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INFLUENCE OF WEATHER ON CROP YIEIDS

A Review of Agro-meterologists' Rescarch

AJ.Vaidyanathan*

Economigts! interest in the study of crop-weather relations is of
relatively recent origin and reflects the growing realisation that the
effect of weather needs to be taken out of the observed behaviour of crop
yields before the contribution of technology and inputs can be properly
evaluated. However, their work on the subject shows little awareness of
the research already done by agricultural scientists and agro-meterologists,
or of the painstaking effort which went inte the collection of the relevant
basic data. The Seminar on Data Base and Methodology for Study of Growth
Rates in Agriculture, organised und..r the auspices of the Indian Society
of Agricultural Economics, suggested that a brief critical review of the
past scientific work on crop—weather relations should be prepared and
published along with the papers discussed at the Seminar., The present review
was prepared in response to this suggestion, It is far from exhaustive:
Much of the work is reported in specialised journmals which are not easily
accessible to readers outside the profession. Though limited to a few
papers, it is believed that the review covers a wide enocugh cross=section
to give the main contours of past research in this field. At the end of
the paper is a biﬁliography somewhat wider in coverage than the contributions

reviewed but still far from comprehensive.

¥ Centre for Development Studies, Trivandrum

The author is grateful to Dr (Miss) Anna Mani for her help in getting
the papers reviewed here, and to Chandan Mukherjee for clarifying some
doubts, :



The subject of crop-weather relations has attracted attention of
Indian Scientists for several decades. While some work has been done by
agricultural scientists {notable examples being Harold Mann 1955,

Kalamkar and Satakopan 1940, and Kanitkar 1960) the main centre of research
on erop weather relations during the past half-a-century has been the

Indian Meterological Department (IMD). To encourage a proper scientifie
study of the relation between weather and plants a separate division

of Agricultural Meteorology was started in 1932 and its ploneering work has
been widely recognised. In its early years the Division was moinly
concerned with macro-analysis of distribution and variability of rainfall,
znd estimation of evaporation and crop-weather reguirements as well as

with micro studies of climatic variables near the ground to improve under-
standing of the enviromment affecting plant growth (Ramdas 1960). In

1945, the ICAR launched an A1l Indiz Coordinate. Crop Weather Scheme
(AICWS). Under this scheme specialised meterological obsewvatories were

set up for "systematic recording of crop-weather observations on paddy,
wheat and jowar, at 2 net work of selected experimental farms throughout

the country". These obscrvatories were later extended to sugar cane and cotton
as well. The object of the scheme was to "formulate, in quantitative terms,
the effect of different growth factors on the growth and yield of crops

under observation...."” (Mallik, 1958, p.30).

The All Indis Creop Weather Scheme

At its peak activity, there were 125 observetories under this scheme,
of which 50 centres recorded detailed and systematic observations, - on a
uniform basis, regerding the growth and yield of selected crops as well as

the meterologiczl factors experienced by the crops during its life cycle.



It is useful to know the scope and design behind this endeavour.

At each station, two varieties of the crop under observation
are grown according to the following layout plan, with 6 plots under
each variety.

V1 V2 V2 V1 V1 V2
V1 V2 V2 V1 V1 V2
V1 = I Variety
V2 = II Variety

"The size of the plot is 1/40 acre. The sampling unit is 8 ft
length (ultimate units) in adjacent. rows. Three such scmples are
selected by randomization from each half of the plot, giving 36
samples or 72 ultimate units, for each variety. The two end plants
of each ultimate unit come under measurement,

"The height measurements are thus made on 144 plants in 211, for
zach variety, selected by randomization. The height 1s measured from
the ground upto the base (Jjuncuure) on the topmost fully opened leaf.
The height values represeni the average of the heights from the ground
to juncture of the top most fully opened lexf, based on the measurements
made on 144 plants of each variety selected by randomization, at a
time when the height of the crop has treached the maximum. The yield
values, however, are based on the yield of all the six plots of each
variety, rooled together." (Mallik, 1958, p.377).

"The data are tabulated on standard printed forms, according to
standard weeks and pericds of the "Growers Year". The advantage of
using the "Grower Yeax"™ is that cach stindanjweek of the year covers
the same calender dates every year and it is, therefore, convenient to
obtain normals for <ach standard week, when data for a sufficient
large rmumber of years are accumulated. The tabulated data are
promptly scrutinised at the office of the Director nf Agricultural
Meterology and care is taken to ensure that the accumulating data
remain free of any serious shortcomings.

"After scrutiny, both the meterologiczl and the crop date for each
crop, for each year are represented pictorizlly in crop=-weat..or
diagrams.... Such diagrams summaorise a wealtth of datz depicting the
life history of the crop from sowing to harvest, indicating thc dates
ef commencement and completion of variocus growth phases such ag

erminaticu, tillering, or branching, elongation, f{lowering and yield "
Mallik, 1958 a, pp 32-37)



One cannot but be impressed by the care and imagination which
evidently went into the design of thelcrop weather observations. A
large mass of information was collected from the £ stations for
periods ranging from 5 to 20 years. But, for reasons which are not
very clear, the eollation and publication of the data in the
standardised format was rather fitful and incomplete. The crop-we.ther
scheme in its original form was discontinued from the late sixties.

The present position is explained by Sarkar thus:

"In the last two decades, large changes have taken place in the
country in Agricultural Production Technelogy. 0ld crop varieties
and the agricultural operztions have also undergone substantial
changes. To be in t.ne with and to cater to the need of these new
develcopments, the precision crop-observations are being replaced
by those requiring the recording of simple observations on the
growth, development and yield of important crop varieties from
all agro-mecerclogical staticns, such that enc.gh datz bec nmes
available for analysis In a short periocd of time....The informatiorn
collected from the. network of observatinns is also belng mapped
for issue as an Agro=climatic atlas of India. The crop and meteo--
rological data under the crop weather scheme are being published
in the form of crop-weather diagrams, which are a factual summary
of the week by week progress of the crop growth and the weather
conditions experienced by it" (Sarkar 1977, p.2)

Precise information on the data collected under the new scheme, tho

format of presentation and the nature of the public. tion are not

available.

Analytical Work on Crop-weather relations

The empirical work on crop-weazther relations is largely on the AICWH

data, Reviewing the status of this work, Sarker reported:

"Some tentative crop-westher relationships have been established
with respect to the crops at differert crop weather stations by
applying statistical methods. Response of a few creps 4n yieid Lo
distribution of rainf2ll during the life cycle of *he crop hos sluo
been obtained. Similar studies in relation to other meterologlical
pararsters like maximum tempcrzcture, sunshine nd humidity are
in progress" (Sarkar, 1977, Ibid).



Some of the early attempts st énalysing AICWS data used relatively
simple techniques to get an idea of yield-weather relations. For instance
Mzallik (1958) examined 9 years data for three crops at the Dharwar Research
Station and found that the two years when the wheat yields were very low
due to a rust attack, the number of hours of bright sunshine days during
November was abnormally low., ZFrom this he concluded that "unseasonzl rain
and cloudy conditions created corditions favourable for severe rust
attacks", On the other hand in jowar, on the basis of a comparison of
rainfall during the growing season in two ycars of very good harvest with
that in two years of wery poor harvests, he argued that "jowar crop at
Dharwar is rather susceptible to excessive rain during the growing period".
Using a similar approach it was further suggested that "spell of cloudy and
reiny weather extending over 3 consecutive weeks during the growing season
of cokton appeerw. to craate conditicns favourable-for pests like shoot

. borer_ apd red-cottaon bhug".

In another paper Mailik st al (1998) attempted = more elaborate
analysis of 10 yeory data relating to jowar from 5 stations., They postulated
partly for lack of any other basis, that optimum amount and distribution
of rainfall duriﬁé the growing period of kharif jowar, is approximated
by the amount of rainfall and its distribution (in each of 12 weeks prior to
ear-cmergenee ). They!. then estimated the correlation coefficients between
(a) height and yield; (b) the percentage of the deviation of actual weekly
rainfall during the growing period in each year from the rainfzll in
corresponding weeks of the "optimum" year (i.e. the year of the maximum

yield in the sample) and the percentage deviation from the maximum height;

and (c) deviation in rainfall from year of optimum yield and deviaztions



from optimum yield using a similar procedure as in (b). He found the
cérrelation coefficient (a) to be significantly positive (0.59), and
(b) and (e) to be significantly negative (0.42 and 0.51 respectively).
The correlation coefficient of yield and rainfall on height was also
significantly negative (-0.35). Apart from the fact that therc is no
explicit apriori basis for the relation sought to be estimated, the
analysis, as the authors . recognise: is limited and tentative as it
does not consider the effects of other meterological wariatles or the
effects of rainfall and other met factors between ear emergence and
harvest, and because it is based on pooling of observations from different
stations with varying agro-climatic conditicns and possibly different

varieties of each crop.

A subsequent paper (Mellik et.al 1960) attempted a rather more
elaborate analysis of data for cotton from scwe 12 stations. Here again,
the staticns were pooled into twc groups (on the basis of rainfall in
the reproductive period) to get o sufticient number of obscrvations for
studying correlations between {a) different giowth features and yield;
and (b) meteorological factors and scme growth features. In both groups
of distriets, the selected growth fectures (germination Qafes, number
and height of plants at first picking, number of branches, totzl number
of flowers and of bolls at first picking) were found tc explain more
than 92 per cent of the yield variations. Of the meteorclcgical variebles,
the correlation analysis foﬁnd that for one group of stations (i) greatcr
rainfall during the four weeks preceeding the branching pericd, as well =s
during the period, and more rainy days during.branching increzsed the

number of branches; {1i) greater rainfall and more rainy days during boll



formation reduce the number of bolls available per picking; and {iii)
higher maximum temperatures during bell formation tend to inecrease the
nmamber of bolls for picking. In the second group of districts the
relations.are much less clear: Greater sunshine during the four weeks
prior to germination geems to increase the germination razte, while more
sunshine during boll formation has a marked negative effect on the

number of bolls picked.

This kind of analysils which tries to scan the strength and pattexrn
of relations between a variety of met variables which are expected on
apriori grounds to affect yieid is valuable especially when there is no
well-formulated hypothesis on the precise nature of the relationship. The
problem pcsed by pooling of observations could be overcome once sufficient
number of observations axe avzilable for a particular variety and station,
But this approach was apporently not pursued very far, At any rate the
next major paper on the subject iz already cast in the framework of

regression analysis,

The simplest of these estimates a linear regression_of yield on
the values of gelected met variabless during selected "sensitive" periods
on the basis Br selecticn of met variables or of the regression(Sreanivasan 1973
ThoCpeocedure -gedns-to - involve-goreening the relation befween-weeﬁly'raiﬁfall
and yield, and chooging those which gave statistically significant corre-
lation ccefficients. 1In order to arrive at the periods of rainfzoll
criticzl to yield, o further selection.is made from among these "by an
eliminatién process and from considerations of crop physiology". The

details of the procedure are unfortunately not reported in the paper.



The details are presumably reported in Sreenivasan's Ph.D thesis (1970).
Incidentally, for the twe stations for which this approach was tried,

Sreenivasan reports .2 multiple correlation coefficient of 0.66-0.68.

In another paper Sreenivasan and Banerjee (1973) present the
results of a linear multiple regression of the yield of rabi Jjowar in
Raichur on mean maximum temperature, mean minimum temperatvre, total
rainfall and no. of rainy days. The multiple‘correlation coefiicient is

-around 0.54 but no further details (e.g. the statistical significance of

the coefficient, or thc basis for the model chose) are available,

The paper then goes on t¢ experiment with the "multiple cuxrvilinear
regression" technique evolved by Ezekiel and Fox (1965) on the same body
ohgervations. The starting point is the linear multiple regression of

the standard type.

Y=€u1 + aTX.T +3.o2X2 - --0.-.0---noanxn (1)

hile this is a useful first approximation, the relation between Y and
each of the independent variables may have different, and not necessarily
ilnear, forms. The true relationship in other words would be of the

fellowing form.,

Y = aé + a: fi(x1) + a; f, (X2) +oaeeecennot al £ (Xn) (2)
where f, (x1) ete ma; have different forms, not necessarily linear. The
nature and shape of fi (Xi) are got by a process of successive opproximaticn
using frec-hand curves. The multiple and pertial correlatien coefficients

are then estimated by feeding the free hand approximation of the curvi-

linear functions into equation (2).



The method is found to explain a much higher proportion of the

observed variations in jowar yields in Raichur than the linear regression,
2

But a high R™ is not a sufficient basis for selecting Bne “"model"™ over
another even when standardised and objective techniques of curve-fitting
are available, Such techniques have not been developed for curvilinear
regression. IEzekiel and Fox, stressing the limitations of this technique,
said:

"The results of the corn yield analysis apply only to the same area

from which the data were drawn and to the period they covered.

Thus they providewno basis for estimating corn yield in other

seasons, and their use in estimating yield in other periods - zs

in subseguent year - is attended by increasing risk dus especially

to the necessity of extrapolating the trend regression..«." (pp 240-241).
In any event, unless the underlying model is firmly grounded on theoretically
sound and consistent hypotheses derived from the relevant disciplines, its

utility for understanding crop-weather relations remains doubtful no matter

how high the R%

Some attempts have also been made to apply what is called the
"re;regsion integral technigue™ developed by Fisher (1924) for analysing
crop-wecther relations. An cariy ard frequently cited example of this is
the paper by Kalamkar and Satakopan (1940). fThere were also others e.g.
Nair and Bose (1945), Acharya et al (1960) and Gangopadhyay and Sarkar
(1965). But none of these was available for reference. The only two
papers in this category which the author could get are those of Sreenivasaq
(1973) and Shzha and Banerjec \1975) who applied the technique-td
analyse AICVS data for cotton in iladhya Pradesh {Indore and Khandwa) and

Coimbatore respectively.

" The technigue is meant to "take into account noi only the total
amount of rainfall during a2 certain period but zlso the manner in
which it is distributed over the period under consideration!, The basic

relation between yield and met factors are cast .in the linear form thus:



Y = C+a11‘1+€1.21‘2 + AR EERE R E).nrn (1)

When Y stands per yield; seser the values of = meteorclogical

%2
factor r in period n, and the periods represent equal sub—divisions

of the total period over which the effect of the met factor is to be studied;

and the partial regression coefficients a 25 etec give the responses of

1

Ty T, ete on yield. At the 1limit, when the duration of 'each time interva

1s very small, (1) becomes

Y—_—C+ a.'!’.‘d't ssssssme (2)
o]

For each met factor r, Meteorological Distribution Constants (MDCs)
are "estimaied for each year by fitting an orthogonal polynominal of the

5th degree in tune to the values r1,r2.......rn-“

= AP+ APy + eeeniniB Py (3)

Yield response to the MDCs (AC1 A1...) assuned to take the following poly-

nowinal form.

= BF + BPy 4 weeeni BP, (4)

In - rder to estimate BO B1, vield is regressed on AO$A1 sonesal

YBA +BA 4+ ceeeiaet BSAS (5)

Both papers a]so examine the dets to see whether there is any significant

sweaine ehange in yicld and/or the MDCs, and describe a procadure for

eliminating aueh treands,
Sreenivaesan's paper is neoncewmed. with bsticuting the wel:tdznship.
betweenr tha. Ajslributiamot. rainfall and eit tent: yielts im Medhya :- -

&radeph. The partial coefficiznts for the MDCs differ subgtantially in
strength (though not in sigh) between the two stations studied. The proportion

of veriance explained by this technique {0.53 to O. 65)1.D actuall lower then
that of the simple linear regression of yield on the values sclected met
variables In different stoges of coop growth (0.66-0.67). Both techniques nre

reported to de equally well when judged by the closencss of the predicted to
the actual yield levels.



Shaha and Banerjee examined the effect of rainfall,
humidity, sunshine, waximum and mininoun temperatures; each
taken separately (and considerins the values of each variable
over the entire growing season) on cotton yields. Some of the
main conclusions of their analysis are: While the significance
of the effect of rainfall, sunshine and maximum temperature
(on yield) could not be established clearly there is indication
that "more sunshine during the crop period and more rainfall
upto the middle of January were beneficial; more relative
humidity during elongation and branching period is-useful for
crop®; and "minimum temperature plays the most important role
in explaining about 72% of the total variation in cotton yield".

(Shaha and Banerjee, 1975 p.524)

It is obviously difficult to judze the effectiveness of
the regression integral technique in relation to others on the
basis of these two applications. Nevertheless at the conceptual
level the major limitations of this method, at any rate as apyplied
so far, is that it estimates the effect of each met factor (and
its time distribution) on yield separately, but not in combination.
This would require a more complicated mcdel of the relation between
yield on the one hand and different met factors and their distri-
butions taken in combination on the other. The sinplest would be
an additive model i.ec., one which postulatss the separate offzct
of each met variable, like those 'of the values of any varticular
met factor in different parts of the growing se¢ascn, ave independert

of each other. This can of course be questioned. For instonce thers



is strons reason to believe that the adverse effect of moisture
stress at Qifferent stages of crop growth tend to be cumulative
rather than additive (Minhas et al 1974). Thirdly, since the
study is meant to examine the relationship between the two on
the basis of data from experiments specifically designed to
control for all influences on yield other than the met factors,
the rationale for the elimination of trends in met variables

and yields is not clear.

Forecastinz Crop Yields on the basis of Weather Farameters

In 1945 the hAsro-meteorolgy Division of the IND started
preparing monthly crop-cutlook assessments based on the week-by-
week proeress of weather for use of the liinistry of Food and
Agriculture. More recently, efforts are being made to develop
techniques for quantitative crop yield forecasts on the basis
of "long series of past crop yield data and meteorological
parameters". "Reeoression formul:s connecting crop yield and
weather paramcters in critical crop periods have been developed
to forecast the yields of Kharif Rice in 22 meteorolopgmical
sub-divisions and wheat in 9 sub-divisiona.™ (Sarker, 1977,
p.T) We have reviewed two of these studies (Das and Vidhate

1972, and Das et al, 1971) to illustrate the methodolozy.

The first paper relates to wheat in Uttar Fradesh tnken
as a whole. Datz relating to averaze yield per acre and average
rainfall, temperature (maximum, minimurm, and mean) and ‘umidi ty

during the growing season from 1921 to 1966 have been used in the



analysis. The average yield is correlated with the above net

variables in different phases ¢f the crop,

"Te get the pericds in which neterological factors
have a significant effect on yizld, the linear correclation
between yield and rainfall, tenmperature and humidity have
been worked out for overlapping periods of seven days to
ninety days of the crop growing. season...... #All the
correlations have been examined and from them the periods
in which a particular weather element is significantly
corralated with yield arc marked out. By usineg thess
factors, the multiple correlation with yield has been

-calculated. Some of the factors used are not significant

at 5% level. In order to find out the combination in which
the parameters used are all significant at least 5% level,. ...
multiple correlation coefficients of all ccombinations (are
calculated) dropping graduzlly one or more variables till

a combination is found out where all parameters used are
significant.' {Das and Vidhate, 1972, p.3)

A1l wvalues are averaged for the whele State and‘no digtinction
is made between irrigated and unirrigated areas.. The increasing
trend in yield observed since 1951, being assumed to be dus to
various develobment pro~ranmes, are scught to b¢ taken inte accocunt
by introducing "a suitable time scale linear varinble in the regression

analysis".

The regression which is eventually chesen on the above basis

- includes seven variables which together "explgin about 73 ner ceant

of the observed variance in yield in 1921-65 and 70 per cent in
1951;65. The signs of the coefficients for each variable are the
samé in both periods, though the magnitudes arc different, Fredicted
yields in 1966-1970 are closer to the expected yields computed from
the resression for the lonser time series (the difference is within

4 percent) than from the regressiocn for 1950-65 (whure the difference

is around 10 per cent.



The paper by Das at. 21. attcuopis a similar exercise for

kharif paddy in three resgions of liysorce basced on yileld dntﬁ
for periocds raenzing from 24 years in onc region to 53 years
in another. Again no distinction is madce betwoen yield under
irrigated and unirrigated conditiong; and whilc the change in
nethods of yic¢ld estimation of the 1950 are ncted, their impli-
cations for the comparabilit& of the two series is not considerced.
4s in the study of wheat in UF, a time trend variable is introduced
in the region to take out the c¢ffect of rising trend in yield after

1950, and the rezression is estimated for the longer tire

series and the postad 950 pericd separately.

The followins is » list of the explanatory variables found

to have 2 sienifiecnnt effect on yiecld in each rugion.

Variaktle Central Mysore Intericr Mysorc Interior ilysor:
No. Horth South
X2 Hestricted roiny lican May Terp
Days 1 July - 15 Seut. July/Sept. Sept. Rainfoll
Ocension of dcoughts . L.
s Juna fe 221
XS and floods in August/ X2 M inf
2
Septenmber
X4 June rainfiall Occasicn of drcugsht Ceocensicn of
and £lood in drousht in

Aujus t/Septenber July/iugust

XS Mgan Binx. Ternp. rican Hax. Teonp.
July/ suzust July rain July/Au -nst
KG &; Squnre of July/ o
August rainfnll Kg

Xy ' Toehneleoical trend




The Mean meximum temperature in July/August or July/
September os well as incidence oFf drought and floods in
august/September figqure as sisznificant variables in all
regions, With one c¢r two exceptions, the signs of the
coefficients are all the same in both the perieds, but, unlike
in the longer series, 2 majority of the rezression coefficients
for the 1950-64 period are statisticnlly non-significant aven
thouzh the proportion of varinnce explained by the regions
exceed 90 percent. Predicted outputs between 1965 and 1968
based on rezression coefficients from the longer series arc
in general quite close to actual output in coastal Mysoroc;
they do rather less well in the other two regions especinlly.
Interior Mysore South. The predictive power of the regressiocn
based on the shorter series is uniformnly much poorer, the
expected values diversine from the asctuals by 10 percent or

more in 8 out of 12 cases.

That the models reported in both th:ose papers do so well
in predicting the time series of actual yields and 21s0 in
forecasting the yields foq at least a four year period beyond the
time span of the seriss is indecod remnrkable., It would be
interesting to know whether these type of "models" do 2s well
in other regions for which they have becn tried, whether thay
prediet ns well the yield of more recent years and wicether such

work has besn extended to other crops.

Be that as it may, this type of appronch leaves one rotier

uneersy fromn a methodolorical viewpcint espeeinlly when nne in



trying to understand the naturoe of crop-wenther relaticns.

To tazke but one exemple. The frilure to distinguish yields
of irrigated from reinfed land is obviously untenable because
the offect of meteorologicnl factors, especially rainfall,
is npt to be very different in the two cases. Toking values
of metcorclogical factofs as n simple averages of the values
vbgerved at the netercolozical stations is questicnable in a
state as large and as varied in climatic cenditicons ag UP.

S0 is tho nighly enmpirical appronch te screening the expla-
natory varinbles usines R2 and tests of significance of the
coefficients as the basis for selecting the final regression,
The introduction of 2 linear trend variable to elininate techno-
logical trends for a part of the series is highly nrbitrary:

For instance, buth papers nssupe thnt the techneclozical inprove-

nent 2nd the conscquent trend rise in yields is a pest-1950
phenomenen.  The ~raphs of the time scries for Hysoru raiscs
strong doubts about this nssunption, It weuld scem that yields
have been cn 2 rising trend frowm the enrly fortics in Cuntral
Mysore and interior Hysore South and from the mid-thirtics in
Interior Mysore Berth. fng in Contral Hysore, the rising trend
1fter vorly fortics was proceded by two drscndes or ncre of a
secular decline in yields. Thnt these 2arceets are not taken into
cousiderntion in the ~nalysis onkes these rozsrossion models of

1iwmited valuw as 1 basis for understanding crop-wenther relation



Conclusicn

The above review is obviously far fron complete in its
coverage of the work done =2t IMD and other scientific bodies
on crop weather relations. But in so far as the papers covered
form a fairly representative cross-section of the work, we could,
at some risk, attempt to summarise the.state »f ‘knowledze they
reflect: It is evident that the AICYS wns a well designed cnguiry
and that it did generate a mass of crop-we2ther informaticn under
controlled conditions for different parts of the country. Unfortu-
nately much of this data renains unpublished, and its quality and -
utility for analysis of weather-yield relations remains to be
properly testcd. The analyticel wérk dong on this bcody of data
is far too inadequate a basis .or evaluating th. AICWS, This work:
opens up intercstin; possibilities but th-y need to be triszd out
on many nore stations and croups on the basis c¢f nuch closer and
conscicus inter-acticn with plant scicntists to enable formulation
of meaninzful hypotheses for testing. The forecasting models based
on macro data, being hizhly c¢pmpirical in their approach, are of
doubtful valuc for understanding weather yield relations; but seen
to be quite goed for statistical predictions of yield given the
values of the met variablss. Here again it would be uscful to
exanine (a) the predictive power of these nmedels in the case cof
other crops and regisns for which they have been attempted, as well
a8 (b) the cloaenegsrof actual yields te the advance yield furecast
reportedly made by the I¥D every yenr fqr use of the Ministry of

Agricul ture.
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