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FOREWORD 

report by Peter Ilazell,In this research 

tiltl tr11ai I.((1 Policy RtsearchIll-

sit ute(en ililes itsresacl oil sources of' 

instwI)ility inl to(1d prod(tition and ile,lis of 

reducing its hlarnihl etftics. 

'(rk is III (,xtilsill ot 11 earlievThis Shl~mkitli ,Mv~irar(epotri(d inlII:TII
eiTor1l1b, 

In that stu I\ sh lprovielsRes(,arth Re lt o25. 


d (tiet,ile( IllySis ot (liflerellc s in the 


amiong individil
year-to-ear varialilil 


croI)s anil regions, 1)(wI ell
h .%itlilI 1111(1 l)etV, 

She draws prticular attell-

tion t( how Irrigatio)n allets yield stability 


h irrigation 


two tiIlle perit is. 

,111(1the il~lilitat ionItishils or 


this resl)ct her resealih cOml~le-
p()li(y. Ili 

nivts lTRI's wrktl

n inigatio)ll nid multiple 


She also f(und a sigilii',llt cor-
cro11pping. 

relation i)(tw(,il 1w%1,higi-yietling (rolp 


in tile abstolulte 1(1d
vlrieties '111(l il(rwasr; 

relative varitio(ns ill pr(duction. tllis (:or-


relation is imllortint. [o.r,although the ne\ 

,igriciultural productioll technologies )ring 


ilaijor hlenlits to low-iio-lle people hly 


enlarging od upstll~lIies, it tl , incre(,IIs( 


iiust besulpme(i'ilt(l by
l('lilltioills, ie 1 


other pli(ies it a stliili/etd inrise ill 


it was logical
(iiSolltOIl is to o(((ir. Iis 
(Mhin(
to t1n(h1rtak( I l(loI\%-up study to 


this rel,Itiolsilp intmore Ir(tiiselY, 


Peter L11/(l's work onilirmis the hisi( 


M'liri btut ill ad,lition reveals
Findings ol 

tIl sulstantill itlreal e il ilth (.rreltio1s 
l)(,t\~ed'll erois ([01 egi(lS. It also uiderlines 

area sowil illItic parl played\ liv tilges ill 

in(reastd Micluthiliolls Ile (olilhIds tl it 

would le difficult to devis( lrodut(ionIl 

to substantiallyp)olicies and crop varieties 

mitigate prodLuCti1n iiStailit I )eCISethese 

i)proathes do not confront the basic problemn 

of increased yiald correlations. AttentiOn 

must turn ilstetI to other researcioh designe(l 

to develol p olicies for stablilitinlg (.onstlill)-
Iionl.
 

has shownl howEarliei IFIPRI reseac h 

much of the burden of fluctuations ill food 

carried by low-income peoplesulplies is 
with alreldy illadequ,lte (liets. This is lecause 

shortages illsupplies raise prices and thus 

the tlurllising power ofsharply reduce 

Iwpletlle who spend most ol' their incomeil 

food. The ilew agricultural techliologies 

i,.'e, of (ourse. been a boon to tie poor. 

They have not only ilcreaseti total suppllies 

of food, they have also (ither redticed food 

prices or reliev(d the ullward pressure on 

prices of'rising lpo[ulditioll d( Inlilncoile. 

this context, linanlcini, interregionll grain 
tilel)otentially add to 

belefits froll higi-yieldiIg crop varieties. 

hl(lings have emlphasized 

lilovelleilts coul 

lPI's research 
t1i aI(lvaiIages ol al illterilational food 

Now tllat there is such afilaniial facility. 

illngr'on
to f'ood didsyste'il, research is turll1 

lrogram.s to ensure pnurchasingaiIti doimestic 
the poor ill times of special stress power tll 


oilinlcoioc 
and food supplies.
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1 
SUMMARY 

The last three decades have seen India's 
total cereal pro(luction grow significantly, 
h%,on average, about 2.7 percent per year.
Average production increased by 44 percent 
(or 29.4 million tons) between tle perio(ls 
1954,/55-1964/65 and 1967/68-197778. Al-
most half of' this was due to a remarkable 
increase of 142 )ercent inw lea )rodlurction
(14.4 million tons), and oulhirn,,,isdu to 
a 32 percent increaise in rite prodrttion 
(10.3 million tons). Inillass it nea,,yielils 
account for albolt hal (If tlw, Irodtlttion 
increases. 'liese are Idirect( olseqtterice 
of improved seed vireties an( tInjhirll('nasitd 
use of fertilizers and irriation. 

These increases in ,erige Iro(lu(tion
have been wcomp,mied by in(reased pro-
dtction instability 'I he coefficient of variation 
of total (.:(,realproduction in'reised b,,one 
half between the tko periods \ len me,sured 
around the trend. It was 5.9 IerI ('com-
pared with 4,03 orcent in the first period.
Although this variai)ilit is not large ill 
comparison with tlhat of ma1,ny, countries, 
two thirds of Indinlirodhlu tioll goes to feed 
farn flailies aIId Iniv ma,.rketed surplus his 
to bear tie burd(,n of (ttloit variations. 
Even modest variations in Iroduction (,il 
cause prices to fluctualte sigitific,mtl,. Un-
less stabilization poli(ies ire doptled, frin 
incomes 1ould irid the )oor'h1o(unstable 

could stiffer Irom tood shortages. 


In this study, avdilaleh, State 'lIld crop 

dLta oil the prodluctiol ald areas sown with 

different cereals Ire used to eamine Ilhet 

sources of this increased imii:tability illtotal 
cereal prod'i('tion. 'he stu(\' builds on work 

by Shakuitla Mlehri (Instability in Indian 

lgriculturein the ('onteIof/the VewlIechnolagy 


lI:IT Reserch Report 25, July 1981) and 
aittemnpts to slow more precisely how the 
improved seeif"frtilizer- based technologies 
wax e (ontri)uted to the inu:reise in produc-

tion instability. Proper mderstlidiig of the 
sourcos (f thle increase in irstability is 
uecessai if appropriit, strit(gie- ire to be 
derived for reduwing it. 

The aalysis is ('(Infitell to ri((.wheat, 
bajra, barley. ;oira', maize, r,lgi. srall nillets. 
and totl,1 produ( iin, where Ilitl ltter 
is (defilled s bl ireighld sullof tieti 
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production of individual crops. Instabiliy is 
measured as the vriauice of total cereal 
)rodluction for ail India, which is equal to 
the smin of the iroduction variances of 
individlal Crol)s within states anld the sum 
of all intercrop and interstate production 
covariances. Ille latter mieasures patterns of 
association in produ(:tioni variatiols that 
exist between crops anl states. Ihe produition 
varian( es and covariances are decomposed 
through statistical identities to isolate their 
sources of ('arige between two periods: 
1954,55-1964,65 mid 1967/68-1977/78. 

Tle varillue of total cereal production 
for all India increased by 342 percent be
tween the two periods. filhis increase, only
tbout 6 percent can be attributed directly to 
increases in the variaces of individual crop 
yields measured itthe state hevei. The lion's 
share of the increase (82 percent) call be 
attrilbuted to increases illIhe covariances of' 
production btetween crotps grown il the 
same andl illnifferent stales. Furthermore, 
increases illin'ercrop and interstatc yield
covariaicles we e t Ol<Inominant source of' 
the increases ill )rodlu(tion covariances.these 

Surprisingly, increases illyield variances 
Oilliy
account for a small part of the increase 
in the yield covariances. Nearly 90 percent
of the increase in these yield cov,iriances 
would not have occurred if there had not 
been d Simltaneout,LIS shift toward more 
positive correlations between Ile yields of' 
(rolps groi illthe Salme and illdifferent 
states. It is difficult to see howlthe ilproved 
technologies cian 1e blamed for these ill
creased yield correlations: at llost they ],'t 
ic(comitablle for ilil(reases in yield variances. 
lore likel y ('allseS are charnges illweatlcer
 

platterns aid the more widespreaid use (of

irrigation and fertilizers at a tiItie when the
 
supplies of fertilizers and electric power for
 
irri.ation putlps became less reliable.
 

Another importaiit soitireof the increase
 
illthe vriarice of total (ereal production
 
has been a siriltariOis iticrease illthe 
\'ear-to-yeir variability of lie areas sown 
witl irndividual (rops, as well as art intcrease 
illcoviriilues betweeni the,areas sown aiid 
the yields obtained. Abotit 37 percent of the 
ille(ase illthe variance of' total cereal 

. .., + ,, .. 9
 



rodt(ctiolI canl he attribiltel tltlhese sor(:es,
,rod,about H+5p ,zcetlt of this ("III b~e,attributed 

to iiitu 'd,es Ill idettr(o p id iltherstat( 
)'-Covariance, lte(te ,res SIml ,ell 

yiehis.t(t't'il areas so%%il ,la(n 
l'ie results froirt this IclIIv.is slggest 

attIeIn)ts to reduc thll inst.ility ofthat 
total e(r(l plrolltioil fby lreeling less 

elftctivrisky vaieties %,o(uh l ot I(,,v'r, 

for ,all Indi,. flhis ISbeca1s,c r('hcitlg yield 

vrialbilithn ti11001hle.el fails fo)monfroil 

the mre lci( firll()lhis of reducing tt(i 
ield (or-large increaises in e1dl an ,dre('&-

iro(d l e'e i(Ilcrop."reltijols tht h,ve o c(-
ili m1l '111d111(1lIn (litftrtillt stalls. Plolic('s 

to stili,llI (the suiplie" (If hcrtiliers 
h 

anI 

electric ll(,er for ir'igatl(oll IlItI)s Imig t lie 

more (ttf(,ti\ t ill this resplI I 
ill aggieg,it fir(ltmitiolli stcI-Some inl 

oft through poli(icshifity nmighlt bc i'ied 

stciilie \ (,,ir-to-\ car lt(tuatiois ill
that 

ioli%idual ceral crolps.tIl( res sov,n ith 
hut again1 the (lv(r Ihlling illjOrt'lli(' oI 

iiltlrcroll Idll intirst,cite (l ,cl sit)iorl luces 

tle rlic t( ,iiss of this ilplrlo,wh l)for the 

,,hofc ouitttr. this iplpracht(h is likely to he 

less effective th1n ttenlIltlS t0 redtiuc yield 
valrialbility,. ele n tblt l 

:\s most f tli iilcresed ilstal)ility ie 
Indiad's total (ere,l prodmi(fiol 11sf 1W 

in intercrop and11tribiltedli to increse(s 

interstcte )ro( llion ( ovariall('e. another 

,lpproalI to rediuiig iinstability is to take 

adVIrlltdgC of these (,mvjiIIlctsml (listrilhite 

lol ioll,llaong ro)ps anld states ill a 
efliinlt way. 'l1is possibility isll0W' ri'sk-

extlleilell with the aid of aIlhiear pIrogrlml
to (herive proiniig mtodel, ,,ic(h is used11 

have the Ilihlillmiiidctioti 1 l)tfellst1hf 
possible varidice for given levels of average 

soiIc )o,teltial gainSpro(ductiln. Thr' are 
to he f d f1o1 this apl)romch, but they may 

rettiire policy changes that could lie incon

sistent with otlier phlic objectives. 
lhe prillar, ( ollchisio(i frolml this study 

is tHIt Iggyhgtc(' production ilst'llility is c1i 
id i gri c tlturalinevitail cnII usl ei of rap 

(f(ctivelygrowth, cild there is little that (cal 


he done iboit it. From 
 this pers'ective, 

policies that ,lt(cIII)t tol stciilize oiiSlinp

tio.l such as storcigh' alld trahde policies, 

alllcr to ie iiort piromisintg. 

10 
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2 
INTRODUCTION 

Tile last three decades have seen signifi- Clearly, these outcomes are of some concern 
cant growth in total cereal production in to policymakers.

India. A log-trend regression fitted Shakuntla Mehra in
to the argues a recentdata in Figure I (but omitting the drought paper that much of this increased instability
years 1965/66 and 1966/67) yiells an rnnual in total foodgrain production call le attrilbuted
growth rate of 2.7 percent for 0he yearz to the widespread adoption ofthe improved
1952/53-1977/78. This is narginally highei seed/fertilizer- intensive technologies since
than a similarly estimated growth rate for the mi(I-1960s1, Similar arguments are
human food consumtion of 2.5 percent. made by Rao and bly Barker, Gabler, andi
Although growth in production has success- Winkelnann. 2 The yields of crops grown
fully kept pace with the growth in ]lUilian with the new technologies not only appear
food consumnption, it has been ccolll)anlied to be more sensitive to weather and disease
by a more tha l)roportional increase in but, because they reqluire greater use of
both the standard deviaion ani the coelli- modern inl)uts, it is argued that their yields
cient of variation of )rodtuction. [he coefbi- are also sensitive to year-to-year variations
cient of variation of plrod/lction around tile in input use, such as arisemight from
trenl in the data Used for Figure 1 was about frequent price changes or from restrictions 
4 percent before the drought years 1965,,66 in supplies.
and 1966/67. It increased to nearly 6 per(:ent Proper tests of the possible risk- increasing
in the host drought years. characteristics of fhe new technologies should

Coefficients of variition of these sizes be individualbased on farm data. But 
are mnodest by international standards and suitable time- leries (lata rarely exist, and 
at first appearance would not seema to they are not available on the representative
warrant iunch concern. But two aslects are farml basis that would le required to analyze
wony itng. First is the continued iossibility ch,nges in the standard devittion of nat-:nal
of severe droutght yvars. l)eclines in produc'- foodgrain prodluction. For these reasons,
lion ill the future of similar lroportions to Itich of' Mehra's inalysis is based on athose f 196566 aind 196667 could mnean direct examoination of' lime-series data on
touch larger shortlflls in the amolilts of aggreg ite foodgrain pro(uction. A problem
(ereals needed, there , requiring larger with this approach is that changes io tile 
emergency stoks to e ,('arried. standard (leviation of I)roductioll at all

Seond, as only ibout one third of aggregate level arvalmost certainly attribut
India's cereal produ(tion is actually marketed able to factors other than increases in yield
(the rest is retiined by farl househiolds for variability. Indeed, as ,Mehra points out, the
their own or stmplion). yeair-to- , r flue- ilcre,, e ill the stlilardl d. viation of national
Iiloi(is ill production tend t(; he trnsmitted foodgrain production may le due to "all 
to el,Itk el \ thin ilrkiets. In the ,le)vnwe of' ille rease in the variance of individual crops;
st'lili/,ation policies. they, moay. therefore, increaised weight of' inre variable crops
(alls,( pr(ics to fltl( a'tlle%widely. :hnttations dtn/'or more regions with erratic weather in 

itmabl, outputil fol pric es mnnle bear heavily on the croOll or area; and reduction in the 
tlm~oiil thi, destf)ilii, kartn incoies. lttually offsetting variations in yield andi 

InIldialtI I l, 1.111,1h.Nth bi,, l jut, .l' li lll jl I I li nhuuu u.i',(,n.eIn e, l thef ,Vewt i ' t,iuRi .11( ,t11th C'ontrit o uthnolo'd,+lood Ploll+,, lR(. y r, h ljj~q illlj( l()jjl) oit Iort .i 

15I Rao. let htl, a nlf I , ii l tl,trtrirtntlt nl)'r ' Im)I'A7 t. .,mddphB~ukL (lIi''ip I1 (, r'sa('nlilltT . o v t' .Iit('<.0dv. ind llonal w v iii, m. mg-'hern'hln c+onsequences of "redihnologic'll
t h , 1 1 g v o' Il opIUI w h f s [ 111 1 1<1t , lh ( , ' v fo r ( + r l( l l l' . i nl I o o ds v c t)t for l , op irp co u~ v dl . A l h er t o V a ld ksn tr is . 

Mioulder , , I' ,,, I'Ot(l. pp 11-7'I 
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Figure I- Production and food consulmp-
tioul of tot.l1 cereals, 1952/53-

1977/7B 
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area of crops 

The liurpn)s of this piatper is to provide I 

systeumatic stud (f he comollonts of 

(liange ill tlhe vari,illilt of Illdiasl'foodgrlin 
ised toprodlu(liOl. Sttisti(',il itlmiiies are 


provide aul 1-t(
tlinijmojosit1l)n1 of the (oinl-

pollS of hnllga ill he III,111 ',l vai,anceA, 
ofof tolil cereal troiduction. This mnitlho(l 

any behvioiralainalysis (l s not impose 

assuimi)imns oil the (Ila, hut it is dde to 
reveal the' iinoportaince ni tlh tlilfereit 	(1-

pulil ts 	of illm asl;I llsllilil , ill Iling 

MiIr,, lwtu :/ I rl i' mi(*ht'rlymulturf, 1, 12 

S K o I lI ,lN .i / iiuy'ei lirMt hp /*'ru 

111( to idlIid , I t , 1976).1,!, 111012 

the kin(ds of intercrop and interstate covari
,l1('e le!,lioliS suspected Iy Mehra. 

Ihe ipproicli is quite lifferent fronl the 
) r o C t i t n,is, i,, e(oinometric ,iproauh.h UMukh(l),ldlhyd),it(r (-,liph. <lliliv1,t d l funl:itln 

0 lhiilyss 1l( oled tilnl-(ser1(s andol cross

sectional dit,i to exphiin interregionil id 
ilterte l)oril differences in lactor produc

tivity. I IlIs inailysis %heds some light on the 

sources of p)ro(lction varialuility within 
a suitale atpproach forregions, tot it is not 

11,hlyiing production varicl)ility at tile nla

level. :\iiionig other issumpnfitions, 

Mukiopadhyiy has to aggregate (rop otit 

puts ,and then ISSuIHIC that all interregional
 
prod(ivtion covari ices ire zero. Although
 

tile anilysis in this pai)er fails to provide tie
 
detail th,it Mukhotidhsort of e\plaiator\ 


1p)ro,ich offers, it is alble to determine
 

Olha ('hainges ill iiproluctioni covarialnCes
 

stites account for lil0(
ltli.)n {r;is ,dll 

than 80) percent of recent increases ill tile
 

o !' Indias total cereal produt(ion,variat,, 
just he asand consequenty the"( cannlot 

sullied awy. The point to 1e eilollhasied is 

thilt this pllir ises aI methodology which, 

wilioot ,i:siipn)tioimuy ibot how the rel 

orld works, is aie to identify the inportant 
(ompOnuents of incre,ised foodgrain insthbil

imy. Once these componisl(lS are i(lentilied, 

analytical work cin tackle the 1)1d)lein of 

undlerstandhing how these components colmle 

and how they ny he changed throughahout 
policy, intervention, 

Scope 	 of the Study 

This study is limited to an analysis 	of 

cereal production, an( niore specifically to 

chalnges. inl rice, wheat, bajra, larley, jowar, 

nmai/e, ragi, and simill nmillet pnroduction, as 

%ell Is to (chng1es ill total cereal production 

(0,fineld Is tIlle 1meighlted suill of 	 these 
it the(rols). The alialysis is uertiaei 

iiid( nostate ,uAl ntiional (,Ill- lndiai) levels, 

illenlit is mna(le to disaggregate results 1'i 

dlistricts. The inthod(ology easily lprnils 
such dis,iggregation, but a compnr(hensive 

not readily ,availaile.si of district (lita is 

diI ' A',. (.s s St'ttt IO rn Se nt'r .Nnldv ll Irdti (l)ettl. 
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As inMehrassitudy, production variability Directorate of Economics and Statistics ofis measured in two time periods, ole preced the Ministry of Agriculture and Irrigation.

Jng thel introduction of the improved seed/ 
 Tile basic data comprise tiie-series inforfertilizer technologies in the mid- 1960s and mation on annual production and the area 
one following its adoption, Tle first period sown by crop in each state. 5 In this analysis ,
is defined here as the II ear period 1954/55 yiulds are estimated for each crop state

1964/65 tle second peiod is the II -year and year by dividingthe relevantproduction

period 1967/68-1977/78, Omission of the figure by the area sown, For each crop only
two drought years, i965/66 and 1966/67, is the states producing 1 percent or more of
 ---drageae Caatitrophe roduiion in the secondsufficiently rare and severe (as shown in . period are retained separately for the analysisFigure 1)that they can be considered as' '(see Table I). All other states are aggregated .separate phenomena from tle more usual into a residual group of states for that crop
year-to-year fluctuations ii cereal produc- The area and yield data foreach crop
tion, Such a distinction is particularly useful and state are detrended Using linear relations
 
in developing policy (see Chapter 7), of the form
 
S"
oThe data used in this report were compiled
' N1 hra from various pulished and un- Z = a + bt + et (1)


published sources in India, particularly the
 

Table I - Distribution by state and crop ofaverage cereal production, 1967/68-1977/78 

Small TotalState Rice Wheat Baira Barley Jowar Maize Ragi Millets. Cereals 

(1.000 metric tons) 
Andhra Pradesh 5,032.7 ... . ,.. .... 1,237,2 352,5 282.1 2(6.6 7,170.5

Assain 2,065.7 . . . . .
 . . .. . . . ...... . . 2,065,7

Bihar 4,695.9 1,897.I . .. 140.3 .
 858.8 : 92.6 1 7,685,2
Gujarat 444.3 844.8 1,181.7 .. "... 279.8 41.8 A'9.0 2,891,7
il-tlyana 505.4 2,730.8 504.3 159,2 4537 . .. . 4,53,2
Karnmataka 2,003.0 .. . .... 1,680.7 308.5 851.3 14.i 4,983.7

Kerala 1.294,8 . .. 
 .. . .. .. ... .. , 1,294.8
Madhya Pradesh 3,362.5 2.457.2 167.0 1.530Ai 558.6 375.1 8,452.5
Maharashitra 1,596.0 611.9 , 145.4 169.2""22.7 93.0 6,23i
Orissa '4,032.4 ... ... ... . . . . 148.5 /7.5 4,258.7

Punjah 1.046.1 5,243.3 .. 98.4 
 ,,, 801.1 ,.. . ... 7,188.6 
R'laslhan .-. 1,813.9 682.6 ...• 1,228.9 653.9 ... .... 4,379.4
 
Tanill Nadu 4,853.1 ... ... 
 ... ... .. .. 350,5 314.8 5,518,2

Uttar Pradesh 3,772,8 7,339.9 673.3 1,333,9 1144,5 298.4
1.. 200.5 ;4,762.6 
West Bengal 6,254,1 704.5 .. . ...... ... ... 6.958.5
 
Other states 1.601.2 886.5 1,309.5 138,5 1,885.0 706.8 38.4 246.0 6,812.5
 
Ailindll a 42,562.6 24,530.0 5,520.4 2.719.9 9,478.3 6,118.3 2,174.8 1,910.6 95.014.9 
Share of crc 1 illn 

allIndia coreal
 
production,
 

* (percent) 44.8 25.8 5.8 2.9 IO0 6,A 2.3 2,0 100.0 

Source. Calculated [romn daita pro%irln to) Shiakuntia Mlha hy he( tUlrectorate of 1'carinkliis and stisItics ot [it!Indi Ministy of Agricuulto.d i Coid Irrigation. 

ehdal are availale from the author on reiti.9st 
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where Z denotes ti dePendernt variabl: 

(area or Yield). t is timhe, and e, is a raiultl 
residual with zero mean and variance T2. 

Sepa'dte regressions are ruil for each of the 
two titwoie periods to ensure that i te O For 

each neriod. lehrl used log-lineal equa-
tions, Wt hln,,,ir relitiols are used here 

lo I ut 0ll a deterlinisticbecause they (o 

Part, to any rel,ition between the varilnce of 
,ind time t. The \ ,lriInc( of Z in eItlat i0 

(I) is si10p)ly 0 2 , ,lild ly estimhating separaite 

e(lt1,ltions for the two periods, the estitlated 

cdn take on any r(lation to eachvariances 
an1id effi cielnt estimat1les

other. Also, 1tnhbiaised 

Is well as the covari-

inces hetw(een /s for (liflerelt crops or 

rom the varianlce-

of' the varialCes of /. 

states, are easilyi Oallttl 


covariance e
tnatri\ of the resildals eT. Specif-
ic,111V (Cov(z'' / ' ' ) \ (v (' . 

,\l'tor d(,et ding, Il, resiu,!s are cell

thel In ,lldire(s or'i(ds lfor elchter (oil 

perisd, Z, reslting in (letrenell time-series 
(lla ol the form 

7 TCe Z( 2) 

(1.1t, of) detrended produhcthion
Timte-series irethen (:,clcuhltel

nd state
for each crop 

re as a n I 
is tile pro(ltw t of the 	(etre 1)41 d( 

added for all states,yields, and these are 
group of stltes, tointc.'h(ling the residual 

e.tilm tes of, (4etr(l(letI, alll- Indiaol)tlill 

p)rohllo 1) . 

Changes in Cereal Production 

1l l I .1 
c er e l l pro dt icti( for

To tal by 29.4 million tons), 
increased o1 ,werage 

hetween the two periods, or 1)K,44.8 ierc(ent 

(see TaIle 2). .\l)()t one half of this increalse 

was (fe It( ,i r(,m,lrkahle incre,,s( in average 

wheat I)ro(i( tio)n (df 14.4 tillion tois and 

al)out one tl,irl 1o(,i 1().3-million-ton incr-ease 

in rice prodt(ti(n). litre ',rvi ako lge 

percentt)ge incre,,ss(', inl tIl( olt)llt of ajra 

,an3d ,li/e, 14' till, (Ithl1(tilie's inPvolvel were 

quite md( st . (nly s11,111 iillets e'x\i(rieIne(l 
,nl this by only,a(heclin)4 ill iverigI (lit)4Ut 

0.22 million tons. 

6 -"loll,;, t rs Io illili Ions Ih ilolgtiiiIol (his replorl 
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Table 2-Average production, area, and 

yield of cereal crops, 1954/55
1964/65 and 1967/68- 1977/78 

1954/55 1967/68. 

Crop 1964/65 1977/78 Change 

Average Productiol 

(t,000 Tin(tric tolls) ftercent) 

R(C 32,302 42.560 3i1.4 
\W'at 10 142 24.530 141A 

:6,t 5 '52( 50.9B1tlor., 
2.672 2,7241 t Al 

tl('t, 
4023 9.4718 1t.751.7Jowar 4.034 6.1 IllM aize 

RIgi 1.931 2.175 12.6 

S11,Tl1 inijlets 2,131 1.911 103 
95.015 44.11

lo6d cereals 65.596 


Average Area
 
(1.000 hec'tal's) (1)eruv(int) 

Rice 33.693 37.935 12 6
 

tt rheat 12,906 Ill809 45.7
 

tira 11.262 12.299 9 2
 

B,irley 3,191 2,630 17.6
 

,owm 17.782 17,025 4.3 
4,295 5,',30 35,7Maime 

Ragi 2.45 2,47 1.7
 
Small millets 12.3
5,075 4,815 5.1

1011.1t(Irotal 4ir'.,ils 911,655 Average Yield 

feh(1ret) (percent)(Illetric Tolls 

16.7Rice 0.96 1 12 
t.4.60.79 1,30 

032 0)45 40.6
WIle,! 
l)Balr. 


0 841 I1.03 22.6
 
p d ia.y
.lolar (.,49 0.),6 143
 

MNtliz 0.94 1 05 11.7
 

4agi 079 0 [Ii 1 1.4
 

S1i,1l llliflels 4.42 0 4 4.1
 

0 72 093 29.2Iotl ( ,reils 

(1,1i,1 l)roViT '(I To1 ShakMlaSoure C,1 ,1(1(d 1rtl 
( theI lirilonltv of Econloi rics .111(it A.gricult1r,Mchr,l h iiM1Tt s elt"Shltistics el tiOln 

ail it igIlrr leino 

The average area sown with total cereals 
between the twoincreased by 12.3 percent 

was also shifted awayperiods. Some land 
and s1all millets to

from barley, jowar, 

other cereal c:rops (Table 2).
 

areas sown cCOUillt forChanlges in the 
only the smaller Ipnt of the changes in 



production for most crops. Changes in average Table 3 also shows a variety of experiences
yields were of greater consequence. The in the way production risks have changed
 
average yield for total cereals increased by for both" individual crops and states. The

29.2 percent,'With'outstanding increases of . coefficient of variation of rice production,

646 percent for wheat and'40,6 percent for for example, decreased in Bihar, Haryana,

bajra (Table 2). The yield increases for. . Punjab, Uttar Pradesh, and West Bengal,

barley and jowar were more than'adequate but increased in all other states, as well as 
to ycompensateorthe ofthesefor-all[Ifdii in . .. st... -sT- -....-. }i",lossinarea ...... . . ot.e _ 

crops;: average production levels increased. ' Considering that: the relative risk in

Only small millets experienced a decline in '-production (as measured by the coefficient
 
average yields," of variation) increased substantially for all 

These average production increases were cereals except wheat and small millets atthe
accompanied by more than proportionate .national level, how much of this increase
increases in the standard deviation of pro- must be attributed to increased variability in 
duction for most cereals (Table 3). Total yields? Table 4 shows the changes in the

cereal production increased by44.8 percent 'coefficients of variation of yields for each

between the two periods, but the standard . cereal crop by state and for all India. For the
deviation of production increased by 110. 1 nation, the relative risk in yields increased
 
percent, so the consequent increase in the for all cereals except wheat and barley but
 
coefficient of variation was 45.2 percent. not by as much as the corresponding increase

Similar trends emerged foi all cereal •crops in the relative risk of production (Table 3).
except wheat and small millets, Average Whereas the coefficient of variation of total
wheat production increased by 141.9 percent, cereal production increased by 45.2 percent

and because this was matched by an almost for all"India (Table 3), the coefficient of

identical increase in the standard deviation . variation of yields increased by only 20.4
 
of production, the coefficient of variation percent(Table4). There are similar relation
increased by only2. 1percent, 
 ships for rice, bajra, jowar, maize, and ragi

Table 3 also shows the enormous vari- Relative yield risks increased faster than 
ability in production risks between crops y production risks for small millets, but actuallyand states. The coefficient of variation of for wheat and barley. It is 'also
total cereal production for all India was still noticeable in Tables 3 and 4 that the coeffi
quite modest in the second period, 5.9 cients of variation of yields and production
perceut. This was lower, often much lower, do not necessarily move in the same dfrec
than the comparable coefficients of variation tion. For example, the coefficient of variation 
for any crop or state disaggregate, except for .. of wheat yields fell in most states, but'the
rice production in Assam. Bajra production coefficient of variation of production in
was particularly risky for both individual 'cieased. Clearly, changes in relative yield
states and all India. Its national coefficient risks are important, but they are by no
of variation was 27.7 percent in the second 

':declined 

means the only variable explaining the 
period and was as high as 54.9 percent in changes in relative production risks.
Rajasthan. Of the individual states, cereal In order to analyze the problem more
production was most risky in Gujarat, Ma- completely, a formal decomposition pro
harashtra, and Rajasthan, which had co- cedure is now developed. This procedure
efficients of variation greater than 20 per- can be used to separate the components of 
cent in the second period. ,the changes in production variability 



Table 3-Coeflicients oi variation of production, by crop and state, 1954/55-1964/65 
small TOaland 1967/68-1977/78 

Maize Ragi Millets Cereals 
Rice Wheat Bajra Barley Jowar

State/period 

Pades , ,(percent)Andhil 
31917 1090 5.64 .72 

AFirsth per d960 11.87 17.47 865 
44 ... ... ... 14.72 17 .37 8.9 209.8 132.5 

,
second period Seodpr-d1.69.4 

A r2 ..... .4 

. . 0. ... ... .:... 4.49 
..First period 4.49 1. 5....
...
...
'second 'Period~ 5,05 

Change 12.5 
Bihar175 144112 

.,. Il2 . 75 144 
.. 18.20 .. 

First period 13.83 21.95 32.84 33.74 *. 8,77 
.. 13.28 . . 

Si-ond period 10.07 27.88 87.0 133.3 .,. . -21.1 
... -27.0 ... ,

Change -27.2 27.0 
12.61 21.3BGujarat . 28.79..

First period 21.49 15.8 I 27.78 
44.89 26.42 24.46 25.25

29.08 .37.84 18.23Second period 
76.1 15.3 4.7 56.0 109.5 14.4 62.9 

Change 
6.52 

First period 20.12 6.64 27.47 40.87 11.06
Haryana- . 1.19 ... 

44.55 , • 12.00
17.76 12.85 36.57 

ro 93.5 9.0 - ... 69.6Secondschange period -11.7 33.1 " 7.2 . . 

299
Kerala, 
." .. .. . "'.. . 6..0.299First period - 2.99 ... ... 

... 0...67.2
Second period 6,20 ... 

... . ..... ... ... 1.2 46
Change. .107.3 . ... ...

'•'-Karniataka 
irslrod 5.74 .. .. 13.74 13.18 10.13 I1.12 4-65 

rSecond period 12.5374 .. . . .. . .. 17,58 25.10 21.95 38.68 13.43 

. ... 27.8 90.4 16 7 247,.f 188.8 
cang e ro 1 28.3 . 

" "f358
Madhya pradesh . 13,92 35.83 8.66 
25.57 18.25 

First period 15.02 13.21 
21.86 ... 12 75 8.52

.if 17.1515.63 13.63 .1 15,65 
,Second . -644 . 1.6S periodperiod 4.1 3.2 --38.8 -6.0 57.0 

Change4 
Maharashtra 3.96' 19.59 7,82 

... 13.15 .I
5.40 10.99 8.05Fist period 19.54 16.43 25.3133.61

Second period 22,26 30.27 4545 
393.4 .- 16.1 223.7155.6 .

312.2 175.4 465.3 

Orissa 
Change 

18 124 81 
First period 8.98 ." .. ....... 13.94 815 12.41 

. . ... , 17.7 -34.7 39851.48Second period 12.69 ... .. 
..-

Change 

9 

Change 
IPunjab 

First period 
Second period 
Change 

Rajasthan 
First period 
Second period 
Change~Tamil 
First periodNau 
Secodperiod 

41.3 

20.35 
17.61 

-13.5 

... 

3.66 
1.60 

... 

7.65 . 

7.95 
3.9 

1-4.60 
10.98 

--24.8Ndu 
. 
... 

., 

. 

... 
.. 

17.45 
54.94 

214.8 

.. 

21.54 
51.76 

140.3 

12.21 
22.21 
81.9 

. 

. 

.... 
,., 
... 

... 

. 

2 
21.88 
10,26 

-53.1 
1920 
15.56 
27,12
74.4 

.. 

.6... 
... 
... 

... 

. .. 

6.74 
15.39 

... 
, . , 

... 

.... 

10.19 
21.42 

865
603 

3. 3 
-30.3 

21.20 
21.86

137 6 

3.16 
14.10 

Second period 15. 10 . .. . . ... .. . 128.3 110.2 345.8 

Uttajr Pradesh 
First period r 
second period 
Change 

9.06 
8.89 

-1.9 

13.89 
9.87 

-28.9 

19.79 
19.23 

-2.8 

12.78 
9.89 

-22.6 ... 

19.25 
21,14 

9.8 

6,79 
21.22 

212.5 

1.818.18 
17.91 
-1.5 

767.60 
7,52 

-l.1 

. West Bengal .... 
First period . 8,57 
Second period 7,93 
Change -75 

All India 
First period- 5.25 
Second period . ' 7,16 

36.4 

24.14 
31.98 
32.5 

.8,45 
8.63 
2.1 

. 

. 

8.53 
27.74 

225.2 
. 

. 
, 
. 

.. 

11.16 
13,60 
21.9 

.8.. 
. . 

... 

9.91 
14.1 I 
42.4 

. " . 

... 
. ... 

4,32 
11.59 

168.3 

... 
... 

. . 

4.12 
12.07 

193.0 

. 

, ., 
. 
... 

9.269.28 
9.33 
0.5 

. 

-

8054 
4, .90
4 .2 

4.03 
5,85 

45.2 

Source: Calculated from data provided to Shakuntla Mehra by theDiectorate of Economics and Statistics of the 

Indian Ministry of Agriculture and Irrigation1. 
1967/68 to 1977/78,

Thle first period is frorn 1954/55 to 1964/65; the secConjd period1 is from 
Note. 
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Table 4-Coefficients of variation of yield, by crop and state, 1954/55. 1964/65 and 
1967/68-1977/78Sml 	 Tol 

State/Period Rice Wheat Baira Barley Jowar Maize Ragi Millets Cereals 
Andhra Pradesh (percent)

First period 4,30 .. .. &..821 18.68 12.50 302 .3.53Second period 6.59 .:, .. .. 13.67 16.57 17.359.35 6.12Change 50.5 ... .. . 66.5 -11.3 -25.2 474.5 " 734 

First period 52 ;, ... . .. ... ...
Second period 	

... ... .2*428 . . , ... . 4.... 4.28Change - 1,7 . .. r " , 

... 

.. ,. " ..." -17.7 
ilhr 

First period 12.54 21.01 14.82 12.94 8.70 .Second period 9.04 17.73 " " . 7.75 31.06 	 9.35
23.88 r 7.35Change --27.9 -156 -..47.8 ... 140.0 174.5 . .. -21.4 

Gujarat
First period 18.94 13.99 24.27 ... ... 26.65 10.14 14.70. 13.80Second period 34.07 8.52 23.76 ... ... 43.30 24.10 21.43 19.90
Chlnge 79.9 -39.0 -2.1 ... 62.5 137.7 45.8 44,2,Miryana
First period 22.33 14,76 23.30 36.90 11.32•• •; . ... 5.84Second period 13.73 10.07 36.01 28,65 ... 9.93 ... 1.0.53Change --38 -31.8 54.5 -22.4 -12.3 ... ... 80.3 

Keralai 
First period 2.8 

... 2.85Second period 3.74 ... ••• 	 3.74, 	 , . ,
Change 33.5 . . .	 31.2 

Karnataka 
First period 5.87 .. 5.09 20.31 10.07 8.83 4.70Second period 9.84 . . . 12,82 20.78 18.06 33.98 8.95Change 67.6 . .. -15.0 2.3 79.3 284.8 90.43
 

Madhya Pradesh

First period 14.97 10.75 ... 17.88 16.87 14.18 18.36Second period 15.63 8.00 , 11.63 14.12 22,17 . 

8.88 
Change _ 4.4 -25.6 -35.0 - 163 56.3 

1 ,97 823 
-348 -74
 

tMaharashtra 

First period . 12.23 11.59 8.13 , 

. 

. 11.89 ;'p. , 
, 

3.67 22.52 7.30
Second period 20.02 23.05 31.14 
 29.72 M 15.92 21.921923
Change 63,6 98.9 283.0 150.0 ... 423.9 . -29.3 200,3

Orissa 
First period 9.35 . . .• .. 18.38 3.43 9.07Second period 12.30 . 12.72 6.99 11.84Change 31.6 . ., 	 .." 	 -30.8 103.8., - 30.7 

Punjab
First period 20.45 8.20 ,.. 17.89 ... 23.33 . . 9.07Second period 9.39 4.36 ... 9.88 9.63 4,52
ClI.inge . -54.1 -46.8 -44,8 -58.7 ... -502


Rajastlian , 4
 
First peri od . . 792 17.42 5.81 12.30 ...
* Second period .. .	 

782 
,7.73 48.70 10.79 30.74 ... 1951Change . .- 2.4 179.6 85.7 . . 1499 . 1149.4 

Tamil Nadu
First period 2.51 ... , . 5.32 2.76 2.08Second period 9.60 	 . - . . 9... 9.72. 975 15.62
Change 282 5 ... .. , . . 83,3 465.9 367.3Uttar Pradesh . .
First period 8.96 . 13.27 18.08 11.18 19.06 707 16.19 7.07Second period 7.47 8.76 16.65 7.61 ... 2C 20 10 ,'A 11.04 6.85Change -16.6 -34.0 -7.9 -31.9 "" " 4 %A. -31 8 -3. 1" 

.	 WestBengal 
F irst period 7.11 18.48 . . , .. . . . .. . 7.02Second period 7.38 17.73 . .. .. 	 . r ... .... . . 7.87
Change 3, f3;8 -4.1 . . .. . .... 12.1All India
First period 5.26 18.31 7.91 8.36 8.92 6.37 6.(3 3.704.04 5Second period 5.85 5.41 23.62 6.41 11.77 10,87 908 7.47 4.46Change 11.2 -35.0 198.6 -23.4 32.0 70.6 124.6 7.5 20.4 

Sortre Calculated fronm data provided to Shakuntla Mehra by the Directorate of Economics and Statistics of tie 
Indian Mlinistry of Agriculture and Irrigation,

Note: The first period is from 1954/55 to 1964/65: tle second period is from 1967/68 to 1977/78.. 
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3 
METHOD OF ANALYSIS 

Iel deole production. A., the area 
w hII( nii andsowIn. 1 '111. Mell,IIw I , 

statie. Q .\  

As shoi il.\riildi\ I. thew \mi., of 

)roll tio \).\(Q), i11 he \tn e l, ai 

V(Q) ,V' V\t\) ' Vi: I'\ 

I i.\ ,, f - R, 13)S2.. \ +\ 

(1 t I w ',tll d 


ils 1 fn1 1 st'idll l wrll. M\hich is 

M ehere .\ till \ i ll 1 ,1(1 , 

R is d 

',\t(,eit ,t~l~ e il tPis flllr(' i this
I ltl lionl(.\pnt,-,-,itoI thalt \ JQ ) I" I1(o1(!nk\ 

(it th Vll 1%als )f \ (ilsd'- ,tIrf1x1 mas 1.,
 

)t 11,(io(d ltfi' . 
1 11 r(', 'Ind1 \ Ill '111d (df 

the I()\,I Ililif l dild( \i

it,'d
het,\('t ,1111AI, 

l l tll, l lIt, (),w (d ) 
illo(Hllp l)r~l't'l % Ixllh , i(l t h1,1110( 


,,llt) il 

t lnii til 111ceisaffeted'. (es her~fl' 


bet >'0i iae 


tl a r '\l ('I. . 

sit(ll -
I,\i t esohjiculedt Ittll I I It the c\ 

515 is dti l hi itb,, i \(l2) ,ulliti mt 	 t 

l Ili i() p 111l(+ l1w Ill In d 
H Q,) 	 h om~q[.,.I) llt 111,1 t ]'I t'k.dw id I()!,l ( .
 

,lllll~~ ~ ' 1(\() 11 1 hrl~'111111111
lH((" \I i 1 

11w , lw, \ (( 
MC,~~~~i~k ilIl illiille11 

)<ll t-,h <!,, ItI[I),,, l ( ' 11 1h111 "' , 

X id)l s9 ) ( t 
(

1 ( 'Ill 11 \IlI( ,1)),M 11wi' I 

ptIl Ji'til~ ! 	 ~ ~ lht, 

IIIll w( il jwlt' f , ' 

I ,it(y V 

petriodI it'Ind iIll 'st l-lnd is 

I- (Q lll ll (6)l~l~y-Iii Col,(A,,, y11,' 

lach variahle il the second period can 
d

be expresse ,is its ConWtterpart in the first 

plus the change in the variable between the 

two. For e.\atnple, 

"\t \' AA, 

where AA Al A,. Equation (6) can 

therefore he rewritten (is 

(A, f A) Ay 
) 1 A +A 

tCo\( \j. ) tiov(A, y). (7) 

he ch, t i ivaerage1production, AI (Q), 

is then ) t.lin(m'd b. sulltracting equaticn(5) 
as sl o\t I dequation (7). T his relfwhlcht ,. 

tIl'(l)
 
l(.it' t '(li .fl'lilAinlit i 


lA is
 
t h ,eAt, t mel \ eA. a
.AA(thv(A,e 

whi1) e'h ' re ('.111 sh, mi ude l r"flll 

n~wihl)ol IilllaIl,'-)
 

ll-,l)l 	 her-,( ( sltl,lll v ill 
' i1 hitle' '11t 

Ie teri A .\ ,t i illli t,ic tiol ( fll('(t, 

i. hQ1 (-,( ,) l l(ge. 
,w( )\lk nIll' timl 11'l 11 w ill ( r)Il 
1,1~( (); h(' ll',~ \M r1 )ill rd 1(Il ical/lld 

,I. t 1 1 Illl ll.j wl th ( )!) 1 (, I 1l(ld m{Y he ()/ .'.o it 
. 

,ill ,l llt .l hIntlli 0 d )I d l !~ \ () l t,, ,lh w 

l ,'[,ltillI ( f)c1Ill( ill. thenl 

.\ .t. i l.()I'Ilil 
M i,.,ew('p dw4 01(11 

(.,Ill hoesi-ril Ili,!tAk-im 

,)r(',Inll\!,+(1' 
\i F

I igil 	 (< ?. , tp i! \ ifl+ p.,()I w : i ()i liItI 

lU pm '-il l lin )l/ 



JP4 

Table 5-Components of change in average production 

Source ofrhange Components of Change 
Description Symbols Method V Method 11 

Change in mean yield T 	 A A, %
Change in mean area 	 .A A.
 
interaction between changes

in mean area and mecan yield ~ y A~.-AA AY~
Change in area-yield covariance .ACov(A,) 

Note; Adenotes area sown and y,yield:
'Thu years 1954/55-1964/6s are used as abase .bThe years 1967/68-1977/78 are used as a base. 

initially A ,which is labelod as area A in 
Figure 2,The change in meai yield leads to 
an increase in mean production of AAV,
which is equivalent to area D.Similarly, the 
change in mean area leads to additional 
imean production of V,AA, or area Bin Figure
2. The interaction term arising from the 
simultaneous occurrence of AA and AV is 

area C, and the total change in E(Q) is then 

B + C + D. 


This method of analysis uses the first 

period as the base, but an alternative pro-

cedure can be developed, based on the 

second period, Returning to equation (5), 

each of the first-period variables can be 

expressed as their second-period values 


'less 	 the change between the two periods. For 
example, 

=.. -

A AiI AA,-


where A A is again defined asXA - All Equa
tion (5) can then be written as, 

1 

.(EOl)= (A,, - .A.)., A A ) ( . 

+ Cov(A,,y 1) - ACov(A,y), (9) 

Subtracting equation (9) from equation 
(6) to get AE(Q), this is now 

AE(Q)= AllA 11  AA~ 

- AV + ACov(A,y), (10) 

which can be arranged as shown under 
method 11in Table 5. 

, ACov(Ay) ACov(A,y) 

Whereas this method leads to the same 
estimate of the change in average production,' 
AE(Q), as in method 1,it is clearfrom Table 5/(
that the attribution to sources is quite 
different. The fourth term remains unchanged; 
the third term is equal but of opposite sign;
and the first and second terms contain 
second-period weights instead offirst-period 
weights. 

The differences in the decomposition
methods can be illustrated graphically with 
the aid of Figure 2. Whereas the pure mean
yield effect under method I equal towas 
area D, under method ii it becomes All AV, 
or area D+C. Area C is included because the 
pure mean-yield effect is now evaluated 

Figure 2-Geometric analysis of the com
ponents of change in mean pro
duction 

Mean Area A 

A ll" 

B Cc 

A D 

MeanY1 Yll Yield Y 
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area has also in-assuming that the mean 
creased to its second-period value, and 

both the pure effect and thetherefore 
interaction effect are lumped together. Sim-

ilarly, the pure mean-area effect increases 

from area B to area B +-C under method 11. 

Then, because C is now a part of both pure. 
emb ormini -areaandl"'n' fyeld-is -ry-AA,,in,,eas_ n~ eatoin
effects,-ftinteraction term between changes 

-C. This ensures that the total effects still 

add up to B i- C+ D. 
Both methods are mathematically correct, 

but since method II combines pure and 

interaction effects, it has less to recommend 
it for this analysis. 

Tie change in the variance of production. 
AV(Qj, can be decomposed in an analogous 
way. Taking the variance of production for a 

single crop in a Single State, then applying 

the results in. Appendix I (with i- j) to 
equation (3) leads to the decomposition in 

Table 6. These results also measure the 
changes using the first period as the base. 

,Table 6 identifies 10 sources of change 

in a production variance, Four of these-
inean yield, changes in meanchanges in 

area, interaction between changes in mean 
area and mean yield, and changes in area

sourcesyield covariance-parallel the of' 
change in average production in Table 5. 

But changes in the production variance also 

OCCur through changes in thc variances of 

areas and yields and from changes in inter

action terms between all these components. 
So far, the analysis has dealt with the 

and a :• .. 
vrance of production of a single crop in a__.opstdecomposition of change in the mean 

single state. As production aggregates for 

crops and states are of interest, the analysis 
is extended to total cereals for all India, 

that production aggregates ofrecognizing 
are specialsingle crops or states simply 

cases, 
Let subscripts i and j denote crops, and
 

let subscripts h and k denote states. Then
 

total cereal production for all India is
 

Q=X lA tl,,
 

and average production is: 

( 	1)E(Q) = 1 1 [AhIh'+ Cov(Ah, yhi,)' 

Table 6-Components of change in the variance of production 

Source of change 

Description 

mean yield
Change inC 

Chnge In mcd" area 

/"	Change in yield variance 

Change in area variance 

Interaction between changes 
in mean yield and mean area 

Change in area-yield covarlnce 

interaction between changes 
in mean area and yield variance 

Interaction between changes 
in m'ean yield and area variance 

Interactions between changes 
in mean area and yield and 

changes in area-yield 

Symbol 

Ay 2A1 .1 


AA 2 tAA 


1)2(A

MV(A) 
,Av(y) 

. AA 2,%y 

.Cov(y, A) 12A, 

AA, %V(y) [2A 

Components of Change 

Cov(yl. A) + 12t.W + (AV 1\(AA1 

Cov(y t, A1) I-12A, A, + (AA) 2 V(yd 

,V(y) 

N)2V(A) 

AXCov(y. A,) 

-2 Cov(y, A1)] aCov~y,A) - laCov(v, Al 

aA + (A)')l ,V(y) 

12 AYI (V) l AV(A)A ,AV(A) 

+ 2A, A; f 2-NA ,yjACov(y,A)IV 1A, ACov(y.A) [2iAA
covariance 

of 	 the otner components1,R AV(A y) - sn 
Change in residual 

area sown, y, yield, and V,variance.Note: A denotes 
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Te ulilf.ge ill ll1(dIll p~ld cll , .~l (li). (',Ill 
he( decomposled by5Q resi ills illlppijjiillg the 

T'Illo ( IIll of the trIll il (lliilli 1f 

the ;Illllllllilg ovrea 
lliel siii ofI i 111 ii111c IllO il( e of 

V IQ:its 1O(rll~ (A]l N , \le(2-Vlll o\'\el 'l 

11114Ow" Ill be P'li e \to),1 111

1 . Co\(Ah\ Yl 'Xk V~ 
k k 

C%(Oh, w1 li! 1% "\k k ) (13) 

Ili orils, 

I11111 (of ildivid~lid ciopjd 
V() .raiulcis itlii sltes 

finK ()Il i 

r-suI of iInterstdite 
f cva ldiances for cd cli 

Fsui[co i ''llle1 

f111" toldlem f1ro'Indol 
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Vdrillce (I illlll Illl (Illrfs e~ l stal 

o2 
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production(lor e10111( otilts. ol ovri 

Whll fpilod lIllll of I jiigle irofi is
 
dgg'I~f~lflisl for ill-d~icis, thli o tei
011', s ill 
the first in~d tliio No( sot cqumiioil 13) ire 
relev'illl. 1 illlil~lrl', 1ggr1g,1il1 (,! tilip" 

Iwithlili I Sin~glite lids n) lemlis ill iiill 
Ih Ins md W51md1 Ksoiii(111 iml(I3).5(.11111( 

Ilic ( i1111i ill thei( irjmlli of pdllci
111111.V(i2, is (lecilliflisil hi' ifppl\ ing thle 

to) iiili lit Ii I Oiliii cWIllls ill eii~lli 

Ilie 1(:,Il hi Plroio d as ill clii n11(13). 
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4 

SOURCES OF INSTABILITY FOR ALL INDIA
 

Components of Change in 
Production Variability 

Table 7 presents a summary of tile 
ill anc'dfidl/teOfcomponeits of chalInge til 
cvel (cropisfor allpro,.luction of iidividlli, 

Indil. 
of Nields ac-(Chan1ges ill tile \ariance 

or large sh'es of tile chnges in tilecount 
ill crops c\+eptvariam v of pro(Ilction for 

whleait awl barh,,. l', account for 37 

in the varilnwe o
iwrent of thelinlrse 
total cereal lprodli(tioin. for4) 1)(r(t'n iof the 

toll.increase in the arialu'e oi ,it e p(r)(duC 
the chalges illand for even larger shares oIf 


th( varianc of b)ira, i \a, ioim/', ragi. and 


small millet pmo(Itd lit l. 

'lht small shtre of(,the incre'se ill the 


vri,ance of %heaIt prtoduction iccounted lot 


ib' (:anges in Nitld variability (about I 


percent) is consistent w"ith aislriall iil( (',Se 


of 7 pe('ent ill the stanll(drd de\iatill of 


wheaIt yields (TabIle 8). .. \ slight (decline of 6 


percent in the standrd devi,ltion of barley 


Nields (Iable 8) also explains the mieg,!tive 


effect of (lmiges in yield vuriabilit on the 


variance of barleN production. The negalive 


entr for small tollets is really a positive 


effect bcluse Ihe lariace of stull millet 

19elrcent
production aituilly declined b 

between the two periods. 
Changes in ltean ,'iIlds a(counl for onily 

sharts of tile chnges in ilte variiiiesll 

of production for most ( rolls; they a((oull 


for onl' aboul I Ier(ent ()ith illcrease In1 

the varialnce of toi,il iereil iroltl ction • 

nin area are generiliN' ioreChanges in 
importailt. I by wco'('lillt fir eilN'9 tper(cen 

of the iicrease ill tIh Vaidllle of t.al o'eria 
percienl of the increaiseprod(tion ail or 1l 


in the v<irian eof Mw
beat production. Chlmiges 

rea hlliad little el fecti tIhe stabilityin inallel 
ated to reduce

of ri( e production, )ti llh t 

II 

tile variability of bajra, barley, jowar, and 

snliall millet production. 
Changes in tile variances of areas sown 

hald destulililing effects on all crops except 

mlaize ald snall inillets They Iccollnt for 

about 6 percent of' the increase in the 
total cerealv.ariace of rice, wheat. and 

bt for three quarters of tileprouduction, 
increase in thevarianlieof 

l ),rley production 

and about half ti reduction in tl variance 

of sma11ll millet nro(luction.
 
Changes in the covarinces between
 

Ireas awtl yields accoUnt for i stirl)risingly
 

large plart of the chlnges ill le variances of'
 

iroductionl for all crops. In fact, they are the 

secold largest collpollent of the change in 

the variance of production for all crops 

except wiheat, barley,. ald naize. Ior several 
impt)ortant as(crolstlhey ,ire ill leastl half as 

tile effect of chlanges ill the variance of 

y ields. Changes inl the area-yield covariance 

'ct-count for about 31 p)er(ent of the increase 

ill he varilamiceofltitllCereal production. 32 

percent of Ill(, increase inl til, variance of 

and three quarters of therice lirotluction, 

reduction in the variance of small millet
 

w's 10production. The covariance ilfect 

the yield variance effectties larger thaln 
for heat. but it had a tibili;'.ing effect on 

barley production. 
Siiice ov(..\.v) p I) V(1')%(where 

p is the corrclation coefficient bet1e)n area 
altu ield. then ('haiges ill Ite covariance 

cIn arise through ihantges inp. V(A) or V(,). 

It lact, 

' )f')1o I\ r (TI T' 1 -10: AACito\'(A, y) 

AP IP,, ri (t' AGT\ 

o\ . AuAT\I , (14) 

(Tr delnote the standard devia-Where or awld .7 
yield. reslectivel'sown awldtions of real 

, A(T)lux CX ,) PI -)At))IW II AffII(T\I 

22d then subtnrcling Co%(A, N, ) 
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Table 7 -Components of change in the variance of production of individual cereals, all India. 1954/55-1964/65 - 1967/68
1977/78 
Source of Chan ge 

Description Symbols Rice Wheat Baira Barley Jowar Maize SRagi Millets Cereals 

(percenthangeIII Ine'li ,iltli --069 5 20 0.8t 1508 2.71 0 55 1,24 2,16igin niv.,aret 1 431.68AA I5.75 -0.15 -46.59 3.81 3.92 2 34tflltitg III ,, ld V'h 17,78 8,75,riance .V{' 40.05 1.12 57.98 - 7.88 56.79 48 17nt 58.66 -179,94 37.20rdn%arince a.V(A) 5.20 686 3.09 76.50 5.28 -7.08 20.44 45.26 5.97 
Ilerrion he~ttell 

Qhat' Ill M nll yIelds,iad Ilirl ,lt'dS 
 1.23 -1.65 -0.15 -0.73(ltah 1,geIn 

. A 
-0.19 -0.19 0.13 0.41 0.22.rla-l ild0.
Iti. l." %Cov(A.y) 31.89 11.98 18.52 -8.27 36.12 19.13 24.32 75.57 31.04 

Illi ltraI, II!lw I 'll
 

,It~ .lel .arlillce 
 . A,(,; 18.08 10.95 8.99 8.55 6.13 28.47 -9.14 73.43 7.34]n!c'md Tloll h 'ttcl) 


-htlkt5 Inlllo N,eld
Ill 
.111d .l,'itarlll'ce . V(A) 2.19 14.29 2.27 52.22 3.87 0.60 5.34 6.83 2.92

lI1Ilr ,1ct ll',l wII, ll 
thlIIgts I llot1llarea d ld
',Ilvid
,lIldd' lliges it),t'lt colritnce A5¢.AA.ACov('A) 13.17 31.63 8.43 2.22 8.02 7.56 0.67hIahne II residtual -1.49 12.30AR -12.79 3.88 0.21 8.91 -14.91 -1.14 -3.99 59.99 -7.16 

ll H:tr vIhg riar oflplroduntotn all Indiai 224.00 510.00 2,30700 51.00 139.00 1.560.00 98800 -19.00 342.00 

Soulre tit iulitf.dtraoll ltt proilded to Shlkuntla Mehra 1, the Directorate of Economics and Statistics of theNote A denote., tret tlet. 
Indian %linislr, of .. griculture and Irrigation.%. W, dlat V. Variance. 

C. 
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Table 9-Area. yield correlations, by crop and state, 1954/55-1964/65 and 1967/68
,.1977/78 

State/Period Rice Wheat Small TotalBalra Barley Jowar Maize Ragi Millets Cereals 

(percent) 

Andhra PradeshFirst period 
Second period 

-0.316 
0.043 

.. , 

... . .. 
., 0...0.328 

-0.131 
0.035 
0.016 

-0,502 
-0.329 

-0.145 
-0.277 

-0.166 
0,528 

Assarn 
First period 
Second period 

-0.654 
-0.193 

-'-....:•. 

... . . 

.3. 
. 

.6 
. 

.

. ... 

0.654 
-0.193 

Bihar.
First period
Second period 

0,538 
-0.036 

0.373 
0.005 

¢ . 

.... 
0.099 
0.571 

-
-, 

0.614 
0.814 

0,061 
0.737 

... 
.. 

0.877 
0.420 

Gujarat
I lrstperiod
Second period 

0.295 
0.851 

-0.448 
-0.318 

0.776 
0.472 

... 
, 

.. 

. . 
0.657 
0.089 

-0.224 
059 

0.545 
0.282 

0.528 
0.779 

Haryana . .
First period 
&cond period 

-0.437 
0.749 

-0.918 
0.373 

0.744 
0.250 

0.146 
-0.131 

... 
, . 

-0.158 
0.388 

.... 
. 

.... 
.., 

-0,472 
0.223 

KeralaFirst period " -0.201 
Second period 0,547 

' •.. 
... 

... 

... . 
.... . 
... 

.. 
.. 

" 
. 

. . ... ... 
... . 

-0.201 
0.547 

Karnataka .
First period -0242 .... ... -0441 -0.824 -0.093 -0229 -0268 
Second period 0.279 , .. ... 0.171 0.017 0.159 . 0.125 0.413 

Madhya Pradesh
First period 0.053 0,086 .,, 0,504 0.011 ...-0,3 17 0.044 :;,0.248Second period -0.003 0.246 ... 0.229 0.354 -0,230 ... 0.249 0,035 

Maharashtra
First period -0,941 -0.310 -0,233 ... 0,304 - 0.081 -0.563 0.115Second period 0.717 0.531 0.168 ... 0.797 0.191 -0.166 0.713

Orissa 
pr
FirsI period -0.295 ... ... ... ... ... -0.830 -0.187 -0.249Second period 0,040 .. . ... .. .. . - 0.215 0.030 0.136 

Pun jab
First period -0,080 -0.387 ... 0.317 -0535 .. .. -0.357Second period 0.661 0.538 ... -0.089 -0.383 0.464 

Rajasthan
First period ... 0.352 -0177 0.782 ... 0.889 ... 0,137Second period . 0.084 0.294 -0.106 .. -0824 ' " 0.097 

Tamil NaduFrst period 0.055 . ... .. ., 0.245 0.611 -0619Second period 0.873 .. . ... 0.579 0.496 0,829 
Uttar Pradesh

First period -0.017 0.155 0.458 0.269 , 0.010 -0.466 . 0.242 0.402Second period 0.2870.506 0.509 0,369 ... 0.4020.117 0.749 0.422 
West Bengal

First period 0,725 -0.563 ... .. ... . .. ... ... 0,760Second period 0.204 0,650 ... ... ... ... 0.405 
All India

First period -0.072 -0.188 0.037 0.359 0.245 -0.739 -0.300 -0.214 0.358Second period 0.804 0.547 0.593 0.246 0.584 0.215 0.251 0.422 0.652 

Source:. Calculated from data provided to Shakuntla Mehra by the Directorate of Economics and Statistics of the
Indian Ministry of Agriculture and Irrigation.

Note: The first period is from 1954/55 to 1964/65; the second period is from 1967/68 to 1977/78. 
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mean production of individual crops, all India, 1954/55-1964/65 - 1967/68-1977/78
Table 10-Components of change in 

Small Total 

Description 

Source of Change 

SNmbols Rice Wheat Bajra Barley Joar Maize Ragi Millets Cereals 

(per. -III) 

1h,(giiIn 

jiij0 IIn 

tirI 

nam 

1..lds 

rtI ..XA 

47.92 

4465 

38.05 

36.62 

7656 

1976 

.203 89 

877.73 

153.05 

351 

1336 

69'.50 

95.87 

5,71 

1i) 26 

93.32 

47 69 

36 59 

m Cr. (ACoA.N,) 2.23 0.53 1.21 22.92 6.62 2.06 3.58 4.I 1.42 

Ini.rtint l1wb';t'tln chan/ges 

InIII(. .I 5.20 24.80 2.47 -203.23 -23.95 15.06 6.26 -3.40 14.30 

['llh allgc II l il I 

rodti,tiol 31.8 141.9 50.9 1.8 8.7 51.7 12.6 10.3 44.8 

l oii olitritlIioll of crop 
Io 11Ii,1gt I wna' pro
d . t1 it0!1 Vcrijs 34.8 411.9 6.3 0.2 2.6 7.1 0.8 0.8 100.00 

of .\gri( ultur- and Irrigation.
prouided to Shakutli %Iehri,1,h the Directorate o1 cionoucs and Statistics of the Indian Ministr 

Sokir, c. ( a1 ciilited rom daita each column. A denotes area and N.',ield 
Nilt ". III, ligurfs torthe colmponents of cha migi in tin'an prodluction add to 100 percent III 



-- -.-, . . 

variance of production of the important of area had remained unchanged, and if the
cereal crops. At the same time, increases in yield distributions had changed in such a
 mean yields contributed significantly to way that the area-yield covariances did not
increases.;in average. )rodiuction. As the. change either,8 then the coefficient of varia
improved seecl/fertilizer-based technologies tion .of total cereal production would have 
are associate[I with increases in both the increased by 28 percent, or by 62 percent of
 means ant variances of yield, it is pertinent 
 its actual rise, Under these assumptions,
to ask what effect the combined changes changes in yield are seen to have had a net

have had on the relative instabilityof cereal destabilizing effect on production of total

production, More specifically, have the o- cereals, rice, bajra, jow:ir, maize, ragi. and
 
Sservedshifts in yield distributions increased small millets,-but-tlh.y-w ' l a net stabilizin g.. 

'ftoieffect on prductin whieft 1tadbarley

cereal pro(uctiLn?I, .
(Tabe I. ...

Table I Ishows how changes in yields iThe assumption that the area-yieldl co
might have aff'ctcd the coefficients of. variances remained constant is a strong one,
variation of national production if the means requiring that changes in thearea-yieli

and variances of areas sown had rematined correlations exactly offset changes in the
unchanged from the first period. The coeffi- standard deviations of yield (see footnote 8),.

cient of variation of total cereal production Because it is difficult to estimate how these

increased by 45 percent between the two covariances would have changed if the

periods. However, if the means and variances variances of areas had remained constant,
 

Table I -Changes in coefficients of variation of cereal production under different
 
assumptions about changes in crop area, 1954/55-1964/65 - 1967/68.
 
1977/78
 

Change in Coefficient of Variation in Second Period Assuming:
coefficient of No changes in 
Variation )f Mean Area. Area No changes in

Production in All Area and Variance or Area. Mean Area or
Crop First Period Yield changes Yield Covariance Area Variance
 

(percent) 

Rice 	 5,25 . 36.4 1A9. 44.0 
wheat 8.45 2.1 -25.3 -1.2 
iBair,i 
 8.53 225.2 1743 222,8 
Harley 11.16 21.9 -.15.7 -15.9 
Jowar 9,91 424 19.4 370. 
Maize 
 1.32 168.3 174.2 218.3 
Ragi 4.12 193.0 135.3 174.7 
Small millets 9.28 0.5 16.6 10,7 
Tohtal cereals 4.03 15.2 28. 1 543. 

Source: 	Calculated from dlla provided to Shako otta Mehra hy the Directorate of Economics and Statistics of the 
Indian Ministry of Agricultre and Irrigation,

Note: 1he first period is from 195,1/55 to 1964/65: the second period is from 1967/68 to 1977/78. 

tUsing equatlion (14) 'Ind setting Ar 0,Othen 

Given AoT 0 twn 

ACov(A 	 y) " (1 itrp p, Au/((T f- q 
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5 
THE IMPORTANCE OF COVARIANCES BETWEEN
 
CROPS AND BETWEEN STATES
 

II 	 11l i i tq't (' , I I it'r i i iT't IIi, ISlS l (rotIhI(,ltmilgesintllk o' du-(f 	 ,l lrodu(
' , 1Iv( hli )glu iti h h 'tlli 11 t.o1' I t il liritiitttri, ii s T iii it12 ],res( s 1(11 0rVl m Tl(i)I ]h ( t mhlLg(y il l fl i ' [ 1("l l 'O1ld dht' ,ih ,llhldi r I ]He O11 (l ()IL() (l ltlu ll 

'Taibtl (( )isa gl itr 1 I, t(()ol( Io e,(l of ill Ii, . rinm(c (tf tvril cri f oa
frSt ,liiiui ' .( Imt (1,1hlllcl( , ( ]iw . (111( Ii(1 tli _llgm
Ili l e ,drsilg i_ ll ( lcim_ ill 

j il tl,lit ill ittli "-, 1 li)(ftl i tiwitt>tssc ,t,t'\p(II tifl (11 ( ]Ill(h,12,g ill11(
 
ftitl ( orIt( hlti i ( litll]iitl . i
lit 

, 
Im eloli % l'iIi(P ()I 'll ( w , ]i- d mli ii 1 (1 ill 

' i ll 	 ll:I, ) 'To) I3 ). th ,, % , , (h()I m I'll ( crc'ifl ) tI);ltt i IT), :i i11dlil Itlic \,Oiim ivc (()Itmt forn (O h ciop) ill
 
do-pl d" )ITImt)(Iti( I ; Ou"'Mt,,+)+.\,, l t w( tI'[ll i" Ill- "1111 ()f flit, ( ]lllig('; ITT
 
1 t,0 ) llid lw( t , ,'('It I '+),:'ll v,(.1] ,1.-,()I1 ( 1(7I ) 1) ( Im tito ll \ ,I1i'llhk (- , 

\'M lll ',t t( . I hl(,S(,
 
lt )(I 	 I t mll I it it' l liidt),l ,tm s ,(*( lim i Ior n-m irkl , smtill,,l(+,Ill it, pw% h,110-1'ill(e ( h,1ll(" 	 sli rcsil"' 	 1 )l lw(ilm(r'Ise,ill The'\ il i,tlli ( 1(, 1 )lhl ( ,.re(lI 

ill The	1)11 m 1 l',. ( ( ,", t 1 I (.i2 )(3 t! ll -- (111l002 (10 [ 11(1 I (1r)ice
 

mei iltlit))
ttt~ I IT lit( (d I1 c uit W ttt2I AH t t trwill Iit il lic a 

Table 12-	 Disaiggreption of' tile components of*change in the vanriaince of' total
 
cereal pro(huction. 1954/55-1964/6S -- 1967/68-1977/78
 

Soul e('Of h .. . ... . .. . .. ra 	 V I'.. id._.. 	 . l will 

Dvs( rip~titn 	 ' l)) RiteI 1,A'hiv,Ifll p. Ba hi calo"'1 %I,] I+v,+ R,Igi M1illIets 

I1 ii 	 t11il l I \ iil] U Ai) 02. 0 0 	 (11) 1) 0(
10(1 1 ) 0111)( h1,111gi:1 , ,v (A) ) 0%-)52!IT,, 1.t,111, A\ 1)-1 0) )( () 27 0 13 O0 3 0 03
 
]III II-TdO l ) ' .( 'I silll
 

ti,,l1,l1 l'l,',ITI ,IT,.I ,\. AA," 0.20) ().0)I 0 0 0 (0 00, i')() 001 0 1 00 0( 0 

itt+l )liIi' 	 ITTIiill 11-1 .t 0.5, 0 -)S 03 	 0 002, 009 01it1 00 000I A),,)ttu('m'' 2.5:3(A,y 0I.43 0.12 0.03 1.24 01.11T 003 0.(0 

i iii'(' Ill. iii.) .- \\ 0.26{) (1.0 0.)')' 11.1)0 0.43) (112 (.11! 0.100 

Itll \ w,'I+ ",,tTili,,I- .. A..AV('+ 2.911 0.20 0.31 0.02 -0.02 01.09 0.00 0.02 

[ 'l''( l' 	 i tlm i 
<IIt~" tt)lh1.111w iti," t!mll+1 iiI.- .1) 43 .91 1.121111],IJl*,I d.,t l 1,' 	 4 2 itIS 1.1 I)Ax..VIA) 0.51 0.8:3 0.23 0.02 0,09 -0.(0}1 0.01 0.00 

Jhit,'1,1( 11'111"ll))Iil 

il) , I), I lm Id ,Iti llipd 

ill .,, 	 " w', Vl~T,,tiu<' 1,14 0.84 0.03 0.00 0.(02 0. 10 0.00 0.00, v(A,t,) 
I h~D l , hUd+R 0.26 0.01 0.04 0.0O 0.43 0.02 0.Ol 0.01 

( 1h,1 t1 v ITT'+ t 1l,lf()1 11 o 

])+),ill 	 litIf timll iidi~l 5,20) 4.3,4 2.90 0,02 4 12 0)Or, 0V, ) OOl 
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: Table 12-Continued 

intercrop interstate :covariances 
BetweenCovariances Covarlances 

Total Within Within Crops and All 
, Source of Change 

Crops States India 
- Symbols Variances ,States. 

(percent).:- , 	 .. 

0.27 0,340.60 0.22
Change in mean yield 	

1.-1.76 5,16 8.754.50 0.86change in mean area 37.2014.17 11.525.85 5.66
Change In yield variance AVIv) 

2.77 5.970.15 1.82 
change in area variance AV(A) 1.23 

Interaction between
 
changes in mean a-ea .2


Ay' AA 0.17 -00-.10.9yield and mean area 

Change In area-yield coAy 453.496l31. 31.04
 

covariance " ,y) 4.50 0 9.68 1301
 

Interaction between
 
changes in mean area0,2 	 1.4091 73

06 -. 1 
and yield variance AA, AV(y) -2.41 	 00 73 

Interaction between
 
changes In mean yield
 -0.28 2.92-0.15 1.67and area variance Ay' AV(A) 1.68 

interaction between
 
changes in mean area
 
and yield and changes Ay, AA, 1.19 12.30
1.30 7.69 
in area-yield covariance Cov(A,y) " 2.12 


-283 -2.52 -7.16
-0.65 -1.15
change In residual AR 

Total contribution to
 
change In variance of 100.00
41.21 30.4717.57 10.75production in all India 

Source: 	calculated from data provided to Shakuntla Mehra by the Directorate Of Economlics and Statistics Of the
 
Indian Ministry of Agricuiture and irrigation.
 
A denotes area, Y.Yield, and V. variance.
Note: 


These figures are the sums of the variances within states for each crop.
 

in the variance of total cereal production. In 
for example. The share is even smaller for 
other crops. When added together, the fact, 31 percent(5,66+ 14.17 + 11.52) of the
 

in the Variance of total cereal
 
changes in all the crop production variances 	 increase 

account for only 17.6 percent of the increase 	 production is attributable to changes in
 

intercrop and interstate yield covariances.
 
in thevariance of total cereal production. 

In contrast, the sum of the changes in yield
Ta ken together, changes in the various 

variances for individual crops and states 
production covariances between crops and 


states account for a whopping82 percent of accounts for only 5,85 percent of the change
 

in the variance of total cereal production.
the increase in the variance of total cereal 

If the improved seed/fertilizer-based
production. Half of this is due to changes in 

interstate production covariances within technologies did contribute to increased
 

crops, 13 percent to changes in inturcrop yield variability, then their impact on the
 

production covariances within states, and 	 instability of total cereal production occurred 
largely through increases in intercrop and 

37 percent to changes in covariances be-
interstate yield covarianccs. But increases 

tween the production of different crops in 
.	 in yield variances alone are unlikely to 

.different states. 
for the large increases in these 

Within these groups.of production co- account 
terms; changes in intercrop and yield covariances. Changes in intercropand

variance 
interstate yield correlations may also have 

interstate yield covariances account for the 

largest share Of their contribution to increases been important .
 

,---------
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Using an expansion similar to equation
(14) the change in each of the intercrop and 
interstate yield covariances can be expressed 

Acov(' , y) = [P,(v A , +,,OYAy ,, 
Jiy1 1::.!.' .... Yjri .. : 

yield correlations might be changes in rain
fall patterns or the more widespread use of 
fertilizers and irrigation on cereal crops that 
occurred during the second period. Irrigation 
may reduce yield risks.for farmers, but by 
reducing the role of rainfall in determining_________ 

t 	 1 :"-reduction in offsetting patterns of 	yield
+ [ 	P(oyj A0o'+ a'i AnrY 

' .. 
+. o(15) 

Where i and j subscripts denote different 
crops grown in the same or in different 
states, and p is the correlation coefficient 
between the yields of crops i and j. 

Theexpressionontheright-handsideof 
equation (15) is arranged in three groups
(delineated by brackets). The first group 
consists of terms that originate from changes
in yield variances alone. Recalling that the 
total changes in intercrop and interstate 
yield covariances account for 31 percent of 
the 	increase in the variance of total cereal 
production (Table 12), then application of 
equation (15) to the relevant terms in Ap-
pendix I, Table 18, leads to the result that 
9.1 percent of this increase is due to changes

in yield variances alone. The second group

in equation(15) comprises a single term due 

to changes in the yield correlations between 

crops and between states. This term accounts 

for 36,4 percent of the total intercrop and 

interstate yield covariance effects in Table 

12. The final group consists of interaction 
terms that arise from the simultaneous 
occurrence of changes in yield variances 
and intercrop and interstate yield correla-
tions. This group accounts for 54.5 percent 
of the total intercrop and interstate yield
covariance effects 

These findings clearly provide some 
vindication of the improved seed/fertilizer-
based technologies Even if these technol-
ogies are an important source of increases 
in yield variances, it is hard to see how they 
can be blamed for the increases in the yield
correlation coefficients. Yet without these 
increases in the correlations, the total yield
variance 	effect in Table 12 would be small, 

More likely sources for these increased 

I This suggestion was made during a conversation with Dr, 

variations between crops and states. Hannan 
Ezekiel has suggested that this effect could 
have been aggravated by the more 'wide
spread use of electric pumps in the second 
period, because irregularities in electric 
power supplies that have occurred in recent 
years are likely to have had similar and 
simultaneous effects on the yields of many 
crops in large areas of India, Irregularities in 
fertilizer supplies may have had a similar 
effect in reducing offsetting patterns of 
yield variation, because supply shortages
will have occurred in many states at the 
same time.9 

A further point of interest in Table 12 is 
the small share (4.5 percent) of the increase 
in the variance of total cereal production
attributed to changes in area-yield covari
ances when the crop variance columns are 
added, This compares with a 26.5 percent
share(3.84 +9.68 + 13.01) forthe area-yield 
covariances effects summed over the three 

. intercrop and interstate covariance columns. 
Using equation (14), changes in the in

tercrop and interstate area-yield covaiiances 
were also decomposed into parts that can be 
attributed separately to changes in the vari
ances of yields and areas, to changes in 
area-yield correlations, and to interactions 
between these two sources ofchange, Ofthe 
26,5 percent increase in the variance of total 
cereal production attributable to changes in 
intercrop and interstate area-yield covari
ances, only 2,8 percent can be,attributed to 
changes in yield and area variances alone. 
However, changes in area-yield correlations 
account for 45.3 percent of the increase, 
and interaction terms account for the re
maining 51.9 percent, 

Again, changes in yield variances account 
for only a small part of the total covariance 
effect. Changes in area-yield correlations,
which probably originate from sources that 
are not explained by the new technologies, 
are far more important 

lannan Ezekiel, editor of The Economic Times, Bombay, 
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6 
SOURCES OF INSTABILITY WITHIN STATES
 

Changes in the Variance of 

Total Cereal Production 
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Table 13 	 Components of change in the variance of total ceteal production, by 
state, 1954/55.1964/65 - 1967/68.1977/78 

Source of Change - Andhra u)-" Har,. Kar Madhya Mha. 
Description Symbols Pradesh Assam Bihar arat ana Kerala nataka Pradesh rashtra 

Change in mean yield .s~ 1.25 -0.75 32.68 2.71 592 1,21 1.62 1.9 5 0.17 
Change in mean area SA 0.05 57.37 84.49 -1.43 3.50 3.31 -1 14 68.70 -0.17 
Change in yield variance .A V(N) 43.92 -36.65 -1.50 64.54 30.84 19,16 51,81 -12,30 74,09 
Change in area variance i V.(A) . 10.74 85.28 10.26 3.68 -2,79 19,57 12.07 -25.38 6,6 
Interaction between 

changes In mean yield 
and mean area a, SA 0.00 -0.28 3.73 -0.08 -1.76 -0.07 0.11 -0.39 0.00 

Change in area.yield
covarlance %Cov(Ay) 32.87 5.60 -33.17 25,21 5.96 34.65 25.65 61.49 33.90 

Interaction between 
changes in mean area
 
and yield variance AA, %IV(N) 
 0.18 -18.89 -0.48 -5.83 54.36 5.01 -10.18 -3.21 -. 64 

Interaction between 
changes in mean yield
,and area variance .Iy, I1V(A) 4.74 5.03 6.26 6.04 -6.26 6.99 16.36 -2.92 1,54 

Interactions 	between 
changes in mean area 
and yield and changes 
In area-yield co- AV,IA 
variance %ICov(A.y) 6.68 1.49 -15.26 14.01 1I.88 10.68 9.66 11.42 3.31 

Change n residual %lR -0,43 1.80 12.99 -1.66-8.86 -0.51 -5.94 0.62 -17.88 
Total contribution of state 

to change in variance of 
production in all India 1.41 0.02 0.46 1.89 0.93 0.02 1,76 0.5r, 9.63 

Source of Change 	 Rajas. Tamil Uttar West Other Interstate All
Description Symbols Orissa Punjab titan Nadu Pradesh Bengal States Covariances India 

(percent) 

Change in mean yield 
Change in mean area 

.7 
AAi 

0.13 
19,34 

-0 52 
52.30 

1.07 
2.111 

1.11 
,08 

4.32 
25,95 

6.17 
26.98 

... 

.,,. 
0.99 
8.57 

1.43 
8.75 

Change itt yield vilance .V(N) 45.67 -4.41 56.02 44.23 40.68 43.26 ... 31.37 37.20 
Change Ill area variance AIV(A) -1.97 4.71 .80 7.82 1.12 3.53 ... 5, 5,97 
Interaction between 

changes in mean yield 
and mean area -0.03 -2.65 0.04 0.00 0.so 0.93 .. 0.29 0.22 

Change in area-yield
covarlance %Cov(A,y) 19.62 15.49 4.06 34.56 6.15 0.61 .. 35.03 31.04 

Interaction between 
chartges in mean area
and yield variance .AAaVy) 16.29 -8.63 21.43 2.97 15.55 19,92 ... 0.20 7,34 

Interaction between 
changes In mean yield 
andi area variance . 

Interactions between 
.. AV(A) -0.07 11.27 4.10 5,0 0.83 1.73 ,.. 2.22 2.92 

changes in mean area 
and yield and changes
il area.yield co-
variance 

1V .A 
%Cov(A,y) 3.61 33.61 1.72 11,18 3.40 0.30 .. 15.13 12.30 

Change In residual a R -2.60 -1.18 -0.06 -6,94 1.49 -3.42 ... -6.94 -7,16 
Total contribulort of state 

to change in variance of
production in all India 0.74 0.63 3.50 2.46 2.97 0.93 0.34 71.73 100,00 

Source. Calculated from data provided to Shakunila Welra by the Directorate of Econotnics and Statistics of tit I ldian %innstrN of 
Agriculture and Ingalion.

Notes: The figtres for th0ecoitptlents of(cglie in the varitnce of pruct ionadd to 100 percent in ea coluttn. Ade'notes ta . 
yield, and V, varidnce, 

Becatse the changes in ilte variance 01prodttion ofother states %ere small, an ataly'sis of their cot ents was not iclued 
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Table 14-Average share of area irrigated, by crop and state, 1971/72.1975/76 

State 

ivr~ffdrTdrdeslVh 
Assam 
Bi -ar 

Gujarat 
1laryana 
Kerala 

Karnataka 
Madhya Pradesh 

Maharashtra 
Orissa 
P9 


Rajasthan 


Tamil Nadu 


Uttar Pradesh 

West Bengal 

All India 


Total 

Rice Wheat .Baira. Barley Jowar Maize Cereals 

(percent) 

0.9 21.7 44,2 

8. 

32.6 
30.1 
89.8 
53.4 

64.7 
13.8 
23.1 
23.5 

.njabI9.1 

,.. 

92,0 

18.7 
28.7 
38,7 

59.0 
69.2 
85,9 
. 

... 

21.0 
37.8 
... 

88.1 

68.6 

... 

71.7 
40.5 
58.4 

.., 15.7 

6 . .. 

10.2 52.6 

... .. 

... 

... 28.4 
3.2 .. 

... . 

.,. 57.8 

1,3 72.1 

...... 

1.0 55.1 
... .... 

4,7 52.3 

... 

.. 

... 

,.. 

... 

5.3 
ra. 

5.4 

... 

... 

... 

4.3 

... 

6.5 
4.3 

29.4 

... 

76.0 
0.5 
... 

71.0 

7.5 

... 

14.5 
... 

17.5 

3 

33.1 
15.4 
54.1 
52.9 

18.4 
11.0 
10.2 
26.5 
84.3 

19.5 

61.8 

35.2 
28.3 
29.6 

. 

Soirce: India, Ministry of Agriculture and Irrigation, Directorate of Economics and Statistics, Estimates ofArea and 

Controller of Publications, various isse }., 
Production of Principal Crops in India (Delhi: 

na,means not available,Note: 

accounts for 46 percent of the increase in 

the variance of all-India ragi production. 

This leaves relatively small shares of the 

variance increase for the covariance effects. 

Second, tile yield variance effects for 

Wheat are small or negative in all States 

except Maharashtra and Rajasthan. In these-

states they account for 56 percent and 30 

percent, respectively, of the increase in the 
variance of wheat production. 

Third, there are now some interstate 
the yield varianceassociations between 

effects and the intensity of irrigation that 
were not apparent in the total cereal aggre-

gates of Table 13, The Punjab is the most 

intensively irrigated state for cereal produc-

tion, and this is reflected in the small yield 

variance effects for all crops in this state, 
result is notexcept maize. (The maize 

reliable because the change In the variance 
was small, leading to anof its production 

unstable decomposition analysis.) More 
generally, though, these relations are not as 

for other states, Regressions lorstrong 
state data on theindividual crops using 

yield variance effect and the a verage Ipro
the area of that crop that isportion of 

irrigated lead to insignificant associations 
at the 5 percent confidence level.1 I However, 

individual crops arewhen the data for 
a significant association,pooled, there is 

The estimated equ'ation is 

Zii= 60,647- 0.63602 Ail;
 
(8.59) (-4.38) 
0 

R'-0.309 F0,43) = 19.2
 

"denotes the yield variance effectwhere Zil
in state j taken from Appendix 2,for crop t 

19 to 26, and Ail is the averageTables 
in state jpercent of the area of crop i 

irrigated between 1971/72 and 1975/76(Table 
14). The figures in parentheses under the 

regression coefficient are t-statistics, 
As the percentage of crop area irrigated 

Regressions were not made for ragi an1d Small oifletus because tile inigaItion data.were not available. 

34 



illre.'I~ol s - i!Iltl I 'I ( c' ( ( ( I-I () %iIiI~I~aI , ao I s. I w O%%i e p - c L\thrh 

" IIX ill tlw 11ils "i losiiii. it iwhewIl 

Chimgcs in Mean Production (,rw 110111 .%elo s.~iii rivi 
M)\miilito ('1thi I, rhii h iISit hIhjosI to 

I"Ib~~~~~~rI oif I ii 'Ii il t~.\(Igti 1(1 10 %1M l 

piiillm (0iIs l ,t  tl t (I .1" impltiis 11I ll 11Iii I ii' l,((Iii -111 X 

t- m I.I it kkl1 11o - ticii l BiI 'lt tttt h r lw It(h I , 'SInd W es~lt 

35 



cc 

V
) 

-

000 

-
.-
-
-
-


7--
Z

 

E
. -c 

-
-

Z
 

tn 

U
. 

rq
l ( 

-
:r 

c14 

-0 

N
l 

-r-1 

0 I 
o
a
 

-o 
u 

!U
r 

0~ 
.0, 

-i 

-, 
r-

o 
cc 

u 
o 

4rJ 
I~ 

0
) 

IJ 

co 
I..J 

UZ
 

C
z0 

m
~c 

o 
-o

 

0 
C

 

N
N

 

' ' 

L
.2

1
 

-z 
N

N
 

c 

N
 0w

 ou 

-
w

I0 
'0 1?3 

u 

' 0 

'0 
II 

3
6
I 



7
 

APPROACHES TO REDUCING 
FOODGRAIN INSTABILITY 
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aIbilmt, ()I h)m]"llt Ill()(11, th()ilh\ ilw~lit, of1 Inli, ()n the otllir ha~nd, chalmgcs Iin
Niel
 

i((II
Sl~li.t('(l ] l'Ipl,, im(ll11 ' ,1]1)(l~1] ,xr(,l- ie Ih( ( m ,mi,mlle. , (w\\((,ii(r()ps 
Ill(,tS~ll 4il'/ w llt k H !()I , h( .'i IIII'III(I !w t,,,c+tI!( ) thl,( iltith d lirlht t l ,\ I ',IIIl, ' I( (o f)II I I (fo" 

o(ll pll l ' , ( d[i I , ('d I l (;)l, 57.9 l r(t )Ifi t red w fi il il( (,I.,, it fIl Io1 l [)w ( fti s l I l w(%,
aIbilim,, Im ili'll ill,,ighl ult()hun t it oflt'ls 111t]( ()I to)l,dl lionL((',iIpioi()( , i n(,li re,i~m-

M I,\ the(\ ,m w w-u I(u. ('\u Illi)dc .\ i ':,l 1" lhw( (m H II(-,' (()\ 1,l (
he, illihl oll offI c((sto) 
(1 l i(l' I1( e i'lmlt' () l l'l !

) ' t'lt it 'lllip)(n l I mIllliI + ll".\%,Ili( it ( o llIIII1111('',1 I ilie " 
ill,I~hl'i(']] dt( W1111111! fltl 20 )(,1 (-(( illt()l('lit)/- ll 


imllcr(,% -d1i )(ttI ht" itdl w)'
li ,il ~[ . 11W) ",VI.'lllU d 1w ifll)i( ,illl(d () flit 'e ,ll ..' +
 
e y l),lillll\ tl , 'M,, itlo lit J,l 1 lt , ()lI l)m)kit'rs ill Il; idIt))('(I ( (' MII'-,I,Ih)ilII\ ld "' 

If,%11 (,\ ltl l ;( m Il\ .
I lllll d ,ll ( t,, Io l( ml p ro dt11',i ill i ( Iid l etl,l ( , 'll li 


(H I 'Vi![ III ]I( !I~ , ( IgicIIII(]( <II]('( tifel,,l(%'l h eIp']()I'\ll ('dhIl(lI gif I' l ,Iim 
ltl( , 
m m(H f(} Ii e dmwjl\ kthl Il " (rItli I ]() 1k lig ,,r ( m,',If] di' p 1(,,f+lh(,ll."(11,-

Ipo)l:(, I ItII'l l H 
 ( I []f '- ',w I1111('t, l ll l iviih I ()il(fl (dI I1111,11 ( llig~ If)"I'lh ilii/c 

,111,'dW\ il iIIIkt[l )\i eil]i' ',t l I , , gge'sti+ 

Ing111,1 lItimHi)i ill( e-,(c;, eldill"Ilhilil,
Eff'ec t ive n e s s o f Po lic ie s to I[ rh+I'l l ,l t,1u ' I',+,,,a
 
Stabillize Yield mild Area br(di I I,( d,1 I lleccmt
wt 1,1 Btillii eu()u%,% 

',litll lr),it",,, r(.hi l1w( ill tIng l<)od 1Il,Iji 
Ill( lf,,'-,,l" 1iti,l]IhI h m\(e IIl'l,i Inld jl,III ,t, ih 'l lhlli%Im~,ill 


,tililip)()m,1 ltl (d i
-;)I( ( lt hillilt,lr',I'+ lit,' It,,,111l )I O]') , ilr]f, "hIm%lh.i1 tl(.

Ill 101,11 r(111-Ai pwl(< i l 1 I Ill~
11timH+ . p~ i()f 1i m ( ,ill, ft' \,jeld t,+], foi. 

+
II m),t.r I .ill. 11) ,,(,,itrt,+l itl11"'-,i <t+ i i%. ht )i),; \ ith il l -, - ,I h r'IldIi(Ih ( I( % ,t, ,,

iwl"'- ildh. Ih
Iem til( (, 1 ,\ l II;:,Ih 1II \ .1 l,+' Irl .dl ilIh w , t,'u i .(fi<llI m Ikth-o to
 
I(.%'P Il'IllIf I(I "+tI I ( p t(.(lll(tIm ll ill "-()Ifll, () I ,' Ifll])(nt1 11 \ j 'dd
 

If- l !(,.[(I 
I I Ilf(mV,1l+I I Il t Il \(, 

,
l~'dl \ f\I]l,(or1 ] iwo'- ( i%i i 1(l.('II tl( ,lld(,',lo Idr w, , 11 fit[( I'III, Iti, ( ]c,
 
,i+'I, f, IIItI1 i ,It( )I),];)Il 'I% hI , I( t 11(11
IIII III ) I( )II I I ll ) I lt ,irw&I 5l~ l Iltw 

I)''%''t'tl+,It )Ill~1 1I1 1jtl(,()j,lll(If,,,f \t-'ld l 1(1(If \l 'lll( I'.",%%lI h,(llilt( il
 
iI I I l( \ ,1] 1.1 l i(. ()! I I 1I \ 11111,11 11 III I
Itq ) 1 wl't rIlil I(, 1,lI()lI Id I) I(,(Ill(itd]d (.(I 

I I \
It'lII (1' f iII I ("m%( .) I fII ( InI I Il)'"%it Il11 tf k I l IL IIIIIflp ,,( ( t," IIl, A111*111ll\,r , 

()I It I I \ I , t k iit111 J~' l.% ( t HI - i itw 
' [If'(.! i , '(,-1f I i ) Iw \( \ 1, l 11I-I)h'I If ,Iitl()ll( 'r )l( t I,+,
 

I 1 I I ,11( I
l t ( q 't)Fi l%~( () t , I

1.%11'" thit- lIt .1 ,,, ItIl!2"1 , + h )tI .l , (d(I( I,) f,II ( ,(lI 'I 


" , 'I< ( I I I Il (,H) ( I, II 

InI~, " % I) 1'1 1 
I n -'ll ',,,,ll m ( \ H lr.11l if I Ifr t1 1l' 11l!,] )[. 1) 1 1 1 1 Il ,l+,I(I1 ' ()oilge"' el I)ll 

%()I' l ll( I I t (I-, "t .1 , l-',, ll 1 [,I( l l l 
 I~t, II It ') , ()IIll(.g)l .r( I ;,( m ,,ill 

foll ' II I I% Ii[ I11 f t % ? II;I ,I ! t,,l t M ) l l' ,llhl )IIr I i I +)111 "I I q I -IlllI Il,( , ( "I ()I I l l( 

I' Ro)be) ] 'I'<ll'- 1 P, id 1 li '11 \ +1". o,l IlIl)))ll]ll1 I 111mlici'll lit1 ] 1,I:..... IiA ,/ t]I falf ltrlida 

-.Q11,21/tlmli/ , -l' mtiid o)+tI %.Ii)wt ld, ll ,"I~ I't [P dI] lll.!h ll. P
gll i) 11111,l111. AIIIII'I1I..\'hl


(I(' {i(~ rI; ]j ld ,l h il l V\It+i'I!f or , p< ,M '> d, tl ' I t", i n(lill "l{I\ i hw,ll t II ll [}t \ 'I)p 111mv (liI( i I, 1 7 )) 

37
 



i 

i ienr\)II Ill'I I II''A'd,,'lltI( 

I s 1tt111 '1t111111(chlifil~ l l lrt,11 

nI . f "s ltIc Il~ '-,il/1.,lopi 


II I"II( r- II . 

hl 1t
Ill s 

N">',Mll fli(ll', w w'l hI"-,c
I ll1 )I\t 11-w¢t''lIII ltil s 'll 	 I , Irt-<)II. x f im Iwll(I ng<-e ltI€ illl l),IIi('t)dV<m m f\im )(IIIflm' 
l odilo 'I 

I 11 I t-1' )o%( Ih 

0 ~i I ,I i t If\ l(tw c(llIII,*I 
\ n IiltI l f II)1 , I 1w l' 

lll It I ()\% Iit I II,%l 

l L Iwi-id " )flltl(wtlJill."11 h . '111(\,H,f find 

WI)fllItlfI. I,l , t ' (,l ( () ll'12 ll",l I(,[ Iw 

(IIIl]it lill c 
A -, 111ll ll ,II(, \ l.1 1I1, ( 1111 

" 
(d ithi? ' I -p(ITll/, itlIllh e i)l ( wqll 
)I 


, ' hrl(ll m'f'~to w ll(It. 'fw\,!lhl 
llt lIlll11, 111 l~~l'-. Ili 

ll' ppm'' jll -
I'I'ltl ll Jll, - I', 

l, w,,IltIf c. 


u,illh 'I''I,,tI'd 

w il ,\(I rl dl% il l m.ll 

'
 --	 l~ !t il-, l i, wI t wl\Jjlt' h1 111,t)II\\Aftl )plII l,j
ItI ( iIfIjI 'l l 
<
< 
 ,,\ l 


Ill'()ll!),Jl I , -t ilM 

Ilst\ 'll Iw ir ,lw, 

Il l .

ill !l t ll ",Ili 

off m! "(All.11I) 

(1c ( i ) ,lI il~ tt ll 

li,'l l 'it, llvI,,' 

il ,w ( (I)'tllp ' ill 

,

h 'I ', ll i l l' 


1,' l 'l [ ) ,)~ 


li t() 

t Ihllw ll "tl ll~iw1 

il,,11' -dt€ *"m 

I.ll 


!()I 

' t t~ ' 

' <-


\ i f h1 [()1dlrlll() 


I I h)fiI t I1 III , i 

ilt 'l11 l 
t,1( I l Iiil i I qfIll( (ll 11 

'1()l"I(t(IllI h <L~l J,!l. , l t, l ()h 

l - mdll( 
)

(htI ,I I lI(q +l1 11m) 1 I ' ),Iih Jlll I It 

t l I (I<ilJrtll IIl'IM nh~t ,I 'l 1pIt( 


( l i - , fill Il , () lII 
,I ) ,f ( 	 \ i ll I I(I(I , I II , , I ),% ( I I 

l''t ,',IlI.,'. ~ i ti 

. <l, llIfI Ircl )ITI]( 
111hIil 	ti "I) . I~ 

l\\Id I (A~t, I" '(p I , ( 
' ,¢


11st hfll ,\)
Im I t I t I!I,IIL~f II IfflmI 11 


] ,-I )Ihv,1, 11lt~ 1 11" I If+[l~itllIir~tlll( '
l(I 


h l
, 
i llIt t . ,Iw\II lltt y lt'l t' 


' ,X 'Ili 'wl Itd I 1w II i fI A I I .T I1,f it <,I 

,l I 	 \i'itI l ' I ,,iIl t Iiiti l+'l Ihill 

l'l
ll fI
i
* 41 ()I
) 1qI toIofl'lilllII iti)Irl ~ ' ' \ It l l i 


Iof,Iitl,'I( it ll><!I" ~ .
r,)!),I it iI( tIf " 

IqA ,,'I" Ill.-12)11 w ltIII1,(1, 1>t, I -)I~tl 'i o" 
t 11,i11,i 11 1(0I,11(' (I I'l <l m (tw!'I,1 ill !h l,' - l 


))"'" illlllf",1
(,I!
I[j()jjill lit~lI111jjtlj 

th .1l olil'lll" pl/ll Jill-
Ilkitlimi" i1 ,i1 


ll '
 
, (IIllwil\<tit, 'ilI tt. ,, i llii l\
 

l lll
\I.t , ll \ l iil ,, , +~ h 

l 1wt l't flt,ilicoii,i 1(.(ill 1('~ l I 

'If.

A ('((A,,$ A/p (T,iirrl P t 

3 8 

,.tl 1thI ,tllll\)%%i 11,,,€u t , u Iw it '

h oligh clthI\a l lil,lliollH I~ 111,'irllit' 

111'11 lu c lill('d Ithe :Id t'lV It('ICrht' lil l'l -tllet 


s d h , 1,1 1( 'm t ( I It 

t( 'ill( (I 
11\tIm:~t 


p '.l ) II() ctlAl ) t~l i~lV, ) lf Is.L 

t'II 17( " ,lI IIII ( ll ~liti( I tlhe ( ,lti 

) ( l l ll l l t l'; ' 
l i lii d lr ¢ll i( l
 t ,1 

('11 l iol
tlt(',t17tlll-| twii tIII(' w l d

",h i i)li k low 1b- l,Iill
]twil]d111 , 1 I(, 

w~him)t he l1(t,",'ll-17) ,pfl(tll illll(r ))d 


\dlhItlli lli11(1%%
If ) lllll ,t 11,11l/'l i'l 

t ( ro eam li¢
i 	 1)tprw w€. (<ll'l l,the lii ,l 

Os ll) (i It* illlt d 11 (1irtS l ist
' kH111,1t1i' II 

lt l ,t'Idl ll,i wuilt'll) heri d ,l'I(s 

II&
i l l1( " (t , l' ',-

I 


, 


lop(l, 111 il'l.fihll(,)(1"(),% 

M od ])illll ih h c"l)l wm tnllh>¢tT ll) 
\ h illdIII IId it'; 

() 

<-, 


wl t,mtod lJill, I 'li) ill Ir 'l 
l l l , 

\ it'llili(: I,)m wl, ItIs lwi(1 <th('liIl/l 

() \M ri (1 t ild 11,1\ ,il l wl hl)I()1111\, lsel ,ll)l Io)w 


I -II,I I I1 IIII)IhiI t c l ',I llIlI ,'t 'l lI
ItuI.<.IuI)I 


1111-1.hi-l l1 1",l'll - ((l il,i l lt 'i- , 0i 


<"
f l
t lip ,'l, ll 111ml il( ll\Illotm t (ie',>lf\i 'h 


ll ll(
1i! (,f/11Itll1"'I'I't' 1wcllt% 	 tll(i
I. I v " 

<
 
Iw 

il 
1i 1,1l lllf. (,' -i~I M 

w i d . 't i t~ )Ii l' ,ll , Il~ 
I 1(,(Ill( '<,i'', 

I IfIi t lh tI 

I of q (,I ill l l 

, l~ Il/t
f 

O w ll if 1111 

\,II111(,.1tfi'll ( 


l l II II III 

r l ) \ 'i 


,,t ,
 

It 
I <lliIIII 'll

ll I f~)1111\11 ) irI.(Iit IIl 

\ ' i t l h l1""\ h()i 

" 11,1iI,oI+, 

, I f it 

I I/I-"li'tltlll, ll ll

()l i tl~)Ill (11,11iIt,ill t l 


l i / (I I~t .IIII, ( ( I 1 1 ( ' l f" I )o,It 

Redu cing Instability by 

M odlifying Production Patterns 

H H, MtI\ 1,r\i M 11,1)(), iliig 11i h l f, III llr() 


, 't l 

'111
c m"s (i

( o l itio W ,hllll \ 
illlotltill\ ,Il'ilillii 

~l( m )lli o~ll"ttligge"Is 11h,11
)I'lle's ill ,1(m liltlill", 

ll l'ildi I.,, 

1 ,-I off!i~ld , 11()l ttill\()I(it~y '- ii ii IlwP, 


lti tl l()[ O w'ln 1 m li1 1 liml ( swtil h',iI tl l 

t im I l11, ilrhi llf'tlllli(uw i Ito ,Ili li\' lh," 



ther pohc o b e ti e of h ov - ... ... ..... . . ... ... . 44 ...... . ... • ... . 4,
wit oteobetvso poic tegvr- tth aeaonto4oa4lrlpouto 

ment, as well: as with the workings of. that occurred :on average ini the second 
efficienft mnarkets., Nevertheless, it is instruc-i period, that-minimize the standard deviation -:
tive to explore whether such policies could. o)f total cereal pro'duction,- and that are "i:'
achieve any substantialireduction infIdia's - feasible considering agroclimatic and re-.ii.•:
foodgrain productioni-i: , I .- i !source limitationis.< . !. :: i : .

:i!This hyipothesis is tested with the aid-of In. measuring thle standard deviation of;i,, ):..
ti rl " , ............. 'ing .m.9 e.Le,LThe,.modelis-,,


44 .4 4 
prod Uctionit is assumned that on an average;2

44 ......: i
.

:used to derive
4 

the optimal amounts of each ....per-toil basis the yield and area vh aa ifl ibe -p ro d u c e d :i n ea c h 'i)..i...i::crop to state, These iobserved in the second period would, not .. :. 
- alT:: -change P,, Let Qli': denote: the ' . !:Im0Unts add up to the av;erage of total all- as chanages, 

. I: ndia cereal production as observed in the actual piroduction (after detren'ding) of crop i!i~!i~i!:period 1967/68-1977/78, but they also , j grown in state i in year t, and let Q,, denote 
:_:-~.imize tile standard.deviation of total cereal the average production dIuring the'second 

production. Suhsltosaers-fi period, Then the production de iain
cient and can be compared to actual pro- -tile tth year for one ton of tile P,,th activity is i 

:-:duction figures to evaluate how much food- (QiJt Qi)/Q, = Q ~t/QJ _ 1 . " ..7 •grain instability can'be reduced, Alterna. The praiffction dev/iation in the tth year 
ti.:ively, this comparison reveals 

i ~; in. 

]how risk- for one toil of total cereal production for all 
". .efficient existing market forces and govern- India is then 

ment policies were in arriving at the observed
production patterns in the second period, '! 

-: A linear programming model has the XX( / ; 
: advantage of permitting constraints to be. ." 
! 'addedlimitationsto reflectim ingingfteagroclimaticon and resourceatterns ind.. the standard ,: ..productionSich constrpints oe incorporate in the feviation at total cerealeproduction over T years is c l 

imodelHowever, no attempt is made to take
tinteto eoe other policy objectives which of ta/T cerOea l o a)rdta ar 
mght suffer frot too narrow a focus on fi liaic and re

reducgin instability, s mThi. h i is t d wh te ad o Equation e6) is the model's objective func-

The Model min.. . .T1)emod elis.....tionpToandensureis minirized 14 .that the all-lndia outputat ' 'The roduction activtiies in the mod l total cereal is hequal to 95 02 million tons 
are expressed in tons ofaverage production. (he average during the second period),ot
They will be denoted by Pi , w ere i esg- equation (17) is added as a constraint 
natesthe crop, ides7gnates the state and Pstate i in y t a l. dn 

= . .. measures the average number of tons pro-duced, With this notation, total cereal . " XE l Pt 95,02 million. (17) " prod-uctio d tscduction instate i Xts i n aggregate all- eAs formulated the model could lead to 
India production iscmp to a production patterns that are not technicallyi
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The"production choice problem is to feasible, Rather than undertaking the elab

14;t,Tie mnodel maximand compttatons,nsOTAD pOn eis qt adrat c Toazefac itteA I near A (le moel as reformulatedIas agranin (Petered R, t Linear Protnerna-treo utio eviat oncinhe yroerarmn 
,." for Farm lPhining Under Uncertainty," AmericanJoutrnal of[AgriccdturalEconomics 53 JFebrUary 1971): 53-62). g 

'.:" If new variaibles are defined so that z, >_0, thenl equation (16) is replaced by .' 

Min 1Z so that 1 1 ([:J- 1 )- z,50, al It 

The z activities mpasure positive devaions inomdeviationslres ertve Es r rotoncerealf pntotal ar zero ihen theamaisofig thebsar deveatonofproctonIrecaculatee exrpostusingtcassical
pesrnltion for n " s .selai t . 



orate and expensive exercise of specifyinga 
set of regional farm models that adequately 
describe the production possibilities for 

each crop, a more direct approach is taken 

here, 
The production of each crop i each" 

state is constrained so that the area planted 
cannot exceed the maximum Iea planted 
.. _withat croljiijLUy yea ding.! thle seconid* Cannio.et e 	 ot the area te 
statei selected by the model, and let A'"," de -

of that crop plantednote the maximum area 

in state i during the second period; the con-


asstraint can the2be written 

-Aiis A "'al:iq. 

of the inequalityying boh s ide oftheineualtyBy mltilyigbth 

by the average yield of crop j in state i, the 

following variant ofthe constraint is included 


in the mnodel: 

l - -l ....i, j (8 


all i, . '(18) 


The model could still select production 
levels for each crop in each state that are not 
feasible with respect to each state's re-
sources. Consequently, the average produc-
tion of total cereals in each state is also 
constrained so as not to exceed that of the 
second period. That is, 

(19).i< Qt, all i, 

where Q1 denotes the average production of 
total cereals observed in state i luring the 
second period. 

A final set of constraints requires that 
none of the production activities can be 
negative in the model solution. That ,is, 

P > 	 (20)' 0, all i, j. 

As formulated above, the model is free 
to select values for the aggregate production 
of individual crops that depart from the 
average values observed during the second 

India. Thus, although theperiod for all 
aggregate level of total cereal production is 

assured, the composition of this output 
could be changed, Analyzing model solu-
tions that have this flexibility of choice is 
useful, 1-owever, as significant changes in 
the crop mix of India's total cereal production 
could have important price and consumption 

" 
. ... .. 

ram fications, a secon d variant of the model 
is also solved in which the crop mix for all 

India is constrained to the average production 
level of the 	 second period. Specifically 

i Q1, all j, (21) 

where Q is the average production oftile ih 
po~co h 

_.crop for.ill lndia during the second period, 

dio te 
,Optimapt lDu t on P erns 

During the second period, production of 
total cereals averaged 95.02 million tons for 
all India, and this was achieved with a 
standardFable deviationthe millionof aver~ageof 5.56 tons.1 shows 	 allocation 

allocatendurgeprdu o t-e 
state (uring theproduction by crop and 

second period.
'The model defined by equations (16) 

t. 	 produces 95,02 millionthrough (20) 	 also 
of cerealntons on average, but the'standard 

deviation Isreduced to 4.53 mnillion tons-a 
reduction during the second period of about 
19 percent. The coefficient of variation of 
total cereal production is also reduced from 
5.85 percen. to 4.77 percent. 

This is not a trivial reduction; the details 
of how itis achieved are worth exploring, 
Table 16 shows the production levels in the 
model solution by crop and state. 

The model solution calls for a 3,46 

million-ton reduction in aggregate rice pro
duction, a decline of 8,1 percent from the 
second period. Most of the desired reduction 
is allocated to Gujarat, Bihar, Madhya Pradesh, 
Maharashtra, Punjab, and Uttar Pradesh, 
but there are also significant production 
increases in Andlhra Pradesh, Tamil Nadu, 
and West Bengal, 

Wheat is a less risky crop; thus aggregate 

output is increased by 3.44 million tons or 

by 14 percent. Production is increased in all 
the wheat-growing states except Haryana 
and West Bengal, with particularly large 

increases in Bihar, Madhya Pradesh, Punjab, 
RaIasthan, and Uttar Pradesh. 

Tle model solution calls for increases in 
tle average production of barley (up 38 
percent), jowar (up 16 percent), and maize 
(up I percent) over the second-period ac
tuals, but reductions in the production of 

* (down 20 percent), ragi (down 46"bajra 
percent), and small millets(down 24 percent). 
Maize production is eliminated in Andhra 

and Gujarat, ragi prodtctioni in 
*Pradesh 

~ ~ { . 
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-Tablei6 Optimal allocation among statesof production with variabiecrop shares, 

1967/68-1977/78 

'VState 

Andhra Pradesh 

*Assami 
-Bihar-.-

Gujarat 
I nlaryana"658.6 

Kerala '1' 

Karnataka 

Madhya Pradesh 

Maharashira 

Orissa .4,161.1 

Punjab 

RajasthaD 

Tamnil N(dun 

Uttar Pradesh 
West Bengal 

Other States 
All India 

Share of Crop In 
cereal pro luc-
tion in all India 

h3It


Small Total 
Rice wheat Baira Barley Jowar Maize Ragi Milicts Cereals 

(1,000 Illctrlc tolls) 
5,452.5 ... .. .. 11395.5 ., 322.5 . .. 7,170,5 
2,065,7 ., ... . .., ,, ,,* .* 2,065.7 

-:3;3797-- 306 l - -223.9 . . 91 1.3I__09.2~ 7"685,'2 
217.2 1.126.4 1.38313 ., '8,6.. 4.. 116.2 2,891.7 

2,585.5 278.8 314,2 ... 516.1 . . .. 4,353,2 
1294.8 . .. ... ... .. .. 1,294.8 
2,136.7 ... .2,1701 502.6 174.3 4,983,7 
2.548.6 2,822.3 ... 196.2 1,895.7 604.0 ... 385.7 8,452.5 
1,004.4 716,6 658,0 ... 3,385.6 1.76.9 97.6 6,239.1 

97.6 4,258.7
146.0 5.966,8 ... 204,i ,.. 871.7 ... . ... 7,188.6 

,, 2,197.6 481.0 979.7'7 . . 721.1 ... .. 4,379.4 
5,302.1 ,...... .. . 216 , . 5,518.2 
2,435.7 8,184.4 7288 1,662.1 1 249.21,206.7 295.7 14,762,6 
6,620.2 338.3 .. ... .. , ,.. ... .. 6,958.5 
1,675.0 967.7 669.4 165.0 2,167.8 845.0 45.7 276.9 6,812.5 

39,098.3 27,966.7 4,399,3 3,745.2 11,014.7 , 6,178.5 1,168.2 1,444.0 95,014.9 

(percent) 41.2 29.4 4.6 3.9 11.6 6.5 1.2 1.5 100.0 

Source: Calculated from data prOvided to Shakuntla Mehra I) lhe Directorate of Economics and Statistics of tile 
Inllian Ministry of Agriculture ani Irrigation,. 

Karnataka and Orissa, and small millet pro-
duction in Andhra Pradesh and Tamil Nadu, 

'The changes in the product mix for all 
India are substantial and may not be accept-
able. Conse'luently, the model is solved 
again with the addition of equation (21),
That is, the average output of each crop is
constrained to be the same as during the 
second period. 

Again the average production of total 
cereals is assured at 94.02 million tons. 
. However, the accompanying standard de-
viatlon can now be reduced to only 4.92 
million tonls, or 12 percent less than thle 
standard deviation ol)servedl during tile 
second perodl. As the previous model SOlU-
tion was able to reduce the'standard devia
tion by 19 percent, about one third of this 
reduction can be attribued to changes in
the crop production mix and about two 
thirds to chlanges inl thle spatial reallocation
of crops between states. Table 17 shows tile 
allocation of production by 'crop and State 
for the 1now solution, 

' ":.. , 7 ' : "3 77 ", ..L.......4] 


4;i 71 ,: 
, ', <:<"U' 2"'' * ' 

Rice production is again increased in 
Andhra Pradesh anti West Bengal but not in 
Tamil Nadu. Bihar, Gujarat, and Maharashtra 
are again required to reduce rice output, but 
Madhya Pradesh and thle Punilbare required 
to increase their rice output above second 
period amounts. 

Wheat production is again increased in 
Bihar Gujarat, Maharashtra, and Rajasthan,
but production is reduced in I laryana, Maldhya
Pradesh, Punjab, and West Bengal. The 
changes in the spatial allocations of other 
cereals from their second-period pattern are 
luite modest However, barley is eliminated 

in Bihar and maize in Andhra Pradesh and 
Gujara t, 

Efficient Trade-Offs Between Average
Output and Reduced Instability 

The model, has been used so far to 
explore the possibility for reducing foodgin
instability while COnStuilng tle average 
< 7 7 : r;" 74 #.k: "" ' "7-"<,': ;; " { :7.:r:417'' :':',if 

iii : 



rdutonwt fixed crp shares,'Fbe1-pinial allcaion amiong state of 

ealSmall oitS 

3 11.7...51,266APra esh 5,46.2 

7 .3 2,065.7 : 
. . .. ,590. 0 .6 1, ..Asamtk 2,16.7 

<".25 . . . 
I a 658.6 2,359.5. - .. . 2. ,.
Oarss 4113.156.611 , 2,891.7 : 

r 100 ,2 1,12 6 1,83.3iiharat 

7 7 , 1,91 8! . .... " 
.1. ;... 2 . ..

Keruaa" 1,29 i04 ,581 
55 , 502.6 6 L1.. . 4. 98 , Ka n a 2,136 . 07 . ..2 .7 ...	

' 
. 3 80.5 511.2 ... . . 2 9.7... . . ..,515.2 ,Madhy piramll,1 3au 1.85 ... 	 479 

26 
M"i' 	 7258. 0 2. 3,3B5, 6 76249 9 7 , 39.1 

lah a sh 1,007,24 7166, 

9 7 9 . 1. 345 1 2 

9,478.3 6,118,3 2,174.81 1 90.6 95,014.9 

R aj t h s a ne ..7 20-9 6 1 ,20 7 	 3 00 7 9 5 .50 

: ' AllIndia 42.562,6 24.530.0 5.520 4 2,719.9 

lsiaku ntla Mehrfa'by the Directorate of lECoon lics andl:Statisticsof the 
cal cu ated from datra provilh ( to:' :;i:SOurce 	 " . 

.. .. .. lllhiia Mjinjistry, of Agriculture And Irrlgatifoli. : 

ottpi f totall cereals to 95,02 million tons. 
larger reducions i foodgrain instability 

lie achieved if Somle sacrifice inmiight 
' -average output.is Permnitted. TO :this Clnd. 


model e.perimnt ar;,e repeated for a range
h ,,, 
7. 14242r~n 536255values of avera'ge 'total cereal p'roductio'n: of 

lin equ ation (17). As total average production-" 

call only be varied downward given tile 


1-ioter constraints in tilemodel, tileaggregate 


.... iroduct mix. is allowed to depart from: 

!,.. second-period values. Equation (21) is not 

;"Figure 3 portrays the derived trade-off 
productionb~etween: average" total, cereal 

eficen frnir Thtiec on ntl 
:.i graplhhs tile i Imiposil standar 

- for that level Of. average Output.All other feasible 1prodluction ptters':l~!ideviation 	 must 

and to file leftiof tile frontier, This 
fs

e abov y tie actual patternisillsrated 5r463ieomp 65.atternadlbeelrod ci tted i20 

til to::p riglht-hand corner of the' figure ., 
f, r at i17.2 littl. ,3r3.3tile risk..;Ofratet nerspoeIintss oi i m.a 

. .. . .:'.. 

Iprodulction front tile second(- pedod VaIlue 01 i' 

5 inillio toll inlaverage production, ewcxh , 

by a redcLItion""-.linillionl-toll-loss is Matched 
inl tile standard deviation of approxiniatei?:ly i ; 

150,000 tons, Put anoth~er Way. ial percent :: i 
. ,5, 

,. 561 ..
sacrifice in inean output leads to atdecline. 

Of about,3 p~ercent in the standard deviation- "!": 
and of about 2 percent in tlhe coefficient of':; : : 

Variation Of jfrodulctionl,. , : 
i.,When these results 	are combined with..-. 

standard deviationtile reductiols illtile 	 ,, 

optimally a'llocated prfoduction ,of 95.02 
i t i s aiveragemi'llion tons, clear that tile 

bothi tile crop mix and tile sp~atial allocation 
of crops in anl Optimal way, the standard 

deCviatiol Of ~rodL1Ction: Cetild haVe hbeen:'.lreduced by 19 percent(or 1.03milliontons)0it 

without any sacrifice in average outptIti::::! ;i 
call2t6ifnow e seen t . 2065.further, modified Olptim..ally,-

with ia 2;5 percent reduction in tilie total!": i , :i 
n 'to~i i ' ?e s t d a r d o92464 mill6on tons),th 

e ntil anaverage pr'oduction (fromn 95.02.mil2 
l i evi 

i 

http:95.02.mil
http:2,174.81


Figure 3-Risk-efficient frontier for total cereal production, 1967/68-'1977/78 
Sta-ndard deviation of 
prodLion (million metric tons) 

*0 
10 20 30 '10 50 

ation could have ibcc further reduced by
0.36 million tons. This would have provided 
a total reduction in the standard deviation 
of' 1,.39 million tons (oi 25 percent) and a 23 
percent reduction in tie coefficient of var-

.	 ation of production.. 
As stated before, tile results of' this;

model must be viewed with caution. The 
Purpose is simply to Obtain some indicat ion 
of the size of the gain that might he obta ned 
by changing production atterns in a more 
risk-efficient way, Interms of the percentage 
reductions in the standard deviation and the 

AcIua 	 . , 

. ruo nd 

Pltern 

Risk-efficient frontier 

6"0 7'0 	 9080. 100 
Average production
(million metric tons) 

coefficient of' variation or production, the 
rCsults are impressive, lowever, even with a 
2.5 percent reduction in total average pro
duction and all optimal change in the 
aggregate crop mix, the coefficient of varia
tion of production would still be4.17 percent,
compared to itsactual value of 5.85 percent
during the second period. The size of this 
gain hardly justifies a major realignment of 
India's agricultural policies, larticularly if 
the desired crop reallocations run contrary 
to other policy objectives or are inconsistent 
with free market allocations. 
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CONCLUSIONS 

India is occasionally subject to severe different crops in tle same and in different 
states and an increase in the variability ofdroughts, which drastically curtail national 
crop areas sown, which now are also more

foodgrain production. Two such droughts 
in 1965/66 and 1966/67, when positively correlated with yields, The sources

occurred 
of these fundamental shifts in patterns of

total cereal production fell 20 percent below 
trend in both years. Catastrophes of this association are difficult to identify, but they 

probably have less to do with thle improved.
kinld are so rare and severe(see Figure 1)that 
they can be considered a separate plienom.- seed/fertilizer-based technologies than with 

from the. more usual year-to-year changes in weather patterns and the more 
enon 

widespread use of irrigation and fertilizers
f~lctuations in foorgrain production. Such 

at a time when tile supplies of these inputs
a distinction is particularly useful in for-

are not reliable,inulating policy,. Whereas carrying emergency 
.. Several researchers have argued for the 

food stocks miight le an approp~riate way to 
development of less risky technologies as a

safeguard consumption against the ravages 
means of reducing production in

of drought, entirely different policies may direct 
a

be relevant for stabilizinig supplies in the stability.15 This approach is likely to be 

face of the more usual year-to-year fluctua- difficult and long-term strategy, requiring 
changes in agricultural research priorities.

tions in production. . 
if the approach were successful,The coefficient. of variation of total 	 But even 

the results fron this analysis suggest that
cereal production was 5,85 during the second 

when measured only modest reductions would-be achieved
period (1967/68-1977/78) 
arund the trend. Tis was nearly 50 percent in the variability of India's total. cereal 

larger than the coefficient of variation (4.03 production. This is because reducing yield 

percent) during the first period (1954/55- variability at the micro level fails to confront 
more basic problem of reducing tle

1964/65). It is still quite modest by interna- the 
large increases in yield and area-Vield cortional standards, but because of the high 

proportion of production retained by farm relations that have occurred between crops 
in the same and in different states, Policies

families, these uctuations can cause sub-
. to stabilize the supplies of fertilizers and

stantial price instability. -

This analysis confirms thit changes in .	 electric power for irrigation pumps might be 
more effective in this respect.the variability of yields of individual crops 

Another approach to achieviig increased
within states have been an important con-
tributor to the increase in the coefficient of stability isthrough stabilization of the year

variation of total cereal production, However, to-year adjustments in crop areas sown, The 
results show that. this approach Would.be

increases in crop yield variances within 
even less effective thanlyield stabilization.

states have been far less important for the -

Also, because most of the contribution of
instability of all-India production than in-
creases in intercrop and, interstate yield increased area variances arises through in

in area-yield creases in area-yield covariances between
covariances and increases 

crops and states, it is difficult to identifycovariances buth within and between crops 
policies that might effectively stabilize pro

and states, Increases in yield variances only 
duction by acting oil area variability.account forasmall pairtofthese increases in 

As most of the increased instability in
the yield and area'yield covariances More 

a India's total cereal production iust Ie
important sources of increase have been 
definite change toward more positive cor attributed to increases inl varioIs intlercrop 

anti interstate production covariances,relations between thle yield fluctuations of 

t,il tuct hI ra,uid WiIIkehIItIII, LoI Ig-tcr c flCsequteIces ofCIhlaIgLe,
N cniI lista iInab ndianAgil te, aiii Barker, 

P4 

b)V l.~ --

http:stability.15


~another approach to reducing instability is 
to take advantage of these covariances and 
disihulte production 1mn1ig crops and states 
inl a more risk-efficient way. The reSults in 
this StUdy show that there are potential 

77---f--Im-5frSillslptpiSIjI dlIi)hey t 
may require policy changes that could be 
inconsistent with other public objectives. 
For example, the coefficient of variation of 
total cereal production could be reduced by 
encouraging greater production of wheat 
and jowar at the expense of rice, providing 
these changes were made in an!optimal way
in terms of their size and state reallocations 
(Table 16), It might be relatively easy to 
change consumer prices to bring about the 
desired changes in aggregate consumption, 
but obtaining tle conect regional allocations 
of' production is Unlikely to be feasible 
without introducing major distortions into 

. l)rOdlucers' markets, Although it has been 
useful to identify the problem and to measure 
tile potential gains in terms of reduced 
instability, no practical policy implications 

* 	 seem to follow from this approach, 
Policies that can effectively reduce the 

instability of aggregate foodgriin production 
remain clusive, There is still a need for 
further research directed at providing a 
better understaniding of the sources of the 
iicreased yield an d area- yiel( correl atiQ.l 

.Ietween crops in tie sami dmIinn different 
states Such research ni~ht lelineate more 
precisely how policies fo stabilize fertilizer 
and electricity sutpphie, could reduce pro
duction instability, as wtll as possibly reveal
ing otler causal factors that can be controlled 
through policy interventions. But a large 
part of the increaseinlproduction instability
probably has to be accepted as a necessary 
consequence of successful agricultural 
growth. 

Because c0ntinued growth in foodgrain 
production is of paramotm iml)ortance to 
India, the most promising approach is to 
focus 	on maximizing growth and to offset 
the resulting effects of increased production'
instability through policies designed to sta
bilize consumption rather than production.l 
As other IFl'RI workh!asshown, 16 this canl 
be effectively achieved through appropriate. 
storage and international trade policies, 

-ltI ro.V ,cd-dbt!.odSecunty I)evlo lng Coittrus (hotuldcr, Colo,: Wcstviw lPtews, 19111), 
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APPENDIX 1
 

DECOMPOSITIONNCE-TE R OF CHANGES .... ... ...... IN .... .. ...... ...........................
-COVARI S.... ....... 


for the covariance of two
Bohrnstedt and Goldberger provide an exact expression 

products of random variables.17 Maintaining the same notation as in Chapter 3, the use of 

their expansion for intercrop or interstate production covariances leads to:
 

Cov(Ay,, Ay) A1;% ov(y1 i,y) + AA Cov(y, A,)
 

+ j A) Cov(A 1,y1)+ Vi Cov(A1 A1) 

(y, - -
,) Cov(A,yi)+ A EEIj(y, -) (A)-A,) 1) Cov(A, ,y

+ ~ A, A-A 1) NJ )E((A 1 

+A IEJ(Ai- A ViV)(yj )I 

+ VjE[(A,-TA) (y-Vj)(A,-Tj1 . (22) 

Goodman's expression for the variance of the product of two randSm variables is a special 
r..case of equation (22) which holds when i= 

The last I'ur terms of the expansion involve higher order cross moments than tile co
variance terms, and for the most part these turn out to be small, Inthis paperthese fourterms
 

are added together and treated as a residual, R,
 
Using Iand IIsubscripts to denote the first and second time periods, and expressing all
 

second-period variables as their first-period Values plus the change in the variable between
 
At + AA, where AA= All - A1, the covariances for the first period

the two periods, that is, 

are:
 

+ A, 1 Cov(y,,, A,,) 

ICov(Al,,YO)+ V1, 1

+ vlivu Cov(A,1,A,1) 

Cov(A,1 ,y,1 ) Cov(A,,y,1)-

+ R,,(23) 

and for the second period,
 

1)(' 1+M) ICov(Yl,,Y,1) 4ACov(y,, y1)I
Cov(A,,,y,,,, A,1 ,, 1) (Ali + AA 

+(Ali+AA) (Vj ACov(y1,A1)Ii + A,)ICov(y,,, A,,)+ 

+(V,+11 + AA,) ICov(A,,, y,,)+ ACov(A1 ,y)]~) A

+ A) ( , + AVI)[ Cov(A,,,A,,)+ ACov(A,.A,)] 

-]Cov(A,,,y,)+ ACov(A,y1)j ICov(A,1, y,,) 

+ ACov(A. Y)) + (RI, + AR). (24 

w mst-,(taniid/ 1O COVdaraInICCo1PrO ( IICts of RandoIlVariabiles", Joiurna u f Ih(7,,W.I ,S.G dbhlhergcr" ItII ExUaCt 
American StatlsticalAsso atiOnf 64 (1)69): 1439-1442.
 
WL A,(ood'umi^, ie/Imerican StatisticalAssa fdaton 55(1960 -713 .
"On ,ie I'ac v,i,,i.anccof ProduCis ."Journ,lof 7087 
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The change in the covarlancc between the two periods is then calIculated as equation (24)- equation (23) =ACov(A ,, AI y). Tle terms in ihis expression have been collected in Table
18 so that they can be attribted to different sources. 

Table I8-Components of change in production covariances 

Source of change
Description Symbols Components of Change 

change in mean yield A,, a,co(y,, A,,)+ i lAV cov(A,, v,,) 

Change in mean area, 1A iaACov(A, y,j) ±1 A, Cov(y,,. A,1) 

i [A,, AA1 ±Ali AA %A,AA1j Cov(Y,, yll)
hange in yield variance AliAll-(y) ACo v y ) 

Change in area variance ,yV()iACov(A,, A,) 

Interaction between
changes in meanl 

-
yield and mean area AV, AXA cov(y,. All) +i- A 1 Cov(A, y) 

Change in area-yield
covariance ACov(y.A) 5 i, cov(,,. A,) 1- A,, Cov(A,, y,)Icov(A,,, y,) 

f+aCOv(,,. y,)I ACov(A,, y,) cov(A,,, y,) ACov(A,, y) 
Interalion between 

changes in niean area 
and yield variance AA. AVl(y )A, 4X._A;A- I A. ' I%Cov(y, y1 

interaction between . 
11changesin Imeanlyield

and area variance Ay, AV(A) )i + "% A,i COv(Ai A1) 

Interactions between 
chainges in mnean area 
'Ind yiel andl changes
in area-yiel covairiancc Ay, AA, aCov(yA) AA ,,±.1i,NA) iCov( , A,) 

IV. Al f a,+ ,j %Cov(A,, V) 
Change in residual A AR- ACov(Ay,, Ay,) - Stlm of tie other components 

Note: A denotes area sown, y, yield. aid V, variance, 
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