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PREDICTING' CROP PRODUCTION IN HARYANA
(APPLICATION OF RGCURSIVE PROGRAMMING
TECHNIQUR)

Paya' Singh and A, S. Kahlon*

INTHRC2UCTION

The ma jor problems of agriculture revolve round supply

functions and relationships of product ovtput  with factor
inputs., These provide a framework for adjiusting production
and resource employment to promote general cconomic develop
ment, ,This is specially - true in India where planning has
been acceptéd as a tool of economic development and pers-
pective planning as a technique. Indian Government's policy
about procurement distribution, imports and support prices
of most agrlcultural products, is largely determined by
advance estlmateq of - crop production. Improved knowledge
of the potential future supplyvstructure is needed under
rapidly changing technology and factor-product prices.
This information is useful for appraisal of problems and
potentialities in inter-regional competition and area
development,

* Assistant Professor of Agrwcultural lconomics, Haryana
Agricultural University, Hissar, and Dean, Collece of basic
Sciences and Humanities, Punjab Aprlcultural University,
Ludbiana, respectively,
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thdian agriculturalApolicy in the paé% was fdrmuléted
on the impliéit_assumption of certain -supply relationships
which did not have an adequate- base. Thus, the production |
imbalance in Indian agriculture continues to underscore the
need for policy-oriented research, Hence empirical and
factual knowledge of-supply_relations of agricultural
commodities is needed to identify possible malad justments |
and to formulate a sound agriculturel policy.

~Empirical.prediction of‘agriculturalisﬁpplyfis a,
-difficult task, not because there are millions ofzfarmers
on whose decisions and actions production depends, but

more so.due to risk and uncerﬁainfy involved in agriculture.
Further, the complex structure of agriculture involving the
impact of technology, structural changes, investment in
fixed or quasi-fixed factors, aggregation and non-availa-
bility of appro?riate statistical data, limit the precision -
of supply predicting techniques. To solve this problem,
recursive programmlng technique was used because of its
direct relation to the theory of productlon

METHODOLOGY

-,

" An empirical study was. made in Haryana to examlne the
sultablllty of recursive programming as.one of the tools
of predictive analysis., A recursive programming (R.P. )
model at State.level was set up separately for each year,
‘treating each production year as a different decision- -
making.process for the farmers, Three different tests,
namely, explanatory test (1961-62 to 1965-66), predictive
.test.(1966;67‘t¢ 1967-68) and projection test (1968-69 to
1973-74) were made in"thisAanalysis of supply response,
‘using both recursive~programming and regression models,
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‘ Exp]anatory test (1901 62 to 1965~ 06‘4 ths test~
' explalned how’ ex—Dost changes occurred 1n rhe paot -t was

‘con51dered approprnate to use the data for the entlre past

perlod to explaln the results 1n a pdrtlcu]ar year of thla
.perlod t _ SRR R f o ) '
Predlctlve test . (1966-67 to 1967-68): This test used
" no adyancet1nformatlon_except what was known ex-ante each

Year Recursive programming.and,reyression predictions

were based only on the precedlng year information, This
test was more rigorous than the explanatorv test and more
nearly represented the situvation in which the real problems
_of prediction were confronted by the farmers

Proqectlon test (1968-69 to 1973-7h) : lhe term
| progectlon was used .instead of 'long run prediction,’

because in projection, certain set of data were presumed
rather than predicted. This involved making a series of
forecasts recursively year by year through 1973-74.

BASIC DATA

Selection of Alternative Activities

Haryana'farmers.were engaged in numerous agricultural
'ehterprises. However,:ih’this study we limited the number
of .basic land use alternatives to.important annual crops‘:
such -as wheat,“gram,‘rapevand'mustard,‘bajra;'maize, paddy,
-sugarcane, American cotton and desi cotton whichcovered
about 79 per cent of the cropped-area of ‘the State.
Alternate produetion’techniques of .these crops-and“ofuthe
recently introduced. Mexican wheats, hybrid- bajre and.
high- yleldlng rice were defined in-eéach year on the basls
of 1rr1gat10n~fac111t1es'and,the.levelmof production -

Ty
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technology. The use of modern inputs was largely based on
the availability of . irrigational facilities, Thus the.
act1v1t;es defined on irrigated land in. kharif and rabi
season were furtherqstratified according to the level of
agricultural inputs used.

Irrigated abtiﬁity with full adoptidn of imprdved
practices. |

Irrigated acﬁivity~with moderate adoption of
~improved practices; | e
Trrlgated activity with low adoptlon of 1mproved
practices.
Irrigated activity w1th no use of 1norvan1c
fertilizers and plant protection measurés and

“poor adoptlon of other improved practlces

‘Similar-break—up-of.different,input levels,of
unirrigated enterprises was not rcéquired because in the

-absence of irrigational facilities, the adoption level of

modern inputs would not change much, Spedification of
act1v1t1es on. this pattern seemed to be mor e approprlatc
for supply prOJectlons under changlng condltlons of recent
broak-fhrough in agriculture of. the: operdt1onal study
area,™{n this way, 61 activities were defined for
1nd1V1dual years in the explanatory perlod and . 74 actl-

_v1tles in the. predictive and projection period,

‘Dxpected vield: The yield projections for 1968-69

and onwardswere made on the basis of three years moving

~average, starting from 1965~ 66. The expected yields of

irrigated,act1v1t1e° ‘were made on the basis of  production

~yardsticks, In yardstick approach, the yield estimates

of an activity at given level of inputs remained constant
over time, but overall average yield for a particular year

/
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would change w1th the, chan;e in the adoptlon level of

modern 1nputs

Expected cost: Varlable costu per hectare were calcu-

" “lated for different activities., The level of agricultural
inputs for each defined activity was estimated first in
_phy51cal terms (per hectare hired man hours, kgs of ferti-
»llVGfS cart 1oads of farmyard manure amount’ of pest1C1de°
seed rate, irrigation level, etc.) and these quantities were
multiplied»by'the expected unit cost to get the variable
cost per hectare. The expected unit cost in the projection
perlod was assumed to 1ncreasc on the past Dattern

Txpected prlCG For rengSS1on analysvs six price
expectation models were formulated to represent farmers'

product prlce expectations. The expected.normal price of
regre381on equation giving the best fit was con81dered as
kexpected prlce of the produce in recursive programmlng
model, Lhe mov1ng average price of recent threc years of
fof the.best fitted price model. represented the expected
price of “the product in the projection period.

Expected net returns: Finally, the net returns ove'
varlable costs of each act1v1ty were calculated. uslng the

following formula
Riv 3 (Plty* Ynt) — Gyt
- where Rit = expected net returns of the act1v1ty in year t,
AHPit = expected price of the product of ith dCt1v1tV
| in year T,

expected yleld per hectare of ith activity
in year t
expected variable.cost\per hectare of ith

activity in year t,.
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Fstlmatlon of constraints: An effort was made to quantlfy
all such ma jor: restrictions which actually affected the cropping
.pattern and production of crops throughout the test period,
However, the non-availebility{of basic data was a serious
limitation. The following constraints were ingludea in the
present study: o |

Total land: For estimating total cro?ped'land constraint, it
was assumed that actual area under nine crops of the study would"
approximate the supply of total land suited to these crops. This
assumption secemed to be valld as the crop activity was usually
more profitable than 1eav1ng the land idle. Thus total cropped
area constraint in the explanatory period (1961-62 to 1965-66)
was set equal to total crop area under nine crops included in
the study., For predictive and projectien periods, it was assumed

'to‘be equal to the fegression area estimates for these crops.

) Land of. dlfferent types: Stratification of land based on ‘its
‘phy31cal propertles was desirable accordlng to the procedures
drawn by Dayj, and ochaner? in.their studies on the acreage
change in Mississippi and California respectively., In their

studiesqwthey shb—grouped the regions into- several areas accor-

“'ding‘tb the physical characteristics of soils. The assumption of
additivity could be fulfilled only under the condition that each
resource was considered to be homogeneous. However, due to the |
lack of aveilability of this kind of data, we were compelled to
use State level data, Nevertheless total cropped land was divided
into four land .types, namely, kharif irrigated land, kharif un-
irrigated land, rabi irrigated land and rabi unirrigated land
based on the available distribution pattern, For predictive
perigd and projection period,'the area under kharif and rabi
crops was assumed to increase‘on the basis of past trend, The
remainder of the projected area was unirrigated area.

"1. Richard H,Day: Recursive Programming and Production
Response, North Holland Publishing Co., Amsterdam, 1963,

2-'Willlam Neil Schaller: A Recursive Drogrammln pmﬂlysﬂe
of = '~ ional Production Response, Ph,D., Thesis, University of
California, 1962, : :
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Trrlpatlon capacnty constralnts The estimation of
‘water constralnt wa.s based on the assumptlon that demand

: for water in peak perlod was 1n close. approx1matwon to the
actual supply of wabter. This assumptlon was qulte log1ca1

for Haryana, where 1rr1gat10n was. perhaps one of the most

scarce resource. The _growing season was divided into £wo '
‘critical time perlOdS and the supply of water in each

perlod was treated as a dlfferent 1nput
)

_Period‘ o Months'-
1 ‘March-June
2 - October-December

In the explanatorv perlod the irrigation constralnt of
‘these two perlods was ‘set .equal to the actual 1rr1gat10n' ‘
capa01ty. Water .constraint for predictive period- and pYOJOC—
tion perlod was estlmated through the least Squaresequa-

tlon Z = (1:+B) Zt 1 where Z and Zt 1 were the 1rr1gat¢on

capa01t1es in hectares in perlod t and. t 1 re5pect1vely.‘
B indicated the rate of increase in. 1rr1gat10n C&p&Clthu.
The 1rr1gat10n capacity constraints so estlmated were com—
~pared w1th the 1rr1gat10n targets f1xed for the Pourth Flve-»
Year Plan and were. found to be in good: agreement

Constraints on fertlllvers Total fertlllzer dlstrl-

buted in Haryana was d1v1ded in the ratio of irrigated area
~under. the ma jor crops included in the study to the 1rr1gated )
 area under the excluded crops. The irrigated area under the
‘ releVant crops was approximately 80 per cent -every yeqr'

from 1961-62. ‘through. 1967 68. Thus 80 per cent’ of the
fertlllzers were assumed to be allocated to “the crops
under- study. lhese quantltles of nltrogenous and 4
phOSphatlc fertlllzers were considered as fertlllzer

-
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constfaihts dufiné'the explanatory period, For thé’prediétive
perlOd fertiligzer . conctralnts in terms of nltrogﬂn and
-phosphorus were estlﬂated by the. equatlon “t= (1 ,B) Ft 1
The constralnts for the’ proqectlon period were set equal

to 80 per cent realization of fertilizer dlstrlbutlon targets
of the Fourth Five-Year Plan.

Constraints on improved seeds: -Total available improved
seeds of hybrid bajra,.Mexican'wheats and high-yielding rice
varieties were included in predictive and projection period

recursive programming matrices as.constraints, Total improved

' seed.constraints for the predictive period were. set equal to
the actual seed distribution of these varieties. For pro jec-
tion period.the targets of the Fourth Five-Year Plan were
assumed to be realized, ’

Flexibility.constraints: Farmers' decision-meking
process regarding allocation of land to.different”cfops‘is
influenced by a large number of fectors, some of which are
’measurable at least in principle, while otheérs cannof be
measured directly, These are 1nd1rectly taken into. account
through flexibility constralnus in a programming model,
These flex1b111ty 1limits may be defined in several ways.,
Here the average of absolute difference between the actual
area. and the estlmated area (X Qt) from the best fitted

regre551on model was used for- the expWanafory perlod of the
present study. The average of p051t1ve deviations was taken
as the upper bound and of negative deviations as the lower
bound “on the conditional point estlmate forecast by regres.-
sion analy51g. Proportlonate upper and Jlower bounds on
-llrrlgated area of- the relevant crop were specified

accordingly. rlex1b111ty constralnts SpGlelGd in this way-
made greater use of regre581on,est1mates which could: be

\
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improved further through recursive~progkamming.'In the
predictive period, the maximum of these absclute deviations
~were placed as upper and lower bounds on the recursive
programming solutions.of irrigated arceca and total area
under the relevant crop in the preceding year. In the
_pfojection period, propdrtionate changes were computed for
each crop by the formula:

. ) -~ a
B. = £
J | J_’l

\

. . . A
‘Where XJ(<) was the crop area of jth crop-in year t- Xj(*)

was the- area,qolutlon of recur31ve programmlnc model for
jth crop in year t, and n was the number of observations
from 1961 62 through 1967-68. Thus flexibility coefficient
expressing constant percentage increase or decrease, was
placed on ¢ecursnve programming model area solution in
year 't' to represent approximate limits for year 't +1',
Similar .method was.followed .for specifying the coefficient’
on irrigated area of the Qrop fncludéd in the present

study.

The real. act1v1t1es ranging from 61 to 7L and their
input-output COfolClGntS along with 45 to 48 constraints
spelt out in this manner were used to set up a recursive
/programmlng matrlx .Simplex method was used for obtaining
solution of recursive programming problem treating’ maximum
restrictions as disposal activities and minimum restrictions
" as art1f1c1al activities. The results obtained are presented
for comparison with the actual values and the solutions
of regression model. a |
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Regression Approach
Two' single equation linear . models  of Te*lov1an type
were also fitted 1nd1¢1dua11y to each crop.

P g a
Xigmagt e Xip gt ey Pigen”

X, %a ta Y, +a. . + o
it %0 71 Tit-l _"2 B - 1+ 3 Wine

1

Irrigated+ unirrigated area offith crOp'in
thousand hectares in ﬁaryana in year t and
year t-1 respectively.,

The expected normal price of jth model. of ith
crop relative to alternative crops.'

The expected per hectare normal gross returns_‘
of -jth model.of ith crop relative to
alternative crops.

Average value of ¥th weather. factor of three

.pre-sowing monthq of 1fh crop for ynar t.
' An error term for the 1th ;elatwon%hlo

1, 2, «.vveve @ TOPS
1, 2, vvveven b price- expectatlon mod01g
1, 2 weather models,

The nine crops.were wheat, gram, rape and mustard,
ba jra, maize, paddy, sugarcane ~ American cotton and: desi
_cotton, The six price expectatlon models used were :

Pt-l(l). '; Average price realised by farmers during -

‘three pre-sowing months.
P, .. - Average price realised by. farmers during
three post-harvest months.
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Pt;l(B) Average price realised byﬁfarméFs’dﬁfiﬁé*three
| pre-sowing months and ‘three-post-harvest months,

P . . . : ‘ E ) L . o
t-1(4) Average price realised by farmers during 12

. post-harvest mohths
Pﬁ;l(S) Model price realised by farmers during 12 poQt_
. harvest months

T ' lT- .("
Pt—l(é) Linear ﬁrend,prlve.

Similarly,  six gross.returns expectation models were
formulated. .Two.weather. models used alternaFivély in the
estimating equation were:

‘t(l) The average weather 1ndex of three pre- sow1ﬂg
months of the concerhed crop., Weather index was
of the form W = P/T, where W indicated weather
index,.P indicated average precipitation of
threerpre-éowing months-in mm. aﬁd'T_indiCated
'thé.average temperature ofAthree'pre-sowing

- months in centigfade.

Wt(?) = The.averageﬂrainféll in mm, of three pre-sowing
N months of the relevant crop.

. In order to obtain the estimation of crop production
from regression analysis' the area estjnates (1n thouaand

hectares) from the best fit equatlon (highest & value)

estimated for an 1nd1v1dual Crop was. mu¢t1n11@d bv GXpevted

yield per acre, The expected yield was rOQrosentod By

three-year average of lagged actual yields per hectare of

three preceding years. The output obtained was as under :
IS CTRTEE U SURR ’

‘ = it=]+ “dit-2+t it~
Oit o it-1 1; 2+ . it-3
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‘ ’ . ‘ : . ‘ ‘ e . ¢ A -~ - N ‘ -
Where O.ﬁiwas thexpredicted?output'of ith~crop“in year %,

Yit was the actual yleld ‘per - hGCuare of ith crop in year T
and X was the area predlcted 1n hectare of_lth crop :

from the most acceptable equatlon

RESUTTS’

xplanatory est (lgbl~a? to 1965 06)<

— The. poqt changcs occurrlag in the test Derlod Ware
“great enough to prov1de a chal lenglng test to the exvlanatOfv
ablllty of the aTternatﬂve modelu. The data of the enblre ,
perlod (1952 53-—-1965 66) were used to egpla n th area
and: output in a particuiar year For example, Ner ovian  '
regre331on equations were . fltted to ‘the ddtn from 196? ))
vjthroughdl965f696 Likewise, recursive progremmirg model nus ed
.:advance,informatien in.this per;od to eot;matefflgxlbl%ltyj
~constraints, etc., The area and output. of -this test are

' shown in Tables I and II. The _percentage ‘deviation of the

explalnbd from the actual area and. producflon for recursive

«iprogrammlng.and vest fitted regression deGlS,er,QaC&mm;n

,crop durlng the tGSu perlod are summarLzed'iﬁ'Tables‘fII.~
‘and IV, The regression results of best fitted equaticns
for dlfferent crops are presented in Table-V, - = -

Lhe resu‘ts of explanatory test showed that the )
.average errors in-the area est1ma*e~ of recur81ve urogram-3
mlng model were Tower than the regre351on crrors For a‘l
crops except desi cotton ' o

The year by year comparison’ proveded the lower
average.crop error in recursive programming model in all
years but one. :

1
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‘Table I - Estimated and Actual Area of Major Crops

in Haryana An FxpWanatory Lth
(1961 o?-—-l@o% 66)

(area in thousand hectares)

“Whea G ‘ . |
heat . ram Rape and mustard

Actual Regres- R.P, Actual Reg- R.P. Actunal Hegres- R,P,
sion res- ‘ - sion
' sion

3 . 5 6 7. & 9

———

1961-62 648 636 652 1595 1470 1404 196 161
1962-63 ¢ 659 € 1443 1389 1420 221
.1963-64 ¢ C670 6 1,18 1430 1367 2 260
1964-65 72 718 1319 1406 1320 - o178
1965-66 & 715 888 1270 1150 154

Bajra Maize A . Paddy
Actual Regres- R.P. Actual Reg- R.P. Actual Regres- R
sion ’ res- c - sion
! o sion '

12 w15 16 17 18

1961-62 . g8 - o9& 88
1962-63 713 55 , 89
1963-64 |
196465
. 1965-66
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Table I (concld.)

Sugarcane American cotton - LDesi cotton

Actual Kegres- R.P. Actual Reg- R.P. Actual Regres- R.P.
sion . . res- sion
' sion

1 20 21 2L 25 27

N
(o)

1961-62 | 5 | 5, L9 ~ 51
1962-63 132 39 . 5¢ 61 58 062 56
1963-64 115 131 . 136 100 - 95 99 e
1964-65 o137 01 | S w0
1965-66 “ 5 : : 87

~
N

-3 00 2
Cy D W

BN
™

Table II - Estimated and Actual Production of Ma jor

Crops in Haryana; An Explanatory Test
(1961-62—1965-066) .

(production in thousand tons).

Wheat ‘Gram .+~ Rape and mustard

Actual Régres—.ﬂ.P; Actual. ?eg- R.P. Actual Regreb— I P
. sion : res- sion
; ‘ sion °~ =~ ’

/

6 7 10

11961-62 870
1962-63 804
1963-64 834
1964-65 922
1965-66 869
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Table IT (concld.)

- Bajra . . Mgize Paddy

Actual Regres- R.P. Actual Reg- R.P. Actual Regres-
< ' : ‘ res- sion:
gion '

15 — 18

1961-62

1962-63
1963-6
1964-65
1965-66

g7 203 268 200
87 39 . 253 201
193 195

219 216

260 227

. Sugarcane © - American cotton Desi cotton

:Actual Regres- ~Actuval Reg- -R,P, \Actual Kegres- R.P.

res-
sion

sion sion

1

. \

21 22 23 2, 25 260 27

1961-62
1962-63
1963-64
- 1964-65

13.52 12,79 14.00
14,11 15,60 16.L4
31.87 24.70 28,32

31.54  30.2k 30.22

30.59 32.64 32.60
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Table III - Percentage Dev1atlon of 'Explained!'
from 'Actual' Area of Major Crops
in Haryana: An Explanatory Test
(1961-62—1965-66)

‘ Rape and .

- Gram mustard Bajra .
Reg- R.P. Reg- R.P.. Reg- R.P:
res- , res- " res- o
sion . sion ~ sion

1 .2 3 4 5 6 7 8 9 10 1

1961-62 —1.85 +0.62 +5.68 +0.65 -17.86-4.08 +2.72 -0.26 +1136  0.00
1962-63 -1.61 +2.24 -3.74 -1.59 -12.30 -0.79 +5.89 -1.82 -1982 -4,50
1963-64  2.76 -2.18 +0:85 -3.60 +1L61 1964 +1.63 =1.92" 0.00 -8.62
.+1964-65  -0.60 +1:11 +6:60 +0.08 +15.58 0.00 -6.57 -4.05 +15.05 +21.50
196566, +5.,46 +5.63 +46:n_+324o +0.65 +4.57 -2.18 -2.31 +6,82 +11.36

~ Average | 2.48 2.36 12.58 7.68 11.60 7.1l 3.80 2.07 10.61 " 9.20

American Desi
‘Sugarcane cotton cotton
‘Reg- R.P. Reg- R.P. Reg- R.P.
res- . res-. ©  res- ,
. sion .sion - sion

1 120 13 14 15 16 17 18

1961-62 +4.29.+6.75 -5.84. ©.00 +8.00 -2.00 ~12.07
1962-63 .+7.27 £9.09 +2.33.+7.57 +8.93 +3.57 -9.68
1963-64  +10.76 +12.02 -1491.-19.29 =5.00 -1.00 -1:30"
1964-65. -0,54.+1.08.-4.86.+0.69 +6.93 +7.92 -5.41
1965-66 - +10:42 +0.52 +4,42 42,20 -1,77 +0.88 +4.82

Average  6.66.5.89 6.45 5.95 6.13 3.08 6.66
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Table IV - Percentage Deviation of 'Explained' from
. '"Actual' .Production of Major Crops in
‘Haryana: An ‘Explanatory.Test (1961 62— 1965-66)

Rape and |

-mustard .. . Maize -

) .. Reg-‘
. res-

R.P.

sion’

.. "Reg-

res-

R.?s

‘sion ?41

6

100

11

~

. 1961-62
. 1962-63

196364

1964-65
1965;66

-8.28
+7.59.
+2.64
-2.61
+1.04

-13.56
-7.21
-0.48
+1.74
+2,72" -

+21.42 -0.41
+15.03
453,30,
+18 08.
+37.40 -

+2.65
+23.72
-2B.66
+74.54

-14.90
12.20
+7.68.
+29.90

+7,23

~2.69
-6.27

-1.56"
+12.30  6.94.+

69 +3.05
-8.36"

-3.20

7 -3.83
.62 430.28.

+4.80

o'bo

22 54'+25 .35

-2713
+4.35
—1887

-31.00
+14.13
-15.09

-Average 4.43 5.08 29.05 24;99 17.50 4.54 9.54 15.54 17.12

Amerlcan

Sugarcane cotton * Desi cotton

Reg-
res-
sion

R.p-

Reg-
res-
sion

" R.P.

Reg-
res-
sion

" R.P.

12

13

.14

15

S 16

17

18

19

1961-62
1962-63
1963-64
1964-65
1965-66

-31.03

+64:28

-12:27
-17.67
~30439

-1.47
+17.53
-11:36
-15.04
-11.27

+12.76
+ 6.43
29.32

-24.48’
+11.88°

\

-9.33
-18.40

-29.51
~14.75 -
.‘A+l '67 :

25,40

+11.20

-22.,50

4,12
+6.70.

-4.18

+2.55

-2.17 =21.91
+16.51 -29.88 -16.13

~11.13-.-15,50.
=900

-5.99
-4.70 -

46,57 ~11.75 +18.88

Average

31.30

11.34

12.97

14.73 -

9.98-

8139

17.61

9.58 -
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Table V - Regression Equations Used for Explanatory Test (1961-62—1965-56

Crop i o " Equation

heat &g = - 83.1209 + .8830%(7 + L4L30M, 2) L3106RY_ 1 (1
) e (.0570) = (.1190) " (.1228) "
Gram - | k= =277. 6033 + 5478 "y +2.680%k (5) +16. 48L1PT i .9
I oagm L (ko) ' (5l2873) )
fape and mustard X 30 2042 +. 2158A‘;l + °5664Wt(2)
| | | (.1592) (.2018)

+.6392P* | 26532
7 -1(3) 7c
(. 25977 '

Bajra 1 o 15,4478 + LBLLKTE +9, 597ow**2' 42, 8920P .9203

t-1(2)
(. 924) . (2.006) (1.2380)

”paizé,  L X = 314299 + L7625 +29. 37T (1) * SLWTRED (3) .8628

(.1331)  (30.070) (0.065) |
| o(2) +.0638P - .9691
(. 0632) (.8578) °

_Sugarcane o ' 2 © =36.6099 + +8 237w \ ‘;.9447

t(1l
e T (1015) T (4. g9 SV 227) ¢
American cotton. - | -30 887 F é%%BLé'i + 639W + .229P

( 623) (2) (. ll?) t=1(4) .7650

’ 'ggggbcoiton o 83,9188 +21. L953wk(l) + 1.5761P, _ 13 - - .8295

. (10,4222) (0.3086) L
X‘S - 18- 53 87 + l;llZX* l<l . o ‘ : .4250
(,1380) .

Notes. Eacn equation was selected on the basis of the hlvhest R? from different
alternative equations using data 1952-58 thraigh 1965-66, Gram and desi cotton vere
the exception. Gram equat ion was est.imated after dropping 1965-66 which was an

~ abnormal year, In case of desi cotton residual analysis was done due to multlcolll-

nearlty problem. Numbers in parentheses are standard errars. .

% Significant at 5 per cent level of significance,
Ak Slgnlilcant at 1 per cent leve]l of significance.
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The product1on estlmates were less accurate than estimates of
area in all the years and: for all crops. This was exoected h cause
:error of the yleld estimate was compounued-wlth the error 1n estl—
mated acreages in the estlmated ‘total prOdUCtlcn The comparlson
'of production resulte of the two models 1nd1cated that - regres51on
errors for only'three crops out of nine were SllEhth less than
_the recursive programmingserrors, The average crop productlon
’»error was con51derably higher for regression models throughout
~the test period. Thus the simultaneous explanation of arca and
nproductlon by recursive programming model prov1ded -somewhat better
‘results of output. ‘

The errors of area estimation for a crop, Nthh had small
acreage with greater fluctuatlon were . usually larger than those
for a crop Wthh had large area and a relatwvely stable area oath.
The errors in the productlon estimates of those crops tended to Le
larger ‘where the oercentage of unlrrlgated area was hlgher It was
‘noted that recurslve programming model had a tendency to over-esti-
mate’ the area of moreé profjtable crops

. ,oome 1nformatlon about whv certain changes occurred could be
‘known by careful estlmatlon .of the basic production relationships,
“1nteract10n ‘of competlflve crops ‘and constraint in general and

flex1b111ty conetralnts 1n partlcular of recursive programmln
model, '

'Tfﬂall“the upper and louer bounds were alwaysieffeotiVe; the

'upper bound would-always be reached for the most profltable crops

and lower bound attalned for ‘the least profitable. Table VI shows
the effectlve bounds in- the explanatory period. :

It was apparent from Lablo VI that the area under wheat gram
and rape and mustard moved in close association, Gram. was the
kleast profltable crop as indicated by the lower bounds and it
:area was adgusted correspondlng to the change in ‘the area of wheax
and rape and mustard. Cram area was somewhere between tne two
vbounds in 1961-62 and 196? 63 when both wheat and rape and mu itard
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Table VI - Effective Area Bounds in Haryana
o Recursive Programmine Model: An
Explanatory Test (1961-62—1965-60)

Crop - ' 1961-62 1962-63 1663-64 1964-05 1965-66

wWwheat ..
Gram .
Rape énd.muStard
Bajra - e
Paddy -

Maize ..

Sugarcane - .,
~American cotton
Desi cotton .. ' L

- U denotes ﬁppertbound effective
I denotes lower bound effective

reached their upper bounds. In 1963-6k4, gram area declined to the
lower bound, rape and mustard attained the uﬁ?er bound, and wheat
areca was somewhat between the two bounds, Wheat area increaéed to
the upper bound in 1964-65, rape and mustard area declined to the
lower bound, and the gram area lay between the two limits. Again,
in 1965-66 gram area declined to the lower bound, wheat area
attained the upper bound, and the rape and mustard area was soméf
wheré between the upper and lower limits, Similarly, substitution
relationships were apparent in sugarcane, American cotton and desi
cotton, In 1962-63, sugarcane-reached the upper bound causing
cotton to decline to lower limits, Sugarcane and desi cotton
attained the upper bounds in 1962-63 and 196&-65’and;Ameriéan
~cotton ad justed somewhere between the two bounds. In 1963-64 and

© 1965-66, the arcea of American cotton increased to the dpper bound
and the.areas of sugarcane were ad justed between the two bounds

in 1963-64 and fell to the lower bound in 1965-66. The solutions

provided by the recursive programming model were more than a set
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of bounds on each crop. owever more than two thlrds of oheSe
estimetes were constrained- by the crop' s+ own - upper and lower
flex1b111ty constrauws.Tf the model could more fully specify

| releVant constralnts it would impose less burdeﬁ on flex1h111tv

- constraints- and glve better results

Predictive Test L1966-67——[1967-68)

This test used no advance information and tne analy51s was
‘based entlrely on,the,data of the preceding year. In a sense the
results could be regarded as one year forecasts. The regres31on
estimates of crop area of major crops in 1966- 67 were predicted
from the regression equations with the hest fit which used data
\pfor 1952-53 through 1965-66, The results of these equatlons are
: glven in Lable V. Lo predlct the area for 1907-08 these equatlons
with the best flt were refitted to data through 1966- 67 and are
' presented in Table VIT, Recurslve programmlng solutlons for each ~
of the subsequent years were based on the solutlons of -the prece-
ding year rather than on‘regreSSion point estimates, The results
of this test are presented in Tables VIII and IX. The‘perceﬁtage
dev1at10n of predlcted area and production from actual value s-is
given in Lable X and XTI respectlvely. ‘ ' a

It was apparent from the results that pred1ct3ve models gave
- large errors of the estimates than the cxplanatory models. OV°ra1l
position regard1ng area of the nine crops estimated by models in
‘this test period- showed that the errors in. the. predlcted area .
increased from 7.36 per cent to 17.66 per cent in regression -
model and from 5. 66 per .cent to '10.16 per cent in recursive pro-
grammlng estimates L1kew1se there was an increase in errorskof

the productlon estimates.

Agaln recursive programmlnp malntalned its superlorlty by
predlctlng arca and productlon of relevant crops mor e accura*ely
The average error 1n thns test perlod both 1n area and productWO"'
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Table VII - HResults of Regression uoaa+1uns useu in Prealcplve Test (1966-67—.1967-6¢)

. Crop - . ' , - Equationv %

Lheat o Ry = -93.728L ¢ 8863477 + 4;6355( )+ IR () <9689
TR i (.0572) (21377 (. | -
o= . 363.1289 Koy R.6LKRUT (o) +18.9242BT 3 (4
1064)  © (L.4403)  (7.0606)
5409At l +4.2901Wt(2)+3.737hPt_l(2)

| R (
Bajra, .o & o= 197,2831 +
E | ) © o (L1163) (1.2726) (2.0056)
N
(-
.

Maize o . .= =3.3771 7035A£"l +l,l?§0§t(lwh1992§£_l(3)
‘ : (10.1666) . (.53L4) .
- 0.0181%W _ * .4895p
t(2 t-1
T e Y L) S (as) L)
Sugarcane e X -21,1691 +, 70/2A ’+9,8411W (1) * 1.0692p
. ‘ - ~(.1145) (6.7299) " (.3164)
American cotton . _ ' -16,6033 + 5629Lt 1 ~ 1050l (o) + 3116P
- | . (.1564)  (.4988)  (,1588)
\Rape and mustard .. | ‘ . 3,1582 + °2469Xt-1 + .5994Wt(2)+ 0298P
_ | | / ‘ (.1717) (.1884) (,2751)
2§§£ cotton | . K = -104,.1807 +33'2525wt(l)+l°78h2Pt-l(3)
' : (9.2693)w (.3237) -
18,1745 + .35L0XC 1 o o
S : (.1253) ~ . '.6780
" Note:- Data .used 1952~ 53 through 1966- 07 for all crops except gram (omitting 1965-66
due to -abnormal year), Numbers in parentheses are staﬂaara err ars.

* Significant at 5 per cent level of sigmificance, . -
% Significant at 1 per cent level of significance. ' '

e-1(3). 9025

7056
Ly TP
tl(B \07050

.8628
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Table VITII - Estimated and Actual Area of Majof'Crops
in Haryana: A Predictive Test
(1966-67— 1967-68)

(area in thousand heﬂtares)

1967-68 . 1968-69

. Actu- Reg~ R.,P. Act Heg-
al res- _ res-
sion : . " sion

6 7 8 9 ‘L'

_Wheat .723 20- % L1 810
Gram 2 : 60 1,272
. Rape '
and
mus- ’
“tard © 198 207 | -2 2233 2
. Bajra = 893 I 3 835 8Ll
Maize . &7 > 102 795 107
Paddy 192 232 217 212 216
Sugar- - . '
cane - 150 2 145 166
" American @ o BT
cotton 81 . 138 - .93 136 .
Desi- | ‘ o AR
cotton 102. 98 103 092 - 106 - 90

iable TX - Estimated and Actual Drodvctlon of Ma1or Crops in
Haryana A Pred:ctlve Test :

(Qrodqggion in thousand tous)

1966_67 . 1967-68 : . 1968-69
 _Aitu- Heg- R.P. Actu- Reg- R.P. Actu- Reg--  R.P
a : gig; - al res- - ”fal - res--
. sion : sion
Wheat 1,059 9Ok ,.899 1,425 1,075 1,269 1 57?' 1,241 1,248
Gram  531.. 583 L85 1, ?67 6h7 654 S 411 79 - 843

Crop

. mistard &0. l 111.8 &7.4 95.0.109t7"118‘5 -7 92.2 133.2

. Bajra 373 339 265 459 221 348 459 318. L1l
Maize  °86. 134 104 125 101~ 1100 73 123 - 119
~Paddy =~ 223 - 301 184 287 259 239 2065 280 - 211

. Sugarcane 510 840 569 471 583 429 673 507 676
American o IR v , o

Hcotton 2.2 36,9 28.1 39.2 27.3 51.9 -- 37.34

esi S

cotuon ?7 6 ?9 L 26,7 28,1 32,1 25.2 21 .81




Table X - Pércentdge Deviation of 'Predicted! from 'Actwl' Area -of Major Crops
in Haryana: A Predictive Test (1966-67-—1967-68) -

. 196667 1067-68 . 1968-69 Average of
Crop Regres- R.P. Regres- R.P. Regres- R.P, Two years . Three years
- sion - "~ sion sion Regres- R.P. Regres- R.P.
4 : . - sion ° sion

 Wheat -3.10 3.69  -5.11 -5.81  -7.05 3.40  3.57 420 h.73
Gram +21.19 +9,66  +0.26 +108.19 +94.56 15.43  1.54 46,35  32.58

Rape
and
mus- ' ‘ ) ,
tard +4.55 0.00 +1.72 - -

Bajra +1k.00 25,65 k.63 -8.9h  -6.76
Maize +40.23 -17.39 -6,.96 +1h.14 = +6.06

-

Paddy +20.83 “2.30 . =0.46 - +1.72 =12.02

P
—
—
O
i
. [—3
O
!'-;__'!
o

@
=
[a W
=
—
(oM
[
o}
[¢p}
(o]
=
el
=h
=
-
=

- Sugar-

cane +27.33 +19.83 +37.19 ~16.15 ' +13.66
American A I '
cotton #1.85 =32,61  =1.45 - .- -
. Desi . , ‘
cotton -8.91 -10.68 = +2,91




Table XI -"Percentage Deviation of 'Predicted’ from 'ictual! Area of kMajor Crops
in Haryana: A Predictive -Test (1966-67—1967-68) . :

-~ 1966-67 1967-68 - 1968-69 3 Average of R

Regres- R,P, regres- K.P, rRegres- R.P. - -Two_years Three years

sion sion . sion Regres- R.P. ‘Hegres- R.P, -
‘ LI ' sion w7 sion o

Cropﬁ

. Wheat -6k 415,11 -2h.56  -9.54 -18.46  18.00° 19,60 12.33 19.22  14.32
Gram *9.79. -8.66  -48.93 -48.38 +93.19 +105.11 29.36 .28.52 50.6k  5L.05

KAHION .

Rape and . ‘ 7 - , .
mustard - +39,70 -9.11 +15.47  +24.73 - - 27.59 16.92 - ‘ -

Bajra #9.12 ~28.95  -36.60 -24.18 -30.72 -9.80 22.86 26,57 25.L8  20.48
Maize . +55.81 +23.25 -19.20 -12.00 +68.49 +50.68 37.51 17,63 47.83 .28.64
Paddy = #64.71 +11.56  +23.78 8,92 -24.96 +0.45 4L.25 102 |
Sugarcane ‘+34.98 .+i7.48 ©=9.76 -lé;?Q - _. - 41,40 24.29

o
O,

American ' . _ ‘ AP
cotton +52{6l +16,17 -30.36- +32.40 L1.,40 24,29

<
5 .
=
i
w2
=
=

I8

-3.37 -10.29  -14.23 -10.32 - 8,80 10.30




estimates was lower in the recursive programming model than in
regression model for seven of the nine crops estimated by both
models,

Moreover, cach regression estimate was independent of the
errors in the estimates of other crops while the production of
different crops was intér-dependent. Thus, the results obtained by
regression model might not be as dependable as that of recursive
programming model even when the régression coefficients were =
significant, - 0

Proijection Test (1968-69—1973-74)

Short run forecasts were inadequate to provide solutions for

certain policy problems. Lcng run supply projection could suggest
read justment required in certain agricultural programmes. For that
purpose, six years projections were extended covering the Fourth-
Five-Tear Plan pefibd. This test involved making a series of fore-
casts recursively year by year from 1968—69vthrough 1973-7l for
both the_recursive programming and regression models, Of course,:
it could not be called a_ﬁest in thé strict sense of the term
because solutions.coﬁld'not be compared with actual data which were

not available for these years,

Based on'regression analysis,‘year by vear projections ware
made upto 1973-74. The equation with the best fit, using data
through 1965-66, was again fitted to the data through 1667-68 and
was used as the basic eqwtion for supply projection..The resuits
are shown in Table XII. Dixpected relative price and pre-sowing ‘
weather variébl&;were empirically.estimated for 1968-69, TFor further
period the expected relative price’(br_gros$ returns) were assumcd
to be based on recent trends, that is, the average changes in chose
values in the most recent three vears. These values were projectad
as the moviné average of the most recent three.years. Similarly,
the values of weather variables from 1968-69 onwards were projec-
ted as the average of the most recent five years to represent




Table AIT - Results of Regression Lquatloacr"
‘ Joed 1n Progchlon Test '

_Gtopf":'{f AP T R Equation o R . R” x?’

. Wheat . = y'=.;114;0817 + 8930X . LL6SHE, 38)bﬂ g
, : A T l o L AN
o Grame o L= 240, 5781 + 54911{ T +g.3zzow"7 + 15, 9604? 15( 4)' ';,82'07'&"
S T AT <0908) (1.0R29) . (6. 9285) -
‘Rape.and mustard X = 2,2869 +.2385% _ +.60190°F . 4 6495P7 7055“
R G e e Y : t l : t(2 A
i Lt CCany T (asen ) (azs1) o ”2’ S
CBURA e 00,3879 +.534807 w3380, b 3 7516P 8596"
o . b _ t(2) ..L(Z) -
LT (1139) ©- 3' (L.2341) 7" (1.9930) T T
s Maize oo K= — 65,1728 + 7001&"“ +.15276; o)+ J1188R, 1(3) f 8378
B (. 121;8) - (10, 8461) ( O45) - St
P%gdy ’ Ai.i 'W,Xt= 3 hOQl + 9028Af 1;+ l9hlw (2) 6364Pt 1(4) . ;gééok:.
| O CGoszr) T (eien) L 3349) FE
+:12,2990W% 1 +1,0638p." .8926
-1 (1) t- 1(3) 1 ©78
T (,0915) ~ 7 (6.5869) 7' (.2706)
American cotton- - X = 39,6940 + .584,1X. . --.1350W L631P
B X° (1806) © (] 6126)t(2) (1812) v104)
+ Desi cdtton X= '11“‘2989(§i252f§f“t<l>*% igng (3) o vf 4,.; 6705 :
Xg= -23.20454.L495XE SR .4696..

Note ‘Data used 1952-53 through 1967-68 for all crops <
due to abnormal yedr? €2n0ura grrogs7are presentegrln pgﬁggghegggm (Omlttln 1965 66

* Significant at 5 per cent level of significance % §%gﬁi %%a%ﬁ at 1 per cenb18Wﬂ-0f
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normal weather. The predicted area for each year became the inde-
pendent variable in place of lagged area in estimating regression
equation for the next year, Thig procadure was essentially the
~same as using recursive programming results in vear 't' as data
for t—1. In that sense the fesults of these two models were: some-
what comparable,

Kecursive programming model for each subsequent year used
projected data and the flexibility constraints were imposed on the .
“solution for the preceding year, Other constraints were assumed or
4‘projected as explained in the‘methddolopy section, The resultis of
areg and production are presented in Labl&sXIII and XTIV TQSpGCtJV(~
1y.

Recursive programming model showed an increasing tendency in
the area and.production of all high-yielding cereal crops excent
gfam in which the trend i<~c1early'declining; Cotton, sugarcane,
rape and mustard also showed slightly rising trend in area and
production of these crops. The regression model showed a dzclin-
ing trend in §ugarcane American cotton and scomewhat constant .area
of maize, desi cotton, rape and mustard and bajra. It exhlblteq B
increasing trend in wheat, paddy and gram, ,

Thekéxamination of production estimates of wheat, bajra;~
maize, paddy, sugarcane and cotton would revcal that regre851on
model pro jected the historical facts, while- rmcurs1ve programmlng
results incorporated the influence of recent farm technologv belng
adopted in Haryana agriculture, The Nerlovian model's adjustment
coefficients played the role of flexibility coefficients in re-’
cursive programming model, but it ne;ther treats the yield -
improvements empirically. nor theAinterdependence of crop alter-
natives. In this context the good fits-of regression equations
and the statistical‘significanee of the regression coefficients
per se did not guarantee .the reliability of the results, This
does not.imply that regression model should be discarded alto--
gether, but some of the dif ficulties of regression models could




Table LIII - Estimates of Area of Lajor Crops in haryana: A Projection Test

(1968~69—1973-74)

(area in thousand nectares)

1968-69 1969-70~  1970-71 . 1971-72 197273 - 1973-7,

neg- w.P, ‘sleg- i.P. Keg- R.P, neg~ R.P. ‘iteg~" nr.P. Reg- H.P..
res- . - res- | res- ' res- . res-, . . res-
sion . sion sion . - sion . sion _ sion

KAHT,ON

. heat 813 832 887 867 919 04 945  Oh2 7L 982 991 102k
2. Gram 1170 1094 1240 1128 1288 1126 1304 1209 996 1297 @ 939

oy
<.
o

oy

Rape andg S T ' g 1 o e e
oomustard 194 227 203 238 207 249 210 209 205 0 248

. Bajra B3 816 &2 832 816 aus &35 834 851
Mhaize | 105 111 116 112 128 111 1,1 111 153 111 169

+ DAYA STNGH

. Paddy 205 255 215 226 293 238 1312 250 330 263€:
. Sugarcane 135 - 183 . 130 11951'. 9 - 180. - 130 - - 128 ’fl29? 226
;Qﬁmerican N | B | | | '

‘cotton 125 124 135 123 124 120 119 119 120

99 ‘9, 105 98 112 100 . 119°. 97 6 97 119
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Table XIV - Estimmtes of Prochtlon of magor bropc in Har,ana

S
(1

ti
968 69— 1973 74)<. :

A Projection Test -

(production in thousand tons) -

1968-69

1969-70

1970-71

1971-72

1972~ 73 |

1973-7L .

Reg- R.P.
res- .
sion-

Reg-~

res-

sion

R'P. . Reg- R"P.
. res-

Reg-
res-
sion

n.P.

degr
res- -

eg-
res-
sion

.H.P.

Yheat
Gram

. Rape and

mustard

"Bajra
. Paddy

. dugarcane

American
cotton

« Desi

cobton

1241 . 1248
794 843
9242

318

280

507

1362

939

95,4
364
312
K79

‘sion” ‘
1631 1445 1956
705' 1086 792
135.4 101.6 14,8.1
1167 379
213
.

1442

991
100.6 148.1

368
356

1486

24,68

908

L3
249
700

sion .-

1499
1022

_372
383

478

3?61 1533
816 1034
100.3 150.5 99.0
530 371
AL 406
813 47

3526

803

16 l‘. O

63L -

438
942

37.34 33.25 35.96 L3.5k 35.30 50,59 34 bk 49.5k 34,27 L6.9L 34,15 48,75

24,8l L4.27 26,32 37.83 27.15 38.04 27.70 37.98 26.87_38.@6.26.77<35;79-."
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be overcome by using recursive- programming approach. Several
1mprovements ‘in the model are: possible to explain yneld and
productlon.pattern and formulation of practical policies.

LIMITATIONS

In the absence of micro data, macro data were used which _
need lot of reflnement Better tesults could be obtained by
grouping the Haryana State into resource homogentous programm-
ing units on the basis of such factorq as soil type topography,
type of farm, etc,

>

Estimation of flexibility constraints suffered from obvious
limitations of inadequate data. Improvement in flexibility con-
straints depends partly upon the larger information on the
factors governing actual behaviour of supply system, Besides
using informationoon‘the preceQing years' area and a historical
change coefficients;,the futvure work should focus.on improving
the flexibility oonstraints to better represent the decision-
making process into the model,

StratifiCation of the State into more homogencous types and
identification of additional resource and technologicai capacity
constraints should remove much of the burden now Dlaced on flexi-
bility constraints

Recursive.programming model is not free from specification
~errors. Brrors .of Specification are committed while defining
activities, their input-output coeff1c1ents net returns and

the constralnt etc., Adequate and requisite data should be gene-
ratcd to overcome these problems.

Finally, estimates and projections of therregression equa-
tions are not, strictly speaking, comparable with the estimates
obtained from recursive programming model, Whereas technological
changes are accounted for in the recursive programming model,
the regression models used in this study do not account for the
techhological coefficients directly. ‘




