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FOREWORD
 

File International Food Policy Research 
Institute .as pioneered in the analysis of vai-
ability in ood production. First. Shakuntla 
Mehra drew attention to the relation between 
the green revolution in India and variability 
in loodgrain production in InstabilitY in In-
dian Agriculture inthe ('ontx of the New 
Thchnolog, Research Report 25. Then, in 
InstabilitY in Indian .oAodgrain Productio., 
Research Report 30, Lveter lazell docu-
mented the importance of'an increased ten-

dency for fluctuations between crops and be-
tween regions to be coordinated with a 
consequent overall in-Crease il fluctuation. 
Padnia l)esai adds to that line of inquiry with 
a detailed analysis of the Soviet union. The 
task was exceedingly difficult, requiring new 
analytical and estimating procedures and 
scrutiny and adjustn nt of large aMoniUuts of 
data. The findings are of unusual importance 
because of the dominant presence tileSoviet 
Union has inworld grain markets. so that 
whatever affects Soviet grain production Can 
have major effects on developing country 
exporters and importers. 

The finding that policy variables have a 
major part in the explanation of increased 
variability in Soviet grain yields has impor­
tant implications to developing countries, 
which often iatercede in markets fbr fertil­
izer and face constraints on supplies of for­
eign exchange, electricity, and other key in­
puts for agricu Iture. Te findings that 
weather-caused variability in one large sub­
area of the Soviet Union can be offset in
another also suggests the value of regional 

agruements anionrg smaller countries, as sug­
gested in another IFPRI research report, by 
Ulrich Koester. Regional C(opelation to In­
in've l.ood Securit' in Soutliernand Eastern 
Abf1'icn Countries, Research Report 53. 

IFPRI will continue to publish studies 
dealing with food supply variability and se­
curity as part of its particular concern for tile 
very poor people who are forced by loss of 
employment and by escalating prices to 
make the bulk of tile fluctua­adJustment to 
lions in their society's food supply. 

John W. Mellor

September 1986 
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1 
SUMMARY 

Because the grain belt of the Soviet 
Union lies far to the north, summers there 
are short and winters, long. The Atlantic has 
some moderating influence on temperatures 
and brings sonm rain, but these influences 
are reduced as one moves south and east. 
The consequences of the location of the So-
viet grain belt can magnify weather's effects 
on Soviet grain yields. The purpose of this 
report is to determine how much these yields 
are affected by weather, and how much by 
factors more susceptible to manipulation by 
policy, such as the flow of ii:puts into agri-
culture, or by "systemic" factors, which at-
fect the structure of incentives for agri-
cultural production. 

The focus of the analysis is tie Soviet 
grain belt; 95 percent of Soviet cultivated 
area can be found in the four republics that 
contain this belt, the Ukraine, lelorussia, 
Kazakhstan, and the Russian Republic (the 
R.S.E.S.R., the Russian Soviet Federated 
Socialist Republic). The unit of analysis is 
the oblast, because sustained time-series data 
oi grain yield are available for oHlasts from 
Sovii:c sources. 

Oblasts :'romn the four republics vcre se-
lected for study to meet two criteria. First. 
the distribution of sown area between vinter 
and spring crops in these oblasts equaled the 
distribution in tile Soviet Union as a whole. 
Second, the distribution of grain-sown area 
in the oblasts selected from a republic rela-
tive to total grain-sown area in all selected 
oblasts equaled the distribution of grain-
sown area in the republic relative to grain-
sown area in tile four republics. With these 
criteria met, the report focuses on 14 oblasts: 
Altay kray, Moscow. Oisk, Rostov, 
Stavropol kray, l'tar Autonomous Soviet So-
cialist Republic (A.S.S.R. , and Voronezh 
from the R.S. ES.R.; Kharkov, Kiev, Lvov, 
and Odessa frm the Ukraine; Minsk from 
Belorussia; and Karaganda and Kustanav 
from Kazakhstan. (The two krays and the 
Tatar A.SS.R. are similar in size to the 

oblasts, and so can be treated in the same 
manner.) 

Weather-yield models were estimated for 
each oblast, using grain yields from 1950 to 
1975 and the precipitation and temperatures 
in the critical months of the crop cycle. 
These models serve as the basis for the rest 
of the analysis. 

They are used in estimations of tile 
weather variability of yield-the variability 
of yield attributable to the deviation of the 
actual weather in a year from the mean 
weather in the oblast. These estimates show 
that when aggregate yields were good, in 
1973 and 1'078 for example, weather was 
bc itc than average in most oblasts, and 
when aggregate yields were poor, in 1963 
and 1975 for example, weather was worse 
than average in most oblasts. These estinma­
tions also show that in 10 of the 14 oblasts 
weather was better than average as often as it 
was worse than average in the period studied. 

The correlation coefficients show that tile 
variability of weather is generally correlated 
between ohlasts in the wester part of the 
U.S.S.P. The same can be said of tile 
weather of oblasts further to the east. How­
ever, tile weather variability of the western 
obhlasts is not correlated with the weather 
variability of the eastern oblasts. The ab­
sence of this correlation means that tie effect 
of variations in tie weather on aggregate So­
viet grain yields is dampened; poor yields in 
the west of the grain belt nccause of poor 
weather may be offset by better yields in tile 
cast because of better weather there. 

When the ,blasts are ranked according to 
how bad their weather is, it can be confirmed 
that weather tends to worsen as one moves 
south and east in the grain belt. that is, 
oblasts such as Minsk and Lvov have better 
weather than such oblasts as Karaganda and 
Kustanay. The estimates show that the contri­
bution of weather fluctuations to the ex­
plained yield variance ranges froui between 9 
and 22 percent-in Lvov, Kiev, and 
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Odessa-to more than 90 percent-in
Omsk, Allay kray, and Karaganda. 

The weather-yield equations for the 
oblasts and the actual grain yields from 1958 
to 1975 were used to estimate the weather 
variability of yield for the country as a whole 
for the period 1955-82. These estimates 
show that occasionally large variations in 
yield can be attributed to weather. In 1963,
when the weather was bad, yields were 2.8 
centners per hectare lower than they would 
have been had the weather been average,
This translates into a reduction of output of 
36 million tons and is a third of the actual 
yield, 8.3 centners per hectare. Similarly,
when the weather was good in 1970, yields 
were 3.2 centners per hectare higher than 
they would have been had the weather been 
average. This was 20 percent of the actual 
,ield, 15.6 centners per hectare, and raised 
output about 38 million tons. 

But these are extremes. The standard de-
viation of the weather variability of yield is 
much smaller, 1.58 centners per hectare. 
This is only 13.3 percent of the mean yield
for 1955-82, 12.8 entners per lctare. This 
translates into 19.8 million tons of output. 

Taken as a whole, weather variation con-
tributed 52 percent of the explained variance 
of yield. The remaining 48 percent was coil-
tributed by variations in inputs. This and the 
low standard deviation of the weather vari-
ability of yield suggest that weather has had 
only a moderately large effect on yield varia-
tion. 

Soviet grain harvests between 1979 and 
1982 were poor. Yet the estimates of tie 
weather variabilities of yield and output for 
those years were small. In fact, had weather 
been average for all four years, output would 
have been only 13 million tons greater. 

When the estimated variations in yield
and output attributable to weather are sub­
tracted from actual yield and output and the 
resulting trends are given the appropriate sta­
tistical tests, yield is found to have varied to 
a significantly greater extent between 1968 
and 1982 than between 1955 and 1967. With 
weather removed from the trend, this means 
that policy and systemic effects on yield be­
came larger in the later period. This suggests
that the massive injection of resources into 
agriculture that took place during the 
Brezhnev years may have increased ag-*­
culture's organizational problems. A sharp
increase in the application of ertilize on 
grain without a matching use of better seed 
varieties, pesticides, water, and weed control 
could have contributed to yield variability.
These results show that Soviet planners face 
serious problems in coping with the in­
creased variability of yield. They point to the 
need to introduce suitable incentives and to 
decentralize decisionmaking in agricultural 
management and production. 

Partly because of the large fluctuations in 
Soviet grain output, the Soviets began to 
import huge amounts of grain in the early 
1970s. On the one hand, these imports and
 
the evident Soviet desire to diversify their
 
sources of these imports provide a good op­
portunity for developing countries with grain
surpluses. The emergence of Argentina as a 
major supplier of grain to the Soviet Union 
attests to this. 

Oin the other hand, an unpredicted short­
fall in grain output that leads to massive 
imports could cause problems for grain-defi­
cit countries. It is less likely to cause prob­
lenis for China and India now than a decade 
ago, but the needs of poor countries in Africa 
and elsewhere must be protected. 
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2 
INTRODUCTION 

In 1926h, the Soviet economist Chayanov 
emphasized that Soviet grain yield was influ-
enced by meteorological factors that could 
not be fully controlled by state policies. 
Thereflore, it should be treated with awe and 
addressed as "Monsieur" yield. His pub-
lisher thought othervise. Niarxist dialectics 
and state policies, according to him, were 
needed to resolve the question of gkain yield 
and convert it into "Comrade" yield. 

The debate between Chayanov and his 
publisher was part of thc larger debate oin the 
Soviet econony that marked the turbulent 
years preceding the Stalinist industrialization 
drive.[ More than half' a century later, the 
issue is still disputed. 

This report is undertaken ill the hope of 
throwing meaningful light on the dichotomy 
posed by Chayanov and Ihis publisher. Its 
aims are to measure the effect of weather on 
Soviet grain yields and to assess how "sys-
temic" factors and policies affect weather-
adjusted yields. The latter include the ways 
inputs such as the tari capital stock, labor, 
and fertilizers are used and di vision oftile 

Soviet farms into state and collectiv' farms. 
Also included are such systemic elements as 
the absence of incentives, which inhibits ef-
ficien' allocation of resources and innova-
tions in farming methods. Appropriate meth-
odologies are devised for analyzing several 

critical issues. 
The influence of policy and systemic fac­

tors on Soviet grain yields cannot be as­
sessed and separated riom yields unless the 
effect of weather is measured first. For this 
purpose, the question is asked: if weather 
were to deviate from the average, by how 
much would yield vary in a year? A further 
step is to measure the contribution of weather 
fluctualtions to yield variation. These two 
concepts-the deviation of weather from 
average, measured in terms of yield, and the 
contribution of variations in weather to varia­
tions in yield-are rigorously defined and 
incorporated inthe methodology of' this re­
port. 

The effect of weather on Soviet grain 
yield variation would be accentuated if bad 
weather in one place wrc not ,ffset by good 
weather elsewhere. [he association between 
the weather of different parts of the grain belt 
is exalmined, ats is the question whether 
weather deteriorates as one moves south and 
east inl the grain belt. 

Finally. variations inyield, among other 
factors, have led to the importation of in­
creasing amounts of grain by the Soviets, 
making Soviet grain demand critically 
important to world grain markets. A discus­
sion of how this affects Third World coun­
tries fornis the last part of' the analysis. 

iThe debIte between ('hayano,'ant his iLNbiher is cited atteriglh in Stephen C. Whcatcrf, 'rite Signiticance of Cimatic
 
,
and Weather Change in Soviet Agriculture (With ltrtictutar Reference to tie 1920s and iIVtN,' l',per No. II, Soviet 

Industriaitatitn Proiect Series, Center for Russian and Fast I-urot ,ar Studies. Unicrsity of Iirlmingham. Iirnitgham, 
U.K.. 177. 
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3 
FEATURES OF CLIMATE, SOIL, AND 
VEGETATION, AND THE CHOICE OF OBLASTS 

'[ile general characteristics of climate, 
soil, and vCelation that intluence Soviet 
grain cultivation are important criteria for 
developing a weather-yield model ftur the se-
lected oblasts. The criteria used to select 
oblasts are given in this chapter. 

General Features of' Clinmate 

A distinction important for this report is 
between "clinmte" and "weather.-2 Weather 
is I short-t erm plienonicon that influences 
the yearly variations in yields of crops. Cli-
mate is the long-term trend of weather in a 
region. which influences the types of crops
that can be grown antd their inax ii uin attain-
able yields. 

Two factors determine tile climate of tile 
Soviet Union: its hi ,h latitude and extreme 
continentality. ISoviet acriculture Contineii-
ously battles the environmental hazards these 
two elenilents produce. 

The north-south boundaries of the Soviet 
Union stretch for almost 5,000( kilometers. 
[he sothern boundary lies u 12 de-
grees of tile tropics: the northein one cies 
within 12 degrees of the Pole. 

The colsequences of these Ihigl latitudes 
for growiii grain re lalin. One is the 
-asymmetrical annual regi me of tem-
perature": winters are and cold:lomg sum-
mers are short and hot. Winter is by far the 
longest season, with temperatures becominc 
extremely cold for three or four months on 
average. In sunmer, temperattres peak in the 

2 For jinir on [Ills tlsllll ln, see. S Leng. ','. Recd. S 

middle, becoming high for short periods.
The transitional seasons of autumn and 
spring are brief'. In fact, spring is practically 
nonexistent, so that by the time the snow has 
melted and the water h:s evaporated, tern­
peratures rise sharply, affecting the growth 
and harvesting of winter crops and tie plant­
ing of spring seeds.

The brief period between the last frost in 
spring and the first freezing days in autumn 
restricts grain growing in most areas, just as 
tile cold, long winters do. Most crops require 
a frost-free season of at least three montis, 
with two successive crops requiring at least 
six months. "'The growiig season in tile 
mildest region of western Georgia can be as 
slort as 180 days. On tile European Plain the 
mininuil length of growing season ranges
from about 150 days in tlie southern Crimea 
to less than 90 davs near Moscow and less 
than 30 days on the Arctic coast. The frost­
tree period can be as short as 180 days on the 
southern boundary of Central Asia, and 75 
days in southwestern Siberia. Only the 
southern steppes and the western borderlands 
of the U.S.S.R.. inc!uding Much of Be­
lorussia and tile Baltic Republics, can be sure 
of no frosts in July and August."4 As a 
result, tie growing season is too short in 
some areas even for one crop and in large 
areas with arable land. for two crops. 

Because of tie high latitude, soiie pre­
cipitation is receiv..-d as snow. Snow cover, 
rather than snowfall itself, is important for 
winter crops necause they need to be insu­
lated Irni tie extreme fluctuations of' winter
 

Catich t., alli R. it 'm ll.1llti'dItl+ %/O linhimlion q/_A.4iitjlri l ( np/) 'h( nt' A Ri w'i. FI- )) 5-7,-)1 i(orvaIIis. Ore.. ()1fi'e of Research id I)cvlIpnein. U.S.
t'nvironmnriial Pr ten io . nc 1\e) , 1, 1,I. l (G. Siaihil. "(juanlifyi ig "eitcr-rnp Reit ,,," illn


lt /,oillnop lPh/1%l , cd J J I.indslerg and C V (Culting I nd n: Academic Press, 
 1977), p 23.
 
The tis,,C tis ll ii this aid lie lie\i se.tion relies onl hit L .,llnph. (eograpl l the U.S.S.R. iFlkhart 
 L.ake, Wise

Misty Valley Publisimti . 1979). 
' Ibid., p 70. 
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surface temperatures.i "About 30 cen-
timeters of snow is an ideal insulating layer. 
If it is thinner, the ground experiences deep 
freezing and frequent fluctuation of tern-
perature: if it gets too thick, crops tend to rot 
from lack of ventilation.'' t, In the southern 
zones of the European U.S.S.R., snow cover 
is inadequate, averaging only 10 cen-
timeters. In western Siberia, it averages 
about 40 centimeters. Thus much of the 
grain-growing a,'ea lacks ideal snow cover. 
"Therefore, the Soviets usually sustain ex-
tensive winter kill in portions of the countr, 
every year. This is one of the primary prob-
lens of agriculture."7 

Anong the consequences of'l high lati-
tude, then, is that winters are long aind severe 
and summers are short, and the transitional 
seasons of autunin and spring are short. The 
effective growing season is less than ideal 
because the chances that there will be a late 
frost in spring or an earl), frost in autunir are 
high. The snow cover to insulate tileiter 
crops from the freezing, fluctuating tein-
peratures is again less or more than required 
in much of the grain belt. 

The Consequences of' 
Continentality 

From west to east the Soviet Union ex-
tends for almost 10,0(X) kilometers. encor-
passing I I time zones. The topography of 
this massive land mass complicates its cli-
Iate. 

Its geographical location mid rugged 
mountain barriers preclude lmaritime influ-
ence except from the lAtantic. The moLuntain 
ranges along th1e soti en periphery, and the 
lands of Southern A,;ia, the Arabian Penin-
sula, and Africa insulate the Soviet Union 

r id)tKCe'he So\iet vraiiil iel .CI.CS 1hiI etaei in11,tall 

from the warm, moist flow of air from the 
Indian Ocean. The flow of air from west to 
east precludes maritime influence from the 
P"acific except for monsoon-type rains on the 
eastern periphery of Siberia. The Arctic 
Ocean is frozen most of the year so that it 
produces little moisture by evaporation. 
"About tileonly extensive maritime influ­
ence on the Soviet Union comes from the 
Atlantic in the west, and this is far removed 
from much of the Soviet Union. Atlantic 
maritime air must cross tie entirety of Eu­
rope bcfore reaching the U.S.S.R. Nev­
ertheless, because of the prevailing westerly 
winds tileinfluences of the Atlantic are car­
ried far eastward well into Siberia and Cen­
tral Asia. especially during summer. Except 
in tile Soviet Iir Fast, inuch of tie precipita­
tion thai falIs in the Soviet Union is derived 
initially from tiltc Atlantic and its bordering 
seas.-8 

One coiisequence of the maritime air 
flow is that temperatures on the Soviet Euro­
pean plain are lov,er in the summer and 
warmer in tilewinter than in other places on 
comparable latitudes. This has a favorable 
effect on grain-growing in that region. How­
ever, the difference between winter and sun­
mer temperatures increases as one moves 
eastward. For example, winters are warmer 
a rid sulniler:. irec(oolcr ilLvov oblast than 
in Kharkov oblast, which is further to the 
east (Figure I ). As for precipitation, it falls 
off sharply in the southeasterly direction both 
in tile and lhe winter. It declines assummer 
One m and south mar-Ioves east because the 
it ine airs in the stuni er get dry as they 
travel iiland. (The nearly dry air can gener­
ate rains from adiabatic cooling only on the 
highest mountain slope,;.) As already indi­
cared, with severe winters inland, the cold 
air has low capacity to hold moisture. There­

u "ttl heair at high latlhitudc +i, :!.1dlinp he li ' c edingly Coll, 
,
hal lm Capacity to hild inoiiure IIivi e r. tie ,inlio ni(it tii k,ictained ',irite in different mrt t lie graim-gr ,ling region. 

In the southern halt if lie grain belt. ti "ctcrn I kraiii. Inteloruoi, linter. .hlaw, fteqeand tli Itatic rqpiihc ' 'ur ently, 
and during the I0 da,. of inter diIntakiilln] ', Flu, depth increawem n. [lie depth InaaVerage iabout 2(1cntciuieter 
eastward to Imore than 50tcen t +kitnnc i nd soi.entr ieecr,, on tih, atlern otni . inietr. hlne [lie Ural, 

)
' Lydolph, Gcogrphv ol th U S S R , th

'Ibid. During the l1 85 percent areaI, the antinn . icltuillv harme, ted inthe i the thllowiing year.
971K,, ifthe n 11n ., . ,piinu 
For details,ee flul" I.Idilph. Gil i"Martell. and Robert II Lrickein, 'Recent Weather and Agriculture inthe Soviet 
Union," n.p.. 198.1 Hnlincograplhed) 

Lydolph, Geo,nrahv f the U.S SY . pp. 57-58. 
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Figure I-Republics and selected oblasts 
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Republics 

A Russian Soviet Federated 
Socialist Republic 

B Estonian S.S.R. 
C Latvian S.S.R. 
D Lithuanian S.S.R. 

E Belorussian S.S.R. 
F Ukrainian S.S.R. 

G Moldavian S.S.R. 

H Georgian S.S.R. 

I Armenian S.S.R. 


J Azerbaydzhan S.S.R. 

K Kazakh S.S.R. 

L Turkmen S.S.R. 

M Uzbek S.S.R. 

N Tadzhik S.S.R. 


0 Kirghiz S.S.R.
 

Selected Oblasts 

I Altay Kray 
2 Moscow Olast 

3 Omsk Oblast 
4 Rostov Oblast 
5 Stavropol Kray 

6 Tatar A.S.S.R. 
7 Voronezh Oblast 

8 Kharkov Oblast 
9 Kiev Oblast 

10 Lvov Oblast 
1 1 Odessa Oblast 
12 Minsk Oblast 

13 Karaganda Oblast 
14 Kustanay Oblast 



fore, precipitation declines east and south in 
the winters, too. 

Across the plain of the European
U.S.S.R., precipitation decreases sharply in 
a southeasterly direction from the Baltic to 
the Caspian Sea and into Central Asia. Most 
of the grain-growing area receives between 
200 to 600 millimeters of precipitation an-
nually (Figure 2). (Only in parts of the ex-
treme northwest, including the Baltic re-
publics and most of Belorussia, can it be as 
high as 1,000 millimeters.) As a result, the 
potential evapotranspiration increases in the 
southeasterly direction and the area gets dry 
very quickly. This area also corresponds
roughly to the grain-growing triangle of the 
Soviet Union (Figure 3). 

Soil arid Vegetation Zones in 

the Arable Lands 


The limitations of climate are further re-

flected in and aggravated by the shortcom-

ings of soil and vegetation in the arable 

lands. These lands, which are favorable for 

grain cultivation, form a triangular wedge
that tapers eastward into Asia (Figure 3).
This area, roughly a million square miles. is 
one-eighth of Soviet territory. Its dominant 
vegetation types are mixed-forest, forc';t-
steppe, steppe, and semidesert." 

The vegetation-soil region of mixed for-
est in the west stretches eastward from the 
Baltic coast (Figure 4). The forests are pri-
marily coniferous evergreen in the north and 
broadleafed deciduous in the south. Minsk 
and Moscow oblasts, part of Kiev oblast, and 
the Tatar Autonomous Soviet Socialist Re-
public (A.S.S.R.) (all included in this re-
port) are located in this region. Much of the 
area in the mixed-forest zone has been put 

into cultivation. "In Moscow Oblast, for in­
stance, forests still occupy about one-third of 
the territory. Much of the rest is in cultiva­
tion. . . . This region [of mixed forest] has 
the advantage of slight drought hazard as 
compared to the better soils in the steppes to 
the south."10 

The foiest-steppe zone lies between the 
mixed forests of the north and the steppe. It 
is the northern part of the famous chemozem 
belt of the Soviet Union with black topsoil. 
"The chernozems are the best soils in the 
world, and the wooded-steppe zone has 
about the best combination of moisture and 
heat resources in the Soviet Union. . . . Al­
though the zone is subject to drought, it is 
not as prone as the steppes and deserts to the 
south, and it has much better heat resources 
than the forest zones of the north. Thus,
while it does not have the maximum amount 
of heat in the Soviet Union nor the maximum 
amount of moisture, it has the best combina­tion of the two. This with the excellent soil 
makes this the potentially best agricultural 
region in the country, adapted to a wide 
variety of crops ....... 1 However, wind­
blown soil erosion is a serious problem in 
this zone. Much of the original vegetation
has been plowed up and the land put into 
cultivation. Lvov, Kharkov, parts of Kiev and 
Odessa ob-lasts in the Ukraine, parts of 
Voronezh oblasi and the Tatar A.S.S.R., 
Onsk oblast, and parts of Altay kray in 
Western Siberia, all included in this report, 
are located in this zone. 

The open steppes of the southern plains
include parts of Odessa oblast in the 
Ukraine, Rostov oblast, Stavropol kray, the 
southwestern territory of Voronezh oblast in 
the central chernozem region, and Kustanay
oblast in Kazakhstan. "Like the cher­
nozems, steppe soils are well drained, well 

"The "tundra in the extreme no.-th and [he "taiga" below it are not considered in this report because ram cannot be grown inthese to ,ones except where the taiga borders the mixed forest lone in the European U.SS.R. Inthe -tundra," which is thetreeless, infertile marshy plain of the extreme north, no month ha, an average temrperature above IO°C (50T). The ground ispermanently froten: the absence of subsurface drainage results in swamps everywhere. Vegetation cannot grow in suchconditions. The "taiga" to its south are the vast coniferous foresis of Siberia, Iowevcr. much of the land in this zone is devoidof trees because of ps r diainage and has b:en overtaken by marsh, grass, and hushes. The soils of the zone are infertile,waterlogged podzolic types that preclude agriculture.
Also omitted fron consideration are the desert, subtropical, and mountain zones where atmost no grain is grown. 

tydolph. Geograply iY"the U.S.S.R., p. 99.
 
ibid., p. IN).
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Figure 2-Precipitation in. the grain belt 
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Figure 3-Distribution of sown area 
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Figure 4-Vegetation zones 
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structured, and easy to cultivate. Heat re-

sources in this zone are greater than anything 
to the north, but the moisture supply be­
comes less and less the fariuier south one 
goes. Therefore, crop combinations are 
somewhat more limited in the steppe zone 
than in the wooded-steppe zone. The steppe 
zone is well suited to the raising of wheat and 
sunflowers. Maize has been introduced 
rather heavily since the mid 1950s although
it finds neither optimum moisture nor op-
timum heat supplies here. The steppe zone is 
even more susceptible to wind erosion than is 
the wooded-steppe to the north. . . ."1 

The semidesert zone to the south of the 
steppes is the final zone under consideration, 
Karaganda oblast is Ie:ated hcre. As can be 
expected. moisture deficiency is a constant 
problem in this region. "The soils here are 
high in mineral content but low in humus, 
With. proper irrigation, they can be made 
quite pro(luctive for certain crops." I 

It is clear from tilebrief discussion of 
climate, soil, and vegetation characteristics 
of the Soviet grain-growing area that heat 
resources increase as one travels southeast-
ward across fhe region but precipitation de-
clines sharply. The forest-steppe zone that 
straddles the middle of the grain-growing 
area eastward fromn orth to south has the 
best combination of heat and moisture re-
so'irces and the most fertile chernozem soils, 

IIbid. 

Ibid., p 101 

Choice of Oblasts 

To separate the effects of weather from 
Soviet grain yield and output, weather must 
he measured accurately. This is a formidable 
task in view of the wide variety of climate 
and soil-vegetation patterns. Indeed, these 
features are so complex and diverse that 
using their average measure for the U.S.S.R. 
to estimate the effect of weather is un­
satisfactory. A disaggregated approach that 
emphasizes this complexity in the grain belt 
is called for. 14However, a detailed investiga­
tion of all tileoblasts in the grain-growing
region is not possible. Oblasts that represent
weahier, soil, and vegetation of the Soviet 
grain belt must be selected. 15 

The oblast is the basic unit of analysis in 
this report because it is the smallest unit for 
which sustained time-series data of grain 
yield are available inSoviet sources. The 
Tatar A.SS.R. and Altay and Stavropol 
krays are also included. 1,Time-series data 
for yields are not available for rayons, ad­
ministrative units smaller than the olast,
kray, and A.S.S.R. On the other hand, yield 
data ,ererally from 1950 to 1975, are avail­
able for the republics, but the republic is 
often a much larger unit and can include a 
wider variety of climate, soil, and vegeta­
lion. 

c-ittiplicitionA lirthc arises from the organizatiori of agricultural activity. including grain cultivation, into state andco>llcctivc ;arm,. I1oilier %,,rds.v s.oil.oblasts that areidentical il1their %%calhcr, and \egetation tna% nevertheless havedifferent grain.telds hccause their instiiunional arrangeiients dhiller '['hiscmplicatimon is notijiclude, in the analysis o lthis 
repoirt. 
" By contrast, an "aggregated" nodel is aidopted by Ihie ('IA and A,,nhro/i ik and CareY hiseparate the effects of weather andtechlitlogy fr(nn yie ld (ItS Central Intelligence \gcnc.,. U S S R_.lu Inpatr ' Recent Climi;c Change on GrainProdction. FR 70-10)577 U Washinglon. I)(': I S Ce ntral Intelhicncc Agency. October 19761;and Russell A. Arnbroziak
and David W. Care. "Cliiate and (Grain I'roditctin in the Soviet Union," in U.S Congress, JoirtEconomic Committee.Soviet EIconim\m i theISO.%. I'rohhn.i and Pr.speiis I\ashiigton, I)C . U S (ioverntient Printing Ofic.. 19821, 2:109- 123) l)ata on grain, wiinter %%,.heat.and sprinig %.healyields and weather variables from 1 62 to 1074 for all the 17 crop
regions of (lie Soviet grain K-It are pooled to estitnale a 'ingle \%cather-yield equation, Muhich isthen used to estimate yields for 
any and all regitn,, 
" - he ohlast is purely an adininistratli , 1l)dtiiOn thAicontlains nl sieni 'icantiiationali group ((icr tIhani e Itiular
natitonality olie t:niontrepublic \%.111tinM lch it is located The A S.S R hidiinttrattvelv serves (he same tunction as theOiblist, bilt its httlariN hase bei ifran ito gie\ political recignition to a iiiiportaiit mitirity nationality group. A kray isaKind olcoiniatiotn of [lie ther mwo.Its boundaries haw been laid out ratheuarbitrarily, pritiarly (or administrative facility,butit contains withitn it lesser political subdivisions that are based oinnatlionalitY griiiips--attti tiuti oblas t (A.O.) Iorautonomtous ikrugs or both." For details,. ,e I.vdelplh, Geogray , 'ie U.S.S.R., pp. 22-- 23. 
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Criteria for Selection of Oblasts growing in the area of the selected oblasts. 

The oblasts are the building blocks of this 
report, and are to be selcoted by climate, 
soil, and vegetation. Because soil determines 
vegetation, the two can be treated together. If 
the grain belt can be divided into climatic 
zones, and the relative distribution of these 
zones among the oblasts in the grain belt is 
ascertained, the obla,,ts can be selected to 
represent that distribution. But while there 
are sourc.S that categorize Soviet territory by 
climate, it has not bcen possible to find a 
source categorizing grain-sown area by cli­
mate and by oblast. Nor are data available for 
the distribution of grain-sown area by soil 
and vegetation by oblast. t7Even if both cate-
gorizations were available, it would still be 
difficult to select a set of oblasts that would 
provide a sample that met both criteri;i ade-
quately: an oblast may fall in a given climate 
zone but may straddle two soil and vegeta-
tion zones. Though rayons might satisfy both 
criteria, sustained grain yield data are not 
available for them. This impossibility of se-
lecting a representative sample of oblasts is 
the major limitation of this report. It must be 
emphasized that this limitation arises be-
cause the data needed are not available. 

It has therefore been necessary to select 
oblasts so that they fulfill the following two 
criteria: since grain-growing is concentrated 
in a few republics, the cultivated area in an 
oblast from a given republic as a proportion 
of cultivated area in thte selected oblasts 
should equal the cultivated area in that re-
public as a proportion of cultivated area in 
the four republics. Grain-growing is concert-
trated in a few republics because of favorable 
combinations of climate, soil, and vegeta-
tion. Therefore, this criterion seeks to cap-
ture these conihinations for U.S.S.R. grain-

Next, the relative distribution of cultivated 
area of the selected oblasts between winter 
and spring crops should equal their reative 
distribution in the whole country. Whether 
an oblast is predominantly a winter or a 
spring cultivating area, again, depends on its 
climate. 

Relative Distribution tif Republic and 
Oblast Cultivated Areas 

To begin with, grain-growing in the So­
viet Union is concentrated in the four re­
publics of the Russian Soviet Federated 
Socialist Republic (R.S.F.S.R.), the 
Ukraine, Belorussia, and Kazakhstan. Offi­
cial data on sown area between 1960 and 
1975 indicate that the average sown area of 
116.7 million hectare:i in the four republics 
constitated 95 percent of the total sown area 
of 122.8 million hec: ires (Table I). There­
fore the representative oblasts should be se­
lected from these four republics, and it 
should be made certain that they are in the 
grain-growing area. The fiformation in Table 
I further indicates thai, on average, suvn 
area in the R.S.ES.R., tileUkraine, Be­
lorussia, and Kazakhstan made up 63.80, 
13.45, 2.50, and 20.25 percent of the total 
sown area of the four. The sown area of the 
oblasts selected from each republic ai a pro­
portion of sown area of selected oblasts 
shoukl equal these percentages. 

The problems of meeting this require­
ment are two. First, quite a few oblasts are 
large, so that only limited fine tuning of 
selection is possible. Second, weather data 
collected from a centrally located weather 
station in the oblast grain belt must be avail­

11A list oft articles dli agrilt hlialrtgions Ard their climate. s i. \e leatures is available in Vestini,and teiallti 
.",d source is A. I . i olAritulturil Yield 

in the,R.S.".S .R.(.Mosc;,,.Statlistika. 172j I ol been poss trace %, 
St'l'. ol,:i tviti(n au i. 1966. pp 55 -72 A:\ol'-.r eltraleaal 7it,I)nainic 

\eer it has not lcto a source ith the cliniale, soil, and 
vegetation features ofthe oblasts in the ,rain bell sources arc readily available where climate, soil, andthy contrast, 
toprographic featurc, at distrid levels are incorporated in A,eather-)ield nvdels in North America .Flmviiples are W. Htopkins, 
"trotein Conlen! of Western ('anadiati Ilard Red Spring Wheat in Relation it, Sotilc Fivirmintiellal kactrs." Agric'ultural 
Mcte'orolo'v 9 (Nil 5. I;68). 411 -.131. 1 W Peters, "Relatio.,htps of Yield lData toAgrocliniales. Sil Capability 
Classification arid Soils if Alberta." ¢'onoditn Journal o Sotl S(tente 57 (August 1i7t: 341 -3,17, Marsha Sheppard and G. 
D. V. Williams. "Quantifyting heItflects of Great Si] Groups oilCereal Yields intie Prairie PlroViiics,' ('tnadion Jointil 
ofSieim'e 56 (,N,enibcr 1976t: 511- 516; and the vorks by G 1). V Williams listed inthe bibliography 
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,' Table I-Area sown with grain, by republic
 
Republic 1960 1965 1966 
 1967 1968 1969 1970 1971 1972 1973 1974 1975 lean 

R.S.FS.R. 71.372 77.594 76. (million hectares)_02 74.872 74.290 73.511 72.689 71.801Ukraine 13.729 16.495 15.836 73.131 76.623 76.486 77.023 74.62515-501 15.111 15.867 
 15.518
Belorussia 2.590 2.M 2.832 15 503 15.288 16.648 16.692 16.540 15.7272.856 2.725 2.718 2.505 5.537 2.653Kazakhstan 21. -).2 2.621 2.603 2.60324.320 23.680 22.686 23.090 24.556 22.603 2.928
22.407
Total 109.623 121.299 118.450 3.154 24.778 25.441 25.568 23.685115915 115.216 116.652 113.315 115.248 114232 
 120.670 
 2.222 121.734 116.965
U.S.S.R.
Total 115.537 128.024 124.810 
 122.170 121.470 122.719 
 119.260 117.937 120.158 
 126.738 127.187 127.920 
 122.828
 

Sources: The data for1960 and 1968 arefrom Sovuz Sovetskikh Sotsialisticheskikh

Naro..'na-ve kho-"aysno 

Respublik (SSSR). Tsentral'noye Statisticheskoye Upravleniye priSovete Ministre-v (TsSU),SSSR 1969 (Narkhoz 1969) (Moscow: Statistika, 1969). p. 314. The data for 1965 and 1970-75 arcStatistika. from SSSR. "TSU,Narkhx: 1975 (Moscow:1975), p.352: and thedata for 1966 and 1967 arefrom SSSR, TsSU.NarkIo: 1967 (Moscow: Statistika,Note: The R.S.F.S.R. istheRussian Soviet Federated Socialist Republic. 
1967), p.335. 



able for the years from 1950 to 1982.18 
Keeping these limitations in mind, the 

following 11 oblasts, two krays, and one 
A.S.S.R. are selected from the four re-
publics: Altay kray, Moscow, Omsk, Rostov, 
Stavropol kray, Tatar A.S.S.R., and 
Voronezh from the R.S.I.S.R.; Kharkov, 
Kiev, Lvov, and Odessa from the Ukraine, 
Minsk from Belorussia: and Karaganda and 
Kustanay from Kazakhstan. ('lb simplify 
things, these will all be referred to as oblasts 
hereafter.) Their mean sown area of 26.416 
million hectares is 22.6 percent of the aver 
age sown area of 116.)65 million hectares of' 
the four republics and 21.5 percent of the 
total average U.S.S.R. sown area of 122.826 
million hectares (Table I and Appendix 1, 
Tahble 16). 

As already stated, the proportion of sown 
area of the oblasts selected from a republic in 
the total sown area of all selected oblasts 
should conform to the proportion of sown 
area of that republic in the total sown area of 
the four republics. For example, the share the 
oblasts of tileR.S.ES.R. have in the total 
;own area of all 14 selected oblasts is 67.7 
percent: this is close to the R.S.F.S.R.'s 
share in the total sown area of the four re-
publics, 64 per,-ent (Table 2). Similarly, the 
share the four oblasts of the Ukraine have in 
the total sown area of the 14 selected oblasts 
is II percent, close to tle share of the 
Ukraine in the sown area of the four re-
publics, 13.5 percent. The shares of' Be-
lorussia and Kazakhstan are also very close. 

This procedure implies that the cultivated 
area of each republic has an equal share in 
the selected grain area. In other words, the 

ratios of the sown area of the oblasts selected 
from a republic to the sown area in that 
republic must be roughly equal for all re­
publics. These ratios in the final column of 
Tlable 2 are close, ranging from 18.5 percent 
for the Ukraine to 24 percent for the 
R.S.F.S.R. Given that the sown areas in the 
oblasts are large, complete equality cannot 
be assured. 

Relative Distribution of Winter 
Sn d o A r it 
Selected Oblasts 

The other criterion is the correspondence 
of the distribution of winter and spring area 
between the selected oblasts and the 
U.S.S.R. To ensure this correspondence, the 
oblasts must, first, be divided into winter 
and spring types. The necessary information 
for this is presented in Table 3. VI 

Grain in Altay kray and Omsk in the 
R.S. S.R., and Karaganda and Kustanay in 
Kazakhstan is almost wholly grown in the 
spring. The severe winters in these regions 
rule out winter crops except for small 
amounts of winter rye in Altay kray and 
Otsk and millet in Karaganda and 
Kustanay. On the other hand, Stavropol kray 
in the R.S.ES.R. and Lvov in the Ukraine 
are largely winter areas, with sown area in 
the spring being only 35. I percent in 
Stavropol kray and 29.1 percent in Lvov. 
(Small amounts of spring oats are grown in 
Stavropol kray and some spring barley and 
pulses are grown in Lvov.) Fhe rest of the 
oblasts are Iuixed, with mean sown irea in 
the spring ranging from 44 percent in Odessa 

Aveitage ntonthl) temperature and precipitatliot or ab ut(A)\%ealher stations inthe :utropexl U.S.S.R. (including aboul 40 
in the grain bell) and 1I0in the grain belt available froinlthe World W'uither Re'ords of the U.S.of the Asian republics are 
t)epartmen: of Commerce. The complete data set frott 1950 to 1982 can he put together fromlzithis source tir about 28 veather 
stations in the grain belt The %%eatherdata used in this report \ete iibtattLteIron' the Naiionail Oceanic and Atmospheric 
Admtinstration (NOAA). 

Soviet sources reprt detailed informiation on 1.S.S R. %cather The (.'.S.SY published everyAletvotoogu alMwtuhiv. 
mouth (and received by NOAA , reports daily information ol the avermive temtperature and precipitation (incliding their 
tttaxtnttn and niinIun wAeatlher tnion. Average imnthly temperature andvilties) fo[r about 200 stations in the Soviet 
precipitation reach ublast capital it ilte recent period isalso available nI.. (; Konvukova. V. V.Orlova, ;atndTs. A. Sliver, 
Kimatlit-skiy'e Kharakteri.tiki SSSR ioMesviaitamn (I .eningrad: (idronetonri/dat. 1971 . 
1,) was scotes of republic statistical handbooks and olther sources, most of which areThe inforniatin , pu together Ii 
available inihe Cntler for Intertiational Research of thelureati of ihe Census. Complete lata lorwvier and spring area frot 
1958 to197(0 are available otily for 'fatar Tthey not generally available after 1970.A.SS.R. and Kiev oblasi. are 
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Table 2-Shares of grain-sown area in selected oblasts in the grain-sown area 
of their republics, all selected oblasts 

Sown Area of Sown Area of
Selected Oblasts in Selected Oblasts in

Republic Sown Area a Republic as a a Republic as a 
as a Proportion of Proportion of 'lotal Proportion of Sown

'Tolal Sown Area of Sown Area of Area in thatRepublic Selected Oblasts thelour Republics Selected Oblasts Republic 

lpercenl)
R.S. F.S.R. Altas kray. N1:scin, 

Oansk. Rotov,
 
Stavropol kray, 63.80 
 67.7 24,0litar A.S.S.,i..
 
Vcoiowl/h
 

Ukraine Kharkov. Kie, 13.45 
 11,0 	 18.5 
ILvio.(Otlc,,sa
 

liclonissia Nlsik 2.50 
 2.1 18.3
 
Ka/akh.lan Karagaiida. 2(i.25 
 19.3 21.5

Knlslinav 

Soorce': Sinau Sovctskikh SutsaltMic,,kikth Respnhik. T,entral'no'e Staticheskovc Upravleniv' pri Stvet' Nfinistrov,
N\arodne \ ..SSR. ",rhnh o issues cNlosco%,: Siaiistika, Vartiti, ,ears): and statistical handbooks from IherepitItIics available [nherimlioal ('enterfrim tie Res',,.arh of* the I.S. I)cpartment of('oinicrcc. Iureati tfithe 
('ensus.

Notei ThIse' ratios ire coulpuli'd rum nican mmi rca fhr 	 I1 75 'Tie I ST.S.R the Russinm Sov'ieFederated 

to 65.3 percent in "l'atar A.S.S.R.*2) 	 vegetation types, is to use the scattering of
'le data for soa,.n area in the spring de- the selected oblasts ill the Soviet grain belt

rived tar the period 1958-1970 trom the and the ,,ain-sawn area at each republic
sprintg sown-artea ratios oft "lble 3 indicate (swlovn in FiguLre 3).
tlat 19.378 millian hcctares, 73.4 percent of This scatterinlg implies tliit It percent of'
the area in the selected oblasts. 26.410 imil- Soviet girain-sown area Ihs tile climate, soil,
lion hectares, was siwn in the spring. hle and vegetation of the Ukraine. It cannot he
spring-winter sown-area rato I'r tile ensured that the oblasts selected will reflect
U.S.S.R. as a whole is 75:.5 ('able 4). As the distribution of these chartcteristics 
intended, the two ratios are close, 	 witin tlite Ukraie precisely. Blit an etfort to 

capture this distributian is made by selecting 
Relative l)istribtjion of' Sown Area in the oblasts rm all parts at the erain-erawingClimate, Soil, and Vegetiton Zones 	 region of the Ukraine. Accordingly. 3.8 per­

cent of Soviet grain-sown area has the cli-Because tle requ ired inf ormation is Ii i- miate. soil, and vegetation af ()de ssa oblast.
cult to locate in available Soviet sources. the This is to imply tlat 3.8 percent of Soviet
best that can be done to etisure that the distri- graim-sown atrea is in the orest-steppe vege­
bution of areaa in the selected oblasts crre- tation one ierege 4) and has antual pre­
sponds to the distrit'tia,n of verall area by cipitation between 40)(t anl 600 millimeters 
i(lentifiable climate categories and soil andl (Figure 2).21 

Sloohl nt Film .\ S "R v.1 1h05 pcrcnl ,lrilig-Nssn area. he dlissilicd is,t spimniarea lui a, SlivropIl kray. %ilh 05 
p'rce t % illter aca. is tltesliLiiicd ;,s a siter alia The leasoli for ltci ilar .S S i l'trp (l'ea,ln %it .1 1 i t.' it Is thatit isile ly lr.t l li (et.hepri s l mai Ii e;adiharisen lo t54 4 perce ol l l arc; i I1558 to 714,' p rcentl ill 1970, Illothe'r %%oids. ilar A SS R wiviail,,kas a in1ied ohlasi i tile' fillies ilit lie ly ,isfic. Its .	 the di.irilltiiti ot spring- and v iltr-,,xsv, area tit Sit rpol kray has I~uCtliaid titiiii a iliali [ioponii i tf ,prine-,sv n area l 35 1 picell['lie dirtilitiliin ofil tie \;rictcs of %oils tcrn /em Ihlackj. inio l .and 
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Table 3-Share of grain-sown area cultivated in the spring and estimated mean spring grain-sown area, by 
oblast, 1958-70 

Year 
Altay
Kr-Ay Moscow Omsk, Rostov 

Stavropol
Krayb 

Tatar 
A.S.S.R. Voronezh Kharkov Kiev Lvov Odessa Minsk Karaganda Kustanay 

1958 
1959 
i960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

n.a. 
n.a. 
9.5 
na. 
n.a. 
n.a. 
n.a. 
98.4 
97.8 
98.6 
98.5 
98.7 
98.5 

51,9 
n.a. 
55.0 
58.0 
41.8 
51 8 
48 7 
41 5 
48.3 
45.8 
44.1 
50.9 
n.a. 

n.a. 
n.a. 
98.3 
na. 
n.a. 
n.a. 
n.a. 
97.6 
96.7 
98.5 
98.0 
98.3 
98.5 

40.5 
40.3 
59.7 
42.7 
40.2 
52.2 
n.a. 
63.8 
61.8 
n.a. 
n.a. 
n.a. 
56.2 

36.5 
n.a. 
42-6 
n.a. 
37.1 
39.6 
-35.2 
25.9 
29.1 
34.9 
n.a. 
n.a. 
n.a. 

54.4 
54.9 
57.7 
60.4 
62.9 
65.7 
64.3 
46.8 
65.6 
69.4 
70.1 
79.4 
78.7 

(percent) 
50.5 
45.4 
55.8 
47.5 
56.2 
87.1 
60.3 
63.6 
61.9 
n.a. 
n.a. 
n.a. 
68.2 

55.8 
40.0 
n.a. 
55.2 
74.8 
15.7 
58.4 
62.9 
46.5 
65.2 
69.3 
n.a. 
n.a. 

42.0 
36.3 
71.7 
48.6 
48.3 
56.0 
65.t 
38.7 
40.2 
41.5 
45.4 
36.8 
58.5 

28.7 
32.4 
35.6 
n.a. 
na. 
n.a. 
n.a. 
27.2 
27.1 
27.3 
26.9 
n.a. 
n.a. 

34.1 
n.a. 
57.2 
n.a. 
na. 
n.a. 
n.a. 
33.4 
46.3 
39.5 
44.5 
38.8 
58.3 

45.8 
45.7 
43.7 
45.8 
na. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 

84.7 
82.5 
n.a. 
n.a. 
na. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 

93.4 
92.2 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 

Mean 98.6 48.9 98.0 50.8 35.1 65.3 59.7 53.4 48.4 29.3 44.0 45.3 83.6 92.8 
Estimated 
mean spring 
sown area 
(1,000 hectares) 5,336.3 195.1 2,597.2 1.724.9 803.8 1,576.2 952.3 470.8 319.9 94.6 439.4 248 3 921.4 3,697.6 

Sources: Statistical hanJbooks from the republics and other sources available from the International Research Center of the U.S. Department of Commerce. Bureau of the Census.Noes: Where "'n.a." appears, the data are not available. The mean percentages are used to esamate spring grain-sown area for these years. Mean spring grain-sown a- isestimated by applying the spring sown area ratios to the sown area for the oblasts from 1958 to 1970 given in Appendix 1, Table 16, and averaging the results. 
The ratio includes small amounts of winter wheat and barley. 
The ratio includes small amounts of winter barley. 

Table 4-Distribution of winter and spring grain-sown area, 1960 and 1965-75 
Season 1960 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 Average Share 

(million hectares) (percent)Winter 29.4 37.2 34.9 33.4 32.8 24.5 29.8 31.5 24.4 26.7 29.8 29.3 30.3 24.7Spring 86.2 90.N 89.9 88.8 88.7 98.2 89.5 86.4 95.7 100.0 97.4 98.6 92.5 75.3 
Total 115.6 128.0 124.8 122.2 12;.5 122.7 119.3 117.9 120.1 126.7 127.2 127.9 122.8 100.0 

tQ Sources: The data fo, 1965-75 are from Soyuz Sovetskikh Sotsialisticheskikh Respublik (SSSR), Tsentral'noye Statisticheskoye Upravleniye pri Sovete Ministrov (TsSU),INarodnoye ,,hv:yaysnto SSSR fNarkho: 1975) (Moscow: Statistika, 1975). p. 348. The data for 1960, 1968, and 1969 are from SSSR. TsSU. Narkho: 1979 (Moscow:
Statistika. 1979), p. 308: and the data for 1966 and 1967 are from SSSR. TsSU. Narkho: 1967 (Moscow: Statistika, 1967). p. 340. 



Table 5-Distribution of oblast grain-sown area among vegetation zones of the 
grain 	belt 

Zone/ Grain-Sown 
Oblast Area 

(1,0)0 hectares) 
Mixed forest 

Moscow 405.3 

Tatar A.S.S.R. 2,410.7 

Minsk 535.2 


Total ... 


Forest-steppe 
Altay kray 5,231.9 
Omsk 2,559.8 
Tatar A.S.S.R. 2,410.7 
Voronezh 1,616.4 
Kharkov 896.4 
Kiev 671.7 
Lvov 325.1 
Odessa 1,016.6 

Total 	 ... 

Steppe 
Allay kray 5.231.9 
Rostov 3,395.5 
Stavrop<l kray 2,264.8 

Voronezh 1,616.4 

Kharkov 896.4 

Odessa 1,016.6 

Kustanay 3,984.5 


Total ... 


Semi-desert 
Karaganda I.1(12.3 

Total ... 

Share of 
Grain-Sown Area in 

Area in Zone Zone 

(pereem) (1.000 hectares) 

100 405.3 
33 795.5 

100 535.2 
... 	 1,736.0 

67 3,505.4 
100 2,559.8 
67 1,615.2 
50 808.2 
50 448.2 

100 671.7 
100 325.1 
50 508.3 

... 	 10,441.9 

33 1,726.5 
100 3,395.5 
100 2,264.8 
50 808.2 
50 448.2 
50 508.3 

100 3,984.5 
... 	 13,136.0
 

100 1,102.3 
... 1,102.3 

Sources: 	 The grain-sown area data are mean acreages found in statistical handbooks from the republics and other sources 
available from the International Research Center of the U.S. )epartment of Commerce, Bureau of the Census. The 
shares of grain-so,,n area in the vegetation zones are estimated from Figure 4; when the entire territory of an oblast is 
in a given zone, the share is 1(W1percent. 

Similarly, it is possible to indicate 
roughly the vegetation and precipitation 
characteristics of the sample area by locating 
each oblast on a map showing vegetation or 
precipitation zones. If the entire territory of 
an oblast is in one zone, the oblast area is 
assigned fully to it. For example, Minsk, 
with an average sown area of 535.2 thousand 
hectares (Appendix I, Table 16), islocated in 
the mixed-forest zon,; (Figure 4) and its an-
nual precipitation ranges between 600 and 
1,000 millimeters (Figure 2). Similarly, Ka-
raganda, with an average sown area of' 
1,102.3 thousand hectares, is in the semi-
desert zone with annual precipitation of be-
tween 200 and 400 millimeters. But how 
does one assign the sown area of Allay kray? 

It straddles the forest-:-teppe and steppe 
zones, and two precipitation ranges, 200 to 
400 millimeters and 400 to 600 millimeters. 
The mountain territory in the South of the 
kray isomitted by a nile-of-thumb procedure 
and two-thirds of the remaining territory is 
assigned to the forest-steppe zone and one­
third to the steppe zone (Figure 4). Similarly, 
two-thirds of the kray territory (excluding tl,-, 
mountains) is included in the annual ;)re­
cipitation range of 200 to 400 millimeters 
and the remaining one-third in the 400 to 600 
millimeter range (Figure 2). 

These fractions derived from the oblast 
territory are approximate and are applied to 
average sown area (Appendix I, Table 16) 
and not to the oblast territory, to derive esti­
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Table 6-Distribution of oblast grain-sown area among precipitation zones of 
the grain belt 

Zone/ 

Oblast 


Precipitation of 
200-4(X) millimeters
 

Altay kray 

Ornsk 

Rostov 

Stavropol kray 

Vorone7h 

Karaganda 

Kustanay


Total 

precipitation of 
4(X)-600 millimeters
 

Allay kray 

Moscow 

Onisk 
Rostov 

Stavropol kray 

Tatar A.S.S.R. 

Vorone/h 

Kharkov 
Kiev 
l.vov 
Odessa 

Total 

Precipitation of 
W0- I ,(XKmillimeters 
Lvov 

Minsk 

Total 

Grain-Sown 

Area 


(I ,(X)0hectares) 

5.231.9 
2,559.8 
3,395.6 
2,264.8 
1,616.4 
1,102.3 

3,984.5 
... 


5,231.9 
4(15.3 

2,559.8 
3,395.6 
2,264.8 
2,410.7 
1.616.4 

896.4 
671.7 
325.1 

1,016.6 
. . . 

725.1 
535.2 
... 

Share of 
Grain-Sown Area in 

Area in Zone Zone 

(percent) (I ,000 hectares) 

67 3,505.4 
50 1,279.9 
50 1,697.8 
75 1,698.6 
67 1,083.0 

100 1,102.3 
100 3,984.5 
... 14,351.5 

33 1,726.5 
100 405.3 
50 1,279.4 
50 1,697.8 
25 566.2 

100 2,410.7 
33 533.4 

100 896.4 
100 671.7 
67 217.8 

100 1,016.6 
. . . 11,422.3 

33 107.3 
1W 535.2 
... (,2.5 

Sources: The grain-sown area data are nican icrcages found in statistical handbooks fhorn the republics and other sources 
available from the International Research Center of tie U.S. )epartrnent of Commerce, Bureau of the Census. The 
shaes of graiu-ns wn area in the precipitation zones are estimated from Figure 2: when the entire territory of an oblast 
is in a given zone, the share i IM1(percent. 

mates of the distribution of the sample area 
aniong the precipitation and vegetation 
zones. rhese estimates of the sample area are 
given in Table 5. They indicate that 6.6, 
39.5, 49.7, and 4.2 percent of the sample 
area is located in the mixcd-forest, forest-
steppe, steppe, and semidesert vegetation 
zones, which implies :i simiha distribution 
for overall grain area. Again, 54.3. 43.2, 
and 2.4 percent of the sample area has annual 
precipitation anges of 200 to 400, 400 to 
600, and 600 to 1,000 milliimeters, implying 
a similar precipitatioi di:,tribution in the So-
viet grain area (Tlable 6). 

It must be emphasized that the choice of 
oblasts in this report is not unique. The 

choices were made after rejecting alterna­
tives and in full recognition that a set that 
fully meets even the simple criteria adopted 
here is difficult to get. 

A different set of oblasts would change 
the sample distribution of precipitation, soil, 
and vegetation. For example, Smolensk 
could have been selected instead of Moscow 
in the R.S.ES.R.; like Moscow, it is in the 
iixed-forest zone, but unlike Moscow, 
which has 400 to 600 millimeters annual 
precipitation, Smolensk has 600 to 1,000 
millimeters annual precipitation in the north 
and west. Itowever, there are no data from 
the Smolensk weather station for 1971 to 
1978. Again, Ore;r.erg could have been se­
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lected instead of Tatar A.S.S.R.: the oblast, 
slightly to the north, is in the mixed-forest 
and forest-steppe zones. The oblast also has 
less annual precipitation than Tatar A.S.S.RI. 
However, no weather data are available for 
Orenberg. Finally, the choice of Novosibirsk 

instead of Omsk, both in Western Siberia in 
the R.S.F.S.R., would have kept the sample 
relative distribution of vegetation and pre­
cipitation almost unchanged. But there is no 
suitable weather station for Novosibirsk. 
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4 
OBLAST WEATHER-YIELD MODELS
 

The yield of a given crop is influenced 
not only by the effects of temperature and 
precipitation on plant growth, but also by a 
complex process of interaction between cli­
mate, soil, vegetation, and topography, from 
the planting of seeds to the harvesting of 
crops. Equally important are inputs such as 
labor, capital, and feitilizers. The manner in 
which they are combined, in fact, the way in 
which grain cultivation is organized, is criti-
cal. Models that estimate and predict grain 
yield must include all these factors. 22  

A caveat must be introduced at the very 
outset about the types of weather-yield mod-
els used here. 23 They are empirical-statistical 
cxercises that employ regression techniques 
relating grain yield statistics from different 
areas to weather data from roughly the same 
areas. The causal or physiological approach 
that requires a detailed inquiry into the bio-
logical-physical process of interaction be-
tween the plant-soil system and the immedi-
ale atmosphere-soil environment of the plant 
is eschewed.24 While critical stages in the 

crop cycle are included in the models, the 
"exact biological clock" of the stages of crop 
development from seeding to maturity is not. 

Considerations in Choosing the 
Oblast Weather-Yield Models 

What considerations are relevant in se­
lecting the oblast weather-yield models? 
First, the olhasts must be classified as winter, 
spring, or mixed. This was done in the pre­
ceding chapter. Next, inputs such as capital, 
labor, and fertilizers are assumed to be in­
ciuded in the time trend of the oblast specifi­
cation. 25 Time series data of input use by
oblast are not available. The parameter of the 
time trend can be used to measure the contri­
bution to yield of the inputs representing a 
given state of fanning technology. In the 
Soviet case, they also represent state policies 
of input allocations implying centralized de­
cisionmaking and the absence of incen­

,2 Martin H. Yeh, 'Yield Predictions for 1965 Wheat, Oats, and Barley in Mani oba," Canadian Journal of Agricultural 
Economics 13 (No. 2, 1970): 405-417, distinguishes among four factors that influence yield: resources (R), such as land,
laxr, and capital; iechnology (T), which includes innovation in mechanization and management and improved farming
practices; weather (W), which includes the direct influences of rainfall and temperature and indirect influences such as insect 
damage and plant disease; and residuals (e), which include all other factors. 

In this report, W does not include the "indirect" influences. 
2 3 For an illuminating discussion of the classification of such models, see W. Baier, "Note on Terminology of Crop-Weather 
Yields," Agricultural Aketeorohogy 20 (April 1979): 137-145; and Felix N. Kogan, "Large Area U.S.S.R. Barley-Yield
Models: Development and Evaluation," Statistical Reporting Service, Statistical Research Divi;ion, U.S. Department of 
Agriculture, Washington, D.C., February 1983. 
2"A mixed, cause-and-effect and empirical-statistical model, where the biological growth rates of spring wheat are regressed 
on weather variables, and yields are regressed on the estimated plant growth index and weather variables, isused inJ. R. Haun,
"Prediction of Spring Wheat Yields from Temperature and Precipitation Data," Agronomy Journal 66 (May-June 1974): 
405-409. 
25This is the standard method of incoiporating factor inputs in the weather-yield models. One of the earliest studies of the 
impact of rainfall on wheat yield used the time trend in the equation (R. A. Fisher, "The Influence of Rainfall Distribution on 
the Yield of Wheat Crop," Philosophical Transactions of the Rosal Society [Series 11, No. 213, 1924, pp. 89-142). So did 
Thompson in his analysis of the impact of weather on the yields of wheat, cam, soybeans, and sorghum. Other studies that use 
the time trend to approximate the application of inputs are Orlan Buller and Wuu-Long Lin, "Measuring the Effect of Weather 
on Crop Production," Canadian Journal of Agricultural Economics 17 (February 1969): 91-98: and Sheppard and Williams,
"Quantifying tLe Effects of Great Soil Groups," pp. 511-516. Factor inputs are generally represented by the time trend in the 
Soviet weather-yield models summarized in Felix N. Kogan, Grain Production in the U.S.S.R.: Present Situation,. Perspec­
tives for Development and Aethods for Prediction, incooperation with the Atmospheric Science Department of the University
of Missouri, Staff Report No. AGES 810904 (Washington, D.C.: U.S. Department of Agriculture, 1981). 
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tiVes. 26 Variations in all these elements, in- tive weather acting on a plant to produce
cluding erratic input supplies, are assumed to yield. Indexes of evapotranspiration and soilbe included in the error term of the equa- moisture derived from temperature and pre­
tion. 27 

cipitation data are generally more effective.28
Another problem is the definition of the But because of the lack of data and the diffi­

weather variables to be incorporated in the culties of deriving these weather indexes forweather-yield models. The most extensive the Soviet grain belt with the methodologies
and sustained time-series of weather data for available, they have not been constructed for
the oblasts included here are average this report (sce Appendix 2 for a discussion
monthly precipitation and temperature. In- of alternative methodologies and their limita­
deed, the availability of such data was one of tions).2
the criteria of oblast selection. The monthly Equally complicated is the problem of 
temperature and precipitation are averages of selecting the relevant months for which tem­
daily data broadcast by weather stations in perature or precipitation should be included
the oblasts. Most of the stations are located in the weather-yield models. The paramount
in the cities having the same name as the consideration is that tMe effects of weather in
oblas! (Moscow, for example). The station in these months should be agronomically rele­
the Ta tar A.S.S.R. is in Kazan, Stavropol vant in the stages of the crop cycle.30 Inother
krays station is in Piatigorsk, and Altay words, spurious association between yield
kray's station is in Barnaul. and weather must be avoided.3t The dates of

The major limitation of monthly tem- planting, emergence, heading, and maturing
perature and precipitation as weather vari- of the crops are needed to establish a connec­
ables is that they do not represent the effec- tion between ,he advancing stages of the crop 

2"By contrast, in a market econmy, farm input use can change in response to input prices. Indeed, incontrast to the Sovietpractice where crop plantings are determined by planned targets, the choice ofcrops will vary depending on i1c expectations of
future prices. These market responses are absent in Soviet grain-growing.
 
., The use of an input, such as fertilizer, will fluctuate because of productioi shortfalls and inefficient supply systems. Such

variations will be measured in the weather-yield models by the error term.
 
" For example, the inclusion of potential evapotranspiration IPE), in addition to precipitation, in the regression improves the
regression equations analyzing Canadian prairie wheat yields during 19'2-67 in G. D. V Williams, 
 "'Weather and Prairie
Aheat Production,' CanaidianJournal l Agri citural Economics 17 (1-cbruary 1969): 99- 109. Following W. Baier and G.W. Robertson, "The Performance of Soil Moisture Estima:es as Compared with the Direct Use of Climatological Data forEstimating Crop Yields," Agricultural Alteor-,,y 9 (No. 5, 1968): 17-31, Williaims estimates mointhly PE from monthlyaverages of daily maxiniuti and mininmu'm iemperatures and mid-inonth solar radiation. The author suggests that the model
could be simplified further and inmproved by combining the precipitation and PHvariables into a single soil moisture index. 

The weather indexes employed in the Siivict weather-yield models are discussed iii Kogan, Grain Produiction in the 
U.S.S.R. 
) Such relevance would be shown if the estimated parameter had the correct sign and size. It must be emphasized that the
 

primauy aim of the weather-yield models here is not 
 to identify and measure the influence of each independent weather
variable, but, rather, to use them to estimate oblast yields for the years 1950 to 1975 and predict them beyond 1975. Relevance,
therefore, implies that the parameter must have the sign suggested by agronoinic consideratiions. For example, high Julytemperature after tie planting of the sprin crop depr-ives the germinating seeds of soil moiture and, therefore, reduces spring
yields The sign of the estimated parameter must be negative.

It is not unusual to identify the critical stages of the crop growth cycle in terms of months. For example, Buller and L~in,Measuring the lffect of Weather on Crop Production," pp. 91-98, use droiught severity indexes of October (of the preceding
year), April, and June to represent the planting ir pregrowing, growing. and heading stages in their analysi!. of wheat yields inNorthwestern Kansas from 1932 to 1965. Neil V. Weber, "Modelling Predictive Indexes for Indiana Corn Production:1960-69," Professional Paper No. I0, Department of Geol.aphy and Geology, I ,iana State University, Terre Haute, Ind.,1978, includes direct weather variables of monthly rainfall from April to August (along with growing degree days plus aslopevariability index) to predict Indiana corn production. Richard W. Katz, "Sensitivity Analysis of Statistical Crop-Weather
Models," Agricultural Meteorology 20 (August 1979): 291-3(), uses monthly weather variables, with lineai and quadratic
terms, for modeling wheat yields for the three westernmost crop districts of Kansas. 
11The procedure adopted here differs from the stepwise estimation method. The latter is often used when tie data set ismassive and includes a large number of crop districts with a variety of soil characteristics and weather variables. In suchinstances, it is difficult to derive each equation from a priori reasoning about the effect of the weather variables on crop yields.Instead, the search for the predictor variables proceeds by sequentially introducing those that improve the value of R2 fill a 

(continued) 
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cycle and monthly temperature and precipita- too should be enough in these months to
tion in the oblast. The exact dates are not ensure that the soil is moist. September and
available for use in this report. The choice October, during which the crops mature and 
was, therefore, made on the basis of an ap- are harvested, should be cool and dry.
proximate timetable of the stages of the crop Finally, die relevant months in the crop
cycle for the winter, spring, and mixed cycles of both the winter and spring crops
oblasts.32 must be incorporated ir line with the above

The crop cycle for winter oblasts usually reasoning in the weather-yield models of the 
begins in mnid-August when sowing begins mixed oblasts. 
and ends in May or early June of the next The approach in formulating the oblast 
year when the crop is harvested. The soil weather-yield models is to include the tem­
moisture before, during, and immediately perature, the precipitation, or both of the
after the planting should be adequate and the months that are critical in the crop cycle.
temperature should be seasonable. The dor- Such a selective approach clearly differs 
mant month'; ,trc approximately November to from the alternative procedure in which each
February. The snow cover during that period month in the crop cycle is regarded as
should be deep enough to protect the sprouts equally important. Indeed, it can be argued
from freezing and fluctuating temperatures that in moisture-deficient oblasts, soil
but net too deep or they will rot. March to ,.oisture at seeding time depends on its ac-
May are (he seasonally active months ol" the Clumulation during several presowing
crop calendar: sometime in April, the cereal months. The decisive arguments in favor of
develops from the heading to the milk and the selective approach are two. First, the
dough stages. Moisture is necessary for the climate of ,he Soviet grain-growing region,
process. The final (lays of crop maturity and as already indicated, is generally charac­
harvesting should be cool and dry. terized by long, winters,severe short sum-

The crop cycle for spring oblasts is more mers with peak temperatures, and brief*tran­
difficult to define. In the four spring oblasts sitional seasons of autumn and spring. The
of Allay kray. Omsk, Karaganda, and onset and duration of autumn, when spring
Kustanay, spring planting can begin only crops are harvested and winter crops are
after the winter snow has thawed and the sowed, and of spring, when winter crops
water has evaporated. If the planting is de- begin to mature, are therefore critical. So the

layed because there is too much snow, the 
 weather variables of September and March 
harvesting will also be delayed till late Octo- are included in the initial formulations of theber. Temperatures in June and July should models. Also included are inprecipitation
not be too high: otherwise the germinating September and October, especially for Altay
seeds and sprouts can wither. Precipitation kray and Omsk oblast in Western Siberia and 

(Jootnote 31 continued) 
specified number of predictor::--- the number depending on the sanple s'ic--are included. ior example, the first 10independent predictors, which include the lime trend, the eather, topography. and soil texture, are included in G. D. VWilliams, N1.A. Joynt. and P A. McCormick, "Regression Analysis of Canadian Prairie Crop-District Cereal Yields,1961- 1972, in Relation to Weather, Soil and Trend.' ('anadiarn Journal of"Soil Science 55 IFebruary 1975): 43-53. Thesearch procedure consists in first introduciug the trend, then the soil texiure and topographic characteristics and, finally, theweather variables The procedure is also employed in liaier and Roherison, "The Pertormance of Soil Mloisture Estimares";
Buller and l.in. "'Measuring the Effect of Weather": G. ). V. Williams, "Geographical Variations in Yield-Weather
Relationships user a Large Wheat Growing Region." Airiiultiural Meteorology 9 (Nos. 3/4, 1972): 265--283: Daniel W.Bridge. "A Simultaneous Model Approach for Relating Effctive Climate t) Winter Wheat Yields on the Great Plains,"
Agricultural Mvleorogy 17 (September 1976): 185- 194; Sheppard and Williams, "Quantifyin,, the Effects of Great SoilGroups"; and Weber, "Modelling Predictive Indices."

It is possible that the stepwise regressio procedure may pick rip a predictor variable that raises the R2 but has noagronomic relationship to yield. For adiscussion of the problerm of predictors with an inc rsistent or spurious relationship toyield and the need for apriori knowledge tfyiehl response to climate, see Clarence NI. Sakamotlo, "The Z-Index as aVariable
for Crop Yield istimation," Agricultural Meteorology 19 (August 19781: 311.
12The critical element in determiniurg the crop cycle is the date of sowing. The approximate dates of sowing are given for each 
obl;is in tie discussion of the individual weather-yield niodels. These dates could be obtained for the mixed oblasts only for 
the winter cycle. 
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Karaganda and Kustanay oblasts in Ka-
zakhstan where the spring crop is often har-
vested in wet cloudy weather.33 Again, given 
that summers are short with peak tem-
peratures usually occurring in June and July,
the temperature variables of these months are 
included in the spring weather-yield models 
to measure their adverse effects on yields. 

The second argument is that :,dverse 
weather events such as sukhovev, which can 
damage the ripe winter crops, droughts in the 
summer months with their adverse effects on 
the spring plantings, and an early frost, 
which can destroy the winter plantings, have 
a high probability of occttrring. 34 Where the 
approximate timing of these events can be 
identified in the relevant oblasts, the relevant 
monthly temperature variables are again in-eluded,

The preliminary models resulting from 
the above procedure can be adjusted to ac-
count for specific statistical problems. 35 For 
exampln th spreciitationicand tenpeoratexam ple, the precipitation and tem peratureof a given month are often highly correlated. 

High temperatures in the winter months may
be associated with high precipitation. High 
temperatures in the summer months are 
likely to be associated with low precipita-
tion. 36 In such cases, the final choice of the 
weather variable is made after a careful in-
vestigation of the signs ind t values of the 
estimated parameters of both variables in the 
initial formulation. 

Another possibility is that the tem-
perature of a given month may be positively 

correlated with that of the preceding month. 
This problem is handled by averaging the 
temperature of two or more months. rhe 
temperature, the precipitation, or both is also 
averaged when this improves the equation 

statistically, even when they are not corre­
lated over two or more months. 

The models adopted here are, with a few 
exceptions, linear. The exceptions support 
the hypothesis that grain yield rises with a 
weather variable up to a maximum and then 
declines. This quadratic formulation is tried 
when a few observations of the weather vari­
able measured on the horizontal axis of the 
scatter diagram (with yield measurd on the 
vertical axii) are in the southeast comer. 

Oblast Weather-Yield Models 
The models for each chlast are given 

below. The resons why each is specified as 
it is are discussed. The estimated parameters 
are is eand their effects on yieldmdi­aeinterpreted adterefcso il ni 
cated. The square of the correlation coeffi­
cient (R2), the Durbin-Watson statistic 
(D.W.), and the standard error of the regres­
sion (SER) are given under each equation.T e t vl e f t e p r mt r r n p r nThe t values of the parameters are in paren­
theses under each estimate. The weather var­
iables are numbered according to the month.
 
For example, PREP4 represents April pre-

F o apl PEP4 repre prlre­
cipitation and TEMP6, June temperature. 
LPREPI0 is October precipitation with a lag
of one year: the crop cycle for the winter 
crop begins in the autumn of the preceding 
year. (TEMP4)2 denotes the squared value of 
the April temperature. T in each equation 
represents the time trend. 37 Parameters 
marked with an asterisk are not significant at 
the 5 percent level.
 

Altay Kray 
Altay kray in the R.S.F.S.R. is one of the 

largest of the selected oblasts, with an aver­

" For adiscussion of the problems of the two-stage harvesting in theSoviet grain belt generally in wet. cloudy cenditions, see
 
l.ydolph, Martell, and Ericksen. "Recent Weather and Agriculture," p. 6.
 
11Sukhove'v are dry, hurricane- force winds that blow acrcss the southern plain, which includes the desert of Central Asia,
 
eastern Ukraine. and the lower Volga region, generally in the late spring and early summer. They have a devastating impact on
 
mature crops.
 
1 The sequence of equations from the initial formulation to the final choice isnot reproduced here. They are available from the
 
author on request.
 
1,The mirix of R"of ihe 24 weather variables for each oblast is used to determine such piosiiive or negative correlation among 
the weiither variables. 
1 Oblasi yields, which are available from 195U to 1975, have missing values that differ ineach set. Therefore the time trend in 

each equation is not identical. It is, however, represented by T for simplicity. 
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age of 5,231.9 thousand hectares sown with 
grain. The territory in the north and the west 
is steppe and forest-steppe whereas moun-
tains dominate the remaining half. Grain 
cultivation is concentrated in the northern 
steppes. Precipitation in the area under 
cultivation is generally low, with an annual 
range between 200 and 400 millimeters. The 
highest precipitation, averaging between 49 
and 62 millimeters, occurs in June, July, and 
August. June and July are the hottest months 
with mean temperatures of 18'C and 20'C. 
The main crops are spring wheat and oats. 
Marginal amounts of maize are also grown. 
Spring sowing isdone between late April and 
early June. 

The kray is treated as a spring producer. 
Variables included in the initial formulation 
were March and April temperatures, which 
contribute to timely spring conditions, April 
and May precipitation, which is important 
for soil moisture for spring sowing, June and 
July temperatures, and September precipita-
tion (harvesting begins then). The final equa-
tion is 
YI.= 46.5540 + 0.0808T* 

(6.8700) (1.5271) 

0.0660PREP4 - 0.6994TEMP6 
(2.3526) (2.705) 

1.2349TEMP7 
(5.9103) 

-	 0.0713 PREP9 + eAl(3.2460) 	 (I) 

R2 = 0.8344, D.W. = 1.9360. SER = 1.7990, 
number of observations = 26. 

(The equation worsens when TEMP6 and 
TEMP7 are averaged, with the estimates of 
R2 and D.W. declining to 0.8133 and 
1.8016, and the SER rising to 1.8639.) 

High precipitation in April contributes to 
soil moisture and has a positive impact on 
spring plantings. High temperatures in June 
and July have a negative effect on yield. 
Finally, September rains interfere with the 
harvesting of spring crops; hence the nega-
tive sign. 

Moscow Oblast 
Moscow oblast was formed in 1929. The 

oblast is heavily industrialized, and farming, 
especially grain cult'vation, plays a minor 
role. An average 405.3 thousand hectares is 
sown with grain. Fodder crops occupy over 
half the arable land. The oblast is in the 
interior but is affected by the Baltic: winter 
temperatures are low without being extreme 
and summer temperatures are generally mod­
crate. Precipitation is adequate, with an an­
nual range of between 400 and 600 milli­
meters. Of the summer and autumn months, 
precipitation has the widest range in October 
with a minimum of 7 millimeters in 1961. 
Winter barley and rye and spring oats are the 
main crops. Winter crops are planted be­
tween August 10 and 25. 

The oblast is treated as a winter-spring 
crop producer. Given the moderate climate, 
the critical variables are precipitation in Oc­
tober after winter sowing, precipitation and 
temperature in June when the winter grain is 
harvested and the spring crop is planted, and 
precipitation in September when the spring 
crop is harvested. The initial formulation 
also included May temperatures, which are 
important for the winter plant growth, and 
July and August temperatures, which are 
important or the spring crop. The equation
resulting after some trial and error is 

= -71.9353 + 0.8841T 

(2.3763) (12.1359) 

+ 	 0.0524LPREPIO + 0.0564PREP4 
(4.3201) (2.3452)(430)(.42 + 	 9.0514TEMP6 

(2.3954) 

(2.5645) 

-	 0.0249*PREP9 + ero; (2)
(1.6243) 

R2 = 0.9681. D.W. = 22613, SER = 1.5862, 
number of observations = 21. 

(The first-order serial correlation correction 
coefficient is statistically not significant. 
Therefore, equation (2) can .e accepted 
without correction.)

High precipitation in Ociober provides 
moisture to the winter seeds (this is impor­
tant because October precipitation can be as 
low as '7 millimeters). Hence the positive 
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sign. High precipitation in April increases 
yields because it contributes to winter plant
growth. Temperatures in June higher than 
15.3°C are harmful for spring sowing. 
Therefore, the sign of the quadratic term is 
negative. September rains interfere with the 
harvesting of the spring crop, so September 
precipitation has a negative sign. 

Omsk Oblast 
Omsk in Western Siberia in the 

R.S.F.S.R. is another large oblast. with an 
average grain-sown area of 2,559.8 thousand 
hectares. The oblast is in the forest-steppe 
zone, and much of the land was brought
under the plow in the Virgin Land campaign
of the 1950s. The southern steppe has rich 
soil, which is cultivated intensively. The cli-
mate is severe, with cold, harsh winters and 
hot summers. Precipitation throughout the 
year is low, with an annual range of between 
200 and 4(X) millimeters. The hottest month 
is July with a chance of sukhove occurring, 
Agriculture dominates the economy with 
spring wheat as the main crop. Spring grain
is sown between late April and early June. 

Omsk is a spring oblast. April to July 
precinitation, June to August temperatures, 
and September precipitation were included in 
the initial formulation. The final formulation 
is 

YONI 29.7647 + 0.0877*T 
(6.9797) (1.7907) 

0.4736TEMP5 + 0.0454PREP5 
(2.0830) (2.2409) 

+ 0.0658PREP6 
(4.9835) 

- I.t)421TEMP7 + cost: (3) 
(5.1307) 

R2 = 0.8412, D.W.= 1.7356, SER = 1.6572, 
number of observations = 25. 

(When PREP5 and PREP6 are kept separate 
and TEMP5, TEMP6, and TEMP7 are aver-
aged, the equation is worse with an R2 of 
0.7286 and a D.W. of 1.0742. Equation (3) 
is also slightly better than the alternative for-
mulation in which PREP5 and PREP6 are 
averaged.) 

High May and July temperatures with 
chances of sukhove'y in July reduce spring
plantings. High precipitation in May and 
June provides soil moisture during sowing 
and subsequently aids seed germination.
Therefore, these variables appear with a pos­
itive sign. 

Rostov Oblast 
The average grain-sown area in Rostov 

oblast in the southwestern R.S.F.S.R. is 
3,395.6 thousand hectares. Most of the 
oblast is a low, rolling plain formed by the 
wide flood plains of the Donets and Don 
rivers. The natural vegetation of steppe grass 
on the fertile soil has been almost entirely
relfl!ced by farming. Precipitation is moder­
ate but variable around monthly averages. 
June is one of the hottest months, with an 
average temperature of 21'C. Sukhove, in 
May and June may occur as often as four 
times a year. The oblast produces winter 
wheat and barley, which are planted between 
August 25 and September 20, and some 
spring wheat. 

The oblast is treated as a winter-spring 
producer. March to May precipitation, 
March to August temperatures, and Septem­
ber precipitation were included in the initial 
formulation. The final equation is 

=
Y,, 68.7044 + 0.1624*T + 1.0810 x
(4.8653) (1.3979) (3.0645) 

TEMP3 + TEMP4 + 0.0432PREP5
2 ) (2.2517) 

1.3661TEMP6 - 0.5458*TEMP7 
(3.8866) (1.2289) 

1.0250TEMIP8 + eRy; (4) 
(2.3908) 

R2 = 0.8521, D.W.= 1.4561. SER = 2.3291, 
number of observations = 19. 

(When TEMP6, TEMP 7, and TEMP8 are 
averaged, the R2 deteriorates slightly and the 
I).W. improves to 1.6005 but the t value of 
the trend parameter worsens to 0.9099.) 

High temperatures in March help melt 
the snow. InApril they promote winter plant 
growth. Therefore, the sign of the average 
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temperature variable is positive. Precipitation 
in May provides moisture for spring sowing. 
By contrast, high temperatures in June, July, 
and August reduce the spring crop. 

Stavropol Kray
Stavropol kray is located in the northern 

Caucasus in tile southwestern R.S.F.S.R.The 
arable lands are mostly fertile steppe soils 
and are cultivated intensively. Winters are 
dry with low precipitation (averaging 20 rail-
linieters in January, 27 millimeters in Febru-
ary, and 25 millimeters in March), and nmod­
erately low temperatures, averaging - 3°C in 
January and - 2°C in February. Summers are 
hot with June temperature averaging 19'C 
(with a low standard deviation of I°,C). '.. 
fact, the crops can be devastated by dust 
storms and heat waves in June. Winter wheat 
and maize are the main crops and are planted 
between September 25 and October 5. Grain 
is s(,-'n on an average 2.264.8 thousand hec-
tares. 

Stavropol kray is treated as a winter pro-
ducer. February to Julie temperatures and 
precipitation were included in the initial for-
mulation. February is tile critical month: 
February precipitation is low (averaging 27 
millimeters) with the highest variabilit) (in-
dicated by a standard deviation of 27 milli-
meters). February temperature also has the 
highest variability amuong the winter months, 
with a mean of - 2'C. The final equation is 

Ys= 	 35.0441 - 0.2668T 
(4.3752) (2.9880) 

+ 	 0.7726TIMP2 ± 0.0469* RII:P2 
(4.1940) (1.0491r 

- 1.3030TIMP6 + c,: (5) 
(3.0682) 

R2 = 0.7471, I).W. = 1.5122. SER z 2.1606, 
numbcr of observations -1. 

Temperatures in February are generally 
below freezing; precipitation is also low. Low 
precipitation with freeing temperature ima-
plies that there will be too little sqow cover 
for the winter sprouts. By contrast .igh Feb-
ruary temperatures along with high precipita-
lion indicate that the snow cover is probably 
adequate. Therefore February precipitation 

and temperature have positive signs. Finally, 
the negative sign of high June temperature 
shows the adverse effects that high June tern­
peratures have on the winter crops. 

Rostov and Stavropol are adjacent to 
each other and the initial formulations are 
similar, but the models turn out to be differ­
ent. March and May precipitation is included 

RRostev's ,quaticn but not in Stavropol's. It 
is more variable in tile former anti has lower 
minimum values. By contrast, precipitation 
in Stavropol is less variable and has a sub­
stantially higher ininm value. 

"atar A.S.S.R. 
The average grain-sown area of the Tatar 

A.S.S.R in the east-central R.S. ES.R. is 
2,41 0.7 thousand hectares. The territory in 
the forest-steppe zone has podzolized black 
earth soil. The climate iscontinental: winters 
are long and severe, and summers are hot. 
Precipitation is adequate, ranging between 
400 and 600 millimeters annually, but highly 
variable around monthly averages. The max­
inlul rainfall occurs in July and August. 
The main crop is spring wheat, but marginal 
amounts of maize and winter wheat are also 
grown. Spring crops are planted between late 
April and early June. 

The oblast is a winter-spring crop pro­
ducer. Temperatures and pr~cipitation from 
April to July, and precipitation in September, 
when the spring crop is harvested, were in­
cluded in the initial formulation. The follow 
ing equation is the final result; April tem­
peratures arpear with a quadratic term: 

Y = 	 14.5208 + 0.35741' 

(3.4028) (7.2700) 
+ 	 2.3623TEMP4 - 0.2444(TEMP4)2 

(5.1949) (5.8593) 
- 0.0212PREP6 

(2.2373)
 
- 0.5564TEMP7
 

(2.6673)
 

- 0.0247*PRFiP9 + erA; (6) 

(I.8530 
R2 = 0.8878, l).W. = 1.5172, SER = 1.2662, 
number of observations = 20. 
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High temperatures in April up to 4.8°C 
help melt the snow and establish suitable 
conditions for winter plant growth. June pre-
cipitation interferes with the harvesting of 
the winter crop. Therefore, the parameter has 
a negative sign. High July temperatures re-
duce spring plantings. Finally, September 
precipitation interfere.s with the harvesting of 
the spring crop, so both parameters have 
negative 	signs. 

Voronezh Oblast 

Voronezh oblast is situated in western 
R.S.F.S.R. It bisects the basin of the middle 
Don River in a north-south direction. The 
oblast lies in the forest-steppe and steppe 
zone with alternating vegetation of oak forest 
and grass steppe. The soil is exceptionally 
rich but intensive plowing has caused soil 
erosion. Agriculture in the oblast is highly 
developed and is dominated by the cultiva-
tion of wheat, maize, and other grains, 
which are sown on an average 1,616.4 thou-
sand hectares. This is one of the few areas of 
the Soviet Union with a climate suitable for 
maize. Voronezh is located next to Kharkov, 
yet the climate is different. It is drier than 
Kharkov, with annual precipitation between 
200 and 4(X) millimeters, and has a lower 
mean precipitation throughout the year. it 
resembles Rostov in that its monthly pre-
cipitation is extremely variable with high 
standard deviations. The oblast is susceptible 
to cold spells in winter and sukhovev in sum-
mer. Temperatures can K' as high as 22°C 
between June and August. Spring and winter 
grains are grown in approximately a 40:60 
ratio. 

The formulation of a weather-yield model 
for Voronezh is complicated by the inclusion 
of maize in the crop sequence because maize 
must be left in the field long enough to ripen
fully. This delays the harvesting of the spring 
crop and the planting of winter wheat in the 
autumn, which thet becomes susceptible to 
winter-kill from freezing November tern-
peratures. If winter-kill is excessive, the 
ground may simply be plowed up the next 

spring for the spring crop. If the maize har­
vest is delayed excessively, winter wheat 
may not be planted at all. In that case, spring 
wheat will be planted, with maize, the next 
year. 

Winter wheat planted after the spring 
crop is 	harvested can be assumed to be in 
place in October. With freezing November 
temperatures, November precipitation must 
be large 	enough to provide snow cover for 
the germinating seeds. rherefore, November 
precipitation was included in the initial for­
mulation. Temperatures from February toApril were also included to measure the in­
fluence 	of the severe cold spells on the 
winter crop. Similarly, temperatures from 
June to 	August were included oecause they 
affect spring plantings and their growth. 

The final equation is 

Yvz = 	 36.4547 + 0.2707"r
 
(5.0892) (2.1795)
 

+ 	 0.0470LPREPII + 0.4261TEMP2 
(2.0623) (2.5943) 

- 1.2208 x
 
(3.2012)


/TEMP6 + TEMP7 + TEMP8)
 
3 

+ 	 Cvz (7)
R2 = 0.7923, D.W. = 2.3321, SER = 2.1864, 
number of observations = 19.31 

High November precipitation provides 
adequate protection from freezing tem­
peratures to the genninating seeds. There­
fore, the estimated parameter has a positive 
sign. February is the coldest month with the 
temperature averaging - 15.8°C. Precipita­
tion in February, with a mean of 29.7 and a 
low of 3 millinters, is the lowest in the year. 
Therefore, high February precipitation asso­
ciated with high temperature, with the R2 of 
0.4746, raises the probability that snow 
cover will be adequate. Hence, the positive
sign of the estimated parameter of February 
temperature. High temperatures in June, 
July, and August can damage the growing 

3, The first-order serial correlation correction coefficient is statistically not significant. Therefore, equation (7) can be 
accepted without correction. 
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spring crop, as can the sukhovey that might promote winter plant growth. High precipita­
occur. Therefore, the parameter has a nega- tion in April (up to 32.6 millimeters) and intive sign. May (up to 92 millimeters) contributes not 

only to winter plant growth but also to soil 
Kharkov Oblast moisture for spring plantings. High tem-

Kharkov oblast, in the eastern Ukraine, peratures in August reduce the spring crop. 
has an average 896.4 thousand hectares sown
 
with grain. Much of the area is forest-steppe Kiev Oblast
 
with fertile soils, intensive farming, and a Most of Kiev oblast lies 
on the low, flat
relatively high population density despite a plain of the Dnieper and the lower Pripyat in
steady decline of inhabitants. Kharkov is the Ukraine. The oblast is colder in winter
colder in the winter and warmer in the sum- than Odessa but the precipitation is higher
mer than Kiev and Lvov. Precipitation is also and less variable around monthly averages.
lower and monthly observations extremely Precipitation is higher also in the summer
variable. The major crops are winter wheat months. The main crops are winter wheat,
and maize and spring wheat. Winter grains maize, and barley, and spring wheat. Grain is 
are 	planted between September 5 and 25. sown on an average of 671.7 thousand hec-

Kharkov is a winter-spring producer. lares. Winter crops are planted between Au-
March to June temperatures and precipitation gust 20 and September 10. 
were included in the initial formulation. Also The oblast is a mixed winter-spring pro­
considered were July and August tem- ducer. With precipitation throughout the year 
peratures, which influence spring crops. The generally adequate, the initial formulationfinal equation is was specified with March to August tem-
YKII = -0.7716* + 0.4940T peratures. The final equation, in which the(0.0781 + 3.343T temperatures of March and April and of May,

(0.0478) (3.3843) June, and July are averaged, is 
+ 	 3.5606*TEMP4 - 0.1995*(TEMP4)2
 

(1.5559) (1.5296) YKv = 37.8226 
 + 	 0.7121T 
+ 	 0.52IIPREP4 (4.9645) (11.4052)
 

(2.3623) 
 + 	 0.5730 (TEMP3 + TEMP4 
-	 0.0080(PREP4)2 + 0.1473*PREP5 (2.4740) 2 / 

(2.4710) (1.7962) - 1.7675 x
 
- 0.0008*(PREP5)2 (4.1212)
 

(1.4173) 
 (TEMP5 + TEMP6 + TEMP7
 
- 0.6751*TEMP8 + eKnt; (8) 3
 

(1.2766) 
 +CKV; 	 (9)
R2 0.7734, D.W. = 2.1100, SER = 2.9605, R2 = 0.9056, D.W. = 1.8128, SER = 1.9637, 
number of observations = 20. number of observations = 22.39 
(WLen TEMP4, PREP4, and PREP5 are in- Rising temperatures in March and April in­
cluded without the quadratic terms and crease the growth of winter crops. High May,
TEMP8 is retained, R2 drops to 0.5978.) June, and July temperatures, in contrast, re-

High temperatures in Apri! (up to 8.9°C) duce both winter and spring crops. 

11When TEMP3, TEMP4, TEMP5, TEMP6, and TEMP7 ae adopted individually, the parameters of'TEMP4 and TEMP7 arenot statistically significant. When TEMP3 and TEMP4 arc averaged but TEMP5, TEMP6, and TEMP7 are kept separate, theestimate of TEMP7 is,again, statistically not significant. Nor is the estimate of TEMP4 statistically signifcant when TEMP5,TEMP6, and TEMP7 areaveraged but TEMP3 and TEMP4 are kept separate. The RI and D'.W. statistic of these three
equations are only slightly different from those of equation (9) adopted here. 

37 



The contrast between the Kharkov and 
Kiev models must be emphasized. Kharkov 
is drier in the spring. The Kharkov model, 
therefore, includes precipitation in April and 
May-both with positive signs (but negative
signs in the quadratic terms). 

Lvov Oblast 
Lvov oblast in northwestern Ukraine is 

one of the smallest of the selected oblasts, 
with an average grain-sown area of 325.1 
thousand hectares. The southern half was 
Drogobych oblast until 1958. Lvov is 
wanner in winter and cooler in summher than 
Kharkov and Kiev in the southeast. Annual 
precipitation, between 400 and 000 nilli-
meters, is higher than in Kiev and Kharkov 
and is generally adequate. It tends, however, 
to vary widely around monthly averages. For 
example, precipitation in October ranges be-
tween 2 and 171 millimeters and hs a higher 
standard deviation relative to its niean than 
any other month. The major crops are winter 
wheat and rye and spring wheat. Winter 
crops are planted between September I and 
September 15. 

Tile oblast is modeled its a winter pro-
ducer. Precipitation in October, after the 
winter crop is sown, and precipitation in 
June, when the winter crop is harvested, 
were included in the initial formulation. 
Temperatures in March, April, and May were 
also included. The final equation is 

Ylv = 	 3.9263 + 0.7809t 
(2.7316) (10.0415) 

+ 	 0.06911LPREPlO) 

(2.3162) 


0.OOO7(LPREPIO)2
(4.0979) 

+ 	 0.3172*TEMP3 

(1.7621) 


- 0.0149*PREP6 4- e1 v; (10) 
(1.4214) 

R2 = 0.9047, D.W. = 1.4192, SER = 1.7263, 
number of observati, ns = 20. 

(When LPREPIO is adopted without the 
quadratic term, R2 declines drastically to 
0.7904, and the t values of the estimates of 
TEMP3 and PREP6 decline to 1.3621 and 
0.2339.) 

The equation emphasizes the positive ef­
fect of October precipitation, which provides 
moisture after spring sowing. If it excet ls 
49.4 millimeters, its effect is negative. As
March temperatures rise, they help melt the 
snow and promote plant growth. Therefore, 
the variable has a positive sign. June pre­
cipitation has a negative sign because it re­
duces the harvesting of the winter crop. 

Odessa Oblast 
All of Odessa oblast lies in the Ukrainian 

steppe, and tile fertile soils are plowed inten­
sively. The average area sown with grain is 
1,016.6 thousand hectares. The climate is 
dry and there is little surface water because 
all but the largest rivers dry out in the sum­
iner. Indeed, the average precipitation 
throughout the year is among the lowest. The 
main crops are winter wheat and barley and 
spring wheat. Winter crops are planted be­
tween September 5 and 25. 

The model is formulated to include the 
basic features of the oblast's climate, low 
precipitation in the spring and dry, hot sum­
mers. The initial formulation included pre­
cipitation from March to May, the spring 
months of plant growth, and temperatures in 
June, July, and August, which influence the 
spring crop. The final equation is 

= 	 40.6308 + 0.6188r 
(2.9606) (8.8424) 

+ 	 0.0818 (PREP4 + PREP5 
(2.6739) 2 
15104 
(2.4040) 

(TEMP6 	 +TEMP7 + TEMP8)
 
3
 

+ e 	 (1I) 

R2 = 0.8551, D.W. = 1.3722, SER = 2.2456, 
nunber of observations = 22.10 

,0 The first-order serial correlation correction coefficient is statistically not significant. Therefore, equation (I I) can be 
retained. 
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(When all the weather variables are adopted 
individually in the formulation, the estimates 
of TEMP7, TEMP 8, and PREP4 are statis-
tically not significant. When the temperature 
variables are averaged but the precipitation 
variables are kept separate, the estimate of 
TEMP7 proves to be statistically not signifi-
cant and the D.W. drops to 1.2605. When 
the precipitation variables are averaged but 
the 	temperature variables are kept separate, 
the estimates of the temperature variables are 
statistically not significant.) 

High precipitation in April and May pro-
motes winter plant growth and contributes to 
soil moisture for the spring plantings. There-
fore, the sign is positive. By contrast, high 
temperatures in June, July, and August lead 
to 	evapotranspiration. dfry the soil, and ad-
versely affect the spring crop. Therefore, the 
sign is negative, 

Minsk Oblast 
Minsk oblast in central Belorussia has an 

average grain-sown area of 535.2 thousand 
hectares. It gets rain almost thioughout the 
year so the precipitation is adequate, and, 
indeed, occasionally excessive. Winter and 
summer temperatures are on the whole mod-
erate. The oblast is located in the mixed 
torest zone. The oblast is a major producer ofwinter barley. Other major crops arcwinter 
rye, buckwheat, and spring wheat. Winter 
grains are planted between August 25 and 
September IS. 

The oblast is treated as a mixed producer, 
Given the moderate climate, only the critical 
weather variables are included in the initial 
formulation. These include temperatures and 
precipitation in September and October, dur-
ing and after winter planting; temperature 
and precipitation in June, during spring
planting: and temperature and precipitation
in August, during tile harvesting of the
spring crop. The final equation is 

Y%', =9.1940* ± 0.8499T 
(1.3779) ( 1.0743) 
1.4832ErEMPI0(4.8987) 

+ 	 0.0475LPREPIO 

(2.5447) 


- 0.6995TEMP6 
(2.7250) 

- 0.5214*TEMP8 + eMK (12) 
(1.5470) 

R2 = 0.9590, D.W. = 2.0025, SER = 1.6154, 
number of observations = 19. 

Low temperature and high precipitation 
in O tberarea th il ofciter 

crops. The temperature in October is not 
high in absolute terms. B'ut precipitation in 
October can be as low as 3 millimeters. The 
combination of high precipitation and low 
temperature results in low evapotranspiration 
and sufficient moisture for the winter plant­
ings and high yield. Hligh temperatures in 
June reduce the spring plantings. By con­
trast, high temperatures in August increase 
yields. They imply low precipitation with an 
R2 of -0.6033, and they ensure a dry en­
vironment for the maturing crop. 

Karaganda Oblast 

Karaganda oblast is in the dry semidesert 
zone in east-central Kazakhstan. The climate 
is dry and continental. Winters are severe 
with hurricane-force winds and prolonged 
snowstorms. Summers are hot-June and 
July temperatures average 18.5oC and
20.60C-and dust storms are frequent. Pre­
cipitation is low, between 2(X) and 400 milli­
meters. July is the hottest and wettest month. 
The oblast is a spring grain producer, with 
spring wheat the main crop. Grain is sown on 
an average 1,102.2 thousand hectares and is 
planted between late April and early June. 

Most important in formulating a weather­
yield model is the low and variable precipita­
tion of the winter months. Precipitation must 
accumulate through the winter so that the soil 
is moist enough when spring sowing begins.
And the snow must melt on time for spring
sowing to begin on schedule. Therefore, pre­
cipitation for each month alone, January 

through May, and in combinations of two or 
three with their corresponding averages, and 
temperatures 1oi March and April were in­cluded in the iaiitial formulations. Also in­cluded were the temperatures for June and 

July, which influence the spring crop. 
The final equation is 
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YKI 36.8844 + 0.0828*T 	 Kustanay is a spring oblast. The initial(5.1288) (1.387!) 	 formulation included the same weather vai­
+ 	 0.0977PREP2 + 0.0619*PREP4 

(2.15,19) (1.8935) 

-	 1.8185 /TEMP6 + TEMP7 
+4.9 5 (13) 

R2 = 0.7015, D.W. = 2.1326, SER = 1.9682,nunmber of observations = 22. 

(When TEMP6 and TEMP7 are included in-
dividually in the equation, R2 goes up
slightly to 0.7173 but the D.W. statistic in-
creases sharply to 2.4323.) 

High precipitation in February and April
adds to soil moisture for the spring plantings
and, therefore, increases yields. High tern­
peratures in June and July reduce spring
plantings and yields. 

Kustanay Oblast 
The average area sown with grain in 

Kustanay oblast in northern Kazakhstan is 
3,984.5 thousand hectares. The oblast has a 
wide fertile black earth belt in the north that 
changes into dry steppe in the south. As in 
Karaganda oblast, the climate is dry and 
continental with long severe winters and hot 
summers. Precipitation is low, in the range of 
200 to 400 millimeters each year. Spring
wheat, the main crop, isplanted between late 
April and early June. 

ables as in Karaganda-January to May pre­
cipitation, March and April temperatures,
and June and July temperatures. The final 
equation is 

YKT 
= 	 48.4862 + 0.0980T + 0.1118 x(8.1354) (2.3348) (2.7186) 

(PREP3 + PRE/ + PREP5\3/
 

- 2.2271 /TF.MP6 + 'EMP7 
(7.7068) 2 / 

+ CK.r; (14) 
R2 = 
R- 0.8130, D.W. = 2.9613,SER = 1.7456, 
number of observations 

High precipitation in March, April, and 
May provides soil moisture for spring plant­
ings and, therefore, contributes positively to 
the yield. As in Karaganda, high tem­
peratures in June and July reduce spring
plantings and yields. 

It is not surprising that both oblasts in 
Kazakhstan have highly fluctuating yields
and so give low trend parameters (this is also 
true of Altay kray and Omsk oblast in West­
ern Siberia). Given the extreme climate, it is 
also possible to identify the weather vai­
ables easily and estimate them confidently. 
The results are also well-estimated because 
both are spring oblasts with a single crop,
wheat. Both models might be improved if 

' When the weather variables are included separately in the formulation, theestimates of PREP3 and PREP4 are statisticaliynot significant. When th precipitation variabics are kept separate butthe temperature variables are averaged, the estimates of
PREP3 and PREP4 are again statistically not significant. However, when the precipitation variables areaveraged but the 
temperature variables are kept separate, the results are slightly better: 

Yk,t 	 47.9276 - 0.i12T I). t1124(PRE'3 PREP4 + PRE15"l 
18.3488) (2.5137) 12.8419)k 3 ) 
- 1.3134TI{NP6 - 0.9o45TtI-NP7 . CKT.
 

(7.1653) (4.8385)
 

R2 = 0.8350. t).W. = i.9285. St-R = 1.6785. number ofobservations = 26. 

However, note that neither the estimated yields nor the weather variability resulting from this equation would be differentthan inequation (14). The constant termiiere isslightly ltwer than in equation (14) but the estimate ofT is slightly higher, Thecombined parameter of TEMP6 and TFNMP7 here adds up to - 2.2179, which is only marginally different from the estimated 
parameter for (TEMP6 + TEMP7)/2 in equation (14), - 2.2271. 
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more effective weather variables, such as soil 
moisture indexes, were used. However, the 
difficulties of building such indexes must be 
weighed against the availability of the data 
for the average monthly weather variables 
used. The results from the remaining oblasts 
must be interpreted similarly. One major im-
provement (though not for Altay kray and 

Omsk, which are both spring regions) would 
be to separate the crops into winter and 
spring, in order to derive separate winter and 
spring weather-yield models. Here again, the 
problem is that sufficiently long time-series 
data on winter and spring crop yields are 
unavailable. 
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5 
THE WEATHER PATTERN IN THE GRAIN BELT
 

The weather pattern in the grain belt pres-
ents two quesions that will be addressed 
here. First, does good weather in one oblast 
or set of oblasts offset bad weather in an-
other? If so, of course, the variability of yield 
attributable to weather will be dampened. 
Second, does weather worsen as one moves 
southeast in the grain belt'? This, too, would 
have its implications for yield variability, 
with the weather fluctuations affecting yields 
more in the more southeasterly oblasts. 

Weather Association in the 
Oblasts 

To answer the first question, the weather 
variability of yield for each oblast is defined 
and separated from each equation. Weather 

variability, measured as yield in centners per 
hectare, is the estimated deviation of ob-
served weather from mean weather. It can be 
positive or negative. These estimates of the 
oblast weather variability series from 1951 to 
1982 are given in Table 7. A positive or 
negative asoito of w t vibtfweather varaility 

between two oblasts would then be indicated 
by a statistically significant positive or nega­
tive correlation between the estimated 
weather variability series of the two oblasts. 
A positive correlation implies that weather 
tends to be similar in the two oblasts. There-
fore, the variability of their combined yield
attributable to weather would be large. By 
contrast, a negative correlation coefficient 
would suggest an offsetting weather pattern 
and a dampening of the yield variability at-
tributable to weather.42 Finally, if no signifi-
cant correlation of weather variability is 
found, the variability of their combined yield 
attributable to weather is neither large nor 

small but in between. The estimates of the 
correlation coefficients on the basis of which 
the association of weather variability in the 
oblasts is classified in these three pos­
sibilities are presented in Tables 8 and 9. 

To estimate the correlation of weather 
variability between oblasts. the yearly 
weather variability in an oblast isdefined and 
estimated using the following equation: 

Y l + 3,T + ' 1IEMP3, 

+ 0iPREP41 + e, (15) 

where Yi isthe grain yield, incentners per 
hectare, of oblast i, TEMP3j is the March 
temperature in degrees Celsius and PREP4j 
is the April precipitation in millimeters, T is 
the time trend, and ej is the estimated error 
term. For simplicity, March temperature and 
April precipitation are assumed to be the 
only weather variables. &i,0j, j', and 6i are 
the estimated parameters. The time subscript 
t is omitted for convenience. 
tEquation (15) is transformed to estimate 

ith oblasttassociationand wvrittenvariabilityas of yield inweather the 

=Y, (&i + [tT + TEMP3, + OiPREP4,) 
+ {f,(TEMP3, - TEMP3,) + Oi(PREP4 

- PREP4,)} + e1, (16) 

where TEMP3 i and PREP4i are th(, mean 
March temperature and April precipitation 
during the sample period in the ithoblast. 

The first expression inparentheses on the 
right-hand side ef equation (16) is defined as 
the input component of grain yield and the 
expression in curved brackets is the weather 
variability component. The former measures 

42 Lydolph, Martell, and Ericksen, "Recent Weather and Agriculture," suggest that the weather patterns of the Ukraine and 
Kazakhstan might be opposed to each other, showing the opposite pattern of yields in the two regions in five of the ten 
reporting years between 1971 and 1980-1971, 1972, 1973, 1979, and 1980 
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Table 7-Estimated weather variabilities of oblast yields, 1951-82 

Year 
Altay
Kray Moscow Omsk Rostov 

Stravropol
Kray 

Tatar 
A.S.S.R. Voronezh Kharkov Kiev Lvov Odessa Minsk Karaganda Kustanay 

(centners per hectare) 
1951 -3.67 - 1.82 -1.31 0.07 - 1.88 -2.57 -4.24 -1.06 0.66 1.11 -3.67 0.89 -5.57 -2.31 
1952 -1.13 -3.26 -7.44 0.44 3.36 -2.89 0.58 -1.57 0.58 -1.13 0.07 4.04 -1.03 -5.28 
1953 -4.52 -0.71 -2.43 -5.90 0.61 0.93 -4.25 1.45 -203 0.70 - 1.09 0.98 -0.54 2.00 
1954 0.94 -4.26 0.04 -9.27 -9.23 -0.74 -8.82 -0.50 -3.13 0.51 -2.44 -3.57 3.52 -0.75 
1955 -4.78 4.96 -4.52 -1.87 1.44 1.88 3.11 1.23 -0.05 -0.37 1.87 3.16 -2.58 -4.51 
1956 2.01 -6.80 2.24 -2.39 -3.50 4.00 -6.02 3.08 -0.76 -0.83 2.06 -5.09 0.02 3.82 
1957 2.36 -0.36 -0.80 -1.65 0.16 0.48 1.88 - 1.07 -0.15 1.82 -2.22 1.25 -1.13 -2.57 
1958 4.78 -0.47 -0.44 2.06 2.45 1.11 2.25 3.52 -1.41 -0.48 1.23 -0.99 5.33 -0.08 
1959 1.18 1.36 -1.77 -4.37 - 1.24 0.79 -2.52 - 1.13 -1.04 1.43 - 1.81 -2.64 3.12 1.36 
1960 1.57 -4.44 3.50 -2.38 1.58 0.13 -2.43 -0.20 -1.94 0.16 0.29 1.26 2.26 3.59 
1961 -0.09 -1.26 -0.71 0.25 -0.62 0.25 2.01 3.83 1.06 1.74 2.05 0.42 2.37 0.77 
1962 -3.96 -2.28 -2.95 2.02 0.57 0.82 0.37 -2.61 2.71 -0.39 0.70 -2.02 -3.04 -2.72 
1963 -4.04 -0.b6 -3.93 -3.25 2.62 -2.39 -0.39 -7.90 -3.90 -0.49 -3.26 -1.03 -4.57 -4.17 
1964 -0.63 -4.26 0.84 2.55 -2.58 -1.38 0.63 4.74 -2.41 0.31 -0.26 -3.63 0.15 -0.04 
1965 -4.70 -2.06 -7. i8 -2.48 -1.74 -1.16 -0.23 0.13 1.71 0.12 1.56 -0.40 -3.51 -3.24 
1966 1.26 - .32 3.12 4.48 5.32 -0.25 2.55 -2.08 1.51 -0.28 -0.91 -1.19 -0.09 0.40 
1967 -1.65 0.65 -4.55 0.70 -0.88 1.71 -1.29 - 1.84 -0.76 0.32 -1.93 -2.87 -0.63 1.59 
1968 1.39 - 1.82 1.31 0.50 2.39 2.89 0.42 -1.20 1.01 1.38 -1.13 -4.96 -1.43 5.19 
1969 -4.71 2.61 -1.28 -2.11 -6.11 2.60 -1.09 0.22 0.22 -1.50 1.71 3.50 -1.91 3.12 
1970 2.65 2.91 3.69 7.64 3.90 0.53 1.70 1.93 0.70 0.81 4.09 0.23 -1.58 4.49 
1971 4.40 3.74 2.94 - 1.72 -0.69 -1.07 -0.63 0.08 0.20 0.62 -0.58 4.23 -0.90 -1.12 
1972 7.72 0.22 4.91 -7.21 -5.86 -1.01 -5.70 - 1.67 -1.27 1.49 -2.70 0.33 5.11 5.86 
1973 0.03 0.84 4.89 7.95 3.64 1.22 6.95 5.33 1.59 1.13 3.64 1.88 0.78 1.70 
1974 -5.15 2.67 0.74 3.45 -0.91 1.34 4.51 5.02 3.91 0.95 2.38 4.69 -3.46 -2.09 
1975 1.32 1.42 -2.01 -2.16 -3.15 -5.9-5 -2.86 -2.76 -2.02 -8.79 -3.08 2.21 -3.31 -2.76 
1976 -1.37 1.43 0.84 6.26 -3.13 1.33 -0.34 3.71 4.53 -0.61 3.03 1.61 1.10 2.96 
1'777 4.30 1.44 -0.50 5.69 4.28 1.45 1.14 6.34 1.96 2.21 5.58 6.56 -5.93 -1.26 
1978 2.11 -1.63 1.56 11.27 5.72 -3.30 1.37 1.95 4.99 0.70 1.50 -0.13 -1.36 -1.61 
1979 -0.70 -0.69 2.65 -2.86 0.67 -7.24 -1.28 -1.46 -0.03 1.55 0.80 -1.53 1.21 3.18 
1980 -1.10 -2.24 0.99 2.86 -5.05 1.27 0.48 5.56 3.80 -0.53 2.34 3.13 -1.46 -1.34 
1981 - 1.11 -7.22 0.82 -5.73 0.41 -3.45 1.12 3.50 0.00 1.53 0.00 1.71 -0.37 0.00 
1982 -0.44 2.18 -1.22 5.30 -0.04 0.99 4.00 0.58 1.88 -1.20 -0.96 -1.84 -4.45 -1.90 
Number of 
Years with 
Negative 
Variability 17 19 16 15 16 13 15 14 14 12 15 14 21 17 
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Table 7-Continued 

Altay Stravropol TatarYear Kray Moscow Omsk Rostov Kray A.S.S.R. Voronezh Kharkov Kiev Lvov Odessa Minsk Karaganda Kustanay 

Standrd (centners per hectare)Deviation 3.21 2.87 3.12 4.69 3.47 2.45 3.26 3.10 2.16 1.90 2.30Minimum -5.15 -7.22 2.85 2.82 2.94-7.44 -9.27 -9.23 -7.24 -8.82 -7.90 -3.90 -8.79 -3.67Maximum 7.72 4.96 4.91 11.27 5.72 4.00 
-5.09 -5.93 -5.286.95 6.34 4.99 2.21 5.58 6.56 5.33 .3.86 

Source: Calculated from oblast grain yield data collected from statistical yearbooks from the republics and weather data obtained from U.S. Department of Commerce, NationalOceanic and Atmospheric Administration.Notes: The estimates were made from the oblast weather yield models on the basis of ", (TEMP3,-TEMP3,) + i, (PREP4, - PREP4), where TE-MP3 and PREP4j are themean March temperature and April precipitation in the ith oblast. 

Table 8 -Correlation of the weather variability of yield between oblasts 
Oblast/ AltayStatistic Stavropol TatarKray Moscow Omsk Rostov Kray A.S.S.R. Voronezh Klarkov Kiev Odessa Minsk Karaganda Kustanay 

Moscow
 
Correlation
 

coefficient n.s ...
 
Probability ... ...
 

Omsk
 
Correlation
 

coefficient 0.5780 n.s. 
 ...
 
Probability 0.0005 ... ...
 

Rostov 
Correlation 

coefficient n.s. n.s. n.s ... 
Probability ... ... ... ... 

Stavropol kray 
Correlation 

coefficient n.s. n.s. n.s. 0.5570 ...
Probability ... ... ... 0.0009 ... 

Tatar A.S.S.R. 
Correlation 

coefficient n.s. n.s. n.s. n.s. n.s. ...
Probability ... ... ... ... ... ... 



Voronezh 
Correlation 

coefficient n.s. 0.3639 n.s. 0.6868 0.6230 n.s. ... 
Probability ... 0.0406 ... 0.0001 0.0001 ... ... 

Kharkov 
Correlation 

coefficient n.s. P.s. 0.3265* 0.4246 n.s. 0.3541 0.3532 .. 
Probability ... ... 0.0681 0.0154 ... 0.0468 0.0474 ... 

Kiev 
Correlation 

coefficient n.s. n.s. n.s. 0.7065 n.s. n.s. 0.5139 0.4506 ... 
Probability ... ... ... 0.0001 ... ... 0.0026 0.0097 ... 

Odessa 
Correlation 

coefficient n.s. n.s. n.s. 0.5739 n.s. 0.3605 0.4881 0.7427 0.5717 ... 
Probability ... ... ... 0.0006 ... 0.0426 0.0045 0.0001 0.0006 ... 

Minsk 
Correlation 

coefficient n.s. 0.4331 n.s. n.s. n.s. n.s. 0.3265* 0.3125* 0.3243* 0.3813 ... 
Probability ... 0.0133 ... ... ... ... 0.0682 0.0816 0.0702 0.0313 ... 

Karaganda 
C- -relation 

coefficient 
Probability 

0.4917 
0.0043 

n.s. 
... 

0.4031 
0.0222 

n.s. 
... 

n.s. 
... 

n.s. 
... 

n.s. 
... 

n.s. 
... 

-0.2985* 
0.0971 

n.s. 
... 

-0.3215* 
0.0728 

... 

... 
Kustanay 

Correlation 
coefficient 

Probability 
0.3925 
0.0263 

n.s. 
... 

0.6589 
0.0001 

n.s. 
... 

n.s. 
... 

n.s. 
... 

n.s. 
... 

n.s. 
... 

n.s. 
... 

n.s. 
... 

-0.3346* 
0.0612 

0.5348 
0.0016 

... 

... 

Source: Calculated from oblast grain yield data collected from statistical yearbooks from the republics and weather data obtained from U.S. Department of Commerce, National 
Oceanic and Atmospheric Administration. 

Notes: The correlation coefficient (r) is calculated using the following formula: 
r = [ .n=32 (AM _ ) (AM" _ AM==)] / n[n=32 (A. - j)2 =32 (A3 - ")2] 

where AM,, and AM,, are the time series of estimated weather variabilities in oblasts i ?,nd j, with i ; j. and ;Mi and AMj are their means.
 
The probabilities are the significance probabilities. For example, I the probability is 0.0005, then the probability of rejecting the null hypothesis that the true correlation
 
coefficient is zero when it is in fact zero is 0.0005, or f).05 percent. Therefore the null hypothesis is rejected at the 5 percent level of significance. The estimates marked

with an asterisk axe statistically significant at a significance level between 5 and 10 percent. No estimate of the correlation coefficient between the weather variability of 
Lvov and that of another oblast is statistically significant. Where n.s. appears, the significance probabilities exceed 0.10. 
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Table 9-Correlation of the weather variability of yield between groups of
 
oblasts
 

Western Oblasts Eastern Oblasts 

Karaganda,
Kharkov, 	 Karaganda, Kustanay,

Kharkov, Kiev, Lvov, Karaganda Kuatanay, Omsk, AltayOblast Group/ Kiev, Lvov, Odessa, Lnd Onsk, and Ei(y, and TatarStatistic and Odessa and Minsk Kustanay Altay Kray A.S.S.R. 

Western oblasts 
Rostov, Stavropol
 
kray, and Voronezh
 

Correlation
 
coefficient 0.5397 
 0.5294 - 0.1880 t -0.0240 b ...

Probability 0.0014 0.0018 0.3027 0.8964 
Moscow, Rostov, 

Stavropol kray, 
and Voronezh 
Correlation
 

coefficient 0.5362 0.5301 ...... 
 ...

Probability 0.0016 0.0018 ... ... .
 

Minsk
 
Correlation
 

coefficient ... 
 ... -0.3623 ... ...
Probability ...... 0.0416 .. . 

Kharkov, Kiev, 
Lvov, and Odessa 

Correlation 
coefficient ... 0.1039b 0.1280h 

...... 

Probability ... 
 ... 0.5716 0.4851
 

All western oblasts"
 
Correlation
 

coefficient ... 
 ..... 
 ... 0.0247 bProbability ....... 
 .	 0.8931 
Eastern oblasts
 

Allay Kray an,-

Omsk
 

Correlation
 
coefficient ... 
 ... 0.5692 ... .


Probability ...... 0.0007 ... .
 
Altay Krav. Omsk,
 

and Tatar A.S.S.R.
 
Correlation
 

coefficient ... ... 0.6158 ... .
Probability ... ... 0.0002 
 """
 

Source: 	 Calculated from oblast grain yield data collected from statistical yearbooks from the republics and weather data
obtained from U.S. Department of Commerce, National Oceanic and Atmospheric Administration.

Notes: 	 To estimate the correlation coefficient (r) between groups of obla-t,, the oblast weather variabilities are weighted by
the proportion each oblast has in the total grain-sown area of the selected oblasts. 
The correlation coefficient (r)is calculated using the following formula: 

r = [X ( s,. 
2 

s,AM,, - X., SAAM)(Xj_ s,,AM, - E,., AM)] / 

[x .' (X,., s,, AM,, - X,., s, AI-M) x :, (X.' si, AM,, - X)., s,, A'MI)], 
wherc AM,,and AM,, are ihe time series of estimated weather variabilities in obiiisis i and j, with i * j, AMi a~id 
AM,are their means, and s,,is the share of grain-sown area of oblast i in year t in the total grain-sown area of the 
selected oblasts in that year.

The probabilities are the significance probabilities. For example, if the probability is 0.0005, then the probabilityof falsely rejecting the null hypothesis that the true correlation coefficient is zero when it is in fact zero is 0.0005, or0.05 percent. Therefore the null hypothesis is rejectedat the 5 percent level of significance. Where ellipses (.. 
appear, the estimate was not meaningful or not significant. 

'These oblasts are Moscow, Rostov, Stavropol kray, Voronezh, Kharkov, Kiev, Lvov, Odessa, and Minsk. 
These estimates are not significant at [he 5 percent level. 
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tile contribution to yiclU of the trend tern T 
and mean weather, with T representing the 
application of inputs such as capital, labor, 
and fertilizers. Because the contribution of 
the inputs in T must be positive, the esti-
mated input contribution to yield cannot be 
negative. The weather variability component 
measures the estimated deviation, incentners 
per hectare, of actual weather from mean 
weather. It can be positive or negative with a 
positive value suggesting above-average 
weather and a negative value, below-average 
weather. For example, an estimated weather 
variability of 2 centners per hectare in a 
given year suggests that yield would have 
been lower by 2 centners n that year if the 
weather had been average. By contrast, a 
weather variability of - 2 centners implies 
that yield would have been higher by 2 cent-
ners if the weather had been average. Note 
that mean or average weather (the two terms 
are used interchangeably in this report) is 
defined so that the sum of the estimated 
weather variabilities in each oblast over the 
sample period equals zero. 

The estimated components of oblast 
weather variability, AMi, from 1951 to 1982 
are presented in Table 7 and plotted in Fig-
ures 5-18. They reveal an interesting pattern, 
First, Soviet grain yields (and output) in 
1963 and 1975 were exceptionally poor: the 
estimated weather variability for 1963 is 
negative in all the oblasts except Stavropol 
kray. For 1975, it is negative everywhere 
except in Altay kray, and Moscow and Minsk 
oblasts. Yields (and harvests) were excep-
tionally good in 1973 and 1978: the weather 
variability for 1973 is positi ._ in all the 
oblasts whereas for 1978 it is negative for 
Moscow, Tatar A.S.S.R., Minsk, Ka-
raganda, and Kustanay. In other words, ex-
ceptionally good or bad grain yields are as;;o-
ciated either with similar weather in the 
entire grain belt or in some portions of the 
grain belt. The implied association of 
weather between two obiasts or two groups
of oblasts will be analyzed rigorously below, 

Second, during the 32-year period, there 
were as many years of negative as positive 
weather variability in all oblasts except 
Moscow, which had 19 years of positive vari­
ability, Minsk, which had 21 years, Tatar 
A.S.S.R., with 13 years of negative vari­
ability, and Lvov, which had 12.43 Finally, 
the average volatility of oblast weather can 
be assessed from the estimated standard de­
viation of the variability in Table 7. The 
standard deviation is lowest in Lvov, 1.9 
centners per hectare, and highest in Rostov, 
4.7 centners per hectare. When the extreme 
negative weather variability of - 8.79 cent­
ners in 1975 is omitted, the standard devia­
tion of weather variability in Lvov drops to 
1.00 ccntner. This low standard deviation of 
the weather variability in Lvo, implies that 
the estimated weather is less volatile (Figure 
14); whereas a large standard deviation, as in 
Rostov, implies great weather variability 
(Figure 8). If all the oblasts were like Lvov, 
the weather variability of their aggregate 
yield would be small; by contrast, if they 
were all like Rostov, it would be large. 

How similar or dissimilar is weather in 
the selected oblasts? To answer this question, 
the correlation coefficients of the weather 
variability series for oblast pairs are coin­
1'uted, using the following equation: 

_r = (AM, - M) (AM,,- AM') / 

{ AM,, - AM,)- x 
.2 

. (AMj_ A-MJ)21, 
' \ (17) 

where AM, and AM are the time series of 
estimated weather variabilities in oblasts i 
and j with i ?- j, and AM, and AM, are their 
respective means. These estimated coeffi­
cients are presented in Table 8. A positive 
coefficient indicates that the weather vari­
ability in two oblasts follows a similar pat­
tern whereas a negative value suggests an 
opposite weather pattern.44 Only the esti­

1'In the aggregate, there may be as many negative as Iositive years of weather variability. This is analyzed in Chapter 6. 
Clearly, the extent of the similarity or dissimilarity of weather depends on the value of r: the higher the absolute value of r, 

the greater the association. In the analysis that follows, a statistically significant value of r higher than 0550 is accepted as 
evidence ,,fpositive weather association. The only statistically significant, negative value of r in Table q is --0.36. suggesting 
ihai the weather belween NMinsk in Belorussia, and Karaganda and Kustanay in Kazakhstan is nildly dissimilar. 
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Figure 5-Weather variability of yield in Altay kray, 1951-82 
Centners/liectare 
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Source: Calculated from statistical handbooks from the republics and other sources available from the International
Research Center of the U.S. Department of Commerce, Bureau of the Census. See Table 13. 

mates that are statistically significant at the 5 
percent level of significance are interpreted 
in this manner, although those estimates that 
can be accepted with a significance level 
between 5 and 10 percent are reported. 45  

The weather pattern indicated by these 
estimated r's between the weather vari-
abilities of pairs of oblasts has several fea-
tures. First, the highest positive association 
of weather, with an r of 0.7427, is between 

Kharkov and Odessa. Good and bad weather 
in these two oblasts is highly correlated; 
when the weather is good in Kharkov, it is 
likely to be good in Odessa. 

Second, as can be expected, oblasts that 
are close to each other have similar weather. 
Thus, Allay kray and Omsk, Omsk and 
Kustanay, and Kustanay and Karaganda tend 
to have similar weather, with r exceeding 
0.50 for all three pairs. The correlation co­

45 These ae marked with an asterisk inTable 8.The remaining values are available from the author. 
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Figure 6-Weather variability of yield in Moscow oblast, 1951-82 
Centners/Hectare 
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Source: 	Calculated from statistical handbooks from the republics and other sources available from the International 
Research Center of the U.S. Department of Commerce, Bureau of the Census. See Table 13. 

efficients between Rostov, Stavropol, and 
Voronezh are all larger than 0.50. Positive 
correlations exceeding 0.50 are also noted 
between the oblasts of the Ukraine-be-
tween Odessa and Kharkov as already noted, 
and Kiev and Odessa. Furthermore, high cor-
relations are also found betwe,n Ukrainian 
oblasts and oblasts just outside khe Ukraine, 
between Kiev and Voronezh, and Odessa and 
Rostov, for example. 

Third, Moscow and Tatar A.S.S.R. have 
no correlation of weather variability exceed-
ing 0.50 with any oblast, and Lvov is the 

only oblast that does not have a sit.le esti­
mate of r that is statistically significant. 46 

Finally, none of the negative correlations, 
between Minsk and Karaganda and Minsk 
and Kustanay, for example, are statistically 
significant. 

In conclusion, the high positive correla­
tion of weather between oblasts in a given 
kcation suggests that these oblasts might be 
grouped into subsets with similar weather. 
For example, the oblasts of the "kraine 
might form one group and Rostov obiast and 
Stavropol kray, both in northern Caucasus, 

46That Lvov isunique isalso indicated by its standard deviation of the estimated wather variability, which islower than for 
any other oblast. As will be shown below, it also has the lowest relative contribution of weather variation to yield variation. 
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Figure 7-Weather variability of yield in Omsk oblast, 1951-82 
Centners/Hectare 
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Source: Calculated fron statistical
handbooks from the republics and other sources available irom the international
Research Center of the U.S. Department of Commerce, Bureau of the Census. See fable 13. 

might be joined to neighboring Voronezh to between major areas of the Soviet grain belt.
form another. The four oblasts of Western Thus in Table 9, the estimated r of 0.54
Siberia in the R.S.ES.R. and Kazakhstan between the group of Rostov, Stavropol kray,
could form a third. A possible negative cor- and Voronezh and the group of Kharkov,
relation between the weather variabilities of Kiev, Lvov, and Odessa suggests that
Minsk in the northwest and Karaganda and 

the 
weather in the two groups is similar. When

Kustanay, both in Kazakh.tan, is also exam- Moscow, northeast of the northern Caucasus,
ined by combining the latter two oblasts. is included in the former subset, and Minsk,

The r's are estimated between oblast sub- northeast of the Ukraine, is included in the 
sets that are grouped in this manner (Table latter, r is 0.53 and statistically significant.
9). The weather variabilities are weighted by Weather is also somewhat similar between
the proportion each oblast has in the total Altay kray and Omsk in Western Siberia, and 
sown area of the selected oblasts. The Karaganda and Kustanay in Kazakhstan with
weights are calculated from data in Appendix an r of 0.57. It goes up to 0.62 when Tatar
1,Table 16. The resulting estimates of r A.S.S.R. is included with Altay kray and
indicate the pattern of weather association Omsk. The correlation between Minsk in 
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Figure 8-Weather variability of yield in Rostov oblast, 1951-82 
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Source: 	Calculated from statistical handbooks from the republics and other sources available from the International 
Research Center of the U.S. Department of Commerce, Bureau of the Censu'. See Table 13. 
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Figure 9-Weather variability of yield in Stavropol kray, 1951-82 
Centners/Hectare 
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Source: Calculated front statistical handbooks from the republics and other sources available from the inten.ational 
Research Center of the U.S. Department of Commerce, Bureau of the Census. See Table 13. 

Belorussia, and Karaganda and Kustanay in 
Kazakhstan is -0.36 and statistically signif-
icant. 47 Thus, weather in Belorussia and Ka-
zakhstan seems to be dissimilar: the r of 
-0.36 is negative and statistically signifi-
cant but low. Beyond this, there is no weather 
association between [he Ukraine and Ka-
zakhstan, between the Ukraine and Western 
Siberia including Kazakhstan, between the 

northern Caucasus with Voronezh and Ka­
zakhstan, and between the northern Cau­
casus with Voronezh and Western Siberia 
plus Kazakhstan: none of these r's are statis­
tically significant and the hypothesis of zero 
correlation between these subsets cannot be 
rejected. Finally, if the grain belt is divided 
on an east-west line, with Moscow included 
in the west and Tatar A.S.S.R. in the east, 

47As already noted, precipitation
inMirsk can be excessive whereas precipitation
inKazakhstan isgenerally low. Whenprecipitation inMinsk is excessive (and, therefore, the weather variability is negative), above-average precipitation can beexpected in Kazakhstan (and, therefore, the weather variability would be positive). 
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Figure 10-Weather variability of yield in Tatar A.S.S.R., 1951-82 
Centners/Hectare 
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Source: 	Calculated from statistical handbooks from the republics and other sources available from the International 
Research Center of the U.S. Department of Commerce, Bureau of the Census. See Table 13. 

there is no association of weather between 
the area to the west-including Moscow, the 
Ukraine, the northern Caucasus, Voronezh 
and Belorussia, and the area to the east-
Tatar A.S.S.R., Kazakhstan, and Western 
Siberia: r is again statistically not significant. 

The major indication of the analysis here 
is that, whereas weather is somewhat similar 
within the west and within the east, there is 
no association of weather between the west 
and east. In other words, if the weather of the 
east were duplicated in the west of the grain 
area and vice versa, the weather variability of 
aggregate Soviet grain yield would be mas-
sive. However, that is not so. This variability 
is dampened by the absence of weather asso-
ciation between the west and the east. (The
variability would be even less if the weather 
correlation between the west and the east 
were negative.) 

Weather Pattern in the 
Grain Belt 

Does weather worsen in the southeasterly 
direction of the Soviet grain belt? The ana­
lytical framework used to answer this ques­
tion follows from the influence that fluctuat­
ing weather has on oblast yield variations. 
The contributions to yield variation of the 
variations in inputs and of the set of weather 
variables are estimated to analyze the 
weather pattern in the Soviet grain belt. The 
former is the estimated covariance betweon 
oblast yield and the trend weighted by the 
corresponding parameter. The latter is the 
sum of the estimated covariances between 
oblast yield and the weather variables, each 
weighted by the corresponding parameter. 
The larger the ratio of the weighted 
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Figure 1 I-Weather variability of yield in Voronezh oblast, 1951-82 
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Source: Calculated from statistical handbooks from the republics and other sources available from the International
Research Center of the U.S, Department of Commerce, Bureau of the Census. See Table 13. 

cluded from the analysis.
With this assumption, the contribution of 

variation in input use to yield variation in 
oblast i is measured by the covariance be­
tween the yield Yi and the time trend T, 
weighted by the estimated parameter Oi in 
equation (15). Similarly, the contributions to 
the variation in yield of the weather vari­
ables, TEMP3j and PREP4j, are measured by
the covariance between Yj and TEMP3j and 
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Figure 12-Weather variability of yield in Kharkov oblast, 1951-82 
Centners/Hectare 
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Source: Calculated from statistical Internationalhandbooks from the republics and other sources available from the 

Research Center of the U.S. Department of Commerce. Bureau of the Census. Se Table 13. 

T) (18)the covariance between Y, and PREP4j, each RCIV, I I covariance (Y,, 

veighted by the estimated parameters %/and explained variance of Y, 
0,.48 the variance of Y,explained by where RCIV is the relative contribution ofNow, 
equation (15) equals the variance of Y multi- input variation to yield variation in oblast i, 
plied by its R2. This explained variance and 
equals the sum of the covariances between Y, 
on the one hand and T, TEMP3 and PREP4 R, 
on the other, each weighted by the corres- -1 ,covariance (Y,.PREP4,)/ 
ponding parameter (see Appendix 3). There- explained variance of Y, (19) 
fore, where RCWV i is the relative contribution of 

,,The purx)se here is not to measure the contribution of Ihe variation of ctichweather variable to yield variation. Therefore, 
the estimates of the covariances between Y,and the individual weather varibles are notgiven here. They are available from the 
author. For the same reason, the stepwise methxl of measuring the additional contribution of each weather variable to the 
explained variance of Y, is also not used here. 
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Figure 13-Weather variability of yield in Kiev oblast, 1951-82 
Centners/Hectare 
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Source: Calculated from statistical handbooks from the republics and other sources available from the International 
Research Center of the U.S. Department of Commerce, Bureau of the Census. See Table 13. 

weather variation to yield variation in oblast 
i. The sum of the covariance ratios of equa-
tions (18) and (19) equals I. Also, the larger
the oblast estimate of equation (19), the 
worse the weather. The oblasts can therefore 
be ranked using the estimates from equation
(19). 

These estimates are given in Table 10. 
The oblasts are first ranked on the basis of 
their location in the grain belt (Figure 3): an 
oblast to the north or west of another can be 
presumed to have better weather and is 
ranked ahead of the latter: as already noted, 
weather worsens in the southeasterly direc-
tion of the grain belt. This rankirg of wors-
ening oblast weather is then matched with 
the ranking associated with the covariance 
ratios of equation (19). 

However, the rank oblasts should have by
virtue of their location is not always clear, 
For example, should Lvov be followed by
Minsk in the east or Odessa in the south? The 
annual range of precipitation (Figure 2) can 

be used to resolve such conflicts: the oblast 
with higher precipitation is ranked ahead.49 

Annual precipitation ranges are wide, how­
ever, with aspread of 200 millimeters in each 
range and may fail to provide a reliable indi­
cation. For example, Odessa and Moscow 
are in the same annual precipitation range but 
Odessa is generally drier than Moscow. In 
that case, the mean monthly precipitation is 
examined to settle the choice (Appendix 1, 
Table 17). 

With this caveat, the oblasts are ranked 
by location as follows: Lvov is ranked first, 
followed by Minsk. Minsk has a higher pre­
cipitation range, between 600 and 800 milli­
meters, but is not ranked ahead of Lvov be­
cause precipitation there can be excessive, 
suggesting that the weather is worse in 
Minsk. How should Kiev, Moscow, Odessa, 
and Kharkov, all with a precipitation range 
between 400 and 600 millimeters, be 
ranked? Odessa is somewhat drier than 
Moscow; therefore it follows Moscow in the 

4, The summer and winter temperatures, preferably at their long-term mean values, could be used as well. But their inclusion 
would complicate the ranking procedure and isnot considered. 
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Figure 14-Weather variability of yield in Lvov oblast, 1951-82 
Centners/Hectare 

0 

-1 

-2 

-3 

-4 

-5 

-6 

-7 

-8 

-9 
1951 1955 1960 1965 1970 1975 1980 1982
 

Source: 	 Calculated from statistical handbooks from the republics and other sources available from the International 
Research Center of the U.S. Department of Commerce, Bureau of the Census. See Table 13. 

ranking. The ranking of the subset thus be-
comes Kiev, Moscow, Odessa, and Kharkov. 
Tatar A.S.S.R. is to the east of Voronezh. 
But because it has a higher precipitation 
range it is ranked before. For the same rea-
son, Omsk is ranked before Kustanay and 
Altay kray is ranked ahead of Karaganda. 

The comparison of the rankilig by loca-
tion with the ranking associated with tie 
relative contribution of weather variation to 
yield variation indicates that weather does 
worsen in the southeasterly direction of the 
Soviet grain triangle: the contribution of 
fluctuating weather is 9.4 percent in Lvov at 
the top and 98.3 percent in Karaganda at the 
bottom, both measured relative to their ex-
"lained yield variances. In between, the 
covariance ratios show a rising trend indicat-
ing that the weather worsens in the south-
easterly direction. 

The estimates have several striking fea-

tures. The lowest contribution of fluctuating 
weather is in the three oblasts of Lvov (9 
percent), Kiev (16 percent), and Odessa (22 
percent) in the Ukraine followed by Moscow 
(23 percent) and Tatar A.S.S.R. (37 per­
cent). The contribution of weather in 
Kharkov, in the southeast of the Ukraine, is 
49 percent, and ir neighboring Voronezh, it 
is 72 percent. In all the remaining oblasts, 
the contribution exceeds 85 percent. In other 
words, at least 85 percent of the explained 
variance of yield in these oblasts is attributed 
to weather fluctuations. 

How does one interpret this statement? 
For example, the variance of Stavropol yield 
is 14. 1centners per hectare, and the R2 of the 
estimated equation is 0.7471. Therefore, the 
weather-yield model, including the time 
trend and the weather variables, accounts for 
th yield variance of 10.5 centners. As much 
as 9 centners of this variance, that is, 85.9 
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Figure 15-Weather variability of yield in Odessa obiast, 1951-82 
Centners/Hectare 
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Source: Calculated from statistical
handbooks from the republics and other sources available from the International 
Research Center of the U.S. Department of Commerce,Bureau of the Census. See Table 13. 

percent, is explained by weather fluctua-
tions. The remaining 1.5 centners is ac-
counted for by the variation of inputs repre-
sented by the time trend. 

It must be noted that the acceptability of 
the criterion of equation (19) devised here for 
estimating the contribution of weather fluctu-
ations must be assessed in terms of the R2 of 
the oblast equation. In general, the lower the 
R2, the less acceptable the criterion. In other 
words, if the yield variance explained by the 
oblast R2 is low, a measure of the contribu-
tion of weather fluctuation, which is itself a 
proportion of the explained variance of yield, 
should not be devised. (Note that for a given 
variance, the higher the R2, the higher the 

explained variance.) In the majority of the 
estimates of Table 6, the oblast R2 explains 
over 80 percent of the yield variance. 

The major conclusions of the analysis of 
this chapter are two: the correlation between 
the estimated weather variability of the 
oblasts indicates that the weather in the 
oblasts located in the west is somewhat sim­
ilar and so is the weather in the oblasts lo­
cated in the east of the grain belt. But there is 
no weather association between the west and 
the east. Second, weather in the Soviet grain
belt, measured in terms of the relative contri­
bution of oblast weather variation to yield 
variation, worsens in the southeasterly direc­
tion. 
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Figure 16-Weather variability of yield in Mlnsk oblast, 1951-82 
Centners/Hectare 
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Source: 	Calculated from statistical handbooks froni the republics and other sources available from tne International 
Research Center of the U.S. Department of Commerce, Bureau of the Census. See Trable 13. 

Table 	10-Relative contributions of variations in weather and inputs to 
variations in oblast grain yields 

Relative Relative R2 of the Oblast 

Oblast 
Contribution of 

Weather Variation 
Contribution of 
Input Variation 

Weather-vield 
Equation 

Variance of Oblast 
Yield 

(percent) (centners/hectare) 
Lvov 9.4 90.6 0.9047 23.0 
Minsk 27.9 72.1 0.9590 46.0 
Kiev 
Moscow 

16.0 
23.1 

84.0 
76.9 

0,9056 
0.9681 

35.0 
55.2 

Odessa 
Kharkov 

21.5 
49.2 

78.5 
50.8 

0.8551 
0.7734 

29.8 
22.4 

Tatar A.S.S.R. 37.5 62.5 0.8878 9.8 
Voronezh 72.4 27.6 0.7923 17.9 
Rostov 89.2 10.8 0.8521 24.3 
Stavropol kray 85.9 14.1 0.7471 14.1 
Omsk 92.2 7.8 0.8412 13.7 

(continued) 
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Table 10-Continued 

Relative Relative R2 of the Oblast
Contribution of Contribution of Weather-Yield Variance of OblastOblast Weather Variation Input Variation Equation Yield 

(percent) (centnets/hectare)
Kustanay 87.1 12.9 0.8130 14.3
Altay kray 94.2 5.8 0.8344 15.6
Karaganda 98.3 1.7 0.7015 10.6 

Sources: Yield data are from statistical handbooks for each republic. Temperature and precipitation arc from data obtained from
U.S. Department of Commerce, National Oceanic and Atmospheric Administration. 

Notes: The relative contribution of weather variation (RCWV) to grain yield variation is 
RCWV = [, covariance (Yi, TEMP3,) + 0i covariance (Y,, PREP4,)]/ explained variance of Yj, 

where Yj is the grain yield of oblast i, and TEMP3, and PREP4, arc the temperature inMarch and precipitation in April
in oblast i. The relative contribution of input variation (RCIV) to grain yield variation is calculated as 

RCIV = [3, covariance (Y,, T)] / explained variance of Yj, 

where T is the time trend representing input use. 

Figure 17-Weather variability of yield in Karaganda oblast, 1951-82 
Centners/Hectare 
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Source: Calculated from statistical handbooks from the republics and other sources available from the International 
Research Center of the U.S. Department of Commerce, Bureau of the Census. See Table 13. 
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Figure 18-Weather variability of yield in Kustanay oblast, 1951-82 
Centners/Hect-re 
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Source: Calculated from statistical handbooks from the republics and other sources available from the International 
Research Center of the U.S. Department of Commerce, Bureau of the Census. See Table 13. 
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6 
WEATHER VARIABILITY AND THE 
CONTRIBUTION OF WEATHER FLUCTUATIONS 
TO SOVIET GRAIN YIELD VARIATION 

Estimates of the variabili:y of Soviet 
grain yield and output are presented in this 
chapter. The contribution of weather fluctua-
tions to yield variation is also measured and 
analyzed. 

Aggregate Weather-Yield 
Equation for Estimating the 
Weather Variability of Soviet 
Grain Yield 

The aggregate weather-yield equation is 
derived by regressing observed Soviet grain 
yields on oblast yields estimated from the 
oblast weather-yield equations in Chapter 4. 
The estimated yields rather than the observed 
oblast yields are used as independent vari-
ables because the latter are not available after 
1975 (see Appendix I, Table 18). However, 
oblast yields after 1975 can be predicted
using the oblast weather-yield models and 
the required weather data. 

The estimated oblast yields are weighted 
by the share of each oblast in the total sown 
area of the selected oblasts, and U.S.S.R. 

grain yield is regressed on the weighted sum. 
Finally, the regression equation is estimated 
for the period 1958-75. Whereas oblast 
yields can be estimated from 1950, the area 
weights before 1958 are not reliable: until 
1958, the oblast territories were changing 
and the pre-1958 territory and area data are 
not comparable with the post-1958 data.5-0 

The equation isdefined as 
14 

Y,MR, i' + b,E, (s, ,,) + e,,SR., (20) 

where b> 0, YUssR.t is observed Soviet grain
yield in centners per hectare from 1958 to 
1975, Y, is the estimatcd yield of oblast i in 

-year t, sit = At/!,",Ai', where Aiu is the 
observed sown area in thousand hectares in 
oblast i in year t, and eUssR.1 is the esti­
mated error term in year t. 

The estimated equation is 

YSSR = 0.9694 
(62.1980) 

R2 = 0.9908, D.W. = 
number of observations 

14 

E sY, + eUssR; (21) 
'z' 

2.5933, SER = 0.8668, 
= 18.51 

Peter R. Craumer, "Areas of Secondary and Tertiary Administrative Units of the U.S.S.R., 1949- 1983," Department of
Geography, Columbia University, New York, 1984 (mimeographed). gives a complete list of the territories of Soviet oblasts
from 1955. A sharp change in the area of an oblast between two consecutive years would suggest that its territory changed
during one of the years. 
ii The equation below with the intercept is rejected because the estimate of the intercept is statistically not significant: 
Yt~s, = - 0.3031 + (.9922 ,, Is, ' eS ; 

(0.2499) (10.724W) 

R2 = 0.8779, D.W. = 2.6945, StiR = 1,8917. number of observations = 18. 

The D.W. statistic. d, is approximately equal to 2(I-p) where p is the first-order autoregressive coefficient in u, = pu,. + 
e. The range of d is from 0 to 4 with the range being 0 to 2 fort > 0, and 2to 4 for p <0. If d > 2 (as in equation 121i), the 
test of the hypothesis of serial correlation refers to p = 0 against p < 0. For this purpose, the value of (4-d) isestimated and the
hypothesis of p = 0 istested against the hypothesis of positive autocorrelation. Here (4-d) = 1.4067 is larger than d1 = 1.39
with n = 18 and k = 1, where dt is the critical 5 percent uppcr limit of the D.W. statistic, n is the sample size, and k refers io
the number of explanatory variables. Therefore, thc hypothesis of no autocorrelation cannot be rejected. For details of the
procedure of applying the test, see G. S. Maddala, Econonetrics (New York: McGraw-Hill hoxk Company, 1977), 
pp. 284-285.
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Equation (21) is used to separate the 
weather variabilities of Soviet grain yields
and outputs in the period 1955-82. For 
this purpose, it is restated below with the 
required components from eq,,ations (16)
and (21): 

14 

YuSSR = 0.9694 I{( o,e 
4 
 14 _____ 

( si lT+ ( ( s, 'TEMP3, 
,-, 

14 

+ s,o0iPREP4,)l 
4 
 14 14ability14 

+ {( s, ,,TEMP3, + Y s, 0,PREP4,) 
,=, 

(14 14 

- ( s, j TEMP3, + s, 6PREP4,)}J 

+ tSSR" (22) 

Note that the component in the first 
curled bracket of equation (22), multiplied
by 0.9694, is the estimated yield from the 
inputs and mean weather. (In the remainder 
of this chapter, it is referred to a, estimated 
yield with mean or average weather.) The 
component in the second curled bracket, 
multiplied by 0.9694, is the estimated 
weather variability of yield. Indeed, the 
only difference between equation (16) of 
Chapter 5 and equation (22) is that the 
former is for the oblasts, whereas the latter 
is for the entire U.S.S.R. 

The estimates of grain yield with mean 
weather, and the weather variability of So-
viet grain yields from 1955 to 1982, are 
given in Table 11.52 Several important con-

clusions follow from these estimates. First,
there are 15 years of positive and 13 years
of negative weather variability during the 
28-year period. 53 Second, the largest nega­
tive weather variability of yield, 2.8 cent­
ners, is for 1963; the next largest is 2.7 
centners for 1965. The largest positive
variability, 3.2 centners, is for 1970; the 
next largest is 3 centners for 1973. (The 
negative variability of 2.8 centners for 
1963 implies that yield would have been 
higher by 2.8 centners if the weather had 
been average; similarly, the positive vari­

of 3.2 centners in 1970 implies that 
yield would have been lower by 3.2 cen­
tners if the weather had been average.) 

Third, the ranking for the positive
weather variability changes when ex­
pressed in terms of output rather than 
yield: 1973 becomes the best weather year
with a positive variability of 38.6 million 
tons against 37.9 million tons in 1970. 54 

The change occurs because grain area in 
1973 was almost 7.5 million hectares 
higher than in 1973. The ranking for nega­
tive weather variability is, however, un­
altered. 

Fourth, the weather-related variability, 
positive and negative, of yield can be 
large: the highest negative variability, for 
1963, is 33.7 percent of the actual yield of 
8.7 centners. The highest positive vai­
ability, for 1970, is 20.4 percent of the 
actual yield of 15.6 centners. The critical 
issue, however, is the size of the average
weather variability of yield around the zero 
mean. The standard deviation of yield vai­
ability during 1955-82 is 1.58 centners. 

12It must be emphasized that the veather variability ofoutput isestimated by multiplying the estimated yield variability by the sown area. In other words, the estimated weather variability of yield is spread over the area sown. Therefore, the weather
variability of yield relative !o actual yield is identical to the weather variability of output relative to actual output.
1'However, for the longer period 195 1-82, the 17 negative years are larger than the 15 positive years. This longer period of32 years is compatible with tile earlier ;,nalysis of Chapter 5 where the years with positive and negative weather variability were
given for oblasts. The shorter period of 1955-82 is adopted because the time series data for grain-sown area begin only in 
1955. 
11This implies that, instead of the estimated 194.6 million tons in 1970 with observed weather, output would have been 156.7
million ions. In this context, estimated grain output with actual weather in a year must be distinguished from actual grainoutput: the former is the sum of the estimated grain output with mean weather and weather variability. Actual grain output canbe more or less than estimated grain output with actual weather in a year. For, in addition to the contribution ol the two
explanatory variables of the time trend (representing inputs) and the weather, actual output is influenced by other factors that are not adopted as explanatory variables but are included in the error term of the models. ror example, actual grain output is
influenced by inputs varying in response to weather. Similarly, estimated yield, the sum of the estimated yield with mean 
weather and weather variability, should be distinguished frtm actual yield. 
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Table 11-Weather variability in Soviet grain yield and output, 1955-82 

Estimated Grain Yield Share of 

Year 

Actual 
Grain 
Yield 

Actual 
Weather, 

Mean 
Weatherb 

Estimated 
Weather 

Variability of 
Grain Yield, 

Estimated 
Weather 

Variability in 
Actual Grain 

Yield 
Sown 
Area 

Estimated 
Grain Output 

with Mean 
Weatherd 

Estimated 
Wz.-her 

Variability of 
Grain Output' 

Estimated 
Grain Output 
with Weather 
Variability' 

Actuel 
Grain 
Output 

(centners/hectare) (percent) (million (million tons) 

1955 
1956 
1957 
1958 
1959 
1960 
1P'61 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 

8.4 
9.9 
8.4 

11.1 
10.4 
10.9 
10.7 
10.9 
8.3 

11.4 
9.5 

13.7 
12.1 
14.0 
13.2 
15.6 
15.4 
14.0 
17.6 
15.4 
10.9 
17.5 
15.0 
18.5 
14.2 
14.9 
12.7 
14.6 

8.1 
10.4 
9.9 

12.2 
10.2 
11.7 
11.6 
10.0 
8.7 

11.8 
9.3 

13.9 
11.9 
14.1 
11.8 
16.3 
14.0 
14.6 
16.9 
14.0 
12.2 
15.8 
17.0 
17.1 
14.8 
15.5 
14.6 
16.1 

9.7 
9.9 

10.1 
10.3 
10.5 
10.7 
11.1 
11.3 
11.5 
11.8 
12.0 
12.2 
12.5 
12.6 
12.8 
13.1 
13.4 
13.6 
13.9 
14.1 
14.3 
14.5 
14.7 
14.9 
15.2 
15.4 
15.6 
15.8 

-1.6 
0.5 

-0.2 
1.9 

-0.3 
1.0 
0.5 

-1.3 
-2.8 
-G.,'4 
-2.7 

1.7 
-0.6 

1.5 
-1.0 

3.2 
0.6 
1.0 
3.0 

-0.02 
-2.1 

1.3 
2.3 
2.2 

-0.4 
0.1 

-1.0 
0.3 

-19.0 
5.1 

-2.4 
17.1 

-2.9 
9.2 
4.7 

-11.9 
-33.7 

-0.4 
-28.4 

12.4 
-5.0 
10.7 

-7.6 
20.5 

3.9 
7.1 

17.0 
-0.1 

-19.3 
7.4 

15.3 
11.9 

-2.8 
0.7 

-7.9 
2.1 

hectares) 
123.461 
125.605 
122.005 
121.417 
114.522 
115.537 
122.243 
128.676 
129.980 
133.321 
128.024 
124.807 
122.172 
121.472 
122.703 
119.261 
117.937 
120.158 
126.738 
127.187 
127.920 
127.760 
130.344 
128.465 
126.351 
126.608 
125.559 
123.012 

119.6 
124.6 
123.8 
125.5 
120.0 
123.0 
135.9 
145.3 
150.0 
157.3 
153.2 
152.0 
152.2 
153.5 
157.3 
156.7 
157.9 
163.9 
176.2 
179.7 
183.2 
184.9 
191.6 
191.7 
191.5 
194.7 
196.0 
194.8 

-20.1 
6.4 

-2.0 
23.0 
-4.0 
11.9 
6.5 

-16.4 
-36.4 

-0.5 
-34.7 

20.7 
-7.6 

17.9 
-12.0 

37.9 
6.8 

11.5 
38.6 

-0.2 
-26.6 

16.7 
29.4 
27.6 

-5.4 
1.1 

-12.7 
4.1 

99.5 
131.0 
121.8 
148.5 
116.0 
134.9 
142.4 
128.9 
113.6 
156.8 
118.5 
172.7 
144.6 
171.4 
145.3 
194.6 
164.7 
175.4 
214.8 
179.5 
156.6 
201.5 
221.0 
219.3 
186.1 
195.8 
183.3 
198.9 

103.7 
125.0 
102.6 
134.7 
119.5 
125.5 
130.8 
140.2 
107.5 
152.1 
121.1 
171.2 
147.9 
169.5 
162.4 
186.8 
181.2 
168.2 

222.5 
195.7 
140.1 
223.8 
195.7 
237.4 
179.2 
189.1 
160.0 
180.0 

(corinued) 



Sources: 	 The actual grain yields for 1955-75 are from Soyuz Sovetskikh Sosialisticheskikh Respublik (SSSR), Tsentral'noye Statisticheskoye Uprvvleniye pri Sovete Ministrov 
(TsSU), Narodnoye khozyaystvo SSSR 1975 (Narkhoz 1975) (Moscow: Statistika, 1975), p. 312; those for 1976-82 are from U.S. Depanmen: of Agriculture (USDA). 
Economic Research Service (ERS), U.S.S.R. Outlook and SituationReport, RS-84-4 (Washington, D.C.: USDA, 1984), p. 22. The sown area data for 1955-74 are from 
USDA, ERS, U.S.S.R. GrainStatistics:National and Regional, 1955-75, Statistical Bulletin No. 564 (Washington, D.C.: USDA, 1977), p. 10; those for 1975 are from 
USDA, ERS, U.S.S.R. Review ofAgriculture in 1981 and Outlkokfor 1982, Supplement I to WAS 27 (Washington, D.C.: USDA, 1982), p. 20; and those for 1976-82 
are from USDA, ERS. U.S.S.R. Outlook and Situation Report, RS-8--4, p. 22. The actual grain output data for 1955-75 are from SSSR, TsSU, Narkhoz 1975, 
pp. 310-311; those for 1976-82 are from USDA, ERS, U.S.S.R. Situation Report, RS-84-4. p. 22. Temperature and precipitation data were obtained from U.S. 
Department of Commerce, National Oceanic and Atmospheric Administration. 

This series is estimated on the basis of YtIssR 0.9694 X;-,' s, Y, + eUSSR 
bThese estimates ae derived on the basis of [('f s. &,)+ (a,. s, 3, T) + (F.iI" s, ,s, 0PREP4i)], multiplied by 0.9694, where T is the time trend 
representing input use and TEMP3, and PREP4, are the mean temperature in March and precipitation in April in oblast i. 

1	 4These figures are estimated on the basis of [(s, 1 f s, j, TEMP3, + ;, s, 6 iPREP4,) - (X.' js, TEMP3, + _,';I4s 0i PREP4,)], multiplied by 0.9694.
4 These figures are cakulated by multiplying the estimated grain yield with mean weather in each year by sown area. 
, These figures are calculated by multiplying the estimated weather variability of grain yield by sown area. 
f These figures arc calculated by adding the estimates of grain output with mean weather and the weather variability of output. 



This implies that, on average, yield varies 
by 1.58 ccnters when weather deviates
from its mean. This is 12.3 percent of the 
mean yield of 12.8 centners. 

Finally, because Soviet grain harvests 
of the six consecutive years from 1979 
have becn poor, the weather variability of
grain yield and output of those years must 
be assessed. Unfortunately, official statis-
tics of output after 1980 are not available.*4 
and 1983 and 1984 could not be included 
in the analysis because the weather data arenot available. Nonetheless, the estimated 
weather variability of both yields and out­
put in the four years from 1979 is small.lndced, it is positive in 1980 and 1982.
albeit by -mall amounts. The highest nega-
tive variability, I centner per hectare in 
1981, implies a variability in output of
only 12.7 million tons. If the weather had 
been average, grain output in the four 
years would have gone up by only 12.9 
million tons. 

Aggregate Weather-Yield 
Equation for Measuring the 
Contributions of Input and 
Weather Fluctuations in Yield
Variation 

Since inputs (represented by the time 
trend) and weather are the only explicit vari-
ables influencing yield inthe models adopied 
here, the fluctuations of'inputs and weathr
must contribute to the fluctuations of yield 

explained by the models. The covariance 
procedure of Chapter 5 is extended here to

procdureof'Chaperis xteded eretestimate the contribution of each to the ex­
plained variance of yield. 

In equation (23) below, actual Soviet 
grain yields, again from 1958 to 1975, are 

" 

regressed on time trend T and weather W1,
estimated from the oblast weather-yield
equations. In this specification, both "Iand 
the weather variables TEMP3i and PREP4i are weighted not only by the share of oblast 
area in the total area of the selected oblasts, 
s, but also by the coefficients Oi, j'i, and 0,of
the oblast weather yield in equation (19).55
That is, 

= 
YtssR. + 

+ 

+ ussR.,' 
The estimated 

(23) is ( iTEMP3 
mated equation is 
Y - 32.6539 

Y7ssR.180) 

(9.3750) 
,s, 


I 

14 

1=1 
R2 = 0.8919, D.W. 

sit 11 

si,,(,TEMP3, + 6 PREP4,), 

(23)
weather, Wi, in equation 
+ ,PREP4,). The esti­

+ 1.1813 x 

(7.2480)
 
06
'r"+ 0,8566x 

(7.5080) 

Ctsr 
= 2.5250, SER = 0.8665, 

number of observations = 18.
 
The parameters of equation (24) are used
 

to measdLre the contribution of weather fluc­
tuations to Soviet grain yield variation 
through the covariance procedure of Chapter
5. Tle yield variance explained by equation(24) is its R2 of' 0.8919 multiplied by the 

yield variance of 6.13 centners (per hectare),
that is, 5.47 centners. The relative contribu­
ion of input variation to this variance is 

14 

covariance (Yts2sR. ) ( )
explained variance of YUSSR 

Altem:tively, tit, time trend Tican be slpcifiCd withLut the weights "",s,, fl,. That is 

Ycs -,- p' + q'T I r' ~,",s,,( , TFEMi3, i,'REI'14,), ± e USR, 

Since the 14ohlaits represent grain-growing in tie grain belt. the %%cathervariables and their measured effects areoblasts (and not f'rom from thesethegrain area as a withle). liv tie same
input application anI its estimated effect (ivield. miust also 

ltken, the ime tr.d rin the aggregate equation, representing
be forlie 14 oblasts. s,,3,T inequation (23) is this requiredmeasure of the effeci if inputs in tie oblasts. ly contrast, the unweighlted T in the equation above represents input use in theentire grain belt. Itherefore. thleequation (23 i.s preferred specification, and its parameters are used to estimatecontribution olffluctuating seather tovariat ions in aggregate grain yield. 

the 
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and the relative contribution of weather vari-
ation is 

4orit. 

P covariance (YUssI I s, \0¢) 
' (26) 

explained variance of YUSSR 

Note that Cland are the estimated param-
eters of equation (23).

Thie covaniance of (YussR, -I, , s T) is 

2.24 centners and, of (Yussi, 1 'I si Vi) is 
3.29 centners. Multiplied by the corres-
ponding estimated parameters, these he-
come 2.65 and 2.82 centners, which are 
48 and 52 percent of tile yield variance of 
5.47 centners. The contribution of weather 
fluctuations to yield variation i ; thus large, 
52 percent of tile total, but not dramatic. 

This estimate is clearly influenced by 
tile adoption of tile time trend instead of" 
the inputs in the oblast cquations. The in-
put data for deriving the estimate are sire-
ply not available. Again. it is not possible 
to locate a study that uses this covariance 
procedure to estimate the cont, bution of 
weather fluctuations to grain yield varia-
tion for say, the United States. In the 
United States, changes in area associated 
with governmental farm subsidy programs 
and the resutlting flctuations in input 
use-and not weather fluctuations-can 
be presumed to have a decisive influence 
on yield variation, 

Johnson and Brooks compare tile trend, 
level, and variability of Soviet grain yields 
with those in the climatically ianalogous 
areas of North America. "The co1rn-
parisons indicate thit grain yields in the 
USSR have been increasing at essentially 
the same rate as in the climatically similar 
areas. The comparisons of the levels of 
grain yields indicate that yields in the 
USSR, when maize is CxcIuded ili the 
comparison areas, are at a reasonable 
level." Floweve, yield differences are 

small or do not exist because crops such as 
grains and cotton have received high pri-

The implication is that in the planned 
Soviet system, the size of yields can be 
brought in line with those in climatically 
analogous areas of North America. This is 

not to suggest that the policies have led to 
efficient allocation of resources for grow­
ing grain, because ". . . the resources de-­
voted to agriculture in the Soviet Union 

produce approximately half as much as the 
same bundle of resources would produce 
in climatically similar areas in North 

,America.'" 
As for the variability of yields at­

tributable to weather: "It is clear that cli­
matic variability can and does significantly 
affect crop output, not only from one year 
to the next but for periods as long as five 
years. This variability makes it difficult for 
Soviet officials to make concrete plans and 
for those who study Soviet agriculture to 
put great confidence in short run proice­
tions. 

In view of the different methodology 
adopted by Johnson and Brooks in assess­
ing the effect of weather on grain yield 
variability, their assessnent cannot be 
compared with the result reported here. 

The conclusiL ins of this chapter portray 
the role of weather in Soviet yields and 
outputs during 1955-82 as modest. The 
average weather variability of yields and 
outputs is 12.3 percent of mean yield and 
output, although it can occasionally bc 
substantial. For example, in 1963, grain 
output would have gone up by 36.4 million 
tons. that is, 33.8 percent of the actual 
output if tie weather had been average. 
The contribution of weather fluctuation to 
yiel variation estimated at 52 percent of 
the explained yield variance of 5.47 cen­
tners is large but riot dramatic. Finally, the 
weather variability of yield and output be­
tween 1979 and 1982 is small. 

Johnson and Karen N c 
University Press, 1983). p.78. 
"7 Ibid., p. 196. 

.' r). Unale ontcl I ir(xiks. I'ripectsf!or Soviet Agriculture inthe 1980s (1tltornington, Ind.: Indiana 
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7 
VARIABJLITY OF WEATHER-ADJUSTED
 
GRAIN Y!ELD 

What pattern does Soviet grain yield have
when weather variability is removed? The 
impact of the "systemic" and policy factors 
on Soviet grain yield cannot be assessed un-
less this question is answered. 

Net grain yields and outputs are derived
by subtracting the estimated weather vari-
ability of yields and outputs from actual 
yields and outputs. The time series required
are those in Table 11. The weather-adjusted 
series are given in TFable 12 and plotted in 
Figures 19 and 20. The graphs show that the 
weather variability component fluctuates and 
is more or less random and that the absolute
fluctuations between 1958 and 1967 are 
smaller than between 1968 and 1982. 

Are the oscillations 	 in the second period
higher because weather became more volatile
in the second period? Probably not. The en-
tire period under consideration is too short 
for a dramatic shift of the weather. It would 
seem, therefore, that the higher yield and 
output variability in the second period, if 
statistically significant, has to be explained 
by erratic input supplies and systemic and 
policy factors.5 

The statistical test of whether net yield
and output are more variable in the second 
period is perforned by first specifying the 
trend equation: 

,Su1t = ABtUsll.I (27)
where usu is stochastic with mean p, and 
variance o2 and where the variance of the 

dependent variable, yield (Ysu), is an in­
creasing function of time.59 Equations were 
fitted in the log-linear form for yield and 
output tOsu) in the periods 1958-82, 
1958-67, and 1968-82.60 

1958-82: lnYsu = 	 2.2083
 
(53.5420)
 

+ 0.0173t + lnuy st; (28)
(8.8960)
 

R2 = 0.7825, p, = 0.2344, SSR = 0.1568,

number of observations = 25.
 

1t is the first-order serial correlation correc­
tion coefficient. The D.W. statistic in the 
uncorrected equation is 2.5490. 

1958-82: InO, = 	 6.9946 
(123.730) 

+ 0.0190t - lnuosu; (29) 
(7.1620) 

R2 = 0.6904, D.W. = 2.0420 SSR = 0.2114, 
number of observations = 25. 

1958-67: InYsU = 	2.0268 
(25.9300) 

+ 0.0305t + lnuvst; (30) 

(5.0050) 
R2 = 0.7579, D.W. = 3.1920, SSR = 0.0245,
number of observations = 10. 

8 Net yield here, with weather variability taken out, includes a trend term, which rises linearly; average weather, which is aconstant; and an error term. As stated earlier, the trend term represents input use indicating not only a given state of farmingmethods but also the planners' decisions about how to allocate farm inputs. Also, input use will vary from year to year, perhapsbecause of supply shortfalls. Trherefore, the increased variability of net yield between 1968 and 1982 can be attributed to theerratic effect of all these elements, including deviatios in input use from the trend line. 
' The variance of (Ys5 ,), V(Yst1) = (AB')r(Yu. ti',"details, see Shakuntla Mehra, Instability in Indian Agriculture in theContext of the New Technology Pesearch Report 25 (Washington, D.C.: International Food Policy Research Institute, 1981).
6 Fxluations were also fitted for the subpcriods 1955-67 and 1968-82 but the statistical test for increased variability did not 
work. 
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Figure 19-Actual and weather-adjusted grain yield, and weather variability 
of grain yield, 1955-82 
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Sources: 	The actual grain yields for 1955-75 are from Soyuz Sovetskikh Sotsialistlchesklkh Respublik (SSSR), 
Tsentral'noye Statisticheskoye Upravlenlye pri Sovete Ministrov, Nanodi;qye khozyaystvo SSSR 1975, 
(Moscow: Statistika, 1975), p. 312; those for 1976.82 are from U.S. Department of Agriculture, Economic 
Research Service, U.S.S.R. Outlook and Situation Report, RS-84 4 (Washington, D.C.: USDA, 1984), p. 
22. The weather variability of yield figures are the estimates round In Table 11I. 

Note: 	 The weather adjusted yield Is derived by subtracting the estimated weather variability of grain yield 
given In Table I I from actual yield. 
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Figure 20-Grain-sown area, actual grain output, and weather-adjusted grain
 
output, 1955-82
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Figure 20---Continued 

Sources: The sown area data 'or 1955-74 are from U.S. Department of Agriculture (USDA), Economic Research 
Service (ERS), U.S.S.R. Grain Statistics: National and Regional, 1955.75, Statistical Bulletin No. 564 
(Washington, D.C.: USDA, 1977), p. 10; those for 1975 are from USDA, ERS, U.S.S.R. Review of 
Agriculture In 1981 and Outlookfor lK82, Supplement I to WAS 27 (Washington, D.C.: USDA, 1982), 
p. 20; and those for 1976-82 are from USDA, ERS, U.S.S.R. Outlook and Situation Report, RS-84-4, 
p. 22. The actual grain output data for 1955-75 are from Soyuz Sovetskikh Sotsialisticheskikh Respubllk, 
Tsentral'noye Statisticheskoye Upravleniye pri Sovete Mlnistrov, Narodnoye khozyaystvo SSSR 1975 
(Moscow: Statistika, 1975), pp. 3 10- 3 11; those for 1976.82 are from USDA, ERS, U.S.S.R. Outlook and 
Situation Report, RS-84-4, p.22. Temperature and precipitation data were obtained from U.S. Department 
of Commerce, National Oceanic and Atmospheric Administration. 

Note: 	 The wvather-adjusted output Is derived by subtracting the estimated weather variability of grain output 
given in Table I I from actual output. 

Table 	12-Weather-adjusted grain yield and output, 1955-82 

Year Weather-Adjusted Yield Weather-Adjusted Output 

(centners/hectare) (million tons) 
1955 10.0 123.8 
1956 9.4 118.6 
1957 8.6 104.6 
1958 9.2 111.7 
1959 10.7 123.5 
1960 9.9 113.6 
1961 10.2 124.3 
1962 12.2 156.6 
1963 11.1 143.9 
1964 11.4 152.6 
1965 12.2 155.8 
1966 12.0 150.5 
19(7 12.7 155.5 
1968 12.5 151.6 
1969 14.2 174.4 
1970 12.4 148.9 
1971 14.8 174.4 
1972 13.0 156.7 
1973 14.6 183.9 
1974 15.4 195.9 
1975 13.0 166.7 
1976 16.2 207.1 
1977 12.7 166.3 
1978 16.3 209.8 
1979 14.6 184.6
 
1 ,80 14.8 188.0
 
,981 13.7 172.7
 
1982 14.3 175.9
 

Sources: 	 The actual grain yields for 1955-75 are from Soyuz Sovetskikh Sotsialisticheskikh Respublik (SSSR), Tsentral'noye 
Statisticheskoye Upravleniye pri Sovete Ministrov (TsSU), Narodnoye khoz)uysn SSSR 1975 (Narkhoz 1975) 
(Moscow: Statistika, 1975), p. 312; those for 1976-82 are from U.S. Department of Agriculture (USDA), Economic 
Research Service (ERS), U.S.S.R. Outlook and Situation Report, RS-84-4 (Washington, D.C.: USDA, 1984), 
p. 22. The actual grain output data for 1955-75 are from SSSR, TsSU, Narkhoz 1975, pp. 310-311; those for 
1976-82 are from USDA, ERS, U.S.S.R. Outlook and Situation Report, RS-84-4, p. 22. Temperature and 
precipitation data were obtained from U.S. Department of Commerce, Nationa Oceanic and Atmospheric Adminis­
tration. 

Notes: 	 Weather-adjusted yield is derived by subtracting the estimateJ weather variability of grain yield given in Table II 
from actual yield. Weather adjusted output isderived by subtracting the estimated weather variability of grain output 

tgiven in Table II from actua ,-'.put. 
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1958-67: = (a1su6.7374 P2 = 0.5743, P3 = -0.0922,(65.2880) (1.6585) (0.2927) 
+ 0.0392t + lnuosu; (31) SSR = 0.0089, number ef observations = 10.(4.8760) 

R2 = 0.7483, D.W. = 1.8500, SSR = 0.0427, 1968-82: lnYsu 2.4861=number of observations = 10. (33.7730) 

1968-82: lnYsu = 2.4697 + 0.0066t + nU;(35) 
(18.9240) (2.2600) 

+ 0.0071t + Inuysu; (32) R2 0.3172, p, = 0.5855,
(1.3860) (2.2818) 

R2 = 0.1287, D.W. = 3.4250, SSR = 0.0963, P2 = -0.1109,number of observations = 15. (0.4321) 

1968-82: lnOsu = 7.2009 SSR = 0.0511, number of observations = 15. 
(50. 24 10) 1968-82: InOsu 
= 7.2016+ 0.0109t + InUosu; (33) (71.0390)
(1.9330) 

R2 = 0.2233, D.W. = 2.8380, SSR = 0.1162, + 0.0110t + lnuosu;(36)
(2.7530)

number of observations = 15. 

R2 = 0.3871, p, = 0.2357,Before conducting the F-test for the hy- (1.7307)pothesis that yield and output variability in- SSR = 
creased in the second period, the D.W. statis-

0.0947, number of observations = 15. 
tics in equations (30), (32), and (33) must be F-tests were conducted on the coefficientcorrected for serial correlation. P2 and P3 are of variation of yields based on equations (34)the second- and third-order serial correlation and (35), and outputs based on equationscorrection coefficients.61 (31) and (36).62 At the 5 percent level of 

significance, the coefficient of variation of1958-67: lnYsu = 2.0359 yield is significantly greater in the second
(60.1030) period. However, the test does not support+0.0300t + the hypothesis that the variation of output(11.2910) increased.63What kind of hypotheses can be formu-

R2 = 0.9623, p1 = 0.7329, lated to explain the higher net yield vari­
(2.3276) ability in the period 1968-82? Note that 

61The serial correlation correction is carried out until the final coefficient is statistically not significant.

62It is not meaningful to conduct a statistical test on changes in the variance of Ysu or V(Ysu) between the two periods becausr
V(Ysu) is specified to be an increasing function of time. 
 Bui suppose v, = In Usu, is distributed accordingdistribution with IL, = 0 and variance o. This implies that Usu., 

to a norrial 
has a log-normal distribution with 

= 1/2 2I e rand u = e I (e a,2 ).
 
The coefficient of variation of v, is then (eU v 
- 1)112,which is also the coefficient of variation Ysu. Tests for increases inthe coefficient of variation of Ysu then reduce to tests about increases in e',

increasing function in orj, about tests of increases in ur. 
- 1, or, because this is a monotonically

Because it has been assumed that v, is normally distributed, standardF-tests are applicable. For details, see Mehra, Instability in Indian Agriculture.63 The critical 5 percent value of the F ratio with 13 degrees of freedom in the numerator and 8 in the denominator is about 3.2.The respective ratios for yield and output are 0.0511/0.0089 = 5.7416 and 0.0947/0.0427 = 2.2178. 
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these years coincide roughly with the in-
creasingly massive injections of investments 
in Soviet agriculture that accompanied the 
decision to raise the standard of living of the 
Soviet people by steadily raising their con-
sumption of livestock products. These mas-
sive injections of resources, coupled with a 
lack of genuine incentives in the farm econ- 
omy, could have intensified the organiza-
tional problems there. For example, the 
problems of increasing labor shortages in the 
farm sector could have been aggravated. 64  

Fertilizer use rose dramatically perhaps with-
out a balancing increase in the use of com-
plementary inputs of pesticides, water, and 
weed control. Agricultural mechanization, in 
particular with continuing problems of spare 
parts, especially at harvesting time, may 
have become more problematic. The intro-
duction of new varieties of seeds for certain 
crops could also have accentuated the atten-

dant problems of pest control, inadequate 
water supplies, and so on. Increased yield 
variation can also result from the po.icy deci­
sion to introduce barley (which has greater 
variations in yield) into the spring crop of the 
oblasts of the Ukraine and the northern Cau­
casus. 

The analysis of net yield variability, sug­
gesting increased variability, needs to be 
strengthened by distinguishing between 
crops such as spring wheat, winter wheat, 
and barley, and by using different weather 
indexes. 

In conclusion, the finding of increased 
variability of weather-adjusted grain yield 
poses serious problems for the Soviet plan­
ners. In particular, it points to the urgent 
need to introduce suitable incentives in the 
management of the farm economy to reduce 
the variability of weather-adjusted grain 
yields. 

6A .rst of sources that discuss problems in Soviet grain production is given in Felix N. Kogan, "Soviet Grain Production: 
Resources and Prospects," Soviet Geography: Review and Translation, November 1983, pp. 631-661. The problems created 
by the increasing labor shortages in agriculture are discussed in A. I. Zdorovtsev, "Resources of Agriculture" (in "ussian), 
Ekonomika Sel'skogo Khozyaystva, 1981, no. I: 3-6; V. S. Golovin, A. N. Lifanchikov, and I. P. Ul'yanov, "The 
Development of the APK in the Nonchernozem Zone" (in Russian), Voprosy Ekonomiki, 1982, no. 9: 100-111; 1. Gridasov 
and B. Andreyeva, "The Basis of Fertility" (in Russian), Sel'skaya Zhizn', June 20, 1982; and A. A. Sergeyev, "Principal 
Tends for Capital Investments During the I I th Five-Year Plan" (in Russian), Planirovaniye: Uchet v Sel'skvkhozyav.stvennikh 
Predpriyati)akh, 1982, no. 1: 2-6. 

The increasingly complex and unsatisfactory fertilizer situation is discussed in V. V. Tokarev and 1. A. Potashov, 
"Improving Mineral Fertilizer Effectiveness" (in Russian), Zemledelive, 1980, no. 9: 19-26; A. Gol'tsov, "Growth in the 
Production of Grain-A Most Important Task of the I Ith Five-Year Plan" (in Russian), Planovove Kho:z)ystvo, 1981, no. 4: 
90-96; V. Golikov. "The Central Problem of the Five-Year Plan" (in Russian), Konumunist, 1982, no. 13: 22-31; Golovin, 
Lifanchikov, and Ul'yanov, "The Development of the APK"; Gridasov and Andreyeva, "The Basis of Fertility"; and B. 
Istomin, "Notes from a Scientific Conference" (in Russian), Sel'skaya Zhizn', July 8, 1982. 

Frm equipment problems arc treated at length in V. A. Domanskiy, "On Supplying Agriculture with Equipment and the 
Use of Such Equipment" (in Russian), estnik Statistiki, 1981, No. 4, pp. 23-31, and Z. Gerasimova, "On the Prices for 
Agricultural Eqiipment" (in Russian), Ekonomika Serskogo Khozyaystva, 1981, No. 3, pp. 40-42. 

The increasing problems, especially with new varieties of winter wheat, are discussed in Gol'tsov, "Growth in the 
Production of Grain"; and "Effectiveness of Scientific Research, Report on the 1982 Annual Meeting of the Academy of 
Agricultural Sciences" (in Russian), Sel'skaya Zhizn', April 27, 1982. 
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8 
IMPLICATIONS FOR DEVELOPING COUNTRIES 

The role of "systemic" and policy fac- weather seem to have contributed to largetors in the fluctuation of Soviet grain yields imports beginning from 1971/72, assuming
became more pronounced between 1968 and that nothing else changed. If, as a result, they1982. When yields vary from year to year continue to be large in the future, and if they
and grain output falls short of requirements, are not predicted in advance, they can have
imports must fill the gap. The fluctuations in serious implications for the grain-surplus and
Sovw,:t grain yields and the imports they en- the grain-defocit developing countries of the
gender affect the developing countries as im- world.
 
poiters and suppliers of grain in world mar­
kets.
 

Three aspects of relevance to the analysis Soviet Grain Import
are discussed below. The most relevant is the Requirements and Developing.­
massive and increasing Soviet grain imports Country Grain Suppliers
dating from 1971/72.65 Also important is the 
emergence of Argentina as a large grain sup- Table 14 shows that the U.S. share of
plier to the Soviet Union. The third aspect grain exports to the Soviet Union declied
discussed is the possible conflict between drastically to 23 percent in 1980/81, a result
Soviet grain demand and the import needs of of the grain embargo imposed by the Carter
the developing countries. Administration in January 1980. Argentina 

emerged as a major supplier of grain at that 
time. 66Argentina's shares in Soviet grain im-Weather Variability and Soviet ports have continued to be large with the

Grain Imports 1983 share, 27 percent, exceeding the U.S. 
share, 22 percent, and matching the Cana-The weather variability of Soviet grain dian share. 67
 

output after 1970 was substantially negative 
 Supply prices show that international
only in 1975/76 and in 1981/82. It was only grain trade, in recent years, has been com­
marginally negative in 1979/80, close to petitive, with Argentina able to compete in 
zero in 1974/75, and positive in eight years. both wheat and maize. Argentine wheat
Imports, by contrast, have grown steadily prices fell below the prices of U.S., Cana­
and were a massive 142 million tons in the dian, and Australian suppliers in several
four years from 1979/80 to 1982/83 (Table years between 19/5 and 1981, and averaged
13). The combined negative weather vari- U.S. $154 per metric ton over the whole
ability of output in the four years was 12.9 period, less than the Canadian average (U.S.
million tons. Fluctuations in output attributa- $162) and not far above the averages for the
ble to factors other than below-average United States and Australia (both U.S. 

6'The years referred to here are consumption years starting from July I and ending on June 30 of the newt year. htnjxrts are net
 
of exports.
 
6 Argentina also supplied 39 and 55 percent of Soviet purchases of soybeans in 1982 and 1983. 
 Brazil's share of Sovietpurchases of soybean meal was 62 and 55 percent in 1982 and from1983. The data are U.S. Department of Agriculture
(USDA), Economic Research Service (iRS), U.S.S.R. Outlook and Situation Report, RS-84-4 (Washington, D.C.: U.1DA,1984), p. 29; and USDA, ERS, U.S.S.R. Outlook and Situation Report, RS-85-4 (Washington, D.C.: USDA, 1985), p. 21.
These commodities are not considered in this report.
67 These shares include Soviet purchases of grain and grain prxlucts in tons in the calendar years. For details, see USDA,
ERS, U.S.S.R. Outlook, RS-84-4, p. 29, and USDA, [.RS, U.S.S.R. Outlook, RS-85.4, p. 21. 
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Table 13-Net grain imports and the estimated weather variability of output, 
1971/72-1982/83 

Estimated Weather Variability 
Year Net Grain Imports- of Grain Output 

(million tons)
 
1971/72 1.4 6.8
 
1972/73 21.0 11.5
 
1973/74 5.2 38.6
 
1974/75 0.4 	 -0.2 
1975/76 25.4 	 -26.6 
1976/77 7.7 16.7
 
1977/78 16.8 29.4
 
1978/79 12.8 27.6
 
1979/80 29.7 -5.4
 
1980/81 34.3 1.1
 
1981/82 45.5 - 12.7
 
1982/83 32.0 4.1
 

Sources: 	 The net import data from 1971/72 to 1975/76 are from U.S. Department of Agriculture (USDA), Ecotnomic 
Research Service (ERS), Worh/kAgriculture: Outlook and Situation, WAS 29 (Washington, D.C.: USDA, 1982), p. 
21; the data from 1976/77 to 1982/83 ae from USDA, ERS, U.S.S.R. Outlook and Situation Report, RS-85-4 
(Washington, D.C.: USDA, 1985), p. 6. The estimates of the weather variability of grain output are found in Table 
I.
 

Note: 	 Each year is the grain consumption year beginning July I and ending June 30 of the next year. 

$148). Similarly, Argentine maize prices fell 
below U.S. maize prices between 1976 and 
1979, and averaged only slightly more than 
U.S. prices between 1975 and 1981 (U.S. 
$121 per metric ton compared to U.S. 
$117).68 

The Soviets have shown a desire to re-
duce their dependence on U.S. supplies and 
to diversify their sources of purchase, which 
can be financed by barter of, say, oil in 
exchange for grain. Grain-producing devel-
oping countries can take advantage of this 
opportunity if they can generate exportable 
surpluses at the prevailing international 
prices. 

Soviet Grain Import
Requirements and Grain-
Importing Developing
Countries 

Rising Soviet shares of imports of coarse 
feedgrains in world trade, including maize, 
will conflict with the increasing needs of 
middle-income developing countries for 
these commodities to satisfy rising lemands 

for livestock products as incomes grow and 
living standards improve (Table 15). This 
may be less likely to happen with wheat. In 
1972, large and secret wheat purchases by 
the Soviet Union from the United States 
raised the wheat prices paid by wheat im­
porters such as India and China abnormally 
high. The wheat import reqoirements of In­
dia and China are now marginal and occa­
sional. They can be met througt iung-term 
agreements with supplier countries such as 
those China has made or through commercial 
transactions such as India made in 1983. 
Soviet long-term grain agreements with the 
United States, Canada, and Argentina would 
also minimize these problems. These import 
requirements can create severe problems
only if sustained droughts inIndia or China 
coincide with massive harvest failures inthe 
Soviet Union. The grain need, of African 
lands, some of them severely drought­

stricken, and of poor countlies such as 
Bangladesh, are more ii need of adequate 
protection. A harvest failure in the Soviet 
Union, however massive, cannot and should 
not be allowed to exacerbate the conse­
quences of a drought in Africa. 

68US)A, FRS, U.S.S.R. Review ofAgriculture in 1981 and Outlook for 1982, Supplement I to VAS-27 (Washington, D.C.: 
USDA, 1982), p.7. 
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CN Table 14-Soviet imports of grain by country of origin, 1971/72-1983 
1971/72 1972/73 1973/74 1974/75 1975/76 1976/77 1977/78 1978/79 1979/80 1980/81 1982 1983 

(percent)

Wheat


U.S. ... 60.9 60.0 35.7 40.0 63.0 50.0 56.9 32.8 n.a. n.a.Canada n.a.80.0 26.9 36.0 10.7 32.0 26.1 25.8 39.2 17.6Australia n.a. n.a. n.a.14.3 58 2.2 28.6 12.0 8.7 4.5 2.0 22.7 n.a. n.a. n.a.Argentina ... .. . . . 25.0 12.0 2.2 16.7 ... 16.8 na. n.a. n.a.European Community "2.9 "4.5 ... .. . ..Others 2.9 1.9 2.2 
... 5.0 n.a. n.a. n.a 

... "4.0 .".-. 3.0 2.0 5.0 n.a. n.a. n.a.
Total

(million metric tons) 3 5 15.6 4.5 2.8 10.0 4.6 6.6 5.1 11.9 n.a. n.a. n.a. 

Coarse rains
U.S. 67.4 60.9 81.3 48.1 64.7 81.8 78.0 83.0 61.6 n.a. n.a. n.a.Canada 
 4.7 13.0 3.1 ... 8.5 4.0 1.7 1.0 7.0Australia n.a. n.a. n.a. . . 3.7 5.2 2.0 ... ...Argentina 2.3 7.0 n.a. n.a. n.a.1.4 4.7 40.7 1.3 4.0 13.6 14.0 16.2 n.a. n.a. n.a.European Community ... 17.4 7.8 3.7 3.3 4.0 1.7Others 25.6 7.2 

2.0 1.1 n.a. n.a. n.a.3.1 3.7 17.0 5.0 5.1 ... 7.0 n.a. na. n.a.
Total

(million metric tons) 4.3 6.9 6.4 2.7 15.3 5.5 11.8 10.0 18.5 n.a. n.a. n.a. 

TotalU.S. 37.2 60.8 72.5 44.2 54.9 73.3 67.9 74.2 50.2 23.5 31.0Canada 38.5 22.7 16.5 ... 
22.0

17.8 13.9 10.3 13.9 11.1Australia 6.4 20.0 24.0 27.04.0 1.0 17.3 7.9 5.0 1.6 0.7 13.1 8.5Argentina 1.3 0.4 2.8 5.0 3.034.6 5.5 3.0 14.7 9.3 16.7 32.6 22.0 27.0European Community 1.3 8.4 4.6 1.9 2.0 2.0 1.1 1.3 2.6Others 3.5 1.0 12.015.4 3.6 2.8 1.9 11.9 3.0 4.3 0.7 6.2 11.8 17.0 9.0
Total

(million metric tons) 7.8 22.5 10.9 5.2 25.3 10.1 18.4 15.1 30.5 34.0 40.3 33.9 
Sources: Except for 1982 and 1983. the figures are calculated from U.S. Department of Agriculture (USDA). Economics, Statistics, and Cooperative Service, The WashingtonSales Suspension and Soviet Agriculture. An October Assessment. Supplement I to WAS 23 (Washington. D.C.: USDA, 1981). The percentages for 1982 and 1983 aregiven in USDA. Economic Research Service (ERS). U.S.S.R. Outlook and Situation Report. RS-84-4 (Washington, D.C.: USDA, 1984); and USDA. ERS, U.S.S.R.Outlook and Situation Report. RS-85-4 (Washington. D.C.: USDA. 1985). The original data are based onNotes: reports of the exporting countries.Ellipses (... ) mean that less than 50.000 tons were imported. The years are from July I to June 30 except for 1982 and 1983. which are calendar years. n.a. stands for not

available. 



Table 15-Shares of developing countries and the Soviet Union in world 
imports of cereals and coarse grains, 1969-84 

Cereals Coarse Grains 

Share of Share of Share of Share of 
Developing Soviet Developing Soviet 

Year World Countries Union World Countries Union 

(1,000 metric tons) (percent) (1,000 metric tons) (percent) 
1969 97,168 36.7 1.3 35,21P 8.8 1.4 
1970 112,117 37.4 2.5 41,271 11.3 0.7 
1971 118,438 36.8 3.4 43,294 11.3 2.2 
1972 131,418 33.8 12.3 54,082 12.0 13.5 
1973 157,653 36.6 15.5 60,672 15.8 12.0 
1974 150,826 40.5 5.1 62,840 16.7 5.9 
1975 156,433 37.8 10.6 65,359 15.9 10.3 
1976 170,856 34.0 12.5 77,087 12.1 18.0 
1977 162,571 39.3 7.3 68,812 18.7 6.1 
1978 187,670 40.1 12.5 84,329 19.8 16.2 
1979 201,288 41.2 13.3 91,025 23.3 17.3 
1980 218.912 44.0 14.3 95,934 27.6 13.1 
1981 233,056 43.4 18.7 99,890 26.0 19.4 
1982 223,977 44.8 17.9 88,869 29.2 15.9 
1983 219,223 49.9 14.7 87,996 35.9 8.5 
1984 233,828 48.0 18.5 92,159 35.8 15.0 

Source: Food and Agriculture Organization of the United Nations, Trade Yearbook (Rome: FAO, 1975-85).
 
Notes: Included in the coarse grains data kre barley, maize, and oats. Developing countries include all developing market
 

economies and the Asian centrally planned economies. 
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9 
CONCLUSIONS 

The weather variability of Soviet grain
yield during 1955-82 is suitably defined and
measured in this report on the basis of a
representative sample of 14 oblasts. It isesti-
mated as the deviation of observed from aver-
age weather expressed in term!; of yield,
These estimates provide several conclusions,

First, the weather variability of aggregate
yield can occasionally be large but its stan-
dard deviation is not. For example, the high-
est negative yield variability, 2.8 centners in
1963, which suggests that yield would have
been higher by 2.8 centners if the weather 
had beeh average, is 33.7 percent of the
actual yield of 8.3 centners in that year. Sim-
ilarly, the highest positive weather vari-
ability, 3.2 centners in 1970, is 20.4 percent
of the actual yield of 15.6 centners. (The
estimates also suggest that the 1963 grain
output would have been larger by 36.4 mil-
lion tons and the 1973 output smaller by 38.6
million tons if the weather had been aver-
age.) By contrast, the weather variability of
yield between 1979 and 1982 issmall despite 
poor harvests in each of these years. Indeed,
grain output in the four years would have 
gone up only 12.9 million tons if the weather 
had been average. Overall, the standard de-
viation of yield variability is 1.58 centners,
implying that, on average, above-average or 
below-average weather orwill raise lower
yields by 1.58 centners. This standard devia-
tion is 12.3 percent of the mean yield of 12.8 
centners during 1955-82. Thus, yields (and
therefore, output) can he excessively high or
low because weather deviates i'rom the mean,
but the standard deviation is by no means 
large. This phenomenon can be explained by
lack of an association between weather in the 
west and the east of the Soviet grain belt: the
correlation coefficient between the series of
estimated weather variabilities of the oblasts 
in the west and the eaA of the grain belt is
statistically not significant. As a result, the
weather variability of aggregate yield is 
dampened. 

The second major conclusion of the re­
port is that the contribution of weather fluc­
tuations to variations of yield in the aggre­
gate is modest. The covariance between yield
and the weather variables in the weather­
yield model is weighted by the estimated 
parameters of the weather variables in the
model, aggregated and divided by the yield
variance explained by the model. The 14
oblast covariance ratios show a rising trend 
in the southeasterly direction of the grain
belt, suggesting a deterioration of weather in
that direction. The covariance ratio is 9.41 
percent fbr Lvov ohlast in the northwest and
98.33 percent for Karaganda oblast in the
southeast. This covariance ratio for aggre­
gate yield is 52 percent, implying that 52 
percent of the explained yield variance is
accounted for by weather fluctuations, with
the remaining 48 percent accounted lor by
input variations. 

This raises the question of the role of
policy and systemic factors in yield. When 
the weather variability component is sub­
tracted from the actual yields of the period
1958-82, the weather-adjusted yield shows 
increased variability for the 1968-82 period.
This period coincides roughly with the years
in which massiv, investments were pumped
into agriculture. But these investments were
 
not accompanied by new incentives or de­
centralized decisionmaking. While f-rtilizer
 
use increased, it was not matched by an ade­
quate supply of matching inputs such 
 as 
pesticides, new seed varieties, and water 
supply. Increasing ! ..ortages of labor and

machinery spare paits could also have con­
tributed to the variability of grain yields.


Finally, a word of caution. The estimates 
and conclusions need to be strengthened by
further research. In particular, grain yield
must be separated into yields of winter and 
spring wheat and of coarse grains. The
weather variables adopted here, monthly
temperature and precipitation, must be 
refined. 
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APPENDIX 1-SUPPLEMENTARY TABLES
 

Table 16-Area sown with grain in selected oblasts, 1958-75 
Belo-

Russian Soviet Federated Socialist Republic Ukraine :Mussia Kazakhstan 

Year 
Altay 
Kray Moscow Omsk Rostov 

Stravropol Tatar 
Kray A.S.S.R. Voronezh Total Kharkov Kiev Lvov Odessa Total Minsk Karaganda Kustanay Total 

Selected 
Oblasts 

(thousand hectares) 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 

5,753.0 
5,792.0 
5,788.0 
5,885.0 
5.988.0 
5,095.0 
5,721.0 
5,611.0 

428.0 
382.0 
298.0 
374.0 
362.0 
369.0 
438.0 
416.0 

2.612.0 3,152.0 
2,666.0 2,59' 0 
2,780.0 2,801.0 
2,744.0 3,343.0 
2,887.0 3.533.0 
2,644.0 3,522.0 
2,793.0 4,020.0 
2,696.0 3,577.0 

2,263.0 
1.831.0 
2,082.0 
2.443.0 
2.402.0 
2,772.0 
2.492.0 
2,460.0 

2,327.0 
2.220.0 
2,306.0 
2,395.0 
2.515.0 
2,546.0 
2,647.0 
2,549.0 

1,496.0 
1,254.0 
1,364.0 
1,640.0 
1,747.0 
1,415.0 
1,821.0 
1,664.0 

18,031.0 
16,743.0 
17.419.0 
18,824.0 
19,434.) 
18,363.0 
19,932.0 
18,973.0 

896.2 
719.9 
785.4 
991.0 
912.2 
964.8 

1,003.3 
900.9 

712.3 389.3 
650.5 317.9 
615.2 273.7 
701.1 330.4 
683.5 318.4 
666.1 349.8 
701.2 341.7 
684.0 330.1 

1.025." 3.022.8 
1.120.0 2.808.3 

884.1 2,558.4 
1,064.7 3.087.2 
1.016.3 2,930.4 
1,058.9 3,039.6 

991.6 3,037.8 
1,036.8 2,)51.8 

531.9 
528.1 
513.3 
533.9 
521.5 
573.6 
594.0 
567.1 

1.018.2 
965.8 
967.4 
966.2 

1,107.6 
1,214.6 
1,167.8 
1,154.0 

4.001.9 
3,666.7 
3,943.5 
3,780.7 
3,780.7 
3.877.1 
3,973.4 
3,973.4 

5,020.1 26,613.0 
4,632.5 24,711.9 
4.910.5 25,401.6 
4,745.9 27,192.0 
4,888.3 27,774.2 
5,091.7 27,067.9 
5,141.2 28,705.0 
5,127.4 27,619.3 

1966 
i967 

5,314.0 
4.875.0 

412.0 
432.0 

2,675.0 3,630.0 
2,461.0 3.547.0 

2,390.0 
2,265.0 

2,470.0 
2,394.0 

1,702.0 
1.644.0 

18,593.0 
17,618.0 

871.0 
882.5 

L33.7 
637.1 

317.3 
298.8 

71.6 2,793.6 
938.5 2.756.9 

562.6 
574.2 

1,182.9 
1.127.4 

3.907.8 
3.816.3 

5,090.7 27,039.9 
4.943.7 25,892 9 

1968 4,902.0 410.0 2,502.0 3,464.0 2.242.0 2.369.0 1.720.0 17,609.0 842.9 646.2 322.2 928.6 2,739.9 526.4 1,137.5 4,006.2 5,143.7 26,019.0 
1969 4,960.0 444.0 2.541.0 3.425.0 1,997.0 2,336.0 1.637.0 17,340.0 898.3 671.5 301.4 986.9 2,858.1 545.4 1.229.0 4.190.0 5,419.0 26,162.5 
1970 4,679.0 439.0 2,457.0 3,333.0 2,165.0 2,317.0 1.612.0 17.002.0 785.9 638.3 314.5 1,000.1 2,738.8 512.8 1,080.4 3,878.1 4.958.5 25.212.1 
1971 4,625.0 423.0 2,270.0 3,225.0 2.106.0 2.347.0 1.602.0 16.598.0 863.8 642.8 316.8 -,71.5 2,794.9 504.1 1,040.7 3,926.3 4,967.0 24,864.0 
1972 4,704.0 427.0 2,308.0 3.209.0 2,123.0 2.352.0 1,635.0 16,758.0 915.5 651.1 328.6 1.028.9 2,924.1 522.6 1,046.1 4.032.0 5.078.1 25,282.8 
1973 4.884.0 425.0 2.408.0 3.558.0 2,247.0 2,413.0 1,769.0 17,704.0 973.8 698.1 329.9 1,104.6 3,106.4 507.8 1,126.5 4.216.0 5,342.5 26,660.7 
1974 4.797.0 401.0 2.291.0 3,580.0 2,204.0 2.441.0 1,732.0 17,446.0 982.5 722.9 331.2 1,048.6 3,085.2 497.1 1,139.2 4,249.5 5,388.7 26,417.0 
1975 4,802.0 415.0 2.341.0 3,603.0 2.282.0 2.449.0 1,642.0 17.534.0 945.2 735.8 339.0 1.121.6 3,141.6 510.0 1.169.8 4.501.2 5,671.0 26,856.6 

Mean 5.231.9 405.3 2,559.8 3,395.6 2,264.8 2,410.7 1,616.4 17,884.5 896.4 671.7 325.1 1,016.6 2,909.8 535.2 1,102.3 3,984.5 5,086.8 26,416.2 

Source: Statistical handbooks from the republics and other sources available from the International Research Center of the U.S. Department of Commerce, Bureau of the Census. 
Note: Only the years for which data areavailable for all the oblasts are included. 
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0 Table 17-Miniium, maximum, and mean values and standard deviations of temperature and precipitation ofthe selected oblasts, by month, 1950-82 

Temperature 
PrecipitationOblast/ StandardMonth Mean Deviation Minimum StandardMaximum Mean Deviation Minimum Maximum 

Altay kray(mli (degrees Celcius) 
(millimeters)

e rsJanuary -16.20 3.91 -23.70 -8.80February -15.60 3.63 
-24.15 13.19 4.00 60.00-25.40 -9.10 22.54March 12.32 4.00-8.18 2.91 51.00-12.80 -3.10April 23.77 10.02 9.002.57 2.22 54.00-1.70

May 6.10 28.04 15.4011.79 2.10 6 00 59.007.80 !5.80 40.38June 21.9817.95 1.56 14.80 20.60 9.00 86.00 
July 49.31 25.9119.95 1.88 10.00 117.0015.60 23.80August 16.84 1.37 

61.96 32.05 4.00 138.0014.20 
 19.50
September 58.12 32.82 3.0011.02 1.83 7.00 116.0015.50 28.73October 2.34 17.37 5.00 69.001.91 -2.60November -7.94 4.16 
5.50 43.31 23.41 11.00 108.00-17.00 -0.80 37.88 21.90December -14.80 2.00 90.004.32 -25.60 -9.00 30.13 17.31Karaganda 1.00 61.00 

January -13.92 2.97 -20.90 -7.90 17.67February -13.50 12.70 2.00 49.003.05 -19.10 -7.60 18.82March 9.78-6.96 4.03 8.00 40.00-14.50April 4.10 17.95 9.73 4.004.48 49.002.39 -1.40 8.40May 24.36 14.3212.82 2.63 0.00 61.00 
June 8.20 18.60 33.00 27.7118.25 1.54 4.00 100.0015.20 21.80July 43.41 20.0320.05 1.86 16.60 23.80 3.00 84.00 
August 44.32 32.07 5.0017.47 1.43 116.0015.50 20.50 30.86September 11.68 21.17 0.001.95 72.008.10 15.10 18.29October 12.52 0.002.52 40.002.07 -3.50 5.10November -1.46 22.87 27.76 14.44 1.00 60.00-12.60 99.99 22.38December -12.40 3.56 9.06 4.00 42.00-20.60 -6.90 18.18 10.59 2.00Kharkov 42.00 

January -6.53 3.92 -15.00 -1.50 44.32February 33.61 4.00-5.71 126.802.70 -9.80 -0.50March 35.80 14.95- 1.09 2.25 6.00 60.00-6.00 3.30April 8.76 29.27 13.72 10.00 51.002.48 4.90 13.50 28.62May 14.83 6.0015.84 1.73 60.5012.80 18.90June 42.38 29.55 8.0019.35 1.73 136.8017.00 23.10 46.44 22.81 6.00 85.00 



bily 21.52 1.61 18.80 25.00 47.07 33.43 3.10 114.00 
August 19.94 1.49 17.60 24.10 55.23 38.00 3.90 151.00 
September 14.19 1.67 10.90 16.90 36.05 21.85 6.00 79.00 
October 7.49 1.75 4.00 10.90 31.77 25.04 7.40 95.00 
November 1.21 2.69 -4.00 7.00 38.18 25.86 4.00 104.40 
December -3.29 2.95 -8.20 2.90 45.47 27.63 7.00 132.20 

Kiev 
January -5.85 3.-61 - 13.80 0.40 43.64 22.36 12.00 84.00 
February -3.62 2.54 -7.40 0.60 43.50 26.27 7.00 112.00 
March 0.13 2.32 -4.20 3.80 33.47 23.37 4.00 100.00 
April 8.68 2.17 4.90 12.90 36.57 17.89 13.00 69.80 
May 15.06 1.83 12.50 19.00 52.95 25.87 15.00 106.30 
June 18.43 1.66 16.30 22.30 50.67 27.84 7.40 105.80 
July 20.16 1.49 17.40 23.40 77.40 49.64 5.00 210.00 
August 18.76 1.12 16.40 20.90 74.05 32.65 16.00 158.00 
September 13.77 1.62 10.70 16.90 41.16 36.29 2.00 132.00 
October 8.09 1.54 5.40 11.50 42.45 30.59 5.30 139.00 
November 1.72 2.28 -3.20 5.70 52.61 34.53 5.00 127.00 
December -2.32 2.47 -7.00 2.90 49.22 28.27 5.00 105.00 

Kustanay 
January - 17.74 4.53 -29.00 -11.10 13.41 8.24 0.00 31.00 
February -16.78 3.94 - 26.80 -9.10 12.92 8.14 0.00 30.00 
March -9.61 3.56 - 14.20 -3.10 14.72 15.56 1.00 81.00 
April 4.90 3.05 - 1.40 10.80 23.24 14.21 2.00 65.00 
May 13.87 2.31 8.80 17.80 24.00 18.16 2.00 72.00 
June 18.88 1.82 16.10 22.60 34.64 19.50 6.00 82.00 
July 20.46 1.91 16.70 23.70 44.64 30.59 7.00 140.00 
August 17.91 1.48 16.00 20.60 28.04 22.28 1.00 77.00 
September 12.03 2.38 7.60 17.70 26.12 21.13 0.00 -4.00 
October 2.40 2.26 -5.00 6.60 25.36 13.91 3.00 56.00 
November -6.37 3.26 -16.20 -0.70 21.32 11.36 6.00 44.00 
December -13.62 3.95 -22.80 -8.20 17.52 9.95 1.00 42.00 

Lvov 
January -4.79 2.90 -12.10 1.20 37.69 18.29 8.00 74.90 
February -2.72 2.64 -7.50 1.50 47.60 34.81 8.00 154.00 
March 0.69 2.66 -3.90 4.40 33.05 19.47 3.00 81.80 
April 7.48 1.73 4.20 10.10 48.66 20.91 17.10 101.00 
May 12.79 1.70 10.20 15.80 73.60 30.08 22.70 133.00 
June 16.44 1.50 14.10 20.60 93.29 43.78 22.40 171.40 

0(continued) 



t-j Table 17-Continued 

Oblast/
Month Mean 

Temperature 
Standard 
Deviation Minimum Maximum Mean 

Precipitation 
Standard 
Deviation Minimum Maximum 

July 
August 
September 
October 
November 
December 

17.91 
17.05 
12.90 
7.93 
2.99 

-1.94 

(degrees Celcius) 
1.29 15.50 
0.99 15.00 
1.59 10.30 
1.57 5.40 
1.90 -1.20 
2.59 -6.8(0 

20.40 
19.50 
16.50 
11.90 
6.40 
2.90 

110.93 
86.08 
49.06 
50.74 
48.31 
54.75 

(millimeters) 
40.72 51.70 
40.15 19.50 
28.73 4.20 
40.29 2.30 
20.01 11.00 
22.84 8.00 

77.00 
152.00 
113.00 
171.00 
89.40 
96.80 

MinskJanuary 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

-7.28 
-5.69 
-2.06 

5.73 
12.69 
16.47 
17.82 
16.62 
11.68 
6.29 
0.59 

-3.83 

3.68 
2.78 
2.93 
1.29 
1.99 
1.58 
1.51 
1.23 
1.46 
1.31 
1.84 
2.89 

-13.80 
-9.40 
-7.00 

2.80 
8.70 

13.70 
15.20 
14.80 
9.10 
4.30 

-3.70 
-8.60 

-0.60 
-1.20 

2.00 
8.10 

16.30 
19.80 
20.80 
19.20 
14.90 
9.40 
3.40 
1.40 

33.89 
32.68 
35.47 
40.63 
62.12 
73.26 
78.68 
69.11 
44.63 
46.63 
52.26 
41.47 

17.83 
17.59 
19.77 
15 82 
28.38 
37.38 
59.32 
32.03 
20.05 
26.73 
19.92 
!9.63 

11.00 
6.00 
4.00 
9.00 

19.00 
21.00 
20.00 
13.0O 
18.00 
3.00 

16.00 
12.00 

69.00 
65.00 
84.00 
87.00 

120.00 
154.00 
280.00 
132.00 
77.00 

102.00 
85.00 
95.00 

Moscow 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

-10.05 
-8.11 
-2.72 

5.65 
12.88 
16.31 
18.56 
16.58 
10.80 
4.66 

-1.62 
-6.23 

4.13 
3.25 
2.67 
1.05 
1.99 
1.88 
1.81 
1.40 
1.62 
2.31 
2.58 
3.82 

-16.20 
-14.00 

-9.40 
2.50 
9.70 

13.50 
15.70 
14.50 
7.60 

-1.00 
-8.00 

-41.50 

-3.50 
-1.50 

0.40 
10.10 
17.00 
19.20 
22.40 
20.60 
13.70 
9.00 
1.80 
0.90 

38.06 
36.87 
33.81 
39.26 
56.41 
67.31 
82.78 
72.46 
56.37 
57.85 
51.03 
43.66 

20.45 
21.58 
17.32 
17.95 
26.84 
34.00 
37.22 
37.01 
24.43 
29.32 
27.16 
22.32 

5.00 
5.00 

13.30 
11.00 
16.70 
14.20 
24.00 
23.40 
20.00 
6.90 

21.80 
14.00 

75.60 
93.80 
87.50 
85.20 

120.00 
128.00 
139.70 
163.00 
98.80 

114.90 
140.00 
94.70 



Odessa 
January -1.91 3.20 -9.40 2.40 43.55 31.67 0.80 139.00 
February -0.57 1.93 -3.80 3.40 39.32 32.71 5.00 12? 70 
March 2.25 1.66 -0.60 5.40 25.17 15.06 1.00 57.00 
April 8.98 1.74 5.00 11.20 28.03 18.76 7.00 70.00 
May 15.14 1.52 13.00 17.60 42.40 29.94 4.00 128.40 
June 19.60 1.36 17.30 21.90 34.16 21.38 2.00 80.00 
July 22.10 1.30 19.90 24.80 46.55 37.13 2.00 142.60 
August 21.45 1.06 19.60 23.00 33.70 3' ,9 2.90 137.40 
September 16 81 1.38 13.80 19.40 39.91 37.79 1.40 166.00 
October 11.30 1.89 7.90 14.80 18.28 14 75 3.00 57.00 
November 5.91 2.06 1.00 9.20 42 52 28.42 4.40 91.00 
December 1.45 2.17 -2.00 6.90 45.92 28.64 4.00 111.50 

Omsk 
January - 18.90 4.54 -30.00 -11.80 15.24 10.95 2.00 44.00 
February - 17.51 3.89 -25.30 -10.90 11.28 8.29 0.00 40.00 
March -9.92 3.35 - 17.00 -4.40 12.00 6.10 2.00 27.00 
April 2.97 2.61 -­ 3.30 8.10 18.80 11.62 0.00 43.00 
May 11.82 2.29 7.50 16.50 30.56 19.77 3.00 80.00 
June 17.58 1.66 14.90 21.20 51.72 31.105 2.00 110.00 
July 19.42 1.82 16.10 22.4(1 62.80 34.02 2.00 175.00 
August 15.92 1.34 13.00 18.20 53.80 24.16 5.00 112.00 
September 10.56 2.17 6.70 14.60 27.16 14.28 3.00 55.00 
October 1 60 1.97 -4.60 5.10 27.96 15.74 1.00 80.00 
November -8.40 4.02 - 19.00 -2.50 22.32 12.32 3.00 47.00 
December - 15.63 3.83 - 25.00 - 9.W 15.20 7.90 1.00 36.00 

Rostov 
January - 4.65 3.58 - 13.40 0.60 45.43 34.51 4.00 114.90 
February -3.37 2.96 -8.80 I.80 40.62 25.30 2.00 89.00 
March 1.17 2.11 -1.80 4.60 36.48 20.28 8.50 90.00 
April 10.47 2.34 6.30 15.20 32.89 20.97 5.40 83.00 
May 17.13 1.67 14.80 20.30 49.55 32.31 0.00 125.00 
June 21.24 1.65 19.00 25.20 59.06 33.15 6.00 134.00 
July 23.51 1.35 21.20 25.60 55.11 33.23 0.00 102.70 
August 22.41 1.48 19.60 25.70 36.29 28.55 3.20 112.00 
September 16.27 1.89 13.10 19.30 29.10 23.32 0.00 69.00 
October 9.38 2.10 4.90 14.20 36.85 20.82 7.00 87.00 
November 3.13 2.65 -4.10 5.90 43.29 33.95 4.00 119.70 
December -1.24 2.48 -6.20 3.00 63.72 42.29 2.00 141.80 

Stravropol kray 
January -3.72 3.20 -12.10 0.90 19.29 9.14 6.00 37.3u. 

a February -2.62 3.15 -9.00 2.60 19.73 12.19 3.00 44.00 
(continued) 



Table 17-Continued 
00 

Oblast/Month Mean 

Temperature 
Standard
Deviation Minimum Maximum Mean 

Precipitation
Standard 
Deviaton Minimum Maximum 

(degrees Celcius)
March 1 2.20 -2.70April 8.85 1.97 5.30
May 14.96 0.97 13.40June 18.73 1.29 16.60July 20.99 1.25 19.20
August 20.24 1.26 18.20September 14.70 1.39 12.30October 8.92 1.95 5.10November 3.20 2.20 -3.30December -1.24 2.03 -5.00Tatar A.S. S.R. 

January -13.70 4.49 -22.00February -12.18 2.96 -18.80March -5.76 3.01 -13.40
April 4.83 2.65 0.90May 12.89 2.03 8.00June 17.10 1.46 13.90
July 19.55 1.51 16.60
August 17.38 1.91 14.80September 11.01 2.57 4.40October 3.58 1.95 0.80November -3.70 2.30 -8.60December -9.12 3.30 -15.40

Vo'onezh 

January -9.01 4.02 -15.80February -8.31 3.45 -14.20
March -3.02 2.52 -7.90April 7.51 2.62 3.50May 14.86 2.09 12.30June 18.38 1.87 15.90July 20.19 1.64 17.30August 18.64 1.83 16.50
September 12.86 1.61 9.90October 6.23 1.90 2.70November -0.56 2.38 -4.70December -5.18 3.09 -10.60 

Source: Calculated from data obtained from U.S. Department of Commerce, 

(millimeters)
6.10 26.80 12.03 12.0013.30 53.55 18.27 29.70

17.30 71.64 27.58 42.0021.00 69.76 37.21 8.00
22.90 83.51 54.78 38.00
23.10 54.96 38.96 !0.0017.40 38.51 21.84 8.10
12.60 30.76 22.89 6.00
5.20 22.34 11.90 8.00
2.00 21.82 8.75 9.00 

-6.20 25.41 11.41 5.20
-8.10 25.62 16.55 4.70
-0.90 22.74 17.G6 5.80
10.80 31.48 19.83 4.0016.00 30.70 22.26 2.30
19.70 55.58 36.61 13.00
21.80 60.43 27.98 7.00
23.10 66.47 36.14 6.3014.60 40.28 25.15 5.00
8.10 41.11 16.97 4.70
0.30 36.53 18.64 8.00

-3.60 30.89 12.36 14.00 

-3.70 34.95 24.59 9.00-1.70 29.74 16.90 3.00
1.70 30.63 15.70 8.00

13.10 39.58 17.56 11 .GO
19.10 47.26 31.96 9.0022.00 46.37 26.65 6.00
23.50 63.47 30.53 12.0025.00 53.21 23.91 4.00
15.80 47.26 36.88 13.00
10.40 32.32 18.28 6.00
3.20 45.63 27.98 8.00
0.60 47.11 27.03 14.00 

National Oceanic and Atmospheric Administration. 

52.00 
100.00 
158.70 
121.20 
248.00 
150.30 
77.50 
92.00 
52.00 
35.40 

45.50 
82.70 
75.20 
82.60 
87.00 

152.70 
116.00 
135.20 
103.00 
72.00 
71.50 
57.00 

88.00 
65.00 
67.00 
70.00 

134.00 
118.00 
122.00 
97.00 

139.00 
76.00 

IC"9.00 
118.00 



Table 18-Actual and estimated yields of the selected oblasts, 1950-82 

Strwopol tir
A y KM Karag-nda Khlrkov Kiev Kustbiwy Lwov Mittsk Mosco Odessa s..ask Rost Kray A.S.S.R. Vorone2h 

Yepr Actd Esti. Actual Esti. AcEsti. Actual Eshi. Atul Esti. Actual Esti. Actual Esti. Actual Esi. Act i Actual Esti. Actual Et. Ac Actual Esti. Actual Esti. 

(centnersthecta;e) 
1950 n.a. n.e. n.a. n.e. n.a. n.e. n.a. n.e. n.a. n.e. n.a. n.e. r..a. n.e. n.a. n.e. n.a. n.e. n.a. n.e. n.a. n.e. n.a. n.e. n.a. n.e. n.a. n.e. 
1951 n.a. 5.7 n.a. 0.0 n.a. ii.3 n.a. 10.8 4.6 4.4 n.a. 6.0 n.a. 1.9 n.a. 0.6 n.a. 9.3 n.a. 7.5 n.a. 12.7 n.a. 8.2 n.a. 3.7 n.a. 8.2 
1952 n.a. n.a. n.a. 11.2 n.a. 11.5 3.4 1.5 n.a. 1 ;. 5.9 0.0 13.6 1.5 
1953 4.9 5.0 6.8 5.2 12.1 14.8 8.2 9.6 9.6 8.9 7.8 7.2 4.8 3.7 4.9 3.4 12.8 13.1 7.9 6.6 6.8 7.1 8.9 11.2 7.4 7.9 n.a. 8.7 
1954 15.3 10.5 9.9 9.3 n.a. 13.3 n.a. 9.2 7.6 6.2 n.a. 7.8 n.a. 0.0 n.a. 0.8 n.a. 12.4 10.2 9.1 ;.a. 3.9 n.a. 1.6 n.a. 6.6 7.4 4.4 
1955 5.2 4.9 4.6 3.3 18.7 15.5 12.6 13.0 2.1 2.6 7.2 7.7 n.a. 7.6 n.a. 10.9 18.6 17.3 4.5 4.6 n.a. 11.4 n.a. 12.6 n.a. 9.6 n.a. 16.6 
1956 13.5 11.7 6.0 6.0 n.a. 17.9 n.a. 13.0 13.8 11.0 n.a. 8.0 n.a. 0.2 n.a. 0.0 n.a. 18.1 12.8 11.5 n.a. 11.1 n.a. 7.9 n.a. 12.0 n.a. 7.7 
1957 11.7 12.2 5.9 4.9 15.9 14.2 14.2 14.3 3.9 4.7 12.0 11.4 n.a. 7.4 n.a. 7.3 14.5 14.5 8.2 8.5 n.a. 12.0 n.a. 11.8 n.a. 8.9 n.a. 15.9 
1958 13.0 14.7 12.3 11.5 20.4 19.3 15.0 13.7 5.9 7.3 11.2 9.9 6.7 6.0 7.1 8.1 18.8 18.5 10.5 9.0 ,7.0 15.9 16.2 14.4 8.0 9.9 15.5 16.6 
1959 9.8 11.2 7.8 9.4 14.9 15.1 17.0 14.8 9.3 8.8 13.5 12.6 7.2 5.2 11.5 10.8 17.4 16.1 10.3 7.7 10.0 9.6 9.8 11.0 10.0 9.9 11.9 12.1 
1960 11.0 11.6 6.6 8.6 14.9 16.6 15.0 14.6 8.3 11.2 12.1 12.1 9.1 9.9 8.2 5.9 19.2 !* 9.8 13.1 14.4 11.7 16.9 14.1 10.1 9.6 16.4 12.4 
1961 9.8 10.0 5.9 8.8 20.4 21.1 20.8 18.3 5.5 8.4 13.9 14.5 8.7 9.9 7.8 10.0 19.5 2i.: 9.1 9.7 '3.8 14.5 12.4 12.1 9.1 10.1 16.1 17.1 
1962 6.4 6.3 5.8 3.4 14.8 15.1 19.8 20.7 5.9 5.1 11.5 13.1 7.9 8.4 10.1 9.8 19.0 20.3 7.2 6.8 Is.3 16.5 16.2 13.6 10.6 11.0 17.4 15.8 
1963 3.4 6.3 1.1 2.0 9.8 10.3 13.6 14.8 3.8 3.7 12.1 13.8 8.7 10.2 10.3 12.3 14.2 17.1 3.1 5.9 10.4 11.4 16.4 15.9 8.0 8.2 10.6 15.3 
1964 9.9 9.8 9.2 6.8 19.9 23.5 16.7 17.0 10.3 7.9 13.8 15.4 7.6 8.4 9.6 9.6 17.7 20.7 10.7 0.8 16.8 17.3 8.9 11.0 9.4 9.5 18.2 16.6 
1965 5.5 5.8 1.6 3.2 16.9 19.4 24.6 21.8 3.7 4.8 16.1 16.0 12.3 12.5 12.5 12.7 24.0 23.2 2.8 2.9 9.6 12.5 10.8 12.1 10.1 10.1 16.2 16.0 
1966 12.6 11.8 8.2 6.7 21.8 17.6 23.2 22.4 13.0 8.6 17.2 16.4 11.3 12.6 12.6 14.3 24.1 21.3 13.1 13.2 20.1 19.6 17.2 19.4 10.9 11.4. 1F.2 19.0 
1967 7.1 9.0 3.3 6.3 19.4 18.4 19.7 20.8 9.7 9.9 17.8 17.8 12.3 11.8 16.2 17.2 L7.1 20.9 4.1 5.7 1.6 16.0 14.1 13.5 14.4 13., 14.1 15.5 
1968 10.5 12.1 3.9 5.5 18.8 19.5 19.4 23.3 8.6 13.6 20.5 19.6 11.7 10.5 16.8 15.6 21.1 22.3 10.7 11.6 14.3 15.9 14.8 17.0 15.6 15.2 17.9 17.4 
1969 8.9 6.1 5.4 5.2 23.0 21.4 23.4 23.2 10.0 11.6 18.9 17.5 17.7 19.8 22.7 20.9 27.7 25.8 9.7 9.1 10.9 13.5 9.1 8.8 16.4 15.3 17.8 16.2 
1970 13.4 13.5 3.2 5.6 24.6 23.6 20.1 24.4 13.1 13.0 19.7 20.6 18.0 17.4 22.4 22.1 29.9 28.8 13.4 14.2 21.1 23.4 20.0 19.0 14.8 13.6 21.9 19.3 
1971 15.8 15.3 5.3 6.3 25.6 22.3 25.5 24.6 9.1 7.5 25.1 21.2 22.7 22.2 23.6 23.8 26.2 24.8 14.9 13.5 17.0 14.2 20.7 14., 14.3 12.3 17.5 17.2 
1972 19.9 18.8 13.9 12.4 17.3 21.0 25.5 23.8 13.9 14.6 24.1 22.8 18.4 19.2 19.3 21.2 26.6 23.2 16.7 15.6 11.2 8.9 12.8 9.8 10.9 12.8 !2.9 12.4 
1973 12.5 11.1 7.3 8.2 30.0 28.5 29.6 27.4 10.2 10.5 21.4 23.3 23.2 21.6 23.8 22.7 32.0 30.2 15.3 15.6 26.3 24.2 21.0 19.6 13.9 15.3 24.8 25.3 
1974 5.7 6.0 1.9 4.0 27.8 28.7 29.7 30.4 6.7 6.9 21.5 23.9 28.1 25.3 25.2 25.4 24.1 29.6 9.6 11.6 21.5 19.8 14.9 15.3 16.1 15.8 22.8 23.2 
1975 12.7 12.6 4.3 4.2 19.6 21.4 25.4 25.2 2.7 6.3 14.9 14.9 21.9 23.6 24.8 25.0 23.4 24.7 8.2 8.9 13.0 14.4 10.6 13.3 8.9 8.9 13.3 16.0 
1976 11.0 10.0 9.8 8.7 n.a. 28.4 n.a. 32.5 14.4 12.1 n.a. 23.9 n.a. 23.9 27.8 25.9 n.a. 31.5 13.6 11.8 n.a. 23.0 n.a. 13.6 n.a. 16.5 n.a. 18.8 
1977 i4.0 15.7 3.8 1.8 n.a. 31.5 n.a. 30.6 8.1 8.0 n.a. 27.5 n.a. 29.7 26.3 26.8 n.a. 34.6 12.1 10.6 n.a. 22.6 n.a. 21.3 n.a. 17.0 n.a. 20.6 
1978 n.a. 13.6 9.1 6.4 n.a. 27.6 n.a. 34.4 10.1 7.7 n.a. 26.7 n.a. 23.8 n.a. 24.6 n.a. 31.2 n.a. 12.7 n.a. 28.3 n.a. 23.0 n.a. 12.6 n.a. 21.1 
1979 n.a. 109 n.a. 9.1 n.a. 24.7 n.a. 30.1 14.0 12.6 n.a. 28.4 n.a. 23.3 n.a. 26.4 n.a. 31.1 n.a. 13.9 n.a. 14.3 n.a. 18.2 n.a. 9.0 n.a. 18.7 
1980 n.a. 10.6 n.a. 6.5 n.a. 32.2 n.a. 34.6 14.0 8.2 n.a. 27.1 n.a. 28.8 n.a. 25.8 n.a.33.2 n.a. 12.3 n.a. 20.2 n.a. 12.8 n.a. 17.9 n.a. 20.7 
1981 n.a. 10.6 n.a. 7.7 n.a. 30.6 n.a. 31.5 9.5 9.6 n.a. 29.9 n.a. 28.2 n.a. 21.7 n.a. 31.5 n.a. 12.3 n.a.11.8 n.a. 18.5 n.a. 13.5 n.a. 21.6 
1982 n.a. 11.4 n.a. 3.7 n.a. 28.2 n.a. 34.1 n.a. 7.8 n.a. 28.0 n.a. 25.5 n.a.32.0 n.a. 31.2 n.a. 10.3 n.a. 23.0 n.a. 18.3 n.a. 18.3 n.a. 24.8 
Mean 10.42 n.e. 6.66 n.e. 18.94 n.e. 19.55 n.e. 8.05 n.e. 16.23 n.e. 13.59 n.e. 16.36 n.e. 21.11 n.e. 10.00 n.e. 15.06 n.e. 13.94 n.e. 11.27 n.e. 16.42 n," 

8.3 4.6 4.0 n.a. n.a. n.a. n.a. 13.3 n.a. 13.7 n.a. 3.7 n.a. 13.3 

Standard 
 n.a. 
deviation 3.95 n.e. 3.24 n.e. 4.73 n.e. 5.,2 n.e. 3.79 n.e. 4.80 n.e. 6.78 n.e. 7.43 n.e. 5.46 n.e. 3.70 n.e. 4.93 n.e. 3.76 n.e. 3.13 n.e. 4.23 n.e. 

Minimum 3.40 n.e. 1.10 n.e. 9.80 n.e. 8.20 n.e. 2.10 n.e. 7.20 n.e. 4.80 n.e. 4.90 n.e. 12.80 n.e. 2.80 n.e. 6.80 n.e. 8.90 n.e. 6.40 n.e. 7.40 n.e. 
Maximum 9.90 n.e. 13.90 n.e. 30.00 n.e. 29.70 n.e. 14.40 n.e. 25.10 n.e. 28.10 n.e. 27.80 n.e. 32.00 n.e. 16.70 n.e. 26.30 n.e. 21.00 n.e. 16.40 n.e. 24.80 n.e. 

00 
L, Sources: Statistal handbooks for each republic and the U.S. Department of Agriculture. The estimated yields were derived from weather-yield equations calculated for eah oblast. 

Notes: Where n.a. appears, the data were not available. Whcre n.e. appears, the statistic was not estimated. The mean and standard deviations are calculated only for those years included in the smple for 
the oblast. Estimates of yields bervnd the sample period for the oblast use the mean values of temperature and precipitation when the atual value values are not available. 



APPENDIX 2-WEATHER INDEXES
 

Weather indexes must directly ;,icorpo-
rate the soil moisture that is available to 
plants as they mature. The weather variables 
of monthly temperature and precipitation 
adopted in this report do not provide such
direct measures of soil moisture. However,
soil moisture indexes are difficult to con-
struct and require a massive amount of infor-
mation about soil types, their capacity to 
retain moisture at various depths, precipita-
tion from rainfall and irrigation, moisture 
loss through evapotranspiration, the critical 
phases of plant growth, and so on. These 
indexes are constructed by meteorologists,
soil scientists, and agronomists with the re-
suit that the relevant literature is highly tech-
nical. The purpose of this Appendix is to
indicate the difficulties of constructing
weather indexes to the nonspecialist reader. 

Concepts and Definitions 

Rain and irrigation are two sources of 
moisture for plants. This moisture is held in 
the soil, which is invaded by plant roots.,9
The maximum amount of available soil 
moisture cannot exceed the moisture storage
capacity or field capacity, which varies with 
soil type. 70 A minimum amount of moisture 
is available when the plant wilts irretrievably, 
Technically, therefore, drought occurs when 

9 Moisture 

the soil moisture isdepleted to the permanent
wilting point. 7' The range of available soil 
moisture is between the permanent wilting
point and field capacity-both defined in 
terms of soil moisture. 

Not all water from rain or irrigation is 
available - plants as moisture. Some of it 
runs off while some percolates in the soil 
beyond the roots. Again, moisture is lost 
through evaporation from the soil caused by
atmospheric factors such as temperature, and 
transpiration from the plants. The total loss 
of moisture from the process is defined as 
evapotranspiration. The soil moisture avail­
able to plants from rainfall, irrigation, and so
forth is the moisture left in the soil after 
actual evapotranspiration (ETa).72 It is possi­
ble to calculate soil moisture availability dur­
ing a given period by the Versatile Budgeting 
Method. Rainfall during the day is added to 
the available soil moisture at the beginning ofthe day and ET, issubtracted.73 

Two formidable problems must be re­
solved before this apparently simple proce­
dure can be used. First, a method must be 
found to estimate ETa and second, the avail­
able soil moisture must be estimated at sev­
eral depths. Clearly, a depth close .. the
surface is important when seeds ger­are 
minating, whereas a lower depth is important
during the maximum growth phase of the 
plant. 

may be expressed in percentages relative to the dry weight of soil. It is generally converted into inches orcentimeters. For a discussion of the method of conversion, see J. R.Thomas, T. J.Army, and E. L. Cox, Relationship ofSoilMoisture and Precipitationto Spring Yields itt the Northern Great Plains. Production Research Report No. 56 (\Vashingtcn,
D.C.: USDA, 1962), p. 3. 
70With regard to moisture storage capacity, note the following statement in Jcn-Hu Chang, Climate and Agriculture: AnEcological Sure' (Chicago: Aldin Publishing Company, 1968), pp. 198-199: "In hisThomthwaite . . . assumed study of global water balance,a storage capacity of ten centimeters for a normal soil, vhich he subsequently raised to 30centimeters. . . . Such standard values are at best crude. Soils developed on recent lava may have such a small moisturecapacity that even an annual rainfall of 100 inches can support only xerophytic plants. On the other hand, some deep alluvialsoils may have astorage capacity well over 40 centimeters. Therefore, for practical agricultural purposes, the storage capacityof asoil should be determined on the spot. . . . Ingeneral, the total amount -f usable water for plant growth isgreater for clay

than for coarse-extured soils."
 
71The permanent willing point varies with the type of soil. For example, the moisture content at the pernanent wilting point is
 
greater for cla,, than for sand.
 
72Here, the moisture availability depends also on how much moisture the soil has before the advent of rain.
-1For a numerical example and discussion of this melhod, 
see Chang, Climate and Agriculture, Chapter 19. 
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Measuring Actual 	 I is the sum of 12 monthly heat indexes, i, 
which are defined asEvapotranspiration 

The soil moisture available to plants is 
the residual moisture after actual evapo-
transpiration ETa. In order to measure ETa, 
the soil moisture required by plants is first 
defined. The maximum or potential soil 
moisture loss or evapotranspiration under 
ideal conditions-a land area covered with 
vegetation that receives adequate moisture at 

on the soil moisture re-all times-depends 
quired by the plant. This is defined as poten-
tial evapotranspiration (ET ). ETo is more or
less constant for a given soil and stage of 

plant growth. 74 ET_ is calculated from either 
an empirical or a physical formula. ET, 
estimated on the basis of assumed relation-ships between ET, ET,, and available soil 

moisture. 
A widely used formula for estimating 

ET, is attributed to Thornthwaite. It is 3n 
empirical formula based on an observed rela­
tionship between evaporation and tem­
perature inthe temperate, continental climate 
of North America. 75 It is "an exponential 
function of the mean monthly air tern-
perature": 

E = 1.6 (10'1),, (37) 
where "E is the unadjusted (30 days-each a 
twelve-hour day) potential evapotranspira-
tion in centimeters, T is the nean monthly 
temperature in degrees C.. a is a constant 
that varies from place to place, and I is the 
annual heat index. 7 The following equa-
tion produces a: 

13 - 0.0000771 12+ 
a = 0.000000675 

0.01792 I + 0.49239. (38) 

i = (T/5)1 0.514 (39) 
E is corrected by the actual daylength of 

hours and days in a month to give the ad­
jUsted potential evapotranspiration. This ad­
justs E for season and latitude. Thornthwaite 
omitted other meteorological factors, justify­
ing this by stressing "that they vary together 
with air temperature." 77 

While the formula can be used readily to 
derive ET, from temperature data, its limita­
tions arise from its exclusion of other rele­

vant and even critical explanatory variables 
suche radationsand bewn vETy 

The relationship between ETP, ETa, and
the available soil moisture can be shown 
using a simple Versatile Budgeting Method 
that incorporates all these concepts to simu­
late the available soil moisture. 

The Versatile Budgeing 

Method 
The purpose here is to calculate the soil 

moisture available to plants (SM) during a 
certain period with a simple bookkeeping 
method. Thus, assuming that the soil 
moisture available at the beginning of the 
first day equals the moisture storage capacity 
SM, the soil moisture available at the begin­
ning of the second day is 

SM+R-ET, (40) 

where R is the rainfall during the first day 

7.Details are in Andres C. Ravelo and Wayne .. Decker, "The Probability Distribution of a Soil Moistur Index," 
Agricultural Meteorology 20 (1979): 302, 
75 It differs from physical formulae, such as the Penman formula, which are based on an understanding of the "physics of the 
evaporation process" (Edward T. Linacre, "A Simple Formula for Estimating Evaporation Rates in Various Climates, Using 
Temperature Data Alone," Agricultural Meteorology 18 (1977): 410). These are more accurate inpredicting evaporation rates 
but require more information. According to l.inacre. the Penman formula requires information on " . .. four climatic 
elements, i.e., the net-radiation intensity, the atmospheric humidity, the wind speed and temperature. Not all of them are 
commonly available. In practice, the only data may be daily maximumn and minimum temperatures and the raiafall, often 
tabulated as monthly values." Linacre, therefore, develops an approximation to the Penman formula based on ILmperature 
measurements alone. 
71 This derivation of the Thornthwaite formula is from Chang, Climate antd Agriculture, p. 149. 

71 For a discussion of the effects of these factors on ETW, see Chang, Climate and Agriculture, pp. 149- 15 1. 
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and ETa is the actual evapotranspiration. 78  

A few bookkeeping rules are used to esti-
mate El a: 

• If the initial available soil moisture,
SM, is 0 and the rainfall during the day 
R exceeds the estimated ETp, then ET, 
is set at ET_.

" If SM is 0 ut R is less than the esti-
mated ETp, then ETa is set at R.

" If R is 0 but SM exceeds ETP, then ETa 
is set at ET_. 

" If R is 0 but SM is less than ETP, then 
ET, is set at SM. 

" Finally, if both SM and R are 0, then 
ET, is set at 0. 

Inthe more sophisticated versions of the
budgeting exercise, SM is simulated by as-
suming a linear relationship between it and 
ETa/ET .79 

If te assessment of the effect of soil 
moisture on plant growth is to be realistic,
the availability of soil moisture must be 
measured at appropriate depths 

Soil Moisture and Soil Depths 
During the initial phase of planting-

emergence and emergence-tilleting of a 
plant, only the top layers of soil are critical 
for moisture availability whereas in the final 

7HNote that SMand SM are 

phases of milk-soft dough and soft dough­
hard dough, moisture must be available in
the lower layers of the soil as well. Appropri­
ate weights should be attached to the soil 
moisture available at each depth when deriv­
ing the soil moisture index.80 

The daily index of available soil
moisture, DMI, is: 

4 
DMIi = l J (41) 

where 
"DMI is the index of available soil 
moisture on the ith day, k, is a weighing
coefficient. . . for the jth depth, and Sj
is the moisture store within the ith depth 
on the ith day." 8 1 

The rooting zone of the crop must be divided 
into specific depths, each with a moisture 
capacity and the crop development divided 
into intervals corresponding to a given phase
of plant maturity-a difficult task indee'. 

In a ',JI-blown model, Baier and 
Robertson regressed Canadian wheat yields
from 39 plantings during five seasons on soil
moisture indexes estimated for six soil
depths and five crop-maturing interva!s.82The yields were also regressed on simple
climatological variables such as minimum 
and maximum temperatures and rainfall in 
the relevant months. The authors conclude 

stocks whereas ET., ETp, aid R are flows. Also, the soil moisture available at any one limecannot exceed SM. It isprudent to begin the exercise assuming [hat the available soil moisture at the begirming c; the first dayis SM. The choice of the first day may thus be determined by adequate rainfaHl the previous night.71According to Augustine Y. M. Yao, "Agricultural Potential Estimated from the Ratio of Actual to Potential Evapotranspira­lion," Agricultural Meteorology 13 (No. 3, 1974): 409-410, "Baier compared five different typ,.s of relationships betweenavailable soil moisture and AE/PE (where AE is E,lErr and PE is Eo (ET l). He found . . . that the observed and estimatedsoil moisture means -.!e all significantly different excert for his type-C curve which assumes a linear relationship betweenavailable soil moisture and AF PE. This relationship holds for subsoil moisture as well. Inconclusion, Baier hasstated that ifsoil moisture observations are not available for comparison, the type-C curve appears to be a realistic assumption for the linearrelationship between AE/PE ,nd available soil moisture. It has been recommended as ago,d starting point for most soils andcrops when estimating soil :noisturc hy the Versatile Budget M.thod."A linear relationship between the rate of moisture loss and moisture availability is also assumed in 1.Lewin and J.Lomas,"A Comparison of Statistical and Soil Moisture Modeling Techniques in a Long-Term Study of Wheat Yield Performanceunder Semi-Arid Conditions," Journal ofApplied Ecology I I (December 1974): 1581 - W"90, in their analysis of wheat yieldperformance in the semiarid conditions of three Israeli settlements. 
The weights kI are available inL. A. Iteapy et al., "Development of aBarley Yield Equation for Central Alberta: 2, Effectsof Soil Moisture Stress"; Baier and Robertson, "The Performance of Soil Moisture Estimates," p.21; and W. Baier, "AnAgroclimatic Probability Study of the Economics of Fallow-Seeded and Continuous Spring Wheat in Southern Saskatchewan,"Agricultural Meteorology 9 (Nos. 5/6, 1971/72): 308.In Heapy et al., "Development of a Barley Yield Equation," p. 251, the rooting zone isdivided into four depths, each witha moisture capacity of 2.5 cm and the plant growth timetable is divided into seven intervals.11Heapy et al., "Development of a Barley Yield Equation," p.251.

12Baier and Robertson, "The Performance of Soil Moisture Estimates," pp. 17-31. 
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that the yield-soil moisture model had the 
highest coefficients of correlation and the 
lowest standard errors of estimate. 

However, as the discussion here suggests, 
soil moisture indexes are difficult to con-
struct. In any case, the required information 
is not available for use in this report. While it 
is possible to estimate monthly potential 
evapotranspiration for the oblasts of the re-

port on the basis of, for example, the Thorn­
thwaite formula, its applicability to the cli­
matic conditions of the Soviet grain belt is 
doubtful. All in all, !he weather variables of 
monthly temperature and precipitation 
adopted here, with occasional averaging and 
introduction of quadratic terms where ap­
plicable, are not only convenient but perhaps 
the only available alternative. 83 

33This isnot to suggest that Soviet weather-yield modeling isconstrained by lack of information or, indeed, ofexpertise. For a 
delailed discussion of the weather variables in Soviet models for estimating or forecasting crop yields in a variety of regions, 
seeKogan, Grain Production in the U.S.S.R. 
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APPENDIX 3-DERIVATION OF THE
 
EXPLAINED VARIANCE 

To derive the explained variance, let 

,=a + bx, + c + U (42) 

wheret = 1,2, T. Then it can then be 
shown that 

R2 variance (y) = bcovariance (x,y) + 
coariance (z,y), (43) 

where R2 is the square of the sample multiple
correlation coefficient, and band 6 are the 
estimators of b and c. The following nota­
tions are used: 

k, ', and 2 are the means of x,, Yt, and z,; 
VYY.is the variance of y, and SYYis" VYYT;I 

xy s the covaiance of (x,, y,) and Sxv is 
V T; 

is the covariance (z, Y,) and Sy is 
VZT; and 
Sxx and S, are the sum of the squares of 
the deviations of x, and from theirzt 
means k and 

Then the sum of squares of residuals (SSR) is 
SSR ) - -

- (z, - 2)12 (44) 

S + (b)2S + (e) 2 S, 

- 26 SY - 26,Y. (45) 

By definition, 

S= Sy/S (46) 
and 

d S'y / S" (47) 

When equations (46) and (47) are substituted. 

into equation (45), the resulting equation is 

2SSR =S + (,_) S + (s,_,)2 S",
S" 

2 S2 S (48) 
- 2S ( 

= Sy - 6 Sy -e S'Y (49) 

Again, by definition, 

R22 = I - SR( (50) 
s 

By substituting equation (49) in equation 
(50), R2 is derived as 

R2 = I (b Sxy + 6 S,). (51) 

Multiplying each side of equation (51) by 
V the following equation is derived: 

-Vy (6 S._ +"S-) (52) 

b V'Y + 6 V,. (53) 

In other words, 

R2 variance (y) = b covariance (x,y) + 
c covariance (z,y), which is equation (43) 
above. 
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