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Agricultural productivity refers to the
quanlum of return from arable laud; the
quantity of produce denotes its intensity
an<i the sprtial expansion shows the spreari.

Several crops are grown which differ in
luature, quantity and quality. So, their
quaotification on one leve I requires a
common dcron:inator, as such, some tii.nes
they are couverted ilto rice or ',r'ireat cquiva-
lents or in calories or in price values which
are further converted into calories. It is in
voguL'since long, and only sorne method-
ological improvemcnts were made from
timc to time to assess the agricultural
efliciency and prodtrctility.

There has bcen a general conscioustress to
measure the agricultural efficiency and
productivity by considering the output per
man hour by several scientists. The yield
ranking coefficient of principal crops for a
unit a.rea was used in analysing and estima-
ting the agricultural productivity by Kendall
(1939). This method was applied by Stamp
( 1952) for the study of agricultural effici-
ency In India Shafi ( 1960t did similar rvork
on Uttar Pradesb. In measuring the
agricultural e{iiciency, Gatguli ( 1938 )
considered ti.te percentage of crop's share
into the perccntage of crops yield in an
areal unit and thereafter avcrage them into
one,
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Sapre and Deshpa:rde 1 1964 ) refined
the Kendall's method to some extent by
multiplying the rank values of all crops in
an areal unit by the percentage ofcrop land
share and divicled by the percentage shares
to the total cropped area. Bhatia (1967)
further modified this method by applying
Ganguli's percentages of crop yield as a
substitute for yield ranking of a particular
crop. This method was used by Sen Gupta
( 1960) to ariaiyse the agricultural efficiency
in India. Here the relative crop significance
of the district in respect of the total cropped
area was not considered.

Buck ( 1937 ) contributed to this fleld by
converting the total production in rice grain
cquivalent. The grain equivalent value was
converted into caloric significance which
was used by Stamp ( 1960) and Shafi (1972).
Bhat aud Learmonth ( 1968 ) worked on
agricultural prices and their regional differen-
tiations which presented crop patterns and
their yiclds for analysing the agricultural
productivity per unit area. Hussain ( 1976 )
converted the agricultural production into
money value of an areal unit in ratio with
the whole region.

These methods concentrate on analysing
the general productivity or efficiency of land
in the form of intensities. They do not throw
any light on the relative relationships of



40

intensity and spread. In the study of an area
the question arises, if the agricultural pro-
ductivity is high or low in intensity, then,
rvhat is the contribution of the area covered
Lry these categories? Whether the whoie unit
area also has high or low spread or only a
part of that unit has that expansion ? If the
productivity has high intensification, then,
what is the spread value ? Whether it is high
or low ? To know this is necessary because
an area with low or medium or high spread
may have high intensily of productivity. In
other wcrds, productivity with high intensifi-
cation may ltave high, rnedium as well as low
spread, and it will not be justified if all of
them are put into one catcgory as high agri-
cultural productivity without taking into
account the spread. There must be some
measure by which the spread can also be
made responsible in categorising the agricul-
tural productivity.

A Method
In this paper an attempt is made to

evolr,e a method for the purpose of present-
ing a two-dimensional picture of
agricultural productivity comprising two
components, namely intensity and spread.
This method will solve all the questions
raised above by putting them into three
different categories as (i) high-intensity-
high spread, ( ii ) high intensity-medium
spread and ( iii ) high intenslty-low spread
and not in one category as expressed earlier.
This method will provide productivity
categories in a relative term which will
present a better picture than the absolute
figures.

In determining agri,cultural productivity
the intensity and spread indices of three
variables (i) yield, (ii) grain equivaleut, and
(iii) cropping systems have been computed,
interpreted and mapped to show the reci-
procal correlations aud interactions. Finally,
they are computed to formulate the agricul-
tural productivity. The terms and equations

which come across in this method are

explained hereunder.
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(1) Yiekl Iudex

The crop production depends upon per

hectare yield and its cultivated area. There-
fore, the per hectare yield on one hand, and

the crop expairsion in percentage on the
other, have been considered to compute the
yield intensity (Iyi) and spread (Isy) along

with their mutual intcractional categories.

(i) trntensity :- In calculating the yield
intensity index (tyi), the per hectare yield of
crops of a micro (district) unit are

separately divided by per hectare yield
of those crops of the macro (State) area.

Such ratios of all the crops are summed up
and multiplied by 100 and divided by the
total number of crops. It can be equated as

follows :

IYi: H( (1)

where :

Iyi : Yied intensity index
Ypj : Per hectare yi:ld of crops in

a micro unit
Yrj : Per hectare yield of crops in

a macro area

n : number of crops.

( ii ) Sprearl:- In measuring the yield

spread index ( Isy) the perceirtage of crop
land share of a micro unit is divided by
such shares of a macro area and the result-
ant is multiplied by the yield ratio of the
same crop. Thereafter they are added
together and multiplied by 100 and divided
by number of crops. It may be formulated
as follows :

tl

j:1
Isy= ioo (

n\
cpj
Crj

Ypj
Yf )

(2)

where

Cpj - Percent of cultivated land
in a micro unit

Crj : Percent of cultivated land in
a macro area

Ypj/Yrj - Yield ratio
n : number of crops

Ypj
Yil

n

j=l
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Thus, the results obtained can be repre-

sented bY a scattered diagram and

chropleths can be drarvn to show the in-

tersity and spread indices of yield index. tt
is proposed that the maximum value of
these indices be raised to higher units

divisible by three ( Table-l ;. In the

' T.6

soatter diagram the X and Y axis will
respectively represent the spread and in-

rcority values. Then the X and Y axis be

divided into three equal parts'high, medium

and low. This division will give nine

categories (Fig. lb ) i.e., (i) highintensity,

high spread, ( ii ) high intensity-medium



a
spread, 1 iii ) high intensity-low spread,

( iv ) medium intensity-high spread, ( v )
medium intensity-medium spread, ( vi )
medium intensity-low spread, (vii) low
intensity-high spread, (viii ) lor,v intensity-
medium spread, and ( ix) low intensity-low
spread. These indices of intensity and spread
values put together will fall within these
categories ( Fig. 1b ).

They may be shown by choropleths
method and horizontal and vertical shades

should be used to identify the intensity and
spread. In figure I (a) an explicit represent-
ation of the same has been given for clarity.
This method can be adopted for grain
equivalent and cropping indices. Simiiarly,
even minor details of different sub-variables
like individual or group of crops i. e., Rice
yield Index, rice grain equivalent index,
yield index for cereals etc., may be drawn
for a minute analysis.
(2) Grain Equivalent Index

Three parameters viz., (i; crop production
(ii) crop land share in percent, and (iii)
simplified weight ol grain equivalent (w)
units have been taken for the assessment
Kostrowicki (1976).

(i) Intensity :- The Crop production of a
micro areal unit is divided by the macro
area production of that crop and multiplied
by the grain equivalent unit to obtain the
grain equivalent coefficient. They are further
added up then multiplied by 100 and divided
by the number of crops. The resultant is
called as grain equivalent intensity index
which is obtained by the following method.

reei: roo (,i, IIJ *-,; (3)

where :

Igei : Grain equivalent intensity index
Pkj : Production of a crop in a micro

unit
Prj - Production of the crop in a

macro area
Wkj : Grain equivalent unit of the

crop
n : Number of qrops.
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(ii) Spread :- A similar method is

followed to obtain the spread of graiu

equivalent. In this system the percentage

share of a crop of a micro unit is divided
by the macro area percentage of the same

crop. It is further multiplied by the grain

equivalent coefficient which is obtained

while processing the intensity of the grain

equivalent. Thereafter, it is multiplied by
100 and divided by the number of crops. It
may be calculated by using the following
equation:

(4)

where :

lsge : Grain'equivalent spread index
Ckj : Percentage share of a crop in

a micro unit
Crj : Pgrc.ntage share of the crop in

a macro area

Pkj. Wkj : Grain equivalent coefficient
Ej

n : Number of crops.

(3) Cropping Index

It denotes the relative interaction and the
resultant of area cropped more than once on
the one hand and irrigated areas on the
other. These two variables are analysed for
assessing the intensity and spread respect-

ively.

(i) Intensity :- For measuring the in-
tensity ol cropping index the percentage

share of area cropped more than once in a
micro unit is divided by the macro area

percefltage of area cropped more than once.

Then the result is multiplied by 100 to find
the cropping intensity. It may be formulated
as under :

dcuIci: l-:. 100 .. (,
dcr

where :
Ici : Cropping intensity index

dcu : Percentage of at?a croPPed

more than once in a micro unit
dcr : Percentage of area cropped

more than once in a macro area.

lrg": 1oo I 2'n \i:l
ckj
Crj

Pkl. wr: )
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( ii ) Spread : Area cropped more than
once is mainly the consequcnce of thc
expansion of irrigational facilities. There-
fore, to measure the spread index similar
method is followed where the percent
share o[ irrigated area in a micro unit is
multiplied by 100 and the product is divided

TRA},JSACTIONS OF TIIE INSTITUTE OF I].{DIAN GEOGRAPIIERS

by the p:rccnt share of the irrigatcd
landof the macro araa. It can be ripresented
ils follows :

isuIsci --.--" . 100 . (6)lsur \ /

r,vhere :

Isci .=' Cropping spread ildex
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Isu : Irrigated area in perct'nt of a

micro unit
Isur .= Irligated arca in percent of

the macro area.

( 4 ) Agricultural Froiluctivity Index
The above analysis presents three para-

mctcrs, iiltcrsity and spread indices of yield,
grain equit'::l.ut iind cropping syst.ms.
Thc-v arc grr:u;;ed togetirer to obtain tlie
inte nsity anC spicaii of agriculttil,ri
productivity. They may be separately
analysed.

( i ) Intensity : Tho yield and grain.e quiva-
lent intensities indices ofcrops arc added anci

divided by two rvhich is furthilr' multipliecl
by the clopping intensity index and divided
by I00. It may be give n as follows :

. lcr / iyi ,lgci I
api =Liu( 2 ) "(i)

where :
lapi =,, Agricultural produccivity

intcnsity index

Iyi = Yieid intensitY ind'-.x

Igei = Graiu equil'alent intensity inciex

Jci = Crop'ping intensitY indcx.

( ii ) Sprer,tl : Tire sprciid index of agri-
cultural produclivity is calculated by adding
the sprcad indices of yield and grain equi-
valent which is divided by two. Th:n the

resultaut is further muitiplied and clivided

.by croppii:g sprtad inder and 1C0 resp:ct'
ively. It may be in<iicated in the following

equation :

,,,r.- 1';;("r 'r"r' ) (8)

where :

Isap : Agricultural'ProductivitY
spread index

Isy = Yield spread index
Isge : Grain equivalent spread index

Isci : Cropping spread index,

The intensity and spread indices of agri-

cultural ploductivity may range from zero

to infinity according to the value of the nine

categories already suggested. In this pattern,
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naming a category rvill have no meaning
unless the iudex values limiting a particular
catcgory are expi'essed quantitatively.

It will aiso be difficult to comparc
different areas. The same category rvill have
different values i.e., the nirth category, low
intensity-low sprc:id may h.avi: indcx below
138-j80 in or:e t;is3, and in thc oLher, it
may hav€ below 600-163{ 1g-rp:ctively. To
overcorue this problemo thc index vaiues of
the agricultural pLoducti-,,ity irave bcen
stanciardised so that the categoi'ics may have
dcflnite values and by this rnctirod evcrv-
where the ninth category will have indcx
valuc bclorv 333.33 in bctii tlic cases i,c.,
ilteusity antl sprracl.

( i ) lnteusity : In stanciardising the in-
ciices all tlie index values of intensity
( exccpting the highcst index number whicir
is piesuured as 1000) is multiplic'd by 1,000

and is divided by its highest number or
maximum it:deN valtti: (Fig. 2). This rnay be

calculatcd as un'Jer :

Iaoi
I51i : .i:r. . 1ge .. (9)

lhapl
where :

Isti : Stanclardised intcnsity index
value

Iapi : Intensity index of agricul-
tural ProductivitY

Ihapi .: The maximurn intensity iti-
dex of agricultural Product'
iviry.

(ii) Spread : ln standardising thc spread

values sirnilar mcthod is uEed where all the

spread valucs of agricultural productit'iiy

( excepting the maximum index value rvhich

is presumed as 1,000) is multiplied by 1,000

and dividcd by its maximum sprcad indcx

value. In can be compl;ted by thr: follorving
formula:

Isapi
Ishapi

.(10)Ists = 103

Standardised sPread index

value

A N'ETIIOD FOR ANALYSJNG AGRICUITT]RAL PRODUC'IiVtT'Y

where :

Ists
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Isapi : Spread index of agricultural
productivity

Ishapi : The maximum spread index
of agricultural productivity.

This system will provide 1,000 as the
maximum index values for intensity and
spread of agricultural productir,ity. Thus
the X and Y axis will have the sami: valuc
everywhere. It will not range like that of
yield, grain equivalent and cropping indices

TRANSACTIONS OF THE INSTITUIE OF INDIAN CTOGRAPHERS

as expressed earlier where even the nine
categories have different index values at
differcnt places.

These results can finally be represented by
a scatter diagram and may be drawn on the
same lines as suggested earlier. Isopleth
mapJ can also be drawo, but in this case

two siparaie maps for intensity and spread
of agricultural productivity will have to be

drawn. Later on they will have to be
superimposed for identifying the categories.
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