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Th= problem of coping wiih and modevaiing yield
uncevtainty in aguiculturz is of nc less importance
than that of growth. Extrzms instabilily in agrvicul -
tuve destabilises oth=zr sesctors too, and can impede
avan ovarall growth rate, CLrop failures have the
divect =ffrct of veducing thg amploym-nt and incom=as
of thosz =zngagaed in cultivation like favm-vs and
labouvevsy and zalsg roducing the availability of food-
grains to consum~rs and of vaw matsvials to industry,.
toth th s: =ffocets csusz significant human miscyry and
could affsct the d-ovilopmiont of {hce rogions concerncd

anc th. =conomy at largZe.

For a long time agrvicultural peolicy was concerned
move with develeping tachnologirs likz soil conserva-
tion to stabilise output and coping with drought than
with stepping up growth rates in yields, The major
source of incvease in Indisn agriculturval pruvoduction
was incyrase in avea. ELven the axtonsion of ivvigation
se~m -o have bexn valued morxe fovr theiv protzctive vole
than fov yicld incveasing rolsz. Tha bregak came in tha

mid-sixtizs with thz intvoduction of high yislding

LA



vavriz

Lo

ti~s (HYVs), when a distinct shift took in agri-

cultural policy to promotz growth of agriculturs
through st=2pping up yirlds,

The limits of =zxtrnsion
of axrea under cultivation as a source of growth werve
Bcing wreached and increase in yield per hectarve

acguived 3 crucial rotw,
gquite vosy. Ths:
evan =

1972=-73

Y]

For somsz timc things scemed
drougnt gave

T ruds

ne fluctustions in agricultur2l production in the
subseguent prriod made

shock and
instability was no longev
it acgunirzd

=]
1

us realise that the problem of
z thing of thes past, RHathar
a N2w context. Eewvlisvr the probloem of
uncervtainty or instability in ageiculture was attyri-

butrd mainly to climatic factorsj amw 1t s~omed

L

that
ch* way in which the growth of agvicultuxre was being
achi=vcd alesc could contributy

tc instability.

Evi.n b-fore HYVs made an impact, the growth contoxt
had becom= vslavant as shown by 5 R 5on in his pionser-
, 1

ing woxrk, Hc

i v

not onily indicatod

1.

positive associu-
tion botwmeon growth and instability in agricul ture but

turael Statistics,

his books Growih _and ln:

January 1967, Waltair,
Firms K L Mukhaopadhysy, C=lcutta,

P

S H Scn, "Growth and Instability an Indian Agricultun.',
Pr-sidential Acddyoss at the Indisn Socisty of Agricul-~

Roproduccd in
ftability in Indign Agriculturs,
T977,




also attribut.d the higher ins%ubility duwring th- prriod
1951-68 to axitonsion of arca undsx cultivation to mirginal
lands mainly through which thz growth in production was
achicvedy  The problem pos<d by him zbout instability in
tho centixt of growth has stimulat d furthotv studi-s,
which w2 shall r» virw in th: nuxi chaptecr. Wo may,
how:v-w, nmot: 2t this stag~ thet 2 widely pr-valecnt

impv s=io2n has vocently devolopoed ccecewding to which
inst2bility in Indizn agriculituv: hus incrveased parti-
culavriy aftzr the HYVs werz intrpduced and yislds were
stzpped up. This nseds top be invesiig-ted toking into
account th: expmvience of diffe:vant S7ates as well as

thk~%t of thr country as a wholn,

This mzant that the problzm of instability and
hance uncsrtainty n=2ed no longryv be =2xclusive to
drughtptene arsas. Thave wave ungsarizinties avout tha
outcams of the acoption eof HYVs sven in thz non-~drought-
pione ax-as and thzir possible impect on the grawth
proce3s. Furthaemors the growth-orizntrd stvatagius
whish conc-ntratsd en bett~v mnoowsd arveas for th-

introduction of HYVs alsa led to velative necgloct of

droughtprons az.as. As Jodha has put it



M eaes the initial nature imparted neglect of
of these areas got compounded once agticul tural
development came under th- purviaw of conscious
public efforts. This hzppanad psvtly because
of a conscious discrimin=tion against thz dry
ar-as, as with their low pay off potential they
corld not competa for intrzszctoval resource 2
allocation - bg it fovr visezveh ov infrastvucture”.
Absenc: of a trchnolegical bxzakthrough and domi-~
nance of low yield grops in thz crop patt2rn coupled
with wirath . vr=inducsd uncortaintizs must havs actod as a
d tovvant to the dovzlopmont of +h-sr arcas, OScn has
obs2vv~d that 69 pav cont of the arca undon Foodgrains
falls in *h:s rogion whire dyoughtsars move froguscnt
and/or tainfall is scanty without any depondable irri-
3 . . :
gatiaon., The rolc of thrs2 aroas in Indian agriculiure
cannet thzv-forve be eonsidozed - mavginal. Thoir
plzc. =nd potrntial in r gional duvilopmant th rufove
n: mds a cl-.ay invastigation, Unless thes2 areas ave
also aov.red by the growth prvocess, no vzl brcakthrough

in guvewih can bs zchi:v-d, but this slso riguiv. .5 an

inv:stigation into th: natuxs, magnitudz and impact of

2, N S Jodha, "Dvwy Faxrming Tgchnologyzlﬂchi~vrm,nt and
Otstzclas”, in C H Shah and C N Vakil (v:ds ), ;
Aagvicultural Ugvzlopment of Indioss Loligy ans
Frggrgas, Graint Longman, §.w Uslna, 1979, p.506,

-— AW

L
-

5 H San, Op,. Cite., Pe28s



yi=ld uncextainty in such aveas and their relation wi th
th= growth process. 1In additisn +*o undsrstanding the
vole of droughiprans arvsas in vagional davalopmeont, we
have 231850 to sca whether the prisznce of yield uncer-
ta’nty hzs acted asldﬁtcrvﬁnt tc growth and whethor
growth -~ wh=v2 it has occurysd - has inci.assd unczr-
tainty. Wuit:s oft:n droughtprons arveas svs condemned as
Eackwavrd zvras du- to climatic anomali~s and thors aype
havdly any attsmpts fo tcst th- gounesis of this pheno-
m-non, ov cvin asgsess wheother th.sc arcas possess the

voguisit. potontial fov dov. lopmant,.

Th- human probl:m czuscd by drvoughts hardly nreds
emphasis, Wdrought vipresants 5n advovss climatic condi-
tion wich disastuvpus ffaucts on agricultural production.
ihy affucts of dvought avs voaliscd in phagos.  The
fivst impact is on sowing and th-voby on farm cmploymont,
This raduc-s th purchisinyg power of thost who dopend on
agricultuvs for their livalihood. ©OSmall and mavginal
favmrrs join thoe bhand of ~gricul+ural labourzvs theroby

kgrs.a becondly, with ths

('1

swelling the ranks of job se=e

A Y o S S R e T et ke o S A A A T A AP

4, Shukla .nalyssd ths employmant implin\i ns of A2
drought 51tuaC1on cf, HRohit Shukla, "Employment
Bezhoviour in o L~2bour Surplus Eceonamy in = Famine
Situsztions A atudy aof Gugﬂw 1", Anvesak, Vol,VII(1),
June 1977; and "Employmeant Imnllc “fions of UUought
Slfu’CanoISSU”S and Expovience™, Anvaaak,

Vol XI(1=2), Jdune-Docembew 1981,



speculation of % low h-yvest, thz fond nvicrs start
moving upwaxrds. Muvket powcv is sought to maks ths
most aof to: situntion =nd -5 5en puts it d-vil

n

tokes tha Kindmast®™.~ 9¢n an-lysrs @ drvought tuvnad
into famin: os = si%uatiom crusad mara by foiluve of
mxch2ngz entitlem.nt whowvs entitlzm-nt v.flects
cwne®ship on thz on- hand 2nd osportuniti-s of produc-
tien ond sxehangz on ths othir, Th- ~ffrcts of this
noxus =ve cat-strephic, ospocially fovr th- undgor-
privil-god an=s. A cvuzl iveny of such o siturtion
is that ~xploitewvs gt an oppovtunity for axtuocting
from small and mavginal fovmowrs, Thise guroups of
cultiv:tors tznd to sa2ll off av plodge form asscots,
livestock nnd cv.n land which pushss thom out of
cultivation in the naxt SEDSOH.G In th- aocsence of
any soft consumption or crop cvmait f-ciliti~s, therse
guaups t=nd to bovrow fevem villoge monty lenders at
and
rxhovbitant intzrzst ratos/2s a rosult small and

mavginal cultiv=tors -re pusn d irxvovirsibly into thn

vanks of =zovicultuval ladouw vss I1t wns oosorved in

5. Amaxviya Scns  Povouvty ang Faminis: An Essczy on
Entitlcm ngs and Q;gu1Vﬂ_£gn, Ox7ord Claronden Preoss,
7687, anmd his Covomandrsl L ciurvs, Docrmbor, 1962,

6, Jodha has deocum-ont.d wvid:inc of <h: imp-ct of
dvoughts fvom vaovious studiaos im ord-v to =nlyse
ths micvo=lnvel adjustmonts, CF, © S5 Jodhz, "Effrc-
tiv - noss of Farmeovs Adjusim nis to Risk™, EPM,

Vol XIII(25), 24th Jun- 1978,



a study on tha impact of a drought that small and marginel
farmers found metal breaking wovk vemunsvative tham cul ti-
X 7 - .
vation. This induc:s out=-migration to the aveas with
Nighev employmznt oprovtunities end/or assurved watsye
supply, obvinus choier being the urban avuas. Though
ovganised ivansfev of lspnour fowes from a labeuv surplus
v2gion to a scavce manpowa2r rogion is we lcaomm, tho unorga-
niszd transfur of unskill:od labouw forcz %o an alr-ady
Zabour-dens® vogion may luoad to soricus sconnmic distross

ANG soclo-pnlitical styains,

Lrought as & climatic vvant, how-vsr, cannot be
scl-ly nrla wosponsible for th: disast-vs like ths Famine
of Bongzl ox tho 1972 ca2tastrophe, I7 <thnis is so,then

is 1t th- lzck of ovoeall dovelopment of droughtprone

w

zrcas which maka thnom vuln vable to vaegaries of climate
ryis it th dincguiitpuws zgwvavien structurs? CLomparcd to
5 vioval undrdovsloped countrics India may have fared

: . . . 9 . e .
b ttrv in coping with famin= s, JBut within th country

e A - P I -l S P WY g ————t

T. V V Bovkzv and M V Nodknrnis Impzct of Urought on
fugal Lif, Populsy, Sombay, 1975,

€. Fuyther,the =ffects on movtclity and health standavds
STE mours hUZZIJd"WUS. chit']"‘ Ban ji h‘S gi\f’z’n a
conso.idated picture of suca off: Cto and has clearly
s hown that the rural movtality touched its high in
1972 and 1973, Cf. D Bangnji, Impact of Dvough® on
Nutvition ang Hezalth Status of the Fopulation of
India", in Dw;og_q"‘n't and Man, Vel,IIl, The Consiant
Catzstrapnes Main wutvltlon Feming and Jvouqht “Psrgmon,
19829

9, Obsmuvv:ed by amaviya Sen, cf, Op, Lit.




we haove to see if droughipyens orv~as ave mors vulnera-
ble to climatic fluctuations and why? There i:s also an
impovtent point have about whe thov growzth could also
navi @ stabilising effect., In othsv wovrds wi th agricul-
tural growth, caon the magnitude of crop failurss in
respons:s tu & failuvz in rainfull of a given magnitude
be raduced? . If this happens then dvoughts would be
#55 and less s2avore in magnitude in tevms of their

10
impact, .

This czlis foxr =2 dotsiled snclysis of the climatic
conditicns, psriiculavly the div ct and indixect ~ffact
of climstic anomzlies on ths yield and pvaoducticon of
diff-:vent crops undoy divavss structural conditions and
also th- giffevenc. made by nmniw tochnolegy. It is out
of pl-c.- fgv am zconamist to zndacavaouv 3 hunt for the
c-us2s of climatic drvought, rflowovar, 1t is a3ssantial
for on- to finc out ways of drought proofing, i.c., to
allrvizt: .5 .conemic ffects of ayought ang to improvo
men's aoility tu reduce ths scvoreity of dvought. In
ordcuv tao plan for such @ progrzmme as alse Tor an overall
d-velopm nt of drvnughtprens avias, a knowlrdgs of uncor-

tiinty in ~2gricuelture is an asscntial pro-roguisite.

10, An an-lysis of th. droughws in the post indcpqqu;nca
p_ricd clso suppoxts this visw cf. M'V Nédkarnl,
WKl ~ of HYV in Instabilisy"”, Economic Timg:s,

13 August 1982, :




Uncevtzinty in prices ond yield (productivity per
unit of srea) ave two impovrtant variables which enter
the dscision moking calculus of the cultivator. Hencs
a knowledge of the n-~ture, magnitude =znd impact of
yield uncertainty is of vitol Concern¢11 In the long
vun this may help thz planncrs to clnssify ths problem
arees for spoeial attzntion rogquiving a cav=ful lang
tcem plan exewrcisz, instz=d of rushing resourcses cnly
in thz cvent of creop failures, In cthev words, 1t will
b @ stEp towzvds 'Disastean Puvoparedness' veplacing the

zystwhile ‘Disaster mitigation' approcch,

On> of the impcrtant tzsks of maen's productivs
activity has bgen a prograsasivs transforvmation of
uncrtainty into a known probhbility distvibution and
transformation of the latt2r intec 3 cost ¢lemant thot
can go into the process cf deeision making, In the
procsss of cevalopment, apart from the technological

chuengs, this fsctor of transfsormation of subjezctive

11, Whiles discussing 'Directions of Future Ressarch’
at the A/D/C - CIMMYT Confarencc an 'Risk and Unccr-
tainty in Agriculturcl Dpvelcpmant!, Richzrd Day
raiszd thpee copies for future ruscavch, OFf those,
the first one v:lated to the "Charactecrisation of
stochastic variables such as finld crop yiclds c,rzd
clim=%tic variables and thoir int-r-velationships”
Cf, Richarc Day, "Directions for Futuve Resa-vch on Economic

Uncrrtointy,Chapter 21 in Jumﬂv(ﬂ ?ouﬁas:rtu Juul Nuzc bogssatd
nderjit Singh (ed 1S ncortain an

22§;iul§uia; Degglogmagt DEHHCn and A/D/C, 1979,
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probabiliticrs to obj-ctive ons and ultimately its
inclusion in th: coests at th: decision making lavcl has
GrFinit-ly contributzd its shav to growth., Th2 inci-
dinci of such inclusion in thz costs if not transfzrresd
will divcctly fall on {th: producoy (impraing production
setivity). It nccd not nocessarily ov fully be shif+t:d
0 th= consumar thveugh pvice m-ochanism, it also falls
on thr: emell and marginal favmeors and agvicultural
lzbouv-re who hav: littl- ox no suvplus to szll, A
5ttt © knowl agr of yizlc uncoetainty in agueiculiurxe
snd 1ts incidrncs acvoss crops @nd vogions can go @
long way towards botter planming net only for zguicul -
tu sl devalepmont but ulso for drougnt proofing of thu
populction corceen:d, Mowvocover, this knowledg: can

its523)f stimulaete cction for roducing unceriaintys.

Longapts:

B-fove we spaell out th- spoeific ebjzctives of
th- pros-nt s~udy, it is nrcessavy to clorify tha
concepts thcorctically. Whenever onn uses8 concept
like instability, fluctuationms ox varisbility in yicld
ov pyocuction seorizs, no thoorotical preobloy is ~onfren-
t.¢ sbout thoiv nowm.tive o finitions. A1l th: thvoa

present aimost similar facuts and have b.on uscd

) s LRk litoore s Howsver, whon
ints>vr-changcably in th- litzraturs. QWS V2T, C
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onz tri~s to make use of th=z concepts of 'risk or
unccrtainty' it becomes necessary to zxplain as to how

the concepts 52 being uscd,

It has besn customavy in economic theory to make
a distinction betwsen visk and uncertainty, starting
with Knight according to whom risk was measurable
whereas uncertainty was not.12 Heady also looked upon
'risk' as mcasuvable; a decision maker may adjust tg it
through cost manipulation based on gx_ante knowledgz of
thz probability of the outcome.13 In otheyr words,
sincec visk involv-s knowledgze of probability distvibu-
fion, loss2s and gains growing owt of visk can be
included into farvmar's cost schedulce On the other
hamd, uncortainty wes said to be prasent whzn the
knowl=dg~ of futurz is less than ﬁavfect.' Knight sought
to oxplicats o gquasi-philosophical fremework to under-
stand prefit wherras Hoady perczived it movz from the

point of vi~w of applicability,

——— o - -

S q—— ——_ et

12. Frank Knights Risk, Unczrtainty and Profit,
Houghton Mifflin, Eoston, 1921.

13, Earl O Heady: Econonics of Agricultural Productiqg
and Rosourc  Use, Prentice Hsll Ine., 1964,

E i T4 iy

Fp.442-43,
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Uncevtsinty has also been treated 2s a relative
phenomenon whete ceriainty of an event is
dafinrd 08 tho moet dosirable cutcome havf_
inyg o probabiliiy distribution, wheveas uncertainty is
a2 complementary sit of this probsbility distvibution,
ohuzckle's thoovy of 'potential suvprisz! considers
cevizinty as a point with 'Zavo Potential 5urprisa’.14
Fundamentally the two concepis zre not different;
mazinly beecnuse only 2 priogri knowlodgs of risk is takzn
into considocvntion whil e fovming a desivazbility schzcule
and, whzt is vxzctly fncid by th- d-cision makar is the
'pot>ntisl suyprisces!' ox unceviainty. Shackle, howovor,
disczvdzd thr us. of frogquincy ratio oy astimztos of

. : 15 . ]
probobility as a m =suv- of unczrtainty, and instooad

favoursd ovdcocving of uncovtainty on the scals of

'pot-nti~l suwrprisc! which is ag:in pur:ly subjoctive

in n~ture,

Howavev, along with the development of the thooxy

of drcision making the conceptual difference betwasen

— v P

14, G L Shaekl-: Ungeytainty in Economics,
Cambridge, Univewsity Press, 1952,

15. Lbid“l-p p026ﬂ
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risk and uncerteinty has thinnad out.16 Houmzsszt

)]
1]
61

csscrts th-t in 2 modern dscision theory the distimction

(W

botwesn risk ond uncertointy is not donm on the bssis

of mrisurability of thoiv probabilitins but "uncevtrinty
v.frrs to 21l situztions whoro s Singl: action may 1-ad
to altzvnative conscgumnces and visk rofers to o charc-
T ovistic of th- subj.csiv- probzbilitics over thz con-

. : . 1
Scguzncis 3ssociated with an action', !

H: puts visk

@s on: which incroosis whan the density function of

v tuwns is subj-ctid to @ mran prosrving sproade L

is -~ measure based on fraguency distvibution tog-ther '
with expectrd valus which dascvib-s the choige und-ap
uncorteinty ov s guags of uncertainty. Ancthex into-
r-sting dimension about *hz d:xfinition of thes>2 conc:pts
has o-on discusscd by Aothchild and Stiglitz, who

d-duccd 2 dr-finition of visk on tho basis of risk -~virv-

sion, where visk avirsion 1§ charaggtorizosd 2s @ concave

L I L e

15, 9avage's veaction to tha distincgtion is more
strong:v - to quotz "This distinction hzs proved
to be stevile, Ind=ad wr cannct in prazctice act
vaticnally without summarising oux information
(or its converse, our uncertainty) in the form
of probability distweibution", wuoted by krank' .
Cancjan, "Hisk ang Unczrtainty in Pcecasant Docision-
Making" in Socio-Economic Constvaints to_bazvelop-
ment of Semi-Avid Tyopical Hnrlcultur ICAISAT,

1975, p.3T8,
17, James A Houmzssats Ricz_and Risk, Novth Holland

-_”,_i"

Publishing Company, Amstevrdam, 1976, p.15.
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utility function of wealth =nd risk is the cost that risk

avevtors will pay to avoid,

No consunsus, howzvau, Gmeargzd sbout the definition
of these two concepts 2vin at an intcenational gathcring
of expsrts working in this field.19 The confarsnecz on
Risk, Unc.rtninty and Agricul tural Dovzlopment dealt with
this probl-m clcscd on 2 note that "..... r-szarchers
should spocify which definitions they ave using when

thoy veport thoir work".zo

As far zs this study is concornazd, we choost not
te :mphusize on this distinction, and would not mind
using ths toems cvsn intarchangeably, The term instability
can 2lso be used to demotz both, but fov the fact that
instzbility can refzv to all fluctuations includimg those
arvising from consecious d:gisions, We, thecrefore, preofar
th~ tcem uncertainty. Wheve there is hardly any risk
coviv throgugh insurancz and its prospeccts avc guite
cdim for low valuzs and unstablc crops, the distinction
biztwzon risk and uncertainty loses its signifi-
cance, JThough wa would nat like to attach much

significnnce in thz prcscnt state of affairs to such a

18, M Rothchilc and J € Sitglitz, "Incroasing Risk (I
n Dzfinition®, Jouwnzl of Ecovomic Theoory, Vol,2(
1970, p.225-243, -

19, A Confovencs on "Risk, Uncertainty and Agricultural
Dovzlopment", A/D/C and CIMMYT, March 1976, for

_proceedings Gf, Jemes A Roumasset gt,al., Op. Cit.

20, Jamzs A Roumassct, gieal., Lbhid., Chapter I, p.5,

)i
i),
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distinction, it may still be u

]

eful to distinguish
brtwesn visk as measursd by probability of failure, and
urcswtainity in tzwms of an ovrrall mezssurc of co-effi-
ciont of varviation. We shall discuss th- computatiaon
and implicstions of thes: meesurzs in a subsequent src-
tion, Even in making this distinction, probability of
failure is consid=xsd only as a dimension of the largor

proolem of uncevtainty, though a mors concuvate onc.

The focus of ouv stidy i3 to analyse ths natuga, mag_
nited~,and impact of yield uicevtainty in Mahavashtra
Tov the principal crops in th- context of both growsh
and climate or envivonmeontzl factovs on the basis of
tim~wszriecs and intzv-district sccondavy data.21 Though
‘uncartainty ch-reast-rises both production and yiclds
egually, aur attention here is focussed move on tha
latt-r., Dy this we do not in anyway intznd to undesx-
zstimate th2 uncouvtainty in production of the crops, but the
fact is that phrtly it crisca out of acjultments in ax.o, donc
through canscious d:cision making, H:xncg uncertainty
in production is mow. maneuvervable than that of yislds,

While av-: adjusimrnts ~vr endogenous to docision

yizld v-coriainty is relatively much moxe

21, Th significanc. of th- choict aof Mahzrashtra Stotz
fov the siudy is discusecd in the szction on Indizn
Expcrinncs lotew in this Chaptot.
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XD

L"_‘\

nous affaecting ¢ cisions regarding aves itsslf
und-r a crep in a pavticular y=av, Thov- is scopa for
aunjustm nts in o*hor inputs teo, but once ar=a is s5djus-
tud, otherv inputs gan-rally go with its To séma axtont,
tochnological change is irreversible, Moreover, since
the grvowth ptocess is mowvsz a2nd mors oviontod to incross-
ing yields (th-uve being limits to zrea cxtsnsion), it
may b= move maerningful to concentratc Move on yield
uncLrtainty, separating +h2 dimpact of zvzu sdjustmonts,
Urecevtzinty in output wharzvav negcessary has 2lso been

+aken nct2 of,

Further, we give gveateor attention to crvoughtprone

STNes

om
8]

, due £nth to their greatzrv vulnevsbility and
hackwavdness, We howsvor, do net take it for grantcd
that yield uncertainty is mainly the problesm of thess
v2xs, hp:vt from ~nulysing th: raole of thcse credss in
zgrvicultuvral deovilopmont, ws also try to assess the
vole of climatic factors in retﬁréing the pace of deve-

lopm:n%t in these xr:gions.

We moy spall out the gquzstions atstempted hers in

93]

L4
k4

gspacific ontadls 25 follow
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hegavding 2nvirenm-nisl agw climstic factors:

- T e S T et wrure miamy K
' ]

i) Wh t is th. contrvibution of droughtprone e as
to ths statr cgriculiuve =s compared to none
drougntpron= avroes in woath-rwisz nevmal years?
How fov axe thesz vogions vasponsiblz for

zrrusting the prct of divilopment?

ii) How do 5 this situation chang: in a typical
drovght yo=v znd also what kind of adjustmont
m-chanisms op. vit: in th 'so rvogiaons in tho

cvant of 3 draught?

typ: of prriodicitiss ov cyclus

e
-
FI
et

Ars thort any

in th- x2inf.ll s-vies in long run?

iv) Has thi p-ttien of rvainflll and incid.nce of
its fi:iluv: und-rgon® any chxange ov-r thg

125t three gquzrt-vs of thr contury?

v) Wh=2t is th» ruvlation betwcon tho lrvel of
annui3l vainfsll ond its so2saonz)l untimalainoess?
What 2vz thr poculiarvitizs of the timeliness

and agistributicon of vainfz2ll?

i) How farv do difrfor-nt m-csuves of uncrtainty
chim~ ~-ch nth:v? How doss ungoart:inty in
yiald compar: with thezt of cvez and proCuc tiomn

1cvpss crops/districts?



e

ii

.
e
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) Do cewtain crops/districts show consistantly

high unezvtainiy ralativeoly? Do the drought-

proneg districts show peculicvly high unczroe

ck
[
3

ty @3 comphrad to nomn-droughtprone dis te
ricts? If so, what ava the prominznt varia-

bl causing thls differsniial behaviourx?

“hat is th: werl-.+tionship brtwzen uncevtainty
and growth? DLoes uncervtointy nrcrssavily
accompiny growth? Hzs t-chnological change
mada Any diff-v.nct to ths behoviour of uncor-
tointy in i contoxt of growth? Has uncar-
tminty incrnascsd ovevr the docwdogl, Are tho
perks and trvoughs in yizld seyiss divorging

or converging?

-1

How f2v i3 climets (using veinfall as a proxy)

v ) .
responsible for the bahaviour of uncarizingy?
+

- .

Whet &5 the vols of ivvigotion in mitigating

uncortuinty? Heow far eve th. structuyel and

{

imetitution-l v-ovionles v osponsiblo in Ixplaine

in he intor-cisteict varvietion of

[fm]
o+

uncortsinty?
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v) What is the vol= of adjustment mrchenisms in
mitigating th- «ff-cts of uncartainty? VWhat
=xplains th= ciff:rential impéct of drought
betwesn dreoughtprone and nan-droughtprone

distvicts?

M-thods_and Mat-vial:

Uncietainty is a viluetive phinomenon, ths defini-
ticn of which is bLzscd on th- conecspt of cevtainty,
H-ncay the muasuvam:ant of thoa degres of uncevtainty is
nossibl> only Dy zoroino down the scalz at th- point
of czvteinty. Cewvtainty is th- most d.sircd path,
aoutcom:- ov range en the prefruence schedule of the
d-cision mak»-v, for wnich he doemenstyrat: s a strong
pr~fcr-ne:, It nred net be a singla paint but can be
a2 ranga ov tho most ¢ .sived path of the trand of growth
in dynsmic corc:pt, Th: past growth raw: its:lf may not
b th: mest d._sivsd on=, but in th: civcumstanc:s vipro-
3: N tS A c;ntrél tznd ncy, h v* which can sawvve as the
h-gt rofov-nc~ point in planning for d-cision making.

A summuarvy miesux. d:sevibimg fluctuations from such

point or pzth sheulr give a fairly good ind-x of

unc: viaintye.

We avi concowvnod horo with tim- sorvi-s datee  Th s

. . Foe T Y tha
Sa“‘t‘i 5 Will hcr“.;V" Vg uvl3rlons on t‘u’JO cCounTs ..delt 'F'I.Om Lh.‘
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usual measurement exrvors, i.e., the variations due to
terend and the voviations due to factors othsve than
tesnd, A trend varieblc is supposzd to include impyove-
m-nts in inputs, farming practices, skills, etc., the
impact of which is to bz =axpact-d in any particular
yrer eand shvve as the vafevopnce point. Koeping this
in view, we hsv:i takzn th- mgasuvs of variation which

the
is n=t of the variation on account of tr.nd viz.,/cocfficicnt
of variatiocn adjust~d fav trund {CVYT), as our-mgasure
of yizld uncovtainty. If the twend is not statis-
ticslly significant, then 1t will hsve to be a2 mesasure

22

of varisgtiocn avround .h-:. msan

A tricky problem involv=d hor. was the choica of
for |
th . fumctional foem/fitting trind to tim= secvies data.

A ecammen proc durs fovw resolving this problem is to
choosa %thr. functional form vhich givcs the highcst

23

2 o ;
valuc of R among a szt of trend functiens. In

practicz, this doeg no% mik:z 2 significant diff-renca.

Mor.ov.v, it criat-s difficultics in compaving trsnds and

-

22, This prvobl-m has bsen discussed in dvtails by
M V Nadkarni, 'Yicld Uncoxtainty in‘Mahara§?tra
Agrvicultur-', IJAE, Vol 26(4), Oct-bec. 197 1.

23, This proc-ducs came undxr scuthing attack b%
N Kvishnaji, "Muosuving Agricul tuval Grow?h and
V M HRan, "Mcthodological Issuis in Moasuring
Agricultuval Growth: Lossons cf Rocant Indion
He ~.arch:ovs", both in ILJAE, Vol,35(2), Apv-dJdun 1980,



varicticon

o]

=round trond LAd screse districts end crops,
Gonevally, lincav tv:nds havz boan found satisfactovy
Trouga, evon whin alternztive treonds wotve tried in
Maharushtrz.za W have, thev fore, fittod only lincar

tr nds fovr 2ll Croips ond distuvicts, cxpr-gsing slopc as

pcy cent =t tho mean s growth roto,

LVT as indic.tird ~bove t:k.:s into sccount fluctus-
ticns beth abevs ano b low th tr-nd. Fluctuations

b low trend indicateo unfavourabl: cv.nts and thos: sbpvs

g}

con tzrmod a3 fovourabl - »vents fovr the docision
mak v, This led us tgo chooss the othoyp two typss of

m-oasuv-s for the d gr-e of uncart-inty,

noumasset calls visk as "a change in th2 distribu-

Tion cf »random vavieble which keeps its mean constant

and raopreeznt a meovemant of the pirobability density fTrom

24, (1} M V Nadkarni _[_J_g.‘_,C,j,jg

(ii) D K Desai and N T Patel, "Impvoving Growth of
Foodgegins Proguctivity in the Western Regions
of India", I JAE, Vol,368(4), Dct_Dsc. 1983,

(iii) Y K Alaghand F S Sharma: "Growth of Crop Produc-
tions 1960-61 +to 1678-79 ~ Is it Decelevating?",
IJAE, Vel.35(2), April-dune 1980; indicutic linasw
trands to b:s betisr fit the exponsntisl tr.nds,

(iv) Chgyndan Mukh..vji and A Vaildyanathan, "Growth and
Fluctuations in Focdgreains Yields psr hzctave -
n Statcwise Analysis™, 1JiE, Vcl.35(2},
April-June 19680; found nonz of the fouvw tuend
Tunctions sztisfactovry for Mahavashtrz in
towvms of tho behaviour of th-iv wcsiduzls,
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th- cratee te the teils of tha distribution" and also
thst "visk 2s a probability of less or chance of

. 25 : Ce :
bankruptcy”. Taking this into account, we have d=finecd
unfavourabls zvents as thoes:o cveents which fall below s
pro.definzd level of covtsinty (wh3ve cevitainty is
d>fin~d as the most pr=ferved vange/path of occurvznez),
“eve again we tzke the linesv positive trend as the
prof-yrca path of the decision mukev., In ovder to avoid
s:mpling 2nd non-s=mpling randum srrovs, ws define a range
on both sigrs af thz ftvende A movgin of 10 psy cent
cn both sid-s of the tuv-nd indicates o belt of profonved

p=th of outcame.26 Taking this 1intoc considevation we

avrived at two me2suv.s of the deogreg of uncevtainty,

The first one is basad on th= frerquency of failuxna
i.n.} th= frequasncy of nagntive daviotion from the
axpectued outcome, W32 have defined the deviations bulow
10'pou cent from ths trvend ag tho 'failurve'! and taking
thr fr_oguency of numb- v of y-avs havimg such failurc
~xpresstd as por cant 1o total numbiv of years givrs the

prsbability of f-iluwz (PF).

Jam s » Houmasstt, fdige and Risk, uUp. Cit., pps15<16,

8. Jam s ~ Houmasstt, OL

26, Similaw t chnigu~ wos applicd by V M Aao thgl,,,whlla
incicsting a trwus trund fov Kernataka cf. VM ﬁng, N
MV N-dkavni a3ng A S Deshpande, "Moceasuvement of Growth
and Fluctugtions in Crop-COutput - An appﬁOuChthSBd on
th: concopt of Nen-dSystumatic C:mponﬁnts ' l;hg,_h*_
Vol.35(2), April-Junc 1580, T;klng §tandavd dUquul?n

to defino tho margin on both Sld§s will noct bﬁjpr?pgl,
since~ standavd doviition itsmlf is 2 mrasuy: OF dtfl?f _
tion and olsc sssum:s normal distuvibution fou th s:vies,

M
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Othex measuvs of uncevteinty used have is the Crop
Loss Hatic {CLH), which is move v=levant in the Cyop
Inzvrance cont=xts Thoe puvobability of failure dafinsd
aocevs takas into acceount the numbar of yeavs in which
the crop yields weve bemlaw a given levesl (10 per cont
Dend off the trend szstimatz ) and nat the actual lnss
involvad, n measuvrs which contains both th- failurs
and guantum of failure can also sevvz as a measure of
thz dogueze of uncsrtaintye The Lrop Leoss datio dzfincd

f‘

(W]
‘—l

ouv puUrposc 13 thé sum of deviations below 10 pox
crnt 7Turam the ftvend ostimzt- of the yiold sori-s,
cxpresszd as pov cont of the sum of all obscrvaticens,
Symbzlically thz two miasuves can be oxXprrss.d a8

follows:

n{f)
e X 100

(i) Probability of Failuwe (PF) =

-

whare

n{f) ™ numbzxy of ycavs in which the yield pse
h~ctar- is below 10 p=r cent band from
the trond costimats (if the trend is
positive and significant) or moan
{inm cag- whevs ths tvand is
mot Significanti.

n = %total numbov of yzavs,
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(ii) Crop Loss Ratio (CLR)

d. = deviztiorn of actual yield from the yiold level
below 10 pov cont of the trend estimate for the
yzar J (ox mzan in case trend is non-significant ).

-<
e
f

Yizld pev hzcteve for year t.

m = numt~v of yesaws whon actusl yicld is below
10 pev cent from cstimatod yiold,

n = total numbov of yravs, in the series.

It mgy be not-d that Lrop Lpgss Ratio (CLA) and
Frobability of Failuvre (PF) are the two mrasyres of
dmgvans bf unc-ytainty dofined with a givan concspt of
failucere Thay coxpr-ss xvzsprectively the probability of
risk occurxrance and th: average cost of such risk in
r-lstion to evrrvags yicld. Miasurzs di scribed above
including th: cozffici-nt of vaviation adjustzd fox
trind {(CvT) axe fruz of bthe units of measurement and
ave compavable over cvops and acress districts. They

indicats thres differ:int dimensions of unceviainity.

Wo have discuss=d so fav the mrasuvement of the

drgrez of uncrrtainty of individual cvopsS and crop g oups
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over districts. A summary mzasuve obtained by agore=-
goeting crops ovevr o district will help in making an
ov-vall comporvison butween distvicts, Aggragating
Znaividuasl crops over a district waula nced assigning
wzights both accovding to arv-a undor crops and value
of cvop output. If we usec cureont valucs of avesz and
pvic-s fov aggyegztion, eazch of them introduc:s bias

of its own vaviastion., QCuwv focus, howsver, is on yisld
unce vtainty in physicel toems and not on price uncer-
txinty. In oguar» %o net out th:e pricc vaviation we
take censtant pricus as wrights., This 1loaves us with
two ways of aagrosgaidion, nzmely, using constant arras
te not out veorviation duc to crop pattoen, and wsing
curvint v=lurs of av- = to cllow feovr changing crop
patt-en and its dimp2ct on yicld uncertainty. Our fivst
m_zsurs. of aggrv-g.tz yizld at constant pvices and

constant crop pattzvn is fowmulatcd as followsd

th
; | (th . Ajc: . P”)

j=1
(HY ) I e ot~ e e e e e
a t
p‘c c t‘m‘
A
- jc
i =
Wh-rs
(AY ‘) = Aggaugate yiold pru hectars in Hse at
e Be ¥ constant pricos and constant orop

pastawn for thr yzar t.
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—~<
1l

it Yirld r:?: of 3 th crop fov the yuar t (in
kgs pav hactzve),

Aje ~ Arca und v j th crop avsvaged for normal
2218 in hrnctavrs,

P.o = Farm harv.st prvic~s of j th crop, averaged

~ for normal yzavrs in the State for ths quantity
in t2vms of which yield is calculatsd.

s A ; 3 o

J = t+ tom [umbzr cf cvops aggrsgated for the
seri=s,

Th> fluctuzticns due to arsa can be incorporatzd
in the aggregats yicld ssries by teking curvsnt area

und=xr th- crop fov tn- rzfcv-nce yeav instzad of Ajc'

Th> diffewvsnce betwarn our <cavlirv aggrogate yield

s.rics (AY t] and such a avias can bz attributed

T 8
e

to the change im th crop pattoern,

We formulatc th - aggregats yield poar hectave

at constent prices and vazrying cvop pattarn as follows:

<
3

P At
=1

(AY ) = Aggr-ogats yivld par hzctavc at
PLth constant priceos and vauying cuvep
prtt »n for the yezr t.

‘ = Quiput of j th crop foru the yeoax t.

P = Fagm harvest pricas of j th crop.
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3‘~
o
!

Arca und.v j th gegp 9n - t th yeax

i =1 tomcromaggrigat.d for the s -vias,

The constant prvicos and constant crop pattorn above

s T - . - 3 - -
roiet. wospretively to th: avorage faxm harvest prices

o
ct
ul

tate lavel) and avevage area (3t district lzvel)
cduving yzavs 1967-68 %o 1970-71, which were weath-iwise
normal yzavs fox th2 State. We hove t-ken State aversgn
foym hurvest pricts for c-lcouloting boih sevies of cggre-
gats yields in owdew to cvoid the intzwedisteict price

r

vzristion, which in itself is 3 souvce of distortion,

&3]

Our aggrrgste sovims avy in torms of Rs. pev hectae:
which ficiliteti.s intovdisteict =nd intv-distoeict
compavisons, We have token only those crops for which

farm haxvzst pricos wa2vrs av-ilabla,

Timeliness ov distribution of xainfall ov;r oo y=ar
is considered as an important detsrminant of uncextzinty
in rainfzll apart from the total guantum of vainfall,
The patv cent distribution of rainf1ll over the aeasans
will give an idea about guantum of the distribution but
would not speak onbeout whiethezr the distribution is
feveourable ov unfzvouriolz in that ysare Mowvzover it
is difficult to link up this distributicn with crop
p=tvfovinance, dus to limited desgracs of freedom, In scch

. situntion, = summary measure of the dietwvibution of



28

rzinfall will go & long way in assessing its impact on
cvnp yiuslds., Such 2 mossuras should t.ks into considera-
- * . . 4+ - -

tion the importance of thas seasons (sgro-climatic impox-
tance) apzwt fuam tho qusntum of rpainfall veceived,
R-cently Nadkarni 21

ccently Nadxarni and Deshpaonds hove used such an
index of distribution of vzinfall nomed asg Svnsonal

Negotive Devi jtion Indox (SNWI) whrich is defined cs

i= 1
SNDY = T -
n., 100

Where

X. = Below rnovmal deviation of vainfall in +hsz

* i th month,
L Normzl pavcrntage share of tbg i th month,-
n = 12 (total numbzr of ﬁonths}.
m = numbgr of months having negative devigtion

from th= noymal,

W2 hsve consideved only negative deviations houve
mainly becausc crop yiclds ars scnsitive to nigativs

dioviations vesulting in dioughts, moxs 8o in th: casc of

—— o T N

7. M V Nsaokarni and R S Ueshpand», "Rainfall in
Kavnstaka - Some Impovitant Issuas in HAazinfall
F-haviour", Agricultural oituation in India,
Vol.37(4), July 1982
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dctoughtpron~: distvicts, Motrov~v, the problam of =xcoss
rainfzll is not that scvers in drcughtprons arycas 3s is

the pareoblom of drought,

In oxdrr to t:st whathesv the annual vzinfall sories
av. xzndom or whoithen thars ave arny kind of proviodicitics,
wi hav: applisnd Turning Foint t-st. This t:3t is som;-
wh3t similev to the oft-us>d Run tost but it has soms

. . . 28 t 1
distinctiv:. advantag s. In a3 vendom scvirs af 'n

sbscvv :tians, th: m sn numbr-y ot turning points end

vzoeiance 2v. given by

man Uy (PY = 2/3 (n=2)

variance u (P) =  we———ee———
50

Whsvs we dofinz turning point at an obserxvation

g1 < Ry > v

OR Ry > Ry <& Mget

In 2 vandom soriss the actusl number of turning

R

points should fell nov2v tho mezn numb=v of turning

- [} P A L -
points ot within th- rangs of on= or itwo stzandaxd

s i o i kb bbbk - bt it i —-

28, Cf. G U Yulr and M G hend=2ll: An_Intreauciion
to _tho_ltheouwy of . Statistics, Chexles wriffin,

e

L‘)ndon‘) 1968; ppnﬁaa 9.
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geviations. Whenever thaove was a gap in the seriss due

to missing obseaxvations then the ma jor povtion of ths

S3 UL

i

5 was utilised for this tost,

In addition to th~ above tools w? have alse used
the usuzl statistical t-chnigues like core-laztions,

r.guv-ssions, t-st of means “tc., as and when requived,

Data fsv the pressent study are collected from
S+Condavy sourc~s, 7sp-cially thess published by resprco-
Tive: hoveorenment Depaviments and availabl- with thair
vecovds, Th se data wcvs subj-cteg to chacks foru

29

inti rnel consistoncl.S, We have collcctod five szts

cf data nam2ly:

i) Montnly and annual reinfall data for the twslve
dvought-pronz diswricts of Maharashtva from

1901~02 to 1971=-72,.

ii) Data on Land use pattarn and irvigated area
for 21l tha twenty five distvicts of the Statge

from 1651-52 tpo 1680-81,

iii) Arca, productieon oand yiald pzx hoctave of prin-
cipal cvops for all ths distvicts of th: Statu

from 1951-52 <o 1980-81,

P e e L e 2 T e e T L e g

29, As regavds th int-rnal consist-ncy of data, we hava
not=d that som> tim~s totels do not add up acropss
districts and creops. This waes obviously dum ta th-
printing crrovs, These wo re covevrcted with the help
of th.y officinls of the bepartm-nt of Agricultuxa,

Goveornme nt of Maharvashiva, Punae by rofivring Lo thnir

LrCouds.,
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iv) Tslukawis.: dat: on land use, Av-a and Froduc—
tion of principal crops and oth=y indicators
fov 83 talukcs of the droughtprone distvicis

fovr four weathorwise notmal years,

v) Usta cn land heoldings, holdingwise irvigatsd
area, holdingwise cvop pattern and holding-
wise use of inputs for all ths districts from

*h=2 Agricultuval Census 1970-71 anc 1976-77.

Hainfall dzts wxr. collzcted from a publication

cf tha Indian Metszovrologiczl Depaxrtment for thz yeavs

A
|

0

C1-0Z tn 1545-50,"9 This publicustion giv-s date

fcv monthly and annual v3infall fov all the rainguags
station:z of th: Lietn, We havo averaged thae data aver
tainguzgs stations f21ling within a district to avrive
at ths distvict lovzl sceries. Whunevzoy any station
has any discontinuity in data, we hava drvopped it
throughout the sorizs., The stations ov:v which tha
Gata ave avaraged wev~ the same throughout the scries.
Fence the possibilizy of any kind of fluctuations duc
tc inclusion or exclusion of any riingusge station is
compl ~t::ly tulrd out, Hzinfall data for thu lattcr

rp riod i,z., 1550-51 to 1980-~81 wer: collucted from thg

30. Indiun Metsorologicsl bopavimiont, Manthly and |
annual Hainfoll and Numbecr gf nainy UO¥5*749§r%gg
T901-1950, Part IV B, Drpaztment of Publicstious,
Gov._ rament of India, 19704
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bepartment of agvicultuve, Govaynment of Mahérasﬁtra
and alsc theixr annual Srzason and trop rveports. Caws is
taksn heve also to avevage ovsor the same rainguaés
stetions a8s in th: zzvli-v pavt of th- ssvies. Though

Usually an agricultural ycar is considsrsd to commoncs

Trom July and endwithdJune cvouvy ygav, the rainfall year huops

is assum-d to oe foom April to Marvch., W+ have also
takon yoervly rainf:ll es total of monthly rainfall from
nptil to ruvch, which is alsn th: usual przctice of the

depacimrt of ngriculzuve, Gavornment of Maharvzshira.

"o

ln- rainfall y-avr is dividsd into four brond szasons:

i) Prr-monsoon - consisting of ~pril and May.

ii) Fonsoon - censisting of Jume, July, August and
Szpteambar,

iii)} Post<Mongagon - consisting of October and
Novambar,

iv) Winter - coreisting of Umcembav, Jatuaty,
Februsvy and Maérche
A8 Trgatas ths dzta on agriculture i.3., Land ussg,

avea =zna production, prices stc., we nave collected
th T from varvious publications and vecards of thg
Decpartoznt of mgriculiuve, bovernment of Mahavashta,
The Stote of Mabaveshixre which ceme into being from
1st May 1960 had guit. a faw rrorganised distvicts of
th+ erstwhile Bombay Statc. This ceuscd slight diffi-

culty on zccount of compavability of agrvicultuval data
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prior to 1960 with that of rost Y860, Howsver, thaz
Deravtment of ] . i L

r of Agviculture has brought out two publice-
tions ich gav - . : . .
ions which gave dats compavabls with the latzrp period,
taking inteo considzration the raorganisation of

: 31

istricts,

The estimatss of averegs yield anc productiorn for
vice, wh2at, jowaw, gram, tur, cotton and groundnut areas
Lasgszd on ol N ttima e . = R v

63 ﬁ cp cucting surveys fouv the zriive peciod,
whevras fov sugavcans cnd maize the crop cutting suvvsys
Stavtad from 1965~03 onwards. Pvrisv to this th- dzta on

»

production and yield of *hcse two crops were bascd on

aonavari figurrs, Hince the two dat: s=ts for th: sz

(&)
™~J

two crops ar: not stvictly comparable, The production
cf @ crop is obtoinsd by multiplying avea undar thz cuop
by yicld ratos obfaincd from crop cutting surveys, The
arpz figures aye adjusted by subtracting 5 por eont of
“heo totel arca towsweds arsa undav bunds. We have

considoyod the following crops and crop groups fov thso

i1, Dopartman+ of Agricultuxs, Estimatos_gf Axca, nvox gn
Yicld and Pwoductign of PUlﬂC{Q*l Lrops of M:=zha ?Bht

btatg and Maharushtka wnd Lujarat comoincd ngouvid L1tJ
giiﬁkgkigg, Gov_unm mt Gf Mahavsshtri, 1961,

32, Fov a dabete aboyt the Comparﬂolllty of th:sg do
sets, plgass ses, O H Shah, Comp vison cf ylg1d
Egtima+es Purupered on theo bzsis of Traditional 2nd
Crop-cutting M~thods", and a note of the sam. titl:
in I1JnE, Vols 17(4) and 19(2) foxr Oct-Dec., 1962, and
April-Jun: 1964, r.spectiv:ly; and V G Famac,
"Wwhy Crop Cuttinge Survays - Somr. furth:r commonts®
1JAE, Vol,13{(2), April-Junc 1964,
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purpose of our analysiss

Lxops
1Y fdics (Kharif) 9} Cotton (Kharif)
2) Jowar (Khavif) 10) Groundnut (Khavif)
3) Jowar (Rabi) h 11) Sugarcane (Yearly)
4) Bajvy (Khavif) Crop Groups '
S) Wh=at {Habi) 1) Total Jowar
0) Maize (Khavif) 2) Total Cereals
7Y Gram (Habi) 3) Total Fulses
8) Tur (Khavif) 4} Totzl Foodgrains

(The meir growing sezeon is indicsted in brackats),

n 8zpzvate brecak up of crep groups into Kharvif and
Haol cvop groups other» than for jowav was not aveilabls
for a compavable tims sevies, In addition to the cxop
svoups givon abov:, we hav® also used aggregated yield
serirs at constant prices, constant crop pattsvn and
with vovying crop pattern., As indicatcd sarlier we
hav2 token ths timz sovies dataz covering the peviod

from 1951=-52 to 1980~81, which cover thvzc ducades of

planncd dovelopmont in th:o countruy,

A comparispn of droughtprone vis-a-vis non-drought-
prong arcas neecded data upto tzluka lovel since t2luk 1is

th . ul timate unit in idantifying droughtiprone arcas.
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Theose data wave coll:zcted from the Socio-Economic Riviews
and dlietvict otatisticsl AbStracts for tho droughtprone
4 .. 33 '
districis, Thzss reports givc area undzr th- cCrops
ypte Tzluka 1-vzl and since the production of principal
creps is net availzabl - at t=luks levsl, w2 arvived at

e n . : .

~1782 d3v3 oy multiplying asvsa and yield vatos of ths

ZIv0pS.

Land nhnoldings, holdingwiss irrigat-d zvea and otharv
r:ilated dota 2re tokon from agricultural Census of Mahae

vashtu- and cth-v publicrtions of thr State Govﬂﬂ'nm::.nt.a4

Cur stuay is cenfinsd to an analysis of s-:condary
d-%t- -ne o th-t sxtsnt it is bound by th: limitations,
Jne ¢f tho scvious limitotions of dote on agueicul tuve is
that of its non-avzilability for small administrativz
units, say taluka/revenue civcles, Most of thoss data
avr cveoilable only at distvict lav:l, Thore is soane
2warzness in theg officizl circlzs tu preparc and publish
d:ta b locw distvict 1-v2ol, but this idra has yet to take

a propcr shape.

Wo hav~ not sttemptod any cstimation of uncontointy

—— it AP -

13. A mimgogroph-d publication bpought out by the
Uistviet otstiscicnl Officers of vospoccetive distvicts,

34, Drpzrtm-nt of Agricul turo: HUIlCUltd“”l Lansus -

Mahar shtva 9%t %:,.1971 and Q(ﬁ Gavernment of
Mohars qhttn, Fdnes Divectovats "of Ecaonomics ond

Statistics; Staotistigal Abstract of Miharashirs
State 1281, Gov.cenmant of Muhwv_;htxn, TBomocy,

|SEC L‘BRA% BAW GALORE

Accl NO.I puos® aguasRe

.-.I....IIIIII.-'I
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at micvo lavel (at fawm l:vel), This falls out of *he
scop® of the prasani s{udy, since ourv study focusses
mainly on Lvinging Touvth the vegional pzttren and interx-
actions of unczrizinty ia yiclds, Howov-v, we cen say
that uncuzrtsinty fuerd &t favm ov hous:hold loval is

much highr v than ot wvrgional 1 v-ol, Vaviations at thz
feem lFVTlrat bound tn oz much high-v, which is mutually
offsst tec som: oxtunt at the =ggregetid regionmal 1:/v: 1.
sighey the lov-l of =agiuigation mor~ could he th- scope

for such mutusl offsotting,

Y,
i

L
C

R-g~veding th: dztz on rv-infall alspo w2 had = fow
oifficulti-s, In ord2r to arviv: 2t th- district 1:vel
Catu, wi: hzave wverog.d rainfall datoc over standarxd
veinguage stohtions, Howcver, somotimes the rainfall
dat: for a station in a ywar being not available, we

havi: dropp.a that y-ayr frvom our 2nalysise But such

cas.:s ar:s not many, W& also c2me acvoss a few distrvicts,

ot

vwh=r- gontinugus vainf-=1l scvies ave available only for
Th

onc ¥ainguzgc station, 5 limits our anmalysis of

viinf . 1! vis-z-vis crop yinlds. In fact thore is a

o~
nn-d for inctoasing th- numbry of ruinguags st-tions 1in

the country - a pl:a which has alsp b~-n mad- by %he
, . 35
National Commission on Agriculturc,

— - ooy et & Aaprpre i b

35. National Commission an Agricultuvc: Climate _and
Agriculturs, Pouy IV, bHinistvy of Agriculturs an
Tvrigation, Govoxnment of India, 1976,

d
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It is usually argued that rainfall data should be
studied for cruciial rainfall waeks, particularly while
studying the impact of vainfall on crop yields, Though
it soundsS 3s an importsnt srgument, such a meticulous-
ness at district lovel analysis would not bz vVary maaninge-
ful, cvan if it is fruitful to deal with weeckly data =t
taluk lovels.  Ths distvict yinld rate reproscnts an
aggrogote of talukas, amd, sccondly, district rainfall
is 2lsn =2n avcocrege ovov rainguage stations. Week by wack
synch-onisation ovorv thos2 stations is not o xpected, Thn
district 1lrvel 2nzlysis of monthly rainfall vis-a-vis

crvop vinlds 18 inteno:d %

O

only indicate tho pattarn.of

the rolationship and not tho oxact magnitude of it

ndizn Expovicnce -~ An Intov-Siate Picturo:

T
S e — S w———

B~fouvre we analyse‘th@ Maharashtba sxprrvience, it
would bs useful to have a background of thz Indian
sxprvicnce Statewiss baoth in the matter of growth and
instability in aguviculture. This wpuld eneb;e us to
sce the significance of sclectinc Mzhagvashtra as a

casz study.,

S-n in his piopz-ring study classifind tho country

intc four guvoups accovding teo *ths level of uncartainiy
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and yicld rates for foodgrain8.36 Thi2ss groups are

(i) 9table high yicld rate districts, (ii) Less stable
mecium yizld rate distvicts, (iii) Unstable medium
yield rat> districts, and (iv) Unsteble low yicld rate
districts, This typolagy explains 2 diff=rential
axpzrience dcross rcégions and it is int=vesting to s»c
that som:tim=s aven neighbouring distvicts fzll in
dqifferent groups. Morcover, such a caonfiguration helps
in identifying th< problem vegion to prob:z intec dotail.
Ssn's classification shows thzat 140 out of ths 330
districts analyscg fall in ths last two catogories
i.7., with unstable and low ov medium yislds, Thase
districis ave spread ovor Maharveshtra, Kqunataokay
ancdhrs Puvadesh, Gujurat, Madhye Prad-=sh and Rajasthan,
Though S2n was concavnad with the telation bertween growth
amd instabili¢y, his cotzgorisation did hot incovpotate

variations ih yates of growtih-across districts,

4 Statc l-vcl analysis mode by Jps= brings out thr

growth-uncertainty bshaviour of the major states of ths

36, S R 9%en, Qp._Lite., pe.l122, nnnexuxrzs VI,
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cauntry. We prascnt th= v-lcvsnt table bolow:

TABLE 1,1

STATE=-WIOE GHQNTH ANL FLUCTUATIONS IN AGHICULL TURAL
PRODUCTION - 1956-57 to 1972_73

W P T — ——— ———. —— =\

L ]

R-rmge of Fluctu-tions
Compcund

R1te of T -
G rowth Low Moderato High
(M csur a through Standzvd Deoviation)

High Punjob/Haxyana Orissa Gujarat

Wrst Brngal Uttar Bihax

Kerala ' Pradnsh Rz jasthan
Moaoeot - Tamil N~du Kavrnztaka -

ASsam
L ow Andhve Prodash Modhya

P tadash -

Mihatashtra

A Y e Bl s - B T = W G em— wivirimes e St it b —_——p

Scuvces Josas A V, Op. City, Footnota 374

It may bz nct:.d that Madhya Pradeash and Maharasﬁtra
sre ther two states hiving low growth rates with modsrvats
(thouch mot high) fluctuaticns. In fact, Mahgrashtra.
S¢ate hss vacorvded nogative trend in agricul tural
pr.ouction duving this poricd. nlagh's study also

. .. . 38 . i 3
covrovbnvates these findings. Two obvicus shortcomings

—r—r et

37. 4 V Jos2, "Grow:ih and Fluctuations in Indian agvicul-
tur: 1956-57 to 1972-73", Working Papsx No.58, Cintre
for Davslopm:ant Studiss, Trxivanduvum, 1977.

3g, ¥ K nl=gh, "Hogionil Dispsritirs in Hates of Growth
~nd Pyxoductivity in Indiun Agvicultuve - Causzs and
Hemndics", anvogzk, Voll.10(1), Jun= 1980,

YR
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of Jese's study come in the way of denouncing ths per-
formance of thsse two states, Fivstly, Jose's study had
1972-73 as a tevminal yeav, which was the weorst drought
year in Mahavashtrs and Madhya Pradesh and hengz th=
growth trsnd was bocund ts bg affected. Secondly, he
measuvrqd flictuatiuvns with tho help of standevd devia-
tion which is not fru: 2f %the unit of measuvement.
Hewever, this did nnt improve the case for Mahayashtra,.

in s veczrt study Mahwva aobscrved that Mahsvashicra has

th» highrst coufficient of vSriatioﬁ with lower av . vaga
yiz2ld and low guvowth vatos for total faodgrains as a
grcup.kj Gh: alsH obscryv:d that instability has incveascd

for most of the cuvops in Maharashtre duving 1567-68 1o

1977~-78 as compavad to 1952-53 to 1964-65,

In ovdeox tr raks thz picture cleaver and to identify
prablem prgions of “hz country, ws have analysed yiald

vatcs f total fondgrvoins for tha mzjor 16 Statusy  The

1

atstes av. clussificd on the basis of degrec of uncar=-
trinty, mcasuv-d thrcugh cosfficisnt of vaviation of
t4e~ d:=vrendzd s vics (CVT), and rot: of growth. Thz
Siat:s wves classifiid intz ninc gurgoups accovding to the

d geveoe of unczrtainity oand vzte of growth. Thao low,

At

. - p——

39, Shakuntala Mchra: Inatability in Inggaq_nqrigylgur@‘_
In the cnnt-xt of th: Now T-chnology, fe2s-arch Rgport

-

NDl.25, LFPRI, Washington, 1981, pp.22 and 28,
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m2dium and high classificotion is done by appovtioning
the range into thrce Class2s. Wz have taken the yicld

af total fcodgrvains for compavison instezad of production,
sinc> cuv focus is mainly on yield. Table T;Z presants

the rTosults,

TABLE 1,2

STATEWISE GHOWTH AND UNCERTAINTY IN YIELD OF FOUDGAAINS
1951_52 to 1960_81

S e v ——— - ———— P e —

Digrece of Instebility {cvt)

Rate of Grewth— - e ——
(slopn 2s pov
cent at moan)

L. ow Medium High
(below 9.58%) (9.5 to 13.4%) (abovc 13.4%)

- . S ———- —— - g p— A -y . S

1. High - funjzb and Gujavat
(abcve Maryana
2,08%) Karnatzka
2, Medium Tamil Nadu Himachal Jammu and
(1.8 tao Pradesh Kashmir
2.8%) Bihzx Orissa
' Uttar Pradesh Rajasthan
Je. Law Korels Andhra Pradcsh Maharasntra
(bnlow West Bufigal Madhya Pradesh
1,0%) ASsam

- - -

Notc: Classificotinn bescd on the pavamsters presanted
in Appendix Tatle 1.1

It is not veny curprising that not a single Btate
shews the mast desived combination of low uncevtcinty
with high cats of growtﬁ. Mahatashtrzs falls in the
diametvicolly opposits catsgorvy with low vate of growth

and high uncattainty, though Mahavashtra is not the
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State with lowest growth rat: like Assam Dr.highsst
unccrteinty like that of Hijasthan., But it has thc
dubicus distinction of combining low growth rate and
high uncertainty.ao Ra jasthan and Gujarat, th=z trudi-
tionally =2vid regians of the courtvy @lso pr-cordcod
high.v rates of gvowtih as compares to Maharashtra, O0On
th> r~ther hand, Maghyz Pradesh, West Bengal and aSsam
h=vz lower vates of growth compavsd to Mahavashtur~ but
thosz Jtates face laowsy degroe of uncevtainty, Unlike
sthevr Stat-s, Mahiv-shira toak quits somatime to wuap
thz benrfits of ths naw technology., No structural
brzak was obs=mvvyd till 1371, The production of total
fecadgrains could nct surpass the 1960-61 rocovd perfar-

mance of 7T2.4 lakh tonrmes till 1974-75.

Qur discussion sbuove suggnsts that Maohavashtra
pcses an intaresting cuss to gtudy uncaviainty in
cvop yinlds, Apparcntly, it cdocs not reprocsent =z cose
whrr=: high unc:rtzinty could be attributcd to growth
por_sg. But is it tho cnse of high uncertainty roduc-
ing thz g owth vetz? Theovr iz obviously 2 naod %o
study its c2se mors thuvcughly at disaggr=goted lovel

where mutusl offsetting =ffectis 2vz psletively avoided,

Ad warked out the szmez tsble fcov data upto
49 ?37?3722 and th=n ypto 1978-79. We found thut zven
the cavlisr two pXovciscs, ﬂaherashtr? showed tne
sam~ chnav-cteristics which it has cdepicted ;ftir
updating the extrcigd uptno 1980 -81 ,

in
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skztch_ of the Srudy:

e T e

Tha present study is spread over 9 chaptzrs.
Chapter II which follows presents g voviocw of the
litzvature in the light of th= issues raicad in this
chaptzrx, The third chaptzr contains anaclysis of the
State cof agricultur. in Mzharashtva and tho role of
droughtpron: av-as in its drvolopment, Analysis of
r=irfall as ¢ primz climatic factor is attempted for
th- droughtpronz cistrvicts of the S%ate in th- fourth
chzptcrs  This sets th. stags fox the main analysis
which follows in the next four chaptavss In the fifth
chaptor w2 huve cdiscussed the nature and magrnitude of
yield unc. vrtainty, followed by an analysis of theo
growth arnc uncovteinty nexus in th. sixth. Ths oxpla-
naticn of unccocyvtainty through climatic, structural and
institutional variebl-s is attempted in Chaptar SEeVen,
Ths 2ighth chaptsr contains the discussions on impact
of unccrtainty along with adjusiment mschanisms and the
rale of stvructuval variables. Finally, the ninth |
chapter summarisaos the findings along with a critical

appraisal of somz of tho policy measSures.
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APPENDIX TABLE 1,

Iujzg-gTAT§ COMPAHRISON CF UNCEHTARINTY AND GROwTH IR
YIELD ReaTcS OF TOTAL FOUL GRAINS - 1951-52 to 198 0-8%

S WY v Wl P emrmd R S R S S W e B - Sl

I SP——__ L kel FTVEE T il T St e A, SPAE, .

Growth Rate

L s IR e frpe
_ Eéad ) 2 failure **
1, Kzrala 1301 1,61 5,05 0.00
2. Punjab and Huvryana 1200 3.99 12.35 3.33
3, Tamil Nadu 14154 1.684 7.58 0,00
A, W:st Ccengal 1064 1.32 6,41 0,00
5. Jammu and Kashmix 1047 2.27 14,23 6.67
6, Assam 943 0,16 5.52 0.00
7. imachzl Pradash G4z« 2.75 13,29 0.00
8, Jdttar Pradash 631 1.78 11.02 0,00
9, Andhra Fyud=sh 602 .73 11,97 0,00
10. 3ihax 755 1,92 12,13 6.67
11, Orissa 748 1.78 17.13 6.67
12, Kavnataka 660 3.1 10, 47 3.33
13, Guj-rat 591 3.69 16,74 10.00
14, Madhya Pradesh 582 0.67 12.66 6,67
15, Maharashtrya 525 1.36 17.01 10,00
14, dzj-sthon 462 1.8 17.3¢2 6.07
7. INDIA €5 1.92 5,85 0.30

pE———— P D B S i e i

1. * OVl = Lo fficicnt of Jorimtion adjusted for trind.

5. ¥* pugbatbility of Fziluw. of yicld rat.s below 25 pov
c:nt of th:s trund cgtimate. Figures ave numbcxr of

such y~ars ixpr.ss-d 28 p=¥ cent to tetol numbor

9 ExcsgtnyLQASSQm & M P all th- growth votrs exs Signifti-

c-nt at 1% l-vel. Growth »-trs fov MP is significant I v
5% 1w9m1 wh-roos that of Assam is not significant,
ovel, 3!



A numbe. L=5 1 ' i
v of studiszs touching vavious asp.cts of
visk and uncextainty in sgricultuce arve availabla.
In owdev Tpave g rovic | i
Bt pltpare g vovitw of these studics, wa have
grouped them into threw brosd themes though some overe

lapping could rnot be svoid-dg,

te Studi~s dmaling with dnczrtainty from favmeovs' angls
and modolling farm=uws' drcision making proczssy
viirly attitud: towardc adjustment to visk and

uncrrtainty,

2, Studics mainly dovot d te anulysis of waath v bihu-
viour, rainfall and its variability, Crop-weather
rv>lationship, us2 of wzath:zy as an cxogongus vavige-

ble, seopavation of nmet weathor a2ffcets ctes

3. Studi~s analysing thz naturc, magnituo~ and impect
of yizld uncertainty at r-gional level and its

vilationship with growth,

.

Modelling_for Decision Making undiy bncfriziniy

e e e i dartn ks A T Y e e e B o o4

Decisaon making undry uncsrtacnty 2t favmovs leval
has boen o subjzct of diccussion in the v:c.nt pzst,

Many studies haove usad differ-nt types of docision th_.ovy
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models und thssz can be guouped into thre: broad groups.1

] . “ n -~ P . - - . +
Fivstly, thers zvs th. medels based on the minimisstion

of visk ox uncarvtainty subjrct to some constraints using

lin:z2v ox non-linezry programming., Sscondly, th- ve ra

moo-ls bassd on Game th~ovy using axp . cted utility and

Soy-sian/Bernoullicn modsls, Theee modcls considex

giffovent phascs of th factovs goveYning unccrtainty

and th: stvetrgy adoptid by the d-cision makecr in theosc

mocd-1ls i1s to fish cut th:- lrast vorizncoe attached to it

ER=]

an  ffici nt strct.gy. Th- opayesian or Bevnoullicn

typ: of modrls maks us= af th* decision mokeds knowl -ag>

of past probability to g nsrate futuvs strvat:gy of

minimum visk, Thirdlyv, w. havs: Lexicographic Safety

Fivst (LsF} type of mod.ls which intond tg maximise

zxp-cted valus whenoveor the chancs constraint is mot

and minimisa the probability of disastor when it was

i,

James A Rdoumasscts Hics and Risks Docision Meking
among_Low Incrme Farmeys, Novrth Hplland 7976;

J# Andarson,.! Dillon and B Havdaker: Agricultural
Decisipn_Analysis, Iowa, 1977; James A Roumasset,
Jean-Marc Bouszrd and Inderjit 9ingh (2d.): Hisk_and
Uncextainty in Agvicul tural Devslopment, SEARCA & ADC,
T???, H 3 How and P B R Hazell: Use of QU?d£§$i£
Prggrammning in Fzwvm Planning Under Unczrtsinty, Ceoxnzll

A

Unive=rsity Pxrcss, 19683 F © R Hazell, "A Lineax .

Altevnatives to Lugaraiic and vemi Variancz Pregramming

fDl Favm Planning undcx Uncultalnty AJAE, Veol.53(1}),
‘971, pp.53-62; Mzu *hyunjaya:' An LCDHDmlC Analysis oi

‘Hisk_@n u;aughtglon _Farms in_3Jijapur, Ka;natgka,
Unpubli shed Ph 0 Thesis, IARI 1976,
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v

not."

The models mertionnd abaove ave essentially used with
the Tsrm lev:l deta and thz rasul ts suggested by tham arge
ov litvle uss in handling brosder lovel planning probl -ms,
sinc. much gvratey knowlidge is noésdad about difforent
groups of farm-ws in diffarvent rwgions.3 An objoctiva
assrzssment of the natuvs, magnituds ana impact of unc. v-
tpinty and optimiration at rogional 1ov-l has beon out
of the scops of these typo of studics, Sccondly, some

of th: above studices are normative in echzvacteor and

int nd~d to priscribs what is desirable to th- farm-rs

]

Jdnd-xr c.nrtain assumptions about th.o risk attitud s indi-
catod LGy them (aven seomtitimecs assumad), Even at tho
micve lovel thzst meodols won't feteh desired succass
unlzss wi have infovmation about ths difforxantial visk

attitudrss of th- cross s-ction of farmsvs and thoiyr ways

A study by Binswangcy to asscgs the risk attitudss

nf rural housthplds in scmi-arid tropics of India assum:s

2. Heve we haive not discussed 21l th- typ~s of modzls cssad

on docision making und:r uncextainty sinco they ax: out
of th- scopz of ths presant studya Ou; gttsmpt hevi is
only to indicasteo the <r.nds in tho dzcision tbsory 3nq
not to giva =n oxhaustive ravi-w, For a dotailed vovizw,
pleasc sre J A Roumass:ot, Joan-Ma2ye Boussawnd 2nd Indor’it
“ingh (=d.), 0,. Cit.

3., J P Bhattacharj:c, "fapportour's Roport on Naturs ond
HolLe of Risk end Uncsrteinty in mgricultur-”, I1.JAE,
Ve1,19(1), Jan-Mar 1954, po.t88-107,
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iqapovtanco in tnis contexﬁ.4 His findings show th-ot
hignsr level of risk in such arcas loads to under-invost-
mant in agricultur2 rulative to th. cxprnct-d profit
maximising 1l-v=ls, Hr found that tho progressiv. farmpvus
av: slightly lrss visk avorsc than average farm.ovs ot

off
figh pay/lovilse  H: noted a2 nogative vslationship-
though not sivang, butwosn risk av-vsicn and size of
l.nchoiding., If thc holdings had buen standordiscd for
ivrvigrtion difforencis, the nigative rolation would
prvhaps haves emzrgod strongov than what he cncountownd,
He 2lso Tound that favmors beclenging to tnhne arcaes which
had the worst history of dvoughts, wir. mors risk avovscs
than thoiv countorparts in c¢thevy orons, This wos 2vinc:d
by the highex visk ovoxsion among farmovs belonging to

oholapur as comparzd to thosc of skolc ov Mzhbubnag-r,

Hewovar, thz drought situztion cennot just be
analyssd in the gontoext of risk taking ov risk averting
attitudes, sspocially so in ths casc of small farmcrxs
in droughtpronc arcas, Th: destitution and loss of
assets thot 2sch dvought brings to ths fzrmcrs l:o-ds
thom towaeds paup:crisctione  Thzir zdjusimont mocnar _coms
prove to bz insz&étiv;. Jodha's study on thgs —ffoctivo-

ness of fermers! adjustmants to droughtis, ~x2mincd this

4, H P Binswangsy, "Risk attitudes of nural Hous-oholds
in Simi-avid Tropicz2l Indin", EPW, Rovi-w of
Agricul ture, Junc 24, 1978,
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aspuct,. Hi documcrited the availables Evicince absout
favmo rs! adjustm-nt to droughts thrvough (1) reduction in
consumption, (2} ass:.t dapletion, (3) out migration,
(4) bSovvowings in cash and kind and (5) traditional
informel cooprrations Ia th- casn of ths small and
mzrginal farmzrs, th- adjustm.nis through disposal of

' that
385Lts, pauperiss  them to sych ;xtanqﬁhhy zven tond to
lese th: wh=vrwithal to unagawvtake cultivation in the

NUXT S.asofe This somsiimes rosults in shifiing of

th. 11 occupotion from cultivation to czsual/agricul tural
125auv. Joghz hus point-d out how badly the small and
mLrgincl fTormevs v plaoctd as fav as thiosz mocha-

nisme go, andnow dvought has its ~ffocts fully roalisc

in th 383 of thase cl=zsscs,

Uncevtainty in agriculturz can alse medify insti-
tutionnl structuve in agiricul ture, though of coursc it
c-nnot b: th: only factor dotsvmining it and, histovical
~nd politico-nconomic fuctovrs 2lsag plcy an important
rolz., In this cont:xt Hanumantha Rac's study assumes
import:nc3.6 Ha gbscrev:d that the crop sharing typs of
avronasm~nts wors common in tho avez2s wh-hr doicision

2

moking had & v-uvy little role to play i.t, in th. axruos

S S e — - - -

ah

5, N 9 Jodon, "Effactiveoncess of Fawmirs adjustments <o
Risk™, EPW, fAsvicw of Agrvicultur-, June 24, 1976,

6. C K Hanumantha Rao, "Uncsrtzinty Entrrcpronourship
and Sh:‘.l‘f"- D‘L‘Opping in Indi:."’ :-JQH_":E:’_J- OLE-QLitiCLl
Econamy, Vol.79, 1971, — s
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af ©-~1-tiv.: “cenomic crrtrinty and wheps 2ntv pransurisl
= y 4+ - o - . own

profits wors vovry low, 0On th- nthor hand, in th- apeas

wheve c¢-ocision mzking h~d 2 signific-nt ccops, crops

cnc-rnod wove highly profit bBlo and fixed cosh rents

Winth-v is cne of the imporisnt detcrminsnt of
dnecrtiinty in ~fgricultuvs cspzciclly when it comos to
“roughipron- orens, Whother in itself is o cnmplex of
~ll th= p-rvaretevs i xcluding those contvcilod by man.
n2infoll seorves =s 2 closest proxy for woathzwy, since

#22th-1r ic not ousily quantifizble,

W.o ave intevested not in vzinfall pep se but in its
2ff-ects on crop preduction, Ouvr interest contres avound
thren thames in th. study cof painfall datas, namely predige
ticn cof rainfzll or droughts, pattzrns in its imcidanca
~nc v-ovizbility and the poriodicity of oceurrance with

ths focus on =xplaining yield uncertainty.

Havmald Mannt!'s study can b2 considered as the first
of i+s kind in Indiq.T Manr exacmin-d most »f th: a1sprcts

m-ntionad cbovc. He noticed that the "sffoctive

— - ————— S T - —— W ool Sa——— s Se—

7. Harold Manns Rginfell_and Famince A Study of Rainfall

in the Bombay Docean | 1865 tag Eﬁ The Indian Socicty
of HgthUltur”l Economics, bBombay, 1955,
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. 8
. n :
rainfall did not show any tendercy to incr~ass or

d=curzase ovsv yezrS. It alsa did not indicate any kind
of cyclse anc/ov periocicitiss, Tha prediction of ssa-
sonal rainfall based an th-: pre—-stason showsvs was rul ad
cut ave to vevy low corrclations; Th= study confiremad

the valationship batwean "watness" ang "agricultural
Succass", though it did néi give any cluz to the predic-
tion of Vamines in futuw:., In a followup study Rangarao
ard F’zm:lit:.!:au:a:J gextondaed thz analysis for the same stations
OvZ Y soho movs ysaws, Th.y also obtuined similar kind of
v-suLtis and did not ©:g any divsysion iMm the patiorns of
corvreletiss ooscrved in the zarliew period.10 Howavszr,

oy reted that the rxuinfell date of 3 singls vainguzgo
staticn cannot bl taken as a reprzsontztive of the dist.
vict 2% a whoiz and that tho yield data from crop :sfi-
mation surv-ys should be QS?d vath-~v than these bascd on
'“mnov-ori! cstimotis, Honez 1t is nocesssrvy to us:
zvarag: rainfall gf th. stand:rd rainguage stations at

distvrict 1-v<l whils using crop production dat2 of a

£, M2nn arrives =t thn offoctiva pv2infzll through some
kind of subjectiv: vulos, it is tho amount of rain-
£,11 noadad for nlont growth cxeluding wun  off znd
_vzporation. Unz cznnot deny the practicsl applico-
bility of thesc rul-s ~van ovzrlooking th<: subjocti-
vity gune into freming thrme.

9. D 5 Rongavao and YV N Panditrio, "A Statisticsl Study of
Rainf=all Data ot four Listrict Heagquartcr Stations of
Formor Bembay State”, LJAE, Vol.18(3), Jul-Scp, 1563,

10, W. find an indiprect confipmation of thg 2bsinci of
trend in thoe rainfzll deta oveovr th os2 stations, Sincs
th~ r.sults are almost similav for ths two puriods.
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distrvict.

N . 4o e - a
ocientists a8t the Indian Meteorological Department
VIR ~ o L] o
(I#0) hav~ donm substantial work on analysis of rainfall
data. The National Commigseinn agn Agriculture (NCA) in
ona of its vnlumes ravi~wzd in brief the studies on the
nature ana vaviation of rainfall, its freguency distri-
sution, brzak peviods, mztsorology of croap producticn,
ctvac-wiatlther studi s, drought pr=diction, forecasting
: L .
and cth=r sllied aspects. Groater stress was givan
¢n reinfall vsgicnalisation, taking into considevation
the normacl monthly distrvibuticn and vacomignding suitable
12
ctop pattern fov the rainfall vrgicns, The intra-
Sudbgivizicnal - acvess monthswand thz intev-subdivisiconal
corrilations did not yicld any fruitful results as farx
as predictability of rainfall for a particular month

.. 13
nY subdivision is concornzd,

Attompts to ecsiablish s~xistanc: of periodicity or

cycles in tho rainfall scviis if any, havc invaviably

1. Gevernmont of Indis:  Hepoxt _of _tho Netional Commis-
sinn _on Agriculturc, Pevt IV, Ciims &0 and_sgricul bu s

el s ey s rr—

=
Ministuvy of agriculturc and Irllg‘tlon, N“w welhi, 1678,

12, Lbic., p.21 2nd =lso sce 5 C diswas and N N Khambotc,
TReavicntation of CrOpplng Patt.rn on the Basis of
Pyob:bilistic Moisture sviilability Index', ;gﬁg,
Vol.35(2), npril-June 19E0.

13, K i Ren, S Jayanti and V K 3haovgzva, "Indian Mensoon

Covrel-tions for all the Metzovological Subdivisicrns

of Inoia", Metecrelogicel Meonograph Ne.4, IMD,Punc, 1972,
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'—1 . - - -.-. . P - N . . -
*ttractza the concevn of v-ssarchers dealing with raine
Tall cdhata, but it bas mot with very limit=d success,
1 RV by 1 JUER N 14 n ] . -
. Study by Lauis &Hzan nsisblish-d somg kind of "Retro-
" . w, oz : . '
symmetry " in the rainfall sorizs of Akola, Ludhiana,
Patn: =nd Modeos,  He urgued thot wzinfall pattevns are
similay cn twe 3id-s of tha 'freel point's, and that the
trmcirg of th-s- peints will n:lp in przdicting rcinfall,
SLwever, zntihsr study of av-oe 158 yeavs of Madvraos rulsd
- PR | — 'F . - g . 1 5 - . .
4t oony kKind of pouvicdicity ox cyel. s, Evigener from
sTv-r i othuiv studies r-fut: 2ny par canes of cycl.s or
prol.aicitics in vnintall scori s and hold thot

. : 14
scecurvence of vaanfoll is =~ vondom oh nomonan, . Thn
vepevt of the Noticn-l Commissicn on wmgvicul turs avowsdly
vcecorvds that, by =nd lovge, no sucenss has bren achinved

. : . . 17
in frrasocosting r2infall in 2dvonca,

o Y

14, Louis Bean, "A New Aprctoach to Statistical Forecast-
ing of Next Ysars Weather and Crops", Agricultuxal
Situation_in India, Mavch 1969, =

15, ¥ % dao and V K Aaghav=endvs, "Time Sevies AnalySis
of 158 yeavs HRainfall of Madrvas (1813-1970)", Matgo-
vological Monograph, No.7, Climatolegy, IMD, 1573,

156, See for axample: Mazenakshi Malya and R Hajagopalan,
“lature of Riusk Associated with Rainfall and its
ffacts cn Farming - A Lase wtudy of kuvnool Distweict
in Andhva Pradesh", I1JAE, Vol .19(1), «JuneMor 1984,

MV Hadkarni ana R S5 De=shpand2, ”Haigfall_in '
Kaenataka — Some Issuas in hainfall Bohaviour™,
Agrvicultural Situgtion in Llndia, Vol,37 (4),
July 1982,
i -~ National Cowm1451on on
17. Op. Cit., Heport of tho Nati
Agriculturc, pp. .22, 31 and 3E,

e R . — A e 4 Ly el Y——
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Gn the othrv hand, 1 study by Raghavendra of the
tvornds ang P2riodicitizs of Msteorological Subdivisions
of hahavashtrz v.is s soms Noprs to rieexaming the
:xistoncz: of ‘1 odicy £4 18
ixistinc: of peviodiciti-s, He concludes that the
annual and monsoon vainfall of Konkan indicotss prascnees
of sonc cyeliczl phonomzron. Howsvov, thr uuthor himsclf

coutions woout tho us~fuln.ss of vosults of his anzlysis

10 ¢ cimilav manr-v 35 that of o 'p ricdicity' anzlysis.,

tconomizts havs B on int-rostod in woLther mainly
rvem th  point of ite vrlztionsivip with output,  The
ittercst in crop-weosthzow rilaticnship is faivly old;
corpl.tn boek on th proclim of forscusting crop
output with th: h-lp of worsthsy voriabl.s cams out in

1
the zavly fifti:s itsczif, 4 In the rzcart pzst thrce

: . ; ' 20
nationsl lovel symposia weore held an this problem,

Tha studi=s fz211 into thrver buvoad ¢ategovies:

——

L N it S N . — - . —

18, V K Haghavondyz, "Tyerds 2nd Prorviedicities of Rainfal1
in Sub-divisions of Mzharashtra Stats", Indiap_ Jeourns
of Mzt=grology and_ Genphysics, Vol.25( ZT April 1974,

"9, Frazd H Sandcrson, M‘thous of ClQE ForzGaating
Hivvsyd University TPriS., o4,
20, (i) aympu51um an ”Ctop Woaths t and Wat r Holatiorshaip
in Agricultural Pruductlon Indian boglgty af
Agriculturzl Stotistics, L. c., 1969; S0 fou
Prncoedings, Jouxrnal of Indian Seci-ty of Agricul-
turval 9ty tiitlcs, Vol WXX11(2Y, U=c., 1970.

"Effects of Weather on Aguricultuxal

ii) Svmposium on :
( by Fr b, 1979, Univ-ovsity of Kalynni,

Production?,
Kalyani (WB).
"Crop-Wo~thar Hd=212tionship", Indian

(iii) Yymposium on 1583,

Speicty of Agriculturel 51 tistics, Jan.
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wn

i) Studits internding b : i
{ vedlts intending to forscast crop yield {some-

timzs area or production) on the basis of g priori
i Ay - n—--——’

1nTaimation chout weathev factore, An important issua
3 IR T, a . . . .
derait gquits oft=n in these studirs is tp find th- crucial

“n +: - ¥ - S .
Weatacre factors that effece (*xplain) the depandent

variapleo.

(ii) Thos= studiec fou whiéh, it bocomes nceczssary
to n-t cuv th: impact of wiathwr and 1llied fzuctors
Wile assiscing the contvibution of input 2nd tichnology
ta thy zeowth in cvop yiclds, 3Studies dealing with this

savt of pvoblerm many tim-s uss 9 consolidatod mo-suve

for woatho v,

tiii) Thivdly, studics FTor which the int-pr-st in
cr-p-wcathre v lationship evos. cut of ths nsed tg hava
a o-tl v -~stimsation of tr-nd undisturbad by wzath-v,
This sssumed impovrtance in the light of ths controvzar-

sia3 on guowth dscelevation hypothsasis,

Though the main objactivs of thae differsent studies
folling in fiwst gvoup ave nore or less similar, The
resulte obtuinzsd and the trchnigues of analysis differ,
tegression and covralation ars the two time honourcd
t-chniques uscd quits froguantly in crop fowrscasting
roscarch, Apaxrt from using corvelations for tracing

th. associstion, it is oftun uscd tao choosm ths vaviables
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while d#ciding the model in s*udics using regr:ssions.

b kg ; ‘
Fish v'é"Regression Integral Tachnique" has bgen used
by som: of the riscarchavs in rucent past. This

m thad has an advantag: of Taking into considaration

the distribution of reinfall throughout th- y?ar.21

Majori ty of ths studies on crop-wiather rcelationship
atismpt tc find out the pavticular scasons/months woathsv

pavam- tivs which affect the crop vaSpucts.zz This is

— + p—

21, In Ingis quit: @ few Pos-avchrus have used this modzl
to mention 3 fow: (i) R J Xalamkar and V Satakapan,
"Th- Influ nc - ef #@infall Distvibution on th- Cotton
Yi las at Gov.rnm.nt £xno nrim-ntal Stations at Akola and
Jelgzon', lndisn Journgl of Agricultuxal geigneccs,

Vol.,10, 1940; (ii) K A Waiw» and BP Baso, "Influsnece of

Humicity ang Tomp ritur: an th- Yi-lds of Cotton",

2ankhya, Vol 7(2), Novil9453 (iii) K 5 Aamamurthy and

o & Zanavjoe, "Cn th- intlu:=nc- of Weather on Whest

Yirlds at Dhavwar", Indizn_Jdouvpnzl of Mztsorology =nd

gzcphvsics, Vol,17(4), Qct., 1966; (iv) Chokhzy Singh,

A S.shzgiri and Y S Kaggf, "Yicld of Cotton in Rslation

to Rainfall in Madhye Prad-sh", lndian ggug?al Qf Agri-
eultuvzl) Sci-ngzs, Vol.40(1), Jdan. 1970; (v) P N Ehavgava,
Asha Fy-dhen znd M N Dos, "Influ nc. of Rainfull on Crop
Production™, JNKVV Hioseareh Journsl, 1974; (vi) S K Shaha
and J R Ban:orjee, "Influence of ‘Rainfall, Humidity, Sun-
gskin~, Maximum and Minimum T-=mpcratuv-s on th~ Yield of
Cotton 2%t Coimb:tore", Indicn Journzl of lMotcovology,
Hydrology, and Goophysics, Vol,26(4), 1976,

22. (1) 9 M Jacob, "Covrclation of Rzinfall and the Succagd-
ing Crops with Special Referinec to the Punjab", Mzsmoixs

of th-_Indian Mct-oxological Lepsrtmzat, Vol,21(1), 1515:
(13) Rom Day=1l, "Impoct of Climute on Yields", ngpicultux:l
5itu--tion in Indi:, Vol.14(8), Nov,1959; (iii) B M H?D,

T4 Study of Cffects of soms Weather Factors on the yiolds

of Wheat in Ludhizna Distvict", IJAE, Vol.19(3-4), July-Dea,
19643 (iv) Ram Dayal,"Impact of Hainfall on Crop YlleE

and Acarage®, IJAE, Vel.20(3), July-ocpt, 19655 (v) AW
Hzrdt, "Th:z Impact of Rainfall and Irvigation on Crops °n
Punjab - 1907-1946", LJAE, Vol,27(2)ﬂ April-Junc 1972;

(vi) P 5 Srzcnivasan, "lInfluence of HRuinmfell on thG-Ylﬁld

of Cotion in Mazdhya Predush™, Indicn Journal of Agrd-
CEl_-!—;gl-‘__a__J;_ﬂS_gi?ncra’ Vul'43(9), bﬁpto 19735
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essen tial to rogulate irvigation and alsn to'plén

farm activities, Anoth=yp important issue is rzgavding

“he vol:z of irvigation as a prot-ctive measure agains ¢
weath=v fluctuations, Vewxy fzw of th: studizs used
ivvigntion as an additional vawriable in axplaining

crop yieids, HMHovdt's findings indicatsd that the yields
of ~von irvigatsd crvops liks winzsat, grzpi and sugervcane
gct affoctzd duz to vaviation in rainfall.23 This may
b2 on- of thos: indirrct type of effects i.c., vainfall
snd w2ather factovs alter thoe water availsbility from the
soutrc” of ixrigation &nd this in turn affects th: crop
prosp-ctss Rao concludczd that <the influenc: of irriga-
ticn on yicld/acroags is indop.ondent of wzathev factovs
and also thot ivrigoation zlonz has no cazpucity zither

to ta2k- full agvsntage of favourable woathor factors.z
MHowcve-r, we harvdly fina any study investigating the
influ-ncs of wrath-r on water availability from the

irvrig-ztion sQurTCGS,

Quitz 3 few studics aim at forecasting of crop

yinlds/acreags using ccriain climatological or wcather

—— ——

-

23, AW Hordt, Ibid,

24, B M due, Op. Cit.
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fzctors. Uatz on climitological vaviables ave mads
availaols without much tim= l:g unlike crop yield data.
Th= for-casts prepsved at IMD zrs sent to Lepaxrimant of
Agriculture almost coinciding with th- havvast season.
The for-casts obtained from these models wore found to be
within th- 13 per coint ervor mavgin, However, a sevious
limit-tion of these mod ls is that though the for:.casts
Cam- vouvy n av thr rraliscd proauction (yield) in the
wurth o rwist novm2l {or nuav novmal) yeavs, th=y f=zil
miscrably (with lavgev crrors) when th> year happeons

to br clim:tically abnovmal,

Th-v =2v: a few shortcomings of th: studies reviewsd
3¢ fov, Somr of th.se studi: s hz=v: used State 2s an unit

for an.slysis and this is a s2rious limitstion when one

25, (i) J C Das, "forecasting Yield of Principal Crops in
India on the Basis of Wmatheor -~ Paddy/Rice", IMD, Report
No. 120, Feb, 1970 (mimeo); (ii) J C Das, A K Mehra and
M . Madnani, "Forscasting the yields of Principal Lxops
in India on th- Basis of Wzath-vr-Paady/Rice, Part II
Mysore State", Pre-Fublished Report No,124, IMD, 1570
(mimeo), (iii) J C Das and G Ramachandvan "Forscasting
the Yi-ld of Bajva on the Basis of Wazther Parametevs
of Ahmedabgd Dis trict", Prz-Published HKeport No.141, IMD
1971 (mimso); (iv) J C Das gte.al., "Fowvecasting Whrat
Yield in Indis with the Halp of Wo2ath=v Pavametcvs -
Hatyana, Punjab, Uttar Pradesh,ﬂﬂihar Plains and wWast
Madhya Pradrsh", Pve-Publish d Adipovt Nost140_anq 160,
1MD, 1971 (mimeo); (v) J C Das, "For:casting ARabi, .
Jowar Yield in Bijapur District of Mysore otate - with
Weeth.r Pavam: tors", Metsoreloegical Mongaxgph, 1972
(mimgo).

26, W P Sarkar, "Metcovclogy at the Scrvice of Agriculturcﬂ,

Ivp, 1977 (mimco)e
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studies th= effect of climatic Vatriablzs on asguricultural

- +4 . R
productien. This is becausz gne cannat assumm homogencous

agro-climatic condiviens to pr-vail ovsv a vast avea liks
stazz, which ave politicg-adminis “rative uni'ts.27 The
studi~s using mrteovologiczl subdivisions as aﬁ unit for
analysis tro fac2 similav difficulty, though the climatic
conditicns avz nrav-homegeunzous h-ve, th: oth-r factors
ike cuep-pateirn, irvigation avsilability and cultivation
practic-= ntred not 5z hemagrn-ous, sincr g mrtzorouogical
500-diviSlon Tuns acvoss quiti a frw distvicts and covors
a isrgr ar~a, H-pe” thowvs iz a2 need to carry nut an
3nalysis at a emallev gizgveaphical unit say district
{t2luk 1-v-1 dats on agricultuvcl production 2ve not
av=ilabhl- ov-r longexr time sories), which will give move

m>-~mingful rrsults for planning purposcs,

in ddition to th  apove thor: zvs sems fundamentzl
m-thodolegical guestions thnt con b~ rais-~d about the
. . o 28 o qvaucd that
crop-- . tth v r l-mtionship siudies. It is 2rvguuvd 3

th~ filtoring of th oxplenstovy varviables based on the

o T ¢+ it i S———— -y T ‘e | LA S A oAl P —

27. This is = b .sic point of vuwiveostuvars rwiticlism of
Rem Usyal'd Study. cof. o S vrvivastnva, ”Impnc? of
Ri;inf=11 on -rop Yiclds «nd Acvrzg2: A Lomn-ntt,

I JAE, Vol.21(2), April-Jun 1964,
2¢&, Vzidyznathan yoyiews in d tail mIny defcts.which qvc,p
: inta th-so studi-s znd form 23 mSJle‘ l;.rn}'sa‘tlor}o_ Te A
Vauidyono than, "Influence of Wozthor on‘.ﬁcp Yizids:
H-ﬁ-vi w of ngo—M?taoro;cgisﬁs Husaavch s LJAE,
Vol,35{(2), Aprxil~Juncz 1961,
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corr=lztions and also on ths coefficient of det=rmination
(RZJ is arbitrvavy., The variablcs to b2 ussd should be thoss
wnich mattrr in th~ plant growtn (agrvonomically). The
filteriny out is often based mzvcly on stztistical covroe
letions which automatically :zrisuxrzs a good fit and high=ag

A“ for the model. Anothsv ficitor which is often referrad

to is th- choice of functional fovm. No strong th-orrtical
justificstion cuep be givin far eny pavticular form and it
nas always dupended on trials, Furom amon, th: Fishecv's
rogression integyral ©ochnigu- ana th: lincar multiple

Cegrrssions, the latter :xpleinod high-r varistion in

-

9

crop yiilds.é Mg infall and th- woath-r vaviables, mor: ov.x
n.cd not o v-lat d to crop production as @ continuous
functions # discontinuity m2y cxist in th.- rvrclationship,
The pr-gsne of such discomtinuity has already bren osta=-
blish>d by Nadkzroni =znd Ghosh,j‘-J rainfall abovs cortain

1 vi.1 having a lrss significant to low-v impact than bulow
thet cviciczl lavel, But such a critical lovel itself

h:s to be found thvough trials,

Coming now tc tho sccend typo of studies v-firred ahov .,

‘h- necd fov the sprcification of wszth-v has been recognis:d

2y, Sor P S Sviniveosan (1973), Op, Lit.

30, M V Wadkaxni and P K Ghaosh, "Insta
and Agwricultural Yislds in a Drou
Tumkur (Karnotaks)", LJAE Vol.33(

bility in hainf:ll
htpron.: Uistvict,
), April-Jdunz 1978,
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in dealing with producticn furnctions and Supply response
~ 3% !

of crops. V M Aac made 5 st.oong plea fovr specification of
weath=v and its inclusion fouv dzriving farm produciion
function zven in cross—scction data and also indicated an

= ; h for i .

ppvoac ov doing Sg. H™ d-manstrated tha use of a prigri
informztion in farm production function as a8 prvoxy for
wCiaiher, instasg of the usu-zl streight away pooling of

CroSsS Sccection daota.

The sprcification of wiuaiher has veceived attantion in
supply x=2sponsc studics too. Many such studizs have uscd
cctusl annuzl/seasonal rainfall as 2 prvoxy for weather,

How ver, the nred to exprssSs numsrous wiathrr factous into

' has 3lse besn

8 singlc indicator like "w2 th-v indzox'
strongly felt, Attempts towards construction of such
weathsr indic-s c=n be broadly grrupid into two groups.
Th fivst one2 is to look zt wrath-v as an =ff-ct rather
than crpus~ and m2asuvs thz impact of weathrr which cguld
be stresight away uscd as wiatheor indzx., The sscond arc

thos~ who hove usnd mot-ovolngical varizbles to arvive at

tonsolidatsd mraosuv- of woazthox.

il T o Aol P T g L Y SE—

31. V M Hzo, "Farm Production Function Studies - Trontm-nt
of Weath~v in Farm Production®, EPW, Veol.5(15), Apruil
11, 1670.

32, Dubey revisws the m:@thecds of construction of woathor
indic:s, c¢f., 4 P Uubey, "Wouther Indoxess A Rzvicw of
M-thods of Constructing Induexcs of thes Effocts of
Wrathov on Crops", Joyrnal of the Indizn Soggizty of
Agriculturzl Statistics, Vol . XAI1 (2), Doe, 1970,
pp.i103-106.
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I. Uncertcinty Comporsations

1. Crop Insurance, Agricul*ur-l Stabilisation Tax

Expenditure Schame (ASTE),

2. Crop Loon Insurancc, Institutionz2l Crodit Support,
3. Drought or Famine Relinf Works including hurval

Works Programmz and Empl syment Guarontae schome.

4. Increasing Buffiv Sincks and Price Stabilisation

Schem-s with support pvizes,

5, Subsidising inputs in thz event of a khavif season
decught to ~nablz fazrmgrs to undertak- rabi season

cul*tivation,

6. Rursl Imdustrialisstion; diversification cf ruv -l

cconomy to previde altvnative souvces of inceme.

II., Uncouvtainty Prevonticn ov Medhvaticn:

1. Providing protsctive ixvigatien ,nd cvalving

bottzr w=tcvshocd managemont proctices,.

2. Supporting plant breeding rescarch to evolve new

drought tolcrant varictiis,

3. Bpoooie waoricties of crops where yiclds are negatively
» ‘ - i

(or wcokly) covralated, and help ervop divavsificoation

thrcugh such vhirictiaS.,
















































































