinent wpe
of prafits hetween difecent vield states Tn the alsence of such an msteumsent, the only
effective way for fatmers 1o transfer profits from Iigh to haw vield states s to choose the
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prove sodes foon abose the oxper ted vutpat prce s snphies o proit seheduale thst suepeiems
wr wwhd dec e e tange ol veelds helow the vield goatanter This ot only cxplons
the adeeraesd ool bng froatids b whv o btad mestvatoe vontra b weilll prtiorad hie Pureto
dartrnated e vomtrac s swhioech give farieers o thad wslroment ddoaoe o sedes tion of fized
seederinity pras b ed
W then conesdor the peecabde cffect ol hisddon sotion monal basard a comumon perspes

tee o ot e atanec probdene oo the optaaal poes sebotion The thearetioal snaly s
spase b b somnpde ated el prrsasd s beaose abont the eflee tod mersd hagard on

thy ugda”-.mi o o b Lot ad et v i lean !

Vider veptane conditums. hawever que
s vk b e that o the Gt ol e snobecrvalde acbion e reases the optaal
condtet trgraes Laries prodit Lo veaco more papedi watdo viedd tlivde and Vercanumen,
P Bt atienteon ta v bd puatantec condpacts thes o bomadly copityatent to the
spdatisal prrocr b teon dhcreaang st oo ob anobeervabibe et mereases Thus poaral
lovcatd concrges e a precabde coplasabions e el ey bact b oplinad o choese price
'R TR FTSITENS IYR ICRR SR PP Rt vatpud proce Thameser ot e aden prevssalide even i Hhe et e
o atal bazand that He optioal powe scdor o mas be preater thas the eapected ontpat
piae ot the panpe of phaeable veebi paaraidees the sequies that the cost of effort (e
Hhe s to hark s v ted ton iﬂ;,’!l
I e dow Jowcb o re b averaon low yiehd puasanters fow outpat peice vanalinhity,
atrd dow coete ol nadeer vabile etfort, emerpe as connditions andes which confrae ts pestencting
proce ecloo b v be Joweer Vi the cxpented Gatpat price appear most bilely o e Pareto

dominated T thearet sl analyas here ban produced bittle 0 the way of very general

Pt waladits 1o alamn clear pesndia wathont winduly strecC assoplions i thes formudation of tie moeal
tagsiest podalein binn bieess previaidy eooggazed by Cuiggen and Chambers { T3]
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steaglt = te e problens ab band . The relsne o sisadation pesgdts coaggeats that e
matvon ol the optinadits of vihersee of wotial coip uesitaboe cottrac s albirnately foguites

et ad atial v

U ETT IS TRV

‘»‘z;«;uu eoati tatine o ary mdet ot ated st rar b g e e Yoo e an ey teod petutn od
Mot e shioutanes wpphr! abed votastiessr batduge o epres by dutihts ““6;‘5”1! tos thege ¢ oart raat
Fatiner arc ok aorra adh abiito b where o ddepedes prolit wrel o crpuad ot susn of
ar Crpad Crogs g e e anad nedirsats e e b fhee srcoatesbed prtetnassr adad cnet o tEg
reganl bosrtinadl Py w4 v ahere e b mdernit s prar aerbes en
jroae st Pt g Frooe b seatanor prrsaoatn ve tha v bl gastatder o The feved od gl
tay phni’w-h‘m atied Fha et e thgrte o e bes vui” X1 casrabtes are w oalan 1"#“!6("’]""%
have i teassng snarginad Jdeatdit e o oot andd presteoe o dang soagioad atdity Tan
paedit Yadd e detritoated secotding to the detgibaat e Tt Pig ey wathe muppent
oy Ohatpent pree o e ctochactoo weed et tnaeed b the distrdataa Tam g Tt
wath cnipipeatt g Fh et o yur bl oo atvoa ate sgtored e W are coms eriesd anly
with e totanmee the propesties ot sptanal prve selection an selaton to the expertid
ot prpe al cach beoood of sweld puarantee

Phe wtrip tare of the comtian e obfered voae Todboans o the comtrant {a, w} o lweeen atn}
4 O othen medemnts e oamentsd st g are pade e e at i s g odierwe
A prerenns of 0o e pand B the farmer pegandless of pealized vpeld Pariers oo o

et bo ) preer becchoosing o whid el orcurs pren W shserving g ated po AT e
the eowntial cloments of sl a contiat o can be esplowed by Gosthy state venficaton
vispeatdetatuons Thas stoa bre adso veller U the et shruebage of artuad crop msuranoe ean
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S Optimal Price Selection in the Absonce of Moral Tinzard, Suppose that ¢ - 0
coe there e neaal havavdt MUscwh solvine for the optimal contract ymvolves sl
Vanesne by cheneany he optnrad pruo el ang bt puarasdes 16 o} we conades
B the comaplor pe Sless of determnnte the optomal prsce wdection fot a given el of vield

gt atibe Thee woado o nthiow st o v sone maghds into the properiies of oplioad

somtra b Pl the seastradct sheopn problia e
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Woithemt hes of prenetabity weaime that 5 0L and henceturth rest ot attention Lo vkl
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o b ahont the coamditum v voreshor s properties seder speoifie asomplions be
par bre o topal lars St al anabten bacod o uradoreds dedpdaded catpud praces
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viced wleedat aned platioe ned aver o st diferent antpat pose dietobutens © A polisst
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b disowseansp the astaotson for the negative eelationship between the sptanal price selection
atvrd vield guaramtee ot eoneelul to relate the to previovs pesalte i the Bterature. For case of
expomation Hie die neaon below asaomes antput price to be deterpumstie . Townsend {1979
vhwerses that 1 a more peneral conteact theoretie model the optimal vontracts involve o
comistant profit to the memared over the states o which verification and indemuifivation oeeuy

e oy oo oy bor the chass of coutracts comaidered here, farmer profit i comdant aver
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the mtersal o 00l and omly s 0 whieh the analvsis indicates s nel in general
the solutrom for the optial price selecthion, The source of this apparent discropansy with
the Bomvpmend P95 pesudt s that Leccontracts are more general in the wense of specifying
a horep san msdenaats paviners that Cindependent of the realized state The cotdracts
weadeled bere, however, Tack thas additionad degree of Treedom siice s and ~ are the onh
clace varabiles Such s tieed transder can beonsed o e rease thie expected utility of farmers

ba aHow gy fGl

pentatee to be offered over b edd states while st the same tioe taic g
probt o the s sare ctates aluse the fevel maphed by the snne Bd ssarance iy the class of
comtrae b omsadered here

fevouteast shommang ~ poan the chass of contpacts constdered hore resubte in a constant
proft for all viclds 4 < =) but s profit decreases as 5 desreases o, fowes vield
gratantees unph fower profits s fow veld sares Tas follows frov

n’," i t{ N ’ .
: (}!f‘s Y4 opy / iy dl h)
i~ e ) d"‘ , "

[ ES »

pil o Fisa oo

Forgiven s the ouly avenue for abitaining rsk protection agar — low profits o low vield states
i by choosing s = pocansing profits to inerease as vield decreases in the vange y © [0,4] such
a contract s ihustrated and depated € in Figare 3. This allows a redistribution of profits
from high to low vield states. A direct implieation of this restriction on actual surance
contracts (10 not allowing selection of a himp sum indemnity payment that is distinet from
s and s that they in general are suboptimal in this framework. Furthermore, the above
results suggest that there conld be further fosses due to restricting price selections to be
bonnded above by the expected output price.

Intuition for the observation that ds*/dy < 0 can be obtained by observing that il s > p,

. - s » Yy v -
then the minimum profit of a farmer occurs at y = 7, is equal to py — s [ (v = w)dF - K,
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and rodecrease e o see Pyare 3 Mageover b poshrasght forward to show thal the rate af
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the oxpes tod ntdiy o farowr The Yeno it Brom sereasimy s, howeser s that i allows
pooshadudiry macs toc b adntted fooa hie s o Jowe g profil emboonnes by n“qm.m,,{ profits fo Jag-
trancderrea froan Inple fo ko vield dtates Looser theo oliaerve that setting < pooesabtn s
o el poabalabiy a0 ooy weemated with the ok paohit realization such s
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Deterministic Output Price

1 P

Frotrr 30 Genetal Form of an FOLIC Contrarnt

Siner the second ternvof the integrand v svmmetne around zero as iy varies across its support.,
it s necessany and sufbeent that &7 muply that 70 s constant o all g o gyl Thus, the
antgue solntion s that & po Thus, i the vield gnarantee s equal to the highest possible
vield and outpat price s determimstio then s optimal 1o set the price selection equal to
the aorgat cutpnt prece, ipbving that imdemmnitios ave paid in all states, In swnmary, i the
property ds™ Sdm o 0 holds for all ~ 0 1000 then together wath the above property it follows
inmediately that the optimal prise selection is everswhere bonnded below by the (expectod)
sHLpIL price,

Retwning to the simulation results, we now discuss several other properties displayed,
Under both constar: absolute and velative risk aversion it is observed that the optimal price
selection is deereasing in the degree of risk aversion. This can be explained i terms of the
diseussion above, More visk averse farmers are more adversely affected by a lowering of the
profit distribution sinee they ave more adversely alfected by the extreme profit realizations

in the lower iail of the profit distribution, due to the inereased enrvature of the utility

funetion. Thus. it is optimal for more risk averse farmers 1o forego the profit redistribution
10




apportunitios associated with choosing a high level of s, it order to protect themselves from
exposure to very low profit realizations, Henee, s will tend (o be dower for more risk averse
farmers at a given level of vield guarantee,

Vhe siinlations also show that a mcan preserving spread of the output price distribution
van dedrease the optimal price selection Moreover., in Figure 1 the effoct ol a mican- proserving
spread of the prive disteibution on 8™ s seen to be Targer at a higher lovel of visk aversion,
Plie fivst of these observations s examined here, Following Sandmo (1971), redeline the
omtprt price to be oo Op 4 N The distiibution Ggedy, N) s a mean preserving spread
of Blontly, Moty iy and dN 0 poowhere g the mean of the prive distribution,
Nute that ¢iopr ool L Rewniting Fguation (11 to reflect this change in notation and
totally: differentiating with respect 1o 0 we obtain an expression which. il negative, implies
ds® ot < Ty this case o mean preserving spread of the prce distribotion unambignonsly
results na sower optunal price selection for any given ~ - Totally differentiating the first
order condition gives

% ’ ¥ ‘!
{(p - [/ ool dl / Uy dl’} “p - {/ Uyt dle / U'(o) Ty u’l"]
A A pt

(S

o ¥ 1
: / { / Uiy - Plylvdl - / Uplo) - 1"3?/7}'”“] dB(p)
ok it Ay .

o /Q [/\ Uy dEF - /l 1"1‘;”’/"] [ptoy = plal(o)de 3 di 4 Sds™ =0,
R o oy
(0}
where g(o) is the density Tunction associated with G(@), ¢ = Op + N, ¢ = 0p 4+ N\, Ty =
Y- u - f o wdF and Tr= [N - g
The sign of the expressior in braces is in general indeterminate, so that it is diffienlt
to draw general results about the eflect of output price variability on the optimal price

selection.  In the case of quadratic utility and uniform yield and price distributions, it
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was beerved throneh aanndatiwns that the optinad pove =election e noattected by mcean
preservee cpreads ob the prae dedobation ' Vhat oo the banction 2001 cote ke with the

*

fore o ponte satedving sl 0 Moreavers i e cane stae aleo e that & b
Al Choaces ol vield puarardoe s the tange ol fewabibe vields 1 o prropeet e are shown iy
Pogace 30 Pl the samsufatis renlte hepe sngeest that o iy be troe Tor a large st ol
conditios mchodiag plaoesbde wtdity Buscional foree that the aptinal prce sefection i
pon mereasing withomean preserving spreads of the antpat distrdton,

rsummrary s winde st dithodt todentify general condimions under w4el the optimal
price sefection paoalwavs bighor than the expected ottpit proce, f s not dihe st to sdentify
pastiontar Tanctional forms wlocle pive v o aptinial contracts with suce a property. Fach
of the different atibity o tons considered here (topetber with a anifonm vield and price
distuhution ) pave e to optionel cantracts satisfving st Fely < 0L and moreover satisfied the
property that «* e« gifor all vield gnaranees in the vange of feasible yields provided that the
sutput prce vatiabihity was not too liigh. Thus, in the almence of Tactors not considered heve,

vather special vonditions may be reguived Tor optinal contracts to be characterized by the

e gunedratic bty Tupcton, o2 & - (o - B diwplays decreasing absedite and relative visk aversion
12




price selection being bonnded above by the expected ontput price. This raises the g estion
of whether actual crop msirance programs conld inerease their attractiveness to farmers and
their viability by adopting relatively simple changes to the structure of the contracts offered.

Fhe precedig aualvais s onds indicative, and detailed empirical evidence regarding price
and vield dictobtions and farmer attivades to risk are needed before more specifie predic-
tions can be made . Abosimportant factors, such as wioral hazard, may have been omitted

from the analvas W turn o thie i the et sedction.

22 Optimal Price Selection in the Presence of Moral Hazard, Suppose that farmers
went posttive but unobservable costaod ca® i produong ontpit ¢ 1 s assumed that Tomers
tahe then snrance contract as given, then choosing the optimal level of effort, o Implicitly
the govermmem solves ther contract design problem for them then offenng the appropriate
comtract . Fhussas o the Hobstrom (1979 model, fanmers chouse v < 0 6f offered a full
insrapre e dracts Farmer abilty s now Tiss oy epy o I ed®y foall y < 4, and
Utpy 1 cosvtorall v~ The mcentive compatibihty constramt is given by

i3 e Y
/ / AN fryoay s U fgoardy 4 / P'afiy.ar + U [y atdyl d0 =0,
Jy . ¥

Desote the multiplier in the Lagrangian on this incentive constraimt by g 1t can be shown

that g < 0 The first order condition definmg & is given by

. g .
/ / U0y -y - / ydFty)idiy) »/ I"(-)(/ yd F(y) dF(y)| dGp)
o by EE] " v

r 4 %
- / vy / ydF) / =N 2ea flya) 4+ U'C) faly.a) dy
Jp Jy Jy

» v
- {/ ydt / =U"C2eaf(y, @) 4+ U'CYuly, a)dy | d6 = 0.
oy u
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Totally differentiating the above first order condition,

H

1 I3 “ oy *
Sop / / vy / A FYCUT 0200 fryat 4 U7 [ dy + ![ yd PP
e ¥ L 4 b

v r “
/ A 2ea] U, :Iy] nti(f} ds / at f T / ydlidl
o~ oy ¥ Jy

¥ y & "
- / [ / wd b dt - / ey / ydb / ™l f - 1" 2af 4+ of foidy
of e oy 0 F LR/ oy

. Y
+ k/ agdl / Ua'ef - U"2af « d fdy] iy de = 0.

iy

The eguation above amphvady defines dde 10 is a complexs expression and difficult 1o
identify mearnplnd geveeral vonditions wder which 81 e be unambignousdy signeed, I Lias
previousiv heen shown asing nuerical simulations that # vield s normally disteibuted with
mwan ¢ and the output price s nonostochastie, then the effect of lnercasing o s 1o decrease
& {Hyde amd Vercannnen, 199800 The mtmtion s that under conditions of moral hazard,
the optimar contract i~ one that provides appropriate incentives for effort provision, Ths
calls for a contract that rewards higher vield auteomes with higher profits. As can be seen
from Figare 3. o necessary dand sufbicieats condition for 8 comract {s,4} to satisfy the
property that farmer profit s increasing with steld over the interval [0~ is that s < pin the
case where output price s deterministie, Moreover, the responsiveness of the farmer profit
function to vield increases as s decreases further below p.

Ceters partbus, the incentives to shitk increase as the cost of offort increases. Tt fol
fows that as e increases, the optimal camtract requires an increasingly responsive {positively
sloped) profn Tunction, =gy, Since. in the class of contracts we consider here, the pair
{57} cumpletely specify a contract. the only means by which #'{y) can be increased over

the interval {0, <1 s 1o devrease s and for 5.
i i i

i S

N




Assunsng the property b de < 0 to hobd, moral hazard emerges as s possible explanation
for why prae selesctions may optimally be bounded above by the expevted outpat prive. In
the previess section v saw that o the devel of sk avessaon s oot too bagh and output price
vatradudte o pot towe Boeh, then the uptaus! prace selection maes be evervechere bagher than
the expected ontpnt prae Prader the condvnams of meral havard omthned abose, bessever,
Bothe meentone o sbarh e saffeowenth bgh G oo sathowenth hieh then i s conomvahle
that thas comatevasime oot well be soHaoient to doser the aptimnal proce selectpon bebow the
exproted ontpt prae The converse od thes statement o perhaps st as amteresting 0os
peasnibie for the optinoad prce wdection to be bosstaded below ba the expected mnput pewe,
preti o the presice of werwd fgcavd, pronsded that the mcenties for stathmg are nt too
strome Gisen thet the relatne mnportanoe of the bedden actwn moral bazard problem i
[RIT LI R S AT A ~«h%§ riod will s l\h‘twwf R TTR (VI SIS PR 0 S PL b oid ai FYTEEY ;mh« & !’l‘i(‘\’é%ﬁﬂ“

Fhe s faone of woral bacand consaderstons ol be deterpaed both by how costly
the nnobmervable offort o and aleo Low sl of the effort scatred 1w crop prodaction is
eiectnels nm contractabde B

The esubl s oheerved Liere sugpest that offerig e of cantracts auchuding price selections
that are hsgher than the expeated prce is most el ta be wellare smproving i (i vield
grarantees e o oot pad price vattaln bty sl Gt sk aversion fabsolute or relatived

s o bugh, and o mcentives toshiarh are not oo high,
3. Conertting REMARKS

Detailed empirical measurement of production costs, vield distributions and wtility fune-

tional foroes are reguited to be able to draw stronger conchisions than those here. This paper

serves ondy to show that conditions conld plausibly exist under which conmon restrictions

on indemuity price selections wonld be suboptimal. Although risk and moral hazard can

TSuime crop snsiranee schemes do mvelve rodons onstoring of farmer actnity duving the season, baplying
that some effort »oat leat partaly consractable
15




b s ted 1o be anporian fartors deternuming the optimal stiueiure of vontracts, other

factors possibiy peed adso 1o be taben wto copsideration, suck as adverse selection.
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