ELASTICITY OF DEMAND FOR WHEAT IN INDIA.

By AMULYA RATAN SINHA.

STATISTICAL LABORATORY, CALCUTTA.

There exists some doubt as to the nature of demand for wheat iu ludia. Some hold
that being a staple article of food, its demand must be inclastic. Lut others point out
that the commodity can hardly be regarded os a necessary article of food for the whole
of India, as it enters principally into the dictary of people of two provinces, 'unjab and the
United Provinces, which contain only 20 per cent. of the total population of India. It is
further pointed out that even in the two provinces named above, there is a large section
of people who may be regarded os a kind of marginal consumers of wheat. This class, it is
stated, depends on wheat when its price is low, but would at once turn to coarser grains
like millets (jowar, bajra and ragi) when the price of wheat is comparatively high. Owing
to this difference of opinion, it is of some interest to examine the question in the light,of
statistical evidence. In the present paper an attempt has been made to construct the
slatistical demand curve of wheat for India, and to derive from it the elasticity of demand
for the commodity.

Statistical demand citrves are based on records of prices at various times, and the
quantities taken at those prices. DBut in order that the resulting curve might yiekl the
frue demand curve, it is necessary that certain fundamental conditions relating to the
nature of the primary demand and supply functions should hold good. If we can
postulate that the supply schedule moves during the period of study while the demand
schedule remains constant or relatively so, the curve derived from statistical analysis might
be regarded as approximating to the demand curve. In reality however, the demand
schedule would hardly remain constant over a fairly long period of time owing to various
disturhing factors, such as the growth of population, variation in the income of the people,
Auctuation in the general price level, etc. But if we could allow for the effects of such
disturhing factors or at least of the most important ones, by applying suitable corrections
to the data or by other statistical devices, we might regard the demand schedule to be
more or less constant ; and in that case it might be possible to obtain a fairly reliable idea
of the demand curve.

Further, the demand and supply schedules are more or less independent in the case
of agricultural commodities in general, for supply is usually a fixed quantity within each
interval of time. For when a crop is once planted, its supply cannot ordinarily be varied.
Farmiers have no reservation price, and they have to dispose of their produce according
to the existing demand schedule at that time. Particularly is this so for commodities
like Indian wheat which cannot be stored by the farmers for any length of time. Owing
to the chronic poverty of the Indian cultivators they are under pressure to sell their
crops as soon as raised, Moreover the wheat crop is harvested in India just before th»
monsoon and the farmers do nat venture to withhold supply from the market for fear of
spoilage through the rains which set in just after the wheat harvest in India. In these
circumstances, our effort to derive the demand curve from statistical analysis is likely
ta yield a good approximation to the true demand curve,
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The necessary statisticul data for the pericd 1893 to 1913 ure wbulated in “Table 1.
The raiw quanlily series, shown in col. 2, represents the amount of wheat retained for
domestic consumption in India, ond the fignres have been derived from the oflicial records
of production and net exports of wheat (including flour expressed in terms of grains').

Taneg 1.—CONSUMPTION AND PRICE Or WneaT IN INoia

| regtare| et | gt | Dot s gt
Year pressed in | Numbers of ;,n‘p";,‘:,m',;’ of wheatin [retail prices|  ber el |
million | TaPeerprr | £uld prett| in million | Tubresper | of other | 'of other
maunds') maunds ') food grains
1 2 a 4 5 G 7 R
1893 198%2 2185 ] 1782 842 129 132
1804 187°8 2y 84 187'6 732 13 137
1803 1760 2548 R3 1735 M3 m 142
1896 HIR sasn 23 Y2 34 135 138
1807 o 4318 123 1412 RG71 209 170
1808 108G Ea Rt Tos 16574 Jon e 113
1800 1T ¥oGs m 1500 By =13 197 136
1800 1456 88 e 1441 38 193 (133
1%0) 1827 3506 e 1806 3o 137 118
142 1308 e 106 1478 2034 m 13
1903 180 2 TRI? To3 175°0 784 126 122
1904 2020 2692 Ton 196°0 | 2692 nG ne
1905 1800 3108 ne 1385 2978 s 132
1806 2104 8t 182 016 2°677 183 m
1%7 %06°3 ¥ai6 o 1064 628 182 130
1908 163°R +069 |11 1550 2338 un 136
1909 1782 4449 1 167°6 8328 194 s
1010 226°3 s 125 218 *m7 168 i 138
i 849 3358 tan 2181 2'58% 162 21
1912 e 738 145 205°2 576 1m 133
1913 7338 21876 152 218’8 2°350 mny 138
1 One maund =843 Tha.
1 Rase 1850 =183 = 100.
3 Base 19732100, The series has heen reconatructed from data shawn in summary Table 111 (nnge 3)

of “Jadex Numbers of Prices in India 1861~ 1926,

It has sulsequently come to the notice of the writer that the fignres are readily available
texpressed in terma of million Lushels) from Table V' appenided to the Dalletin (Vol. 111, No, &, July,
1927 : “Indla as a producer and cxporter of Wheat™ pubdished by the Pl Research Institate,
fnforl University, Catifornia
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I'he unadjusted price series (cul. 3) relates to retuil prices to which the consumers respond ;
ond the figures—which represent the aonual averages of retail prices of wheat over a
good number of stations in India—have been extracted from (he official Blue Book
‘Index Numbers of Indian I'rices, 1561-1928." In columus 8 and G are shown the adjusiéd
quantity and price series.  The quantity figures have been adjusted by allowing for the
growth in population which in i | years has been estimated on the basis of a
constant geometric rate of increase. The price statistics have been corrected by deflating
them with the weighted index nutlers of gotd prices in India (Col. 4 of Table 1) quoted
in Table VIII of the ““Index Number of Indian P'rices™ nlready refecced to. In the last
two columns of the table are shown the unadjusicd and corrected series of index numbers
of retail prices of other food-grains in India—alsa derived from the above publication
—the correction being made as in the case of wheat prices, that is with the help of the
wrighted index numbers of gold prices in India,

As consumers' deniand seems to be predominantly a function of the level of prices,
we shall employ the method of trend-ratios, in pref: to the link-relative methad, for
the purpose of our investigation. Accordingly the trend-raties of consumption and prices
both for the uradjusted and adjusted series have heen computed and are shown in Table 2,

The coefficient of correlation® between the trend-ratia of price (p") and of consump-
tion (¢} is found to be — 06384008, and is definitely significant. As both the varinbles
are here affected by errors of estimate, it will be better to use the line of best fit! instead
of the rezression line,

By actual calculation we find the line of hest fit to be

W o= 27584 — 17583 (&) ... e 0
where p’ rep the trend-ratio of djusted price, and ¢ the trend-ratio of unadjusted
consumption.

Equation (1) may therefore be ded as an imation to the demand curve

in the ratio form. A simple transformation however emables us to express the relation
in terms of the original varinbles. Writing ¢’ = C/T,, and p’ = P/T, where C and P
stand for unadjusted quantity and price data, and ‘T, and ‘T, for their respective trends,
the enuation reduces to

C = -05687 (T./T)) P + 13688 (T.) e (10N
which is in a very jent form for estimoting directly the nmonnt of consnmption
2, The f for the djusicd series were ohtained] by direct calcolation with w2y

P = 1000 o = 9000 Hy's o) = -0'68 2008
&' = 0'1687=3, ' = 0132wy,

3. The line of best fit which s oblained by nisking the som of the normin) dislancrs to the ling
wisimum, i defined by the eqnation
P~ Fam (-0,
whére m Ja determincd from the equation : =
no
et ( oY)

where $,% s (be variance of ¢ tthe Independent variahie ) and 0 the vaclance of p’ (the dependent
variable).
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from price. For example, substituting the values of T, snd T, for, say, 1011 from
Tahle 2, the relationship for that year Lecomes
C = 33102 - 31-08 (P) e e (1°2)

which shows that a rise or fal] of one rupee per maund would have decreased or increased
consumption by 31 million maunds {1 that year. The cocfficient of elasticity n may be
easily deduced from equation (1) above, and its values at certain selected levels are shown
in Table 3.

Tasee 8. Evasricity or Desaxn ror Waeat.

; Value uf Corfl.
€ nuvn?-’l‘rlhr:: -value) o "",‘mb:":.i:;'
20% less than normal .. ¢ s ‘:l‘c
0% . " o9 -7
Normal (trend-value) . e -0¢
10% above normal 11 -0
0% . - 1t -0'3

These ronlts are in agreement with the general proposition that elasticity is greuter
for high price (or low consumption) than it is for low price {or high consumption).

The results obtained obove should not however lead us to think that the case of
variable elastititics at different levels has been proved in our present problem. Rather,
the results weredlerived on that hypothesis, as the method of fitting employed carried with
it that implication,*

Instead of drawing our scatter-diagram on {he arithmetic scale, we may plot the trend-
ratios on the geometric scale which is equivalent to plotting their logaritims on the
arithmetic scale. That is, we can use log ¢’ and log p’ as the two variables instead of the
trend-ratios ¢ and p° themselves. Doing this we obtain the following regression
enquation® :—

log ¥ = -000R3 — 00834 lug & . e ('-’)

The observed points together with the calculated values and the straight line (2) are
shown graphically in Chart 1, and the relevant figures in the transformed scale (both
ohserved and calculated) are given in columns 2, 3, and 5 of Table 4. There is no
evidence of curved regressicn, and ghe fit by the logarithmic straight line (2) scems quite

4 The point is snalogous to that of fitting a tren:l line empirically 1o a serics of dnta, and then
claiminyg on the basis of compnted trend valucs that the data follow that law, witheut demonstrating the
*tatistical ndequacy of the fit in a satisfactory manncr. So far ss the writer {a aware, Prof. Ferger
was the first to drow special attention to this point in his article “The Static snd Dynamic in Statistical
Demand Curves.” Quarterly Journol of Feonowles, Vol. XLVIT, No, 1, Nov., 1932 (pp. 50-83).

5. “The satistical constants

Vo p) = Mean value of (log p) = 0005738
(fog ©) = Mean value of (o ¢) = 0'P2752
s(log p1= Standard Deviation of (log pY= 0°0694
s(log )= Standard Deviation of {log ¢) = 05|
rilog p'ilug ©) m 0684 & WA
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good.  As equation (1) is not 2 regression equation a direct comparison with (2} is not

possille. But we con easily write down the regressi corresponding to (1) :—
Y o= 20253 — 1°0253 (¢') . (108

or taking logarithms :—
lug P = log [20853 — 1'0283(c")] w (14

Tor comparison the curved line (1.4}, which corresponds to the regrexsion line of
# on ¢, is also plotted in Chart | {relevant values are given in Col. 4 of Table 4). It will
Le seen that there is wo appreciable difference between (2) ond (1.4}, and both give
practicaily the same fit.*

TabLE 4. OusSERVED AND CALCULATEDL VALUES OF THEXD-Ravios o¥ UNabyusten
Puicz axp CoNsuMPTION.

lu:f'-lgm_i_mm log p’ = logarithm of trend-ratios of unadjusted price |
Year “":'"‘,'I;:g,i:l;ﬁm Obaerved as given in Deduced from
in Table 2, Col. (6) | Table %, Col. ) Equation (14) Equation {10)
[{}] (£} ) 0 (5]
1838 + 00636 - ooisa - 00794 - voTe8
o + -osto - ‘1079 - ‘1028 - 0388
o8 + 08 ~ ‘o106 - usas - 0308
o6 - 0340 + ond + o + ‘oW2
o - 10530 + ‘1628 + 0003 + ‘0568
L] - - ‘oont - - s
] - - 08 - ~ ‘0033
1900 - s + oo + ‘082 + 009
ot + 0033 + o7 - % - oy
w - osi - o357 + omn + ore
o - ‘N9 - o8N + ‘ol + "0ul0
ol + ‘u3lo - "1ns - oS - 0879
03 ~- N3 - 0360 + 03 4 ‘olsd
s + ‘uszr - oxy - oy - ‘0390
or + ‘oit0 + 0039 - 082 — o
03 ~ ovsy + ‘18l + o + 013
(A = 05790 + '0oTI8 + oM + o
1Bl0 + 0382 - ‘ol01 - N0 — ol
n + ‘0K - ‘u6ps - 080 = ‘oo
17 + ‘o138 - ‘08 -~ "0l68 — 0y
13 + ‘osi0 - -olol - 03K -— 0319

@ [This as judgerl by viswal cempa ixon — Editor.)
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Thus on the evidence before us the assimption of coustant elasticity (linear refation
between log p’ and log ¢’) has as much claim in its support ss that of varying elasticity
(linear relation between p’ ond ¢). The same conclusion is also reached by working with
trend.-ratios of adj d data, elth h the correlation coefficient works out {n that case to
a slightly lower figure of —=0'572010 (with n=21). \We see therefore that the assump-
\ion of constant elasticity is equally justified within the range of our observations, and as
this is a simpler hypothesis we shall adopt it fn our subsequent analysis.

TaoLz 5. OusERvED Axp Carcutatep VALUZS OF ADJUBTER
Price ANty ApJusTED CONSUMPTION

p=Adjusted I'rice
Year G Deduced from
Table 2, Gol. (8) Observed
Table 2, Cal. (9)
Equation (3'1) Equation (51)
m [¢3) (O] (&) (O]
1898 1] 2812 2010 2817
o 138 1182 2614 816
08 175 2098 2039 2808
06 H3 RN 3353 L
] [t e 838 3169
08 167 son 3030 2053
-] m o8 2020 708
1900 N 38 2339 FETe]
t ol 181 3022 2898 861
] us 035 8283 1o
; [ 176 2134 2034 808
i o 108 2602 2738 2768
l 03 1 ns 2060 2009
| o w2 2577 7686 2183
! o7 198 2626 7732 2763
} o8 133 8338 3183 8010
o 168 yom sou8 2081
1910 ne 2077 2604 7610
u 218 ¥383 2588 2648
1z 208 2576 2658 3
s 70 7350 23588 7660
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Tn the case of constant elasticity type of demand, we may dispense with the trend-
ratio method, and derive the demand curve directly from the logarithms of the original
variables. Accordingly we lake the logarithms of the corrected or adjusted data and find
that the correlation coefficient” is of a very high order, —084+'04 (n=21), Under such
circumstances, the usual regression lines would differ but little from the best-fiting line

b d on the plion of possible etrors in both the variables. \We may thercfore use
the ordinary regression line of price on jon as our d 1 curve. Tts
is given Ly

log p = 1:92258 — 0°6480S fog (c) (B

Actual values of ¢ and p are given in Columnus 8 and 9 of Table 2. ‘The ahove
eyuation can also be expressed in terms of originai variabies p and ¢:—

p o= 83072 () -oeun . @3

Observed and calculated values are given in Table 5, and the curve in the form of
equation (3.1) is shown graphically in Chart 2. Tt will be noticed that the demand is
clastic.  As the coefficient of correlation is very high, we may, without serious ervor, use
the reciprocal of the regression coefficient® as an approximate value of the coefficient of
elasticity n. In this particular case we find n=—1'5 from the regression line of price on
consumption.®.

So far we did not consider the effects of the level of prices of other food grains in our
investigation. Including this as a second independent variable, and designating the
loganthm of the corrected values of this factor {shown in the last column of Table 1)
by /, we find the following equation’® on the basis of linear relationship:—

log p = 0°38723 — 041580 log ¢ + 0'47372log/ ... . @

with the coefficient of multiple correlation R=089. The coefficient of partial correlation
1 (log ¢, log p) works out at =064 and the relation between the two on the basis of the
average level of prices of other food-grains during the five-year period 1909-1913 is
found to be

log p = 1°30488 - 0-41580 log ¢ e (41

7. The statistical constants are : —
Mcan value of (log p) = 0-4657
Mean volue of (log ¢) = 22181
8. D, of (log p) - 00447
8. D. of (log ¢) - 00577
Coeflicient of rorrelntion=r (log p, log ¢) = =081 ¢ V04

¥ See M. lackicl: “The Assumptions implied in the Multiple Regression Mquation,” Jjowrmal of
the Amerlcan Statistical Socicly, Vol. XX. New Serics No. 151, Scptember, 1925, pp. 40607,

* The value of n is equal to =11 when derived from the regression line of consumption on price;
while its volue works ont at —1-4 when it Is derived from the line of best fit on the assumption of
possible errors in both the variables.

10. Besides the constants given in footnote (7), we slso bave

Mcan value of (log /) m 2°1389

S+ D, of (log f) - 00
r{loy p, log f) - +0'80%°03
rilog ¢, log ) s =071%'07
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The observed and calculated values are given in Table 5, and are shown graphically
in Chart 2. This equation gives a value of over 2 (numerically) for the coefficient of
clasticily. But if we treat consumption () os the dependent variable and the other two
factors (p and /) os the independent variables the relationship 18 given by the following
equatton,

log ¢ = 2:9954 — 0°9818log p— 01350 log /... e (3)
from which the value' of n works out at about—10.
DiscussioN,

Using different equations we have obtained somewhat divergent values for the
coelficient of elosticity. \Ve should clearly choose that particulor value which is derived
from the demand curve that fits the data with the highest degree of precision'. Judged
by this test, the assumption of constant elasticity seems to be more appropriate to our
present cose than that of varying or changing elasticity ; and on this basis the value of
the coefficient of elasticity of demand for wheat in India may be put approximately at
—1'5, showing that the demand is elastic. These conclusions of course refer to the period
1893 to 1913 covered by the present study. To what extent these results hold good during
the post-war period will form the subject niatter of a future study.

(Paper Received January, 193}.)

¥ Or, tather — 2 approximately, on thie assnmption of possible errors in all the variabica.

" 8ee I L. Moore: “Reonomic Cycles,” p. 8. Alto II. Schullz *Statiztical Lawa of Demand
snd Supply,’ p. 3.

64



	001
	002
	003
	004
	005
	006
	007
	008
	009
	010

