No. 2. THE STATISTICAL LAW OF DEMAND FOR WIIEAT
IN TIHIE UNITED PROVINCES.*

By AMULYA RATAN SINIIA, MA.

The problem of deriving statistical laws of demand in concrete cases has received

iderab, ion in other i In the United States, Prof. H. L. Moore who
began his pioneer research work in this ficld nearly two decades ago, has followed up the
subject in a number of articles and books giving a fairly complete analysis in his latest
work **Synthetic Economics’ (1926). With the growing interest in the statistical measure-
usent of economic phenomena, other workers have gradually been atiracted to the problem
and there is already a fairly long list of studies' on the subject ranging from the simplest
type of apalysis to claborate investigations carried to a high degree of refinenient. Un-
fortunately, however, no attention has so far bren paid to the subject in India. An
attempt has accordingly been made in this paper to make a preliminary study of the
subject with reference to the Wheat crop in the United Provinces which is the second
largest centre of wheat production in India.

As variation in supply produces its effect on price in accordance with the law of
demand, our problem is to discover the concrete relation between the size of the wheat
erop in the United Provinces and its price at the most important and central market of

*Discussed at a mceting of the Indian Statistical Institote held on the $1st March, 1934, In the
Presidency College, Calcutta.

LA fairly complete bibdi o fully J, indicating the natore of the stedies togciher
with the «tatistical methods emplmnl in them is given by Dr. Holbrook Working of the Upivensity
of Misnciota in an appendix to hie article “The Statistical Desivation of Demand Corves” in the
Quarterly [oumnl of Fcomomlcs, August 1925, pp. SW-543. Amony later contributiuns, the following
teading siudies in Engliah may be reforred to:—

(D "The Siatistical Determination of Demand Curwes™ by 1. J. Working (Quarterly Journal of
Economics, Yebruary, 1927).

{10 “*Statistical Analysis and Laws of Prices™ by M. Exckicl (Quarlerly Jourmal of Econowmics,
Vol. 42 (192728), pp. 207-12).

() “‘Statisticol Laws of Demand and Supply with special refcrence 1o Sugar™ by Prol. Schul
{Chicago Unlversily Press, 1928), mostly a reprint of the articles hy the nuthor in the Jourmal of
Political Fconomy, October and Decembrr, 1925,

() “Interrelationships of Supply and Price™ by G. P."'Warren & I, A, Tarson (Dulictin 468,
March 1928, published by Comnell University Aprivultural Experiment Station, Ithaca, New Yorkl;
alo contains & very good hibliography of similar studies on pp. 122:125, including tome other refercnces
quoled separately above.

(v) "Factors affecting the Price of Potatoes in Great Britain® by R. S. Cchen {iIReport No. 15,
July, 1930, Yarm Economics Tiranch, Dept. of Agriculure, University of Cambridpe).

() “The Statistical Derivstion of Denand Curves by DIrof, Pigon in the Eronomic Journal,
Scptember, 1930,

{vll) "*Notes on Pigon’s Mcthod of deriving Demand Curves* by W. P, Ferger (Economic Journul,
Vol. 42, 1932, pp. 17-26).

(vl "Studies in Demand : Milk and Rulter” by R, W, Gilboy (Quar Jour, Econ., Augest, 152,
PP. 671-697).

(Ix) “The Static and Dynansic in Statistical Demand Curves” Wy W, P. Ferger (Quar. Jour, Econ.,
Vol. 47, November, 1932, pp. 36-62).

186



DEMAND FOR WHEAT IN THE UNITED PROVINCES

the province, viz., Cawnpore’. The necessary statistical data for thirty-one years from
1900 to 1931 are given in Table 1, colwmn 3 (production of \Wheat in U, P. in million

Taste 1.—PRICE AND Propuctiox oF \WHEAT AND I'RICE OF OTHER
Crors v TiiE UNITED PROVINCES
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1 As the price quotations used in this xuily are uhuleule pmu, they r.ln not represent what the

producers get mor what the

the

under igation ia

pay.
neither the usua) demand function of the consuimers nor llue wioal rupply lum-llon of the producers.
It in the dealers’ or speculators” demand (uting the term in an cxtended sense) Le. “the demand

of all thoss who huy or hold fur futare dispoailion."

the Provincial Burean

*These d by
made to them. (D. 0 Irller d-lrd the 23th Mlnll. 1933, from

Provincial llureau of Siatistics, United Provinces).
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tonsj, which have been taken from the official ““Estimales of Arca and Yield of Principal
Crops 1 India” published anmnually by the Departmemt of Commercial Intelligence and
Statistics, India; while those relating 1o prices (which represent the annual average of
wholesale prices of wheat at the Cawnpore market) have been extracted from Bulletin
No. 1 on Agricultural Prices in the United Provinces (Provincial Bureau of Statistics and
Lconomic Research, 1933) and are shown in column 2 of Table 1.

It is necessary to adjust the raw data 5o as to remove a3 far as possible the eflects
of extrancous or disturbing factors which often obscure the relation sought, Varions
stutistical devices are available for this purpose. In this paper the method of ‘percentage
change’, which is a variant of the link-relative method, has been adopted”.  The percent-
age changes as compared with the preceding year for wheat prices (1) and those for wheat
production (x) are tabulated in colmnu 7 and 8 respectively of ‘Table 1.

A simple correlation pnalysis of tese figures leads to the following results : —

(1) The coefficient of correlation® between the percentage change in pricce {(u) and
the percentage change in the production of Wheat (x) is r=-050+12 with ¥=30. Alo
=164, $=208, and 0,=1645, 0,=1956.

{2) The concrete relation between price and production of the crop may be puf in
Lhe form
ue= 3123 — 0498 (x) . (1)
where (x) represents the percentage change in the production and (u) the most prolahle
value of the corresponding percentage change in price..

{3) The accuracy with which the simple taw stated above nmy be used to extimate
the percentage variation in the price of wheat from that of production is given by*
swmo,. J/(1-7) =133 e (1)

The actual and ealculzted prices are given in columns 2 and 3 of Table 2, and are
shown graphically in Fig. 1.

2There ore two chiefl considerations in the choice of the method @ firaly the natvre of the demand
wd and sccondly the nature of the statistical data csed in the study. As Perger has shown
(Economlc Journal, 1932, pp. 18) the mcthod of treud ratio is switable for investigation of con-
sumers’ demand while the method of link-relative is nwore approprinte ta the Ircatnient of dealers*
or specalaiors® demand. Tn the second place owing to the yradual development of crop reporting
kystem in Tndin, figores for carticr yenrs are wot siriclly comparable with those for later years
(vide para. 2 of the introdductory note {6 the lslinates of Area and Vicld of Principal Crops in
Tndia). The teast aqnare method of fitting tremd lines givex proportionately greater weight to exteeme
items and hence the insecuracica in the figures for carlicr years are likely to he magnified to a vers
freat extent in the trend ratio method,

4 The oberved correlation in the sample docs not give the bext ex t¢ of the ‘popnlation’ value
of the corrclation. Switable corrections {which depend on the size of (he sample) can I applisl
i dusired. In the prescnt instance, the correction ix of the order of 02, and has not leen taken
into furiher consideration,

$Tor lbe reason cxplained In footnote 4, the standard crror alko requires correction, In ke
nresent case, the corrected value of 5 is 135,
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TABLE 2.—ACTUAL AND EsTINATED PRICE OF WiEAT IN TIE UNITED I'noviNces

Actual Price | D'rice as exlimaled by Actusl Price Price ns estimated hy
of wheat of wheat
Year in U, ', Year in U. P,
Cal. (21, JCul. 1),
Table 1] of Talle 1)
Equation | Equstion Equation Fqualion
m [03] m (&)
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1902 2630 B8 2 w17 9 01 sws |
1903 2481 2419 . 288 ! 9 Sco2 4384 , Sy |
1903 I8 2449 2208 | 1010 6833 317 7401
1908 Eatt T T87 | 1920 6231 [ [ [AEL]
1906 9266 4770 8632 | 1901 7882 17083 | &nt
1907 8694 30 3493 1022 [ 71 | sen
1608 +647 4 | 8 W 5063 757 3771
1903 4283 4168 6N o2 5047 158 | s |
w0 T 38 8800 s 616 843 |58
)
1N 3056 8653 | yuo 1026 6100 6103  eam0
1012 307 13 8202 19:7 5331 6038 [T
1m3 3700 3419 ‘ :'113] v 2661 5815 BGi |
1914 ¥ 456 I vz o 5450 5503 ‘ 5961
1913 11061 3790 e | 1630 628 T 8839 .

The above resulls have been obtained on the sisnple hypothesis that the price of »
clop is governed only by the itude of its producti But a more satisf: y way
of formulating the law of demand is to express its price as a function not only of the
quantity demanded or produced but also of the prices of oll other commodities (and
services) which enter into the particular economy under consideration, Even if we are
ynable to include ali possible factors in the onalysis, it is necessary to consider the prices
of other crops to obtain a truer insight into the situation. But instead of considering th2
prices of other crops separately, we may conveniently combine them into one appropriate
mdex nuniwr which way be used for frthier study without any great loss of accuracy.
With this object, a series of index numbers of prices of crops other than wheat at Cawnpore
lhas heen constructed (hy a method explained Lelow) from the data published in the
Bulletin of Agricultural Prices referred to above. The Bulletin shows the weighted
general index mumbers (arithmetic mean) of prices of all crops including wheat at Cawn-
pore in which wheat is assigned a weight of 23 out of a total weight of 100. ‘I'he index
numbers of prices of other crops have nccordingly been derived with the help of the
following formula :—

L=(100.1-23.1.)/(100-23)=T,-03 (I,~I.) approximately.
where I, = Index Number for other crops
Te= " for wheat
=, “ for crops in general

‘he scries so constructed is shown in column 6 and the percentage changes {y) of
the fignres in this series are given in colnmn 9 of Table 1.

Denoting the percentage changes in the price and production of wheat by (u) and
(x) as hefore and those in the level of prices of other crops by (y), we obtain the following
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relaton by the method of mulliple correlation (assumed to be linear o a fipst
approximation).

= 0824 — 0217 (x) + 0838 (y) . (2)

with a value of multiple correlation cucfliciemt R=087, aud residual standard error,
s=81.

This is indeed a very high cocflici and ¢ ly (he ion staled above
enables one to determine the changes in the price of the crop with a relatively high degree
of precision. The standard error of the estimate s now reduced to 81 in place of 133
obtained previously. The percentage changes in the prices as derived from the above
cquation, when transformed into absolute prices in rupees per maund’, for the entire
period of thirty years from 1901 to 1830, have been plotted in Fig, 2 side by side with
the actual prices. It will be noticed that the agreement Detween the two is very close.
The improvement on equation (1) is nlso comsiderable, as is evident from a comparison
between Figs. 1 and 2. Equation (2) may therefore be regarded as a fairly good approxi-
mation to the law of demand in accordance with which wheat prices in the United
Provinces fluctuate,

Ve may derive the relation between price and production of wheat, under the nsual
assumption of other factors remaining equal, by putling y=0 in cquation (2). We
thits get

= 0824 - 0217 (x) e - 3

and this may be regarded as more satisfactory than the relation given by equation (1),

By the theory of partial correlation, the relationship between u and x when y is held
is d by the coefficient of partial correlation (ru_;}, the value of which in
the present case comes out as —042. This coefficient measures the corrclation between
the price (1) and the production of wheat (x), when the eflects due to changes in the
level of prices of other crops (y) have been eliminated from both the price and production
of wheat. But in economic questions like the present one, we are more jnlerested to
kuow the relotionship between the price and production of wheat ofter the eflects dne to
level of prices of other crops (y) have heen removed from the price of wheat (u) alone,
‘This differs from partial correlation in that the efects due to the eliminated variable ars
removed only from the dependent variable. It is usually called "part correlation® oml
its value in the present case is wr,==~046. This may therefore be looked upon as the
measure of correlation between the production of wheat and its absolute price i.e. the
price which is free from the effects of Muctnating level of prices of olher crops.

8 The Individog] corrclalions ar¢ Fagm =059, Foym+0-81, and Tyy— =046, with $=171 ond
aymid 18,

Por the reaton already staled in footnole 4, the mulliple corrclation cocfficient alsa requires
adjosiment for the number of observations and the numbcr of variablea used in the gample study.
The clfect of aljustment is very small in the present cose, the aidjexied value of R heing 066 with
the correcied value of the sandard crror 3=86.

? Maund ia the weight in lerms of which prices are usually quoted in Indin. It b eqeivalent o
B2:284 Ihs,
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CONCLUSION.

We tay now state the main conclusions which follow from this preliminary study in
uon-technical langunge.

1) There is a signify lationship bet the price of wheat at the Cawnpore
markel and the size of the wheat crop in the United Provinces.

{2) When the general level of prices of other crops remains constant, an increase {or
decrease) of one per cent. in the production of the wheat crop in the United Provinees is
associated with a fall (or rise) of 02 per cent. in its price at the Cawnpore market. In
other words, a varialion of 10 per cent. in production is likely to cause o change of about
2 per cent. in its price ot the Cawnpore market,

(3) When the production of the crop remains consant, a change of one per cent. in
the general level of prices of other crops is associated with a similar change of 084 per
cent, in the price of wheat at the Cawnpore smarket. In other words, production remain-
ing constant, the price of wheat increases or falls by 84 per cent. when there is a rise or
fall of 10 per cent. in the level of prices of other crops.

In conclusion, I would like to acknowledge the help I have received from my fellow
workers of the Statistical Laboratory, Presidency College, Calcutta,

(Paper veccived 31t March, 1934).
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