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BlSlt ... BFFtClD:rnUUGArJ:(,.~ SDA'l£GXES J'QI. VUi'AT. 

Ahstr1cct 

Ag~icultur.a.l pX'()dUC4 f.-.>n 18 ri$ky.. Yben farllers are .rlsk 
llverSe, the;y a1;"$ .. ikelytb put a prerail!1tC)n production 
Jl$thod$ whlchtedueepe.rceived ril1ks .. Irl:lgat1Qtl is 
generall.y believed to be A r1.k-reducinginpttt . .8y using 
the .concepto! stochastic dominance. risk- effi¢i~nt 
irrigation poliet.s for ..meat grown in central India are 
:lde'ntif$.ed. andqllantitat1ve esti,matetl of ben~ftts du. to 
risk :red~ction ar$ obtained. Sl1chb..,nefita wer~ .found to 
be of a large order of JlAgnitude. The f4orecol'ltmonm.ethod$ 
such as ~ean variance analysis tended to over-estimate 
the benefits. 

1. ID~tlOD 

1 

Agriculeural production proce$sas are inherently risky, one of 

the major SO\1rces of risk being the climatic v.arlability. When 
attitudes to risks are non-neutral, farDers allocat.8 co.ntrollable 

inputs in such a way as tc; inct:ease or reduaethe impact Q£ risk .. 

Thus. i1;: is important to incorporate risk lnmodels of farmer 
behaviour. 

The objective in this paper is twofold. Fir$t. risk-efficient 

irrigation schedules for winter Wheat grown in the Raisen district of 
central India a.re identified. This is achieved by applyingtb$ concept 
of stochastic dominance with respect to a function (Heyer 1977a t b). 

Second, the vallts of investment in irrigation for a group of risk .. 
averse farmers is estimated. For a risk-neutral f4rmer, this is equal 
to the expected gain in net returns with irrigation over that without 
irrigation. As irrigation generally reduces yield risk. additional 
benefits in the form of reduced risks of low net incomes are obtained 

by risk-averse farmers. Such additional gains will be quantified. 

2. Decision Making Under Uncertai:nty 

One of the most widely applied models for studying decision 
making under uncertainty is the expected utility model (Schoemaker 
1982). The implementation of the model requires that both the 
probability distribution of outcomes and the risk preferences of 
decision makers be preCisely known. The measurement of risk 
preferences directly by elicitation of utili~ function, or indirectly 
by imputation, is subject to large errors (King and Robison 1981, 
Schoemaker 1982). Stochastic efficiency criteria are useful when ris~ 
preferences cannot be measured accurately. These criteria satisfy th~ 

axioms of the" expected utility model but do not requiro precise 
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.e.8u~e.e.nt;:s ofris'ltpreferenees. llQWJVer, ... opposedto the complete 

ord:ex-tng a~bl.ved when ,rlskpr.f.~enee.ar. precis.ly kno'Wn. 

stoeh."tlcefflciencY'%Ules Pfovide only If partial ()!:~r1.ng .. 
Stochastie ef.ficiency x:ule. .rfJ 1apleac;tntecJ,. by pairwiIJo 

co.p.rt._Qn$ ofcuaulative 41strlbutic>nfunctions (CDr) of outc:o~& 
(eg, net inco.e) reaultlngfroJi di,f£er.,nt actions. If'tbe only 

reatt:ict1on 'which ean beplaco6 on th~1l&ture.,f tbeut!.lity f'un·ction 

i. tbat .lIore is prefCllrre4. to less (1 •• thClf11:'st del:'ivatlve of the 

utl11t1 funetlonlspo$ltive), the f1rat de8%'ee stochQtie dolllnsnce 
:rule (§tl) can be applied.. Graphically ,tb~ rUle xequires that 1(01; 

the distribution F(Y) to bept'Qf'erred to G(Y), '(Y) ahct,ldn8ver be to 

the left of G(Y) but shol,.lld be to the :ript: i~f .G(Y) for at l~aat one 

prob4bl1ity point ... No .aaumptiona are 118.deaboutrisk preferenees of 

tbedeai,donqaker. The cO(afflcient C)f absolute risk averston (Pratt 

1964) aay 'b~ anywb&re between .co to ..... Thua t thetulebas a very low 

discriminatory power. 

If it 1$ assumed that the Jlarglnal utility is positive but 
de.cX'«saaes with an inCrea$6 in incoae. the seeon¢ degtee stochastic 

(i012inanC.8 (55D) rul.e 1s applicable. The allowed range on the vl1lue of 

the absolute risk-aversion coefficient is 0 to +co. "this rule is 

applicable to all risk-averse decision makers. For G(Y) to be 

dominated by F(Y), the SSD rule requires thae: 

x 
(1) J [F(Y) .. G(Y») elY :; 0 for all ... CQ < x < eo ,and 

< i. some x • 

The 58D criteria. although lIore powerful than the FSD, may still be 

inadequately dlscrialnatory for many practical applications (Anderson 

1974, Anderson, Dillon and Hardaker 1977). 
Based on Pratt's (1964) proof that th~ coefficient of absolute 

risk Aversion represents risk preferenct s ~niquely, Meyer (1971a,b) 

has proposed a more general stochastic dom.nance rule. often termed 
stochastic do.ninance with respect to a function (SDWRF). If the 

absolute risk-aversion function of a class of decision makers is 
bounded by rl(Y) and r~(Y), F(Y) ia preferred to G(Y) by all decision 
makers within the preference interval if the utility function u(Y) 
which lllinimises 

-f<o 
(2) f [G(Y) - F(Y)]u'(Y) dY 

(3) subject to rt(Y} < -u"(Y)!u'(Y) < r2(Y) 
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produce. & p()sitive value of the equation .• If the aini.iatu5 1s neg_ttve 

F(Y) does not dolllltulte G(Y). In this cue. to check if G(Y) doalnates 

F(Y) ~ tbe.ip!JIl'\.ml of th~ oKprec,d~on 

+D 
(4) fCF(Y)- G(Y) ]'1' (Y) .4Y 

"" .. 
subj(lct to (3) ia .valu.ted. If ,.the .ai.nlllu. ta pOllttlv •• G(Y) 

do.tna,tefl F(Y). If the .1nl .... ~. _galn n..-g.t1ve. both tbe 

d!;strlbuti()M are f.nthe efflclencset.. theSDVlFcrlterla c.nnot 

dlacrUtinato btU~we$n the two di.trlbu,tlOntineuchc ...... 

ttl.clear fr~. th..bov. ctlae~elou that both PSDand SSDa:re 

special ce ••• of SDWRF • The dlaerillinatory power ot sIlV.tl? d$penda on: 

tha width of the pr.ferenc. interval udefiued by rl .and r 2• The 

dssiredle"lel of precision c.n b. tlchieved by selecting -an appropriate 
r • .nge of Jr'. Th~SDWRF allows one to aalee a tr4deoff bet1l~en the 

probability of Type 1 3rror (ie, 1:ncotteet X'.anking) which is high in 

the explicit utility .. del and the. probabl11ty of Type II 4lrror (ie, 

incoap.leteranklng) which i. higb in PSI) and 5S» criteria. Due tc) 

these 'flexlbl1iti •• , SDWl' ha. become ., pO~\ll.r tool used in both 

policy 'reseaX'ch and agricultural extension work (Kinaanel Robison 

19&1, Kraar and Pope 1981., Batria and Happ 1986). A comprehenalve 

review of SDtmF is provided by Cochran (1986). 

Vbenprefe.zoences are non-linear, SDVRF can also b. used to 

caleula~e the .addittonal benefit resulting from one aetion over 
another. The aMitlon.l benefit i. equal to the IUlourtt which a cla •• 

of decision aakers wDuld be willing to pay, in each. state of nature, 

and relUin indifferent between a do.inant distribution and an inferior 

alternative (Byer1ee ana Anderson 1982)~ If F(Y) dominates G(Y), then 

willingness to pay for using the strategy which generates F(Y) over 

the alternative generating G(Y) is equal to the hQrizontal leftward 

shift in F(Y) required for botb F(Y) and G(Y) to be in the efficient 

set. Ti" e size of the horizontal shift (V) is calculated by satisfying 

the followIng three conditions tdllUltaneously (Bosch and Eidman 1987): 

1 

(5) I (G(Y) - F(Y-V»)u'(Y) dY > 0 • 
o 

1 

(6) J [a(y) - F(Y-V-Z)1u'(Y) dY :s 0 t and 
o 



t .1\1 .qU.t~Qti (6) 1- ...... 11 po.l,tlve nuaber.Vhonthe utl.11ty 

fonct:1ot\ t,I .1. lln •• X',Vls equal. tothedtff.r.nce 'b«bteen th .... q 

.0£ the di'trlb\1t;lot$ ·G{Y) .-n4 f('r) it 1£%'1 fV) .. ''i .(1'). 1elf 
ptefe.rence. ar •. ptec.l.ely1mo1m. V 1. the 41tfereneebetw •• n cettalnty 

equf,va,lent.6f .F(y) .nd OCY)"i 
In the QO.nt.xtof iiJVe.tlMnt in iuicatlon. V Is an ind!c.tQrof 

m,nef1ts. Wblcb ,faJ:'Ur,-der1,", tltrQ'*P,th:o _e of W$tttr. It 1.. ·the •• 

of the elq)ected incteuoinnet 1nc~ .. dca· ,olalblel>y .itt$.ptlon ant! 
the gain. in ,t;en. .ofre4uctlonln prC2duction risk cO.p(lre4to a 'non

f.x~tg.ted _ttuation,,, AlthQuSblt b~ul beeng.narally .• c(:epted tlult 
1n1satlO1lX'educe.'productton rl.-b., atteapts.at quantf.fy~n,benetl;.' 
ofreduc.tion in riak bave been f •• and. &eneu:.lly aade un~erflC)~e 
reatrictiV'e aaswaptlons ofnot:_ally di.tx-lbuted tlet l.'etlu:n& and 

eltPonential or quad):at.icutl11tyfunct;loM (Can'14th.er. and Donalda<Jn 

,197l_Apland, McCarl 4ud Hiller 1,980. EnSl1"h 1981,JSogge •• et a1 

1983) .1 Whileappralaipg Ittlgatlon projeets, no ."plielt accot,mt ta 
genetally taken of aueh additloMlbe$afit;. (Sinha and Bhati. 1982). 
lienee benefits fro. irrigation aay have l"eert under~e.ti"'\8.ted in the 
.ev.l\J4tlon of in'l&ation projects. 

3.. lbpilrkal .,.111 

Distributions of net returns for several exogenously-specified 

lrri~~tion ach.dul_s wer. obtained in dbi. study us ins « .1~latlon 

lIodel. The ai.ulation lIodel con.1st. of .eiapllfled so11 water 
balanc$ sub .. aodel for wheat grown 1n the RaiS8:t district of central 
India.. and an equation f6r pttldlcting yi.e.ld on the baai.of 

tranapiration deflel t. Thirty years of daily cliDatic data were used 

to drive the IIOdel. 

Wheat was aaBunted to b.e sown on the 298th Julian day and 

harvest~d on. the 54th Julian day of the following year. Although these 

dates vary slightly from year to year, they represent 4 typical 

pattern in the district under study. Thegrowlng season was di vlded 

into four stages , na.aely: sowing to ear initiation (40 days), ear 
lnttiation to flowering (25 days), flowering to soft dough (25 days) 

and soft dougb to harvest (31 days). In using this classification, 

1. However. Hayer (1987) has shown that these assuuptions are not 
•. lways nece.ssary for the $lean-variance analysis to b. 
theoretic.l1y consl.tent with the expected utility lIodel. A 
sufficient condition for the mean .. variaZlce analysis to be valid is 
that net returns be a positive linear function of thb stochastic 
varia..,le. 



~ •• PQM.t;o ln~aQtlou15 p~e.UM4 todlfferaaonstnese stages but to 

r ... ln con.t.t: 1dthln •• tag •• 
Y1.1d t>f~~.J,.pr.(U.ct.'du.tng a ~X'.n.piratton .. b.,lJed):li)d.l 

.,.ts..tea b,l'ande)' (1985). 'l.1l.spec.1fleatton used 1s: 

(8) 

l' -actualyield, 
T - ac;tual 't:rUUlpl~.tlon. 
~p -potential transp.lt."atlon, 
.,.A -0lIl. .,.1 paraat,:flta. 

i - Fowth .~g.lJ1d.x. 
t - tlu in6ex, ~ 
e - norad randoil variate. {E(o)...o " E(o~)...a#J 

For •• tiutfl1g the .,4811 dat", on Talld tP fot' varlou.ag-rowtb 

atages .re req\11.r$d. Since thes\\ data ~cre not directly aval1.ble. 

they werc .stluted waing the so11 .ater balancetJlOdel. 'thedeuil., of 

tbe soil vater balance and ita validation are. ditscu$s&d by Pandey 
(1986). 

Irrigation experill!tnts conduet.d by TOll$r f Gupta and Toaar (1981) 

for three ye$ra (1974/15 .. 1976/77) e.ch cotult.ting of four treatments 

were used as the baalcdata 'ource. T/TP for the first stage was close 

to unity in all 12 Qbservation8 as a pr;& .. sowing irrigation was 

pruvided to all treatllf,tnts. Hence ,\ could be estiluted for the last 

three st-ages only .. 
A note i$ La order for the specification of the error structure 

used in the .odel. Just and Pope (1918) have shown that a 

multiplicative error structure such as in equation (8) implies that 

marginal risk increases with an inerease in TjtP, In the present case, 
as T/Tr approaches unity marginal risk can be expected to dec.rease. 
Despite the appropriateness of the Just and Pope specification for the 
pre.ent study", the laited nuabar of data points (only 12) precluded 

~y reliable a.tlution of urglnal risk coefficients. 
The .still.te oftbe yield respon,e equati<>n is: 

(9) log y- 1.S7 + 0.52 log(T/TP)~ + 0.09 log(T/TP)a + 0.16 log(T/TP)" 
(0.05) (0.24) (0.11) (O.OS) 

R2 - 0.90 

n - 12 



'1'lle, '.atbat.d.t~4orror. 'are !,npatanthe •• .,. 
The, :.i1.eilol, ·p£tb.1J\~,.~~.ptptC),d.6e. ,an •• tl •• t.of the 

,~~ntlalyt.ld otwb •• t: 1nth.~s.~.of J!lCl.t\¢ •. 8trtUu,. It. vglU& 

for eqt.Ultlon, (9) .1. 4 .. Jt/U..Sucllhlgb. yield. areunl.l1cel,. to be 

r •• li..ld 00 ;a~',l'. 'fl.lds · .. ·to p®rtr .• nvfto .... llt.lc0'n61tlonsat'Kl 

i:n.«.qu.ac1of~o.pl ••• nt!a"'" Itlpu.ta .itt coap.ri.4).tttotb<la. .1n 
eXperbtentalplot.,. lec(J,1~dll2Jly t the .• etiutedv.l\le ottb. 1nt.reGllt 
v ••• hifted ·~wn, ~o repre"eut;, a, _(lX'flre.listie yleldof It/hA on 

fa:x.el:s' !lctlda. 

The 1104.1. was uaedto 'Predict 'Wbeat ,,".1(1 foX" varloua1rrl,atlon· 
schedulen.Ths;b •• lcattuetureoftb.scbe(lul •• lapt •• ented 1n 

T61.1. l'bflra.-.,* of' watet 4Pp11catlQnw.- ~.r1eclfro. to to 60 _in 
step.~f 10... Thw; ,there are.lx.eta of elght ,schedul.. each.. 'lbe 

first seven schedules ofeaell "at are detlve(luslng all pO$sible 

coMlutions of ald:ppmg irrigation 1nthe laBe three s~age." the la.t 

schedule (Le., the eighth ofe.acb •• t). corr •• pond. to theexlatll1g 

practice of 1nlpttng in all fD.\U' stage •• 

Sche.dul. 

1 

2 

1 

4 

5 

6 

7 

8 

Growth 
Stage 1 

xt 
)( 

x 
x 
)( 

x 

x 

J 

Growth 
St .~ 2 

J 
J 
J 
x 
x 
J 
x 

J 

t x if water not applied, J if water applied. 

Growth Growth 
Stage '3 Stage 4 

x x 

J x 

J J 
J x 

x J 
x J 
J J 
J J 

In the first set of schedules. the quantity of water applied is 

10 _. Fot' i!xuple, in the third schedule, lO 1D of water is applied 

on the first day of each of the stages 2, 3 and 4. In the second set, 

20 .. of water i.assumed to be applied when irrigated. Altogether 49 

ached-u.les were th",s generated by adding .. final non- irrigatet.i 
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tt.~*i\t.'fb.'~ •• i,bllt~ ·O'f 'YI¢)"J. the 1.,,"1«>£ w.t.~al'plic:atlQn 

bt~tn,.t4Ig,. ~. '.te.~lc1l\r.d;~tl~e.C'll.4u'1 •• jI\ 
r...ouJ: ·aM·· ~r "~··(;t .. &t1d. t 2) ··~·th. ,alua8of ab • .,lut. 

rt..~-"'t.io'(t<oefflet.at daft_flqtie,r\\et: .,~ ,for • T.epre.entati.ve, 
fj):ll are xtCJ'l!re4, :f(J~ t.pl_ntlIi&S$IP..&vt..~el~ica~.: that poor 
fu.,et..ln:ndla ar. ".~ly fl''' .. ilwr,se' (_luaw:_a,r 1910, Antle 1987) • 
H.rda'ktlJ: ~. ~ (1984) ··haft.~.l~ul.t.d 'r'frQlltb ••• tt.a,t.. of 
,.'ttl.l r.lsk-."o1:,ioll, co.ffl"clenta 'Xtpo;:tedby!$inna:n,.,; (1980). 

T"4etr •• tiUte& rq.frQfllI'O~Xl0"4 ,to 2'. G7X10·'...a.,.d ,on And •. r.on. 
Dl11o~ .n4u..r~t)t (1985) ,P~y(1986) eal(:ulat.d 't:' .. th. ;r.tlo 
<Jt ,rel.ti"lerlak·4vcu:.ion co_l'fj,cl.nt to,tb;e to~alw •• ltb • tho 
•• tl ... tel •• q, •• l, tQ4)(lO'-S. In 'the: lllbt of a,..ld.n .ndCoclU"4M' .• 

(:1986)e ..... nts~\,lttbe pif;£.lla,f.ntt.n.f.~rln$th • .".tl.ate. :of 

cC)$£fleiollt of '1:1akaver:aiou,estluted lnap.rticulu _ttuation :to 

anothlfr. four :r.~g.. tot rl.k~.v_t.ioneo.ffl¢1.nt.at'eu.e4..Th. 
t~I~UI a;,'leclfie6, ~~ OtoO.0OOO4.0~QOO04 t.,O.OO04. O.OO04t~O.004.: 
and 0 .• 004 toO .. Olt,," 

"l"hi~ty ye.1:. o£ dal1yraitlf'all . .nd.v.p~r4tlondata were us.," f()): 
predlc.tlng l' and. iP' for eacb i~l$.t!on schedule. Yleldw.sprec:U.cted. 

by .ub.titutingth ••• tiJi"t;-e6 value. of' T ~ TP in. equation (Sf arJd 

allowing f<>rr.n'oll",.rlatt,onsln the .rro~t.erlil..ttandC).n~$ g,w •• 

explIcitly Inct,)~orat.d b,c;.u.te pa:r .. ter.s of tb.regr~.'lon equ.(:ion 
.re the ••• lv •• Tandoa (Ander.on. 1916).rc>11o.,lngKihrall (1912) f 

differentaead. for:aelleratlns r.-ndoa tr/.labera. were used foreaehof 
the acbecb.llos,. Thus p .eeluted yl$lds lneotpor.te atocb.st.icltyln tbe 

cl!.utlcvariables -O\! in the a.ti .. ted pat'aJlliltera of the IIOdel. 2 

Net return. W'ere calct.tl.ted by subtracting all variable costs 

fro. gro,. returns. Variable costa included were of three type.: the 

Input costa which were fixed for .11 treatl,lents (fertilizers. labour, 

etc); the cost of irr.igaeion which varied according to the quantity of 

water appli.,d and the nW'Aber of applicAtions; and the harvesting costs 

which varied according to the yield of the crop. In gross returns was 

also included the aatket value of wheat straw. Swmary Jlaasures of 

distributions of yield, netretunus and quantity of water applied for 

15 schedules which are efficient in the .ense of FSD are p.resented in 

T~ble 2. 

2. The.e are the only source. o.f stochAstic-ity considered In this 
paper. Price risk wu not included because its effect is invariant 
to lrrilatton strategle •. 



ScheMe 
~r 

S22 
S23 
S27 
S28 
529 
S31 
S3:; 

S31 
SJ8 

S39 
S42 
843 

545 

Sl6 

849 

'tUtI. 2 
~St:&tUd.ea oflbtdhatt. ... of Yield. 
_t.~ ..,-t .bar .lfplla4for DO ~ •• t 

Yield Net IncoM 

~an S~d,Co.ff of He.n St.ndatd Coeff of 
devla(:lQn skewne •• deviat:lon ,kewneoa 

(t/b) (t/ha) (blba) (b/ha) 

0 .. 76 0 .. 12 O.IS 432 185 0.99 
0.73 0.11 0.,39 391 204 0.35 
0.85 0.08 0.76 460 137 0.47 
0.69 0.19 0.73 374 300 0.,17 
0.72 0.16 0.56 418 260 0.45 
0.79 0.12 .. 0.53 453 187 .. 0.61 

0 .. 91 0 .. 08 .. 0 .. 25 502 131 .. 0 .. 16 
0.15 0.14 .. 0.02 448 227 0.14 
0.S3 0.08 0.02 484 137 -0.42 

0.81 0.13 ... 0.07 445 205 0.1)4 

0.87 0.09 0.63 510 161 0.37 
0.96 0.06 -0.55 531 107 0.01 
0.80 0.10 0.36 505 151 0.30 
0.87 0.07 0.19 502 118 0.15 

0.56 0.1.6 0.36 315 268 0.37 

Averag~ 
qu.ntity 
of water 
applied 

(ca) 

12.0 
12.0 
19.5 
9.5 

9.5 
14.5 
21 .. 2 

10.7 
17.0 

17.0 
19.5 

27.0 
12.0 

19.4 

0 

t Result. are presented for one unit area. Howeve~. all stochastic 
efficiency analyses were conducted by scaling net returns up to tbe 
representative fa~ size (10 ba). 

The distributions of yields and net returns are positively skewed 

in most eases. This agrees with the observations made by Day (1965) 

and Valker and Subba Rao (1982). The usual assumption of normality 
hence seems inappropriate. 

4. Anal,.i. 
A microc.oJlputer software developed by Goh. Raskin and Cochran 

(1987) was used for stochastic efficiency analyses ~ The program. also 
allows for the identification of quasi~first- and second-degree 

stochastic dominance. The distributions presented in Table 2 are 
quasi-FSD. For quasi-FSD. the bounds on r(Y) are set wide enough to 
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., ~Jlelua. e •• entlatly _11 .o'b ••. rv.a x.t8k~:pt'.ferenc. b.havtour. For qu..~

'SSD.,tbe 1<lw.r'boun4 1- •• tequal to zero. !he b.ound. are. $let 

.aUto __ tJ,c.ll1hy til. 'p.r<1gt_ 8uch.tliatthe ab.Qlute. .lze of the. 

rel.tiva :r$..k .... verslon coefficient nevet "~,~eeQI00 .. 

5 .. ~ta 

Of the 4,9 dl2Jtr1butlons consi~tf)~. 15 wex-&quasi-..FSl) (Table 2). 

The .che~ule of luig.ting in all four st.ge •• which is t:~:u:O_ended .. by 

extens ion workers in ~he region', l¥U dQainated in the .ease of FSI>. 

Only fo~ .~hed:ul~. (835. S43. 84.5, S46)wet:6 qu •• l ... SSI)", t~ ianot 
possibl" to discriminate allong these s,;:bedUles on the b$.sls of tbe 

usualSSX)crite.ria. All fourichedule$ bave .. co.par .. bl~ aver,age nElt 
incoae but a;V8;X'age 'tfater wse fo.r schedules 845 and 546 is. much l()wElr 

cOl!q)axed to that for-schedules S~5 and S43.'Ihus schedules $45 or S4l 

.ay b~ prlSferabl.e i,f reduced water usage is also one of the 

objectives. 

R~aulta of smmr.r~ presented in Table 3. For a low leve~ of 

risk aversion (0 :s r s 0.00004) f th$ risk .. efficient sch$dule is $43. 

The schedule 1. also the one which aaxiais4i9s the average net return. 

At a very high l~vel of risk aver.ion (0.004:c; r !!.i 0.04), S43 ceas~s 
to be risk-efficient. 845 and 546 are preferable due to their riak

reduelng effects, even though lRean net incolles for these schedults are 

lower~ S43 and S46 are risk-efficient schedules if the aaxi~ size of 
trl is 0.004. These schedules correspond to the application of 60 am 

of water in stages 2, 3 and 4 and the application of 60 mm of water in 
stages 2 and 41 respectively. 

Results of SD\1lW 

Risk a"~ers ion Dominant 
interval schedules 

0 to 0.00004 543 

0.00004 to 0.0004 543 

0.0004 tn 0.004- 543. 546 

0.004 to 0.04 545, 546 
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Hore t:i~k"4verse farasrs lItght be enpected to apply a higher 
q1,1sntity o£~1sk ... r~ducing input$~ such as wat¢r .. HoW'&ver t within the 

ri.&k-pref~rE,\n~~ inte~alc9n$idered in. this study, the avtrag~ leve 1 
<>fwatQt" app.li<;at1Qn assoelatedwlth ri$k-efficient schedule$ seems to 

dec~eas. w1.than· increa$e in riakavet'$lon. This behaviour cart be 
expl~1ned on thC;\ basis of an incteas~d positive $k~wnes$ of net 
returns 8$soeiated:wleh vater-conserving schedules (545 and 546 ) and 
h1gl!er net returns, at lower tailscQmp4red to S43 (Figure 1). Both 

these factors illcrease the. utilities 4£ t(at~.t' ... ccn$ervi.ng schedules 

(Tsiang 1972, JiallPQud 1974). 
The dOJllinance of I;lchedules S43and .546 implies that farmers using 

these sch~dules are better off than the ones '1ithoue an access· to 
ixrlg4tion (s<;.bet\ule S49)" '11le val\;leof irrigation (V) is the max.imum 

QOQ. 

800 

700 

~ 

000 

'400 

laO 

200 
0 

o S43 S46 

FIGDU 1 

COF of Bet B.et:ums 

amount the eXisting Users of S45 (or S46) will be willing to pay to 
continue using 543 (or 546). As mentioned before, V measures the value 

to farmers at only one of the end points in the preference interval 

(rl. r2)' Farmers at the ot.her end of the preference interval will 

always be willing to pay more than V. Thus. upper a.nd lower limits on 
the value of V can be identified. The lower limit VL is as defined 
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abo\'$ ~'he uppet' lint'it, (Vu) isth~ horiz()ntal.shift in the enF of the 

domL.l~nt distributlonr~qu!red for all u&~t,'s 9£ thedominantstX'ategy 

to awl tch 'Over to the undominated .str.tegy. '.the two 1111it$ converge 

with the converg~nce of the preference 1nteX'V41.If the risk-aveX'.lon 

'(!.oeffieient J.a prec1$ely defln~a, V - Vu - VLis the dlfferenee 
batween certainty equj.v.lt)nts of -the do.inant andtbe do~lnated 

,df.$trlb~t:ton.. It iSCOJlllOll to calculate cert~inty equivalents as a 

linear combination of Bean and va~!ance (Fteund195.6) under the dual 
aasullptlonsof an ex,ponenti .. l utility f'unction .n<1 'nQrmally 

distributed net rfturns. The ~stiJ,.ates of V obtatned usIng the 
exponenti.al utiliey j 1Il0Dlent", generating function approach (EUMGF) as 

i~lemented. by Yassour j Zilbersan and Rausser (1981) are presented in 

Tabl~ 4 for nomsl and gamma distributions along with those obtained 

using SDWRF. 

TABL!4 

Lover (VL) and 'Oppel': {Vu> Lbdta on the Benefits of In:iptlon 

Risk-aversion 
interval 

o 
0.00004 

0.0004 

0.00004 

0.0~~4 

0.004 

216 

228 

318 

SDWRF 

228 

318 

Benefits of i 'tigatlont 

Normal 

VL Vu 
(Rs/ha) (Rs/ha) 

216 

228 

337 

228 
337 

1429 

216 

227 

285 

Gamma 

227 

285 

302 

t Dominant and dominated schedules used in these calculations are S43 
and 849 respectively. 

For the first preference interval, VL is Rs 2l6/ha. This is 

obtained using r 1 - O. It is simply the difference between the means 

of net returns associated with 843 and 849. Both VL and Vu increase 

with an increase in the coefficient of risk aversion. At low levels of 

risk ave~sion, estimates of V under SDwaF are similar to those under 

normal and gamma distribu~~assumPtions. However, with an increase 
in the risk avers~ c'ae=:EJ!fCient, the assumptions of normal and gamma 

distribution resulted in over~estimate and under-estimate, 
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respectively_ ForexQple t Vu for the third interval U$i:ngSDtmF is 

three times lowe,t $nd 1.5 times higher than the cor:t'esponcilng v«lues 

under nortlal and. Is-llma d:t$trlbutlonassUl%£it~ons, r~spec~ively.. $D'W'RF 

may be eOn.$14e~ed. to prov!de.a better estilltlte of the tt'ue V because 

no a s: .. ur,tptlotlD about,:. the nature of <i:f.stribution is ~llde. The 

a$sttaption of!'u)t.sl distribution t which is commonly used in risk 

analysis.. tendtSd. to over-estimate V, the Severity of over-estimation 

incresslngwltb the size of 'r'. 
Ta.'king the thirdpreferenc/!!t interval as the relevant one. the 

estimate of VL - Rs 318 is the sua of the benefits frOlTi lncl"-!':.=: in 

mean net return and benefits froll rl$!ik reduction. :.:tte la'"'ter is U.e 

difference be~een VL for the third and the first preference ~n~e~als 

(i.e, Its. 318 .. Rs 216 - Rs 102). In the present case, benefits due to 

risk reductions seem to be as high as 47 per c.ent (ie, Rs 102/R$216) 

of the benefits in terms of increase in medn net returns. Thus risk

reducing. inputs such as irrigation can improve farmers' welfare 

subgtanti411y by reducing income risks. Benefits from investments for 

suppling such inputs can be seriously under-estimated if, as is the 

general practice t only the difference between mean net returns is 

considered. 

6. SVJ8iaXy aDd Conclusions 

Risk-efficient irrigation sch~<1ules fat' 'iheat were identified 

using a generalised stochastic dolt1.nat~ee The policy of applying 60 mm 
of water in growth stages 2, 3 and 4 was found to be risk efficient at 

low levels of risk £1.v6Tsion. Efficient schedule for a higher level of 

risk aversion was to skip irrigation in the second stage. This 

contrasts with the extension advice of applying about 60 mm in each of 

the four stages. The usual rationale for an intensive irrigation as a 

risk-reducing strategy is not supported by this study. In fact. 
increased risk aversion within the preference interval examined 

resulted in reduced water usage. 

The betiefit.l -,f irrigation to risk-averse farmers were also 

calculated using the stochastic dominance rule. The results indicate 

that benefits in terms of reduction in risk may be a significant 

proportion of the difference in mean net returns with and without 

irrigation. Such benefits) of course, incr~ase with an increaRe in 

risk aversion. The more common mean-variance analysiS tended to over

estimate benefits froill risk reduction. Benefits of irrigation may be 

signifi~antly under· estimated in the appraisal of irrigation projects 

if non-linearity in risk preferences is not allowed for. 
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