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FOREWORD
 

Research at the International Food Policy 
Research Institute (IFPRI) and corroborating 
analysis from other institutions indicate 
that imports of food by Third World countries 
will increase rapidly in the next few decades. 
Concurrently, it is probable that production 
will fluctuate more in the next few decades 
than in the past. These two sets of forces 
prompted IFPRI researchers to investigate 
the problems of assuring food supplies to 
low-income countries and to the low-income 
people of th(,se countries. Factors bearing 
on these problems include global trends in 
food su)ply and demand, developed cotmtry 
price policies, international stockholding of 
wheat, trade, and food aid and other forms 
of foreign assistance. It became evident that 
actions by the Soviet Union were of particu-
lar importance to these food security issues. 
The large amount of grain the Soviet Union 
produces, consumes, and trades plus the 
large fluctuations in its agricultural produc
tion make it difficult to predict how the 
world will be affected. But they make that 
prediction more important to make. 

Padma Desai has undertaken to estimate 
future imports of grain by the Soviet Union 

and the probable fluctuations of those ira
ports. Because of the difficulties and uncer
taintie3 in this task, she has tried several 
methoc's. This research repcrt presents de
tailed results for three of them and a set of 
judgments that cut across all the data and 
analysis. The analysis confirms that the 
Soviet Union is likely to be a major element 
in the world grain market during the next 
several years and that the fluctuations in 
imports will probably he large. This may 
create proilems for Third World importers, 
particularly if poor crop years in the Soviet 
Union coincide with poor crop years in 
Third World countries. The problems (le
mand that attention continue to be paid to 
international agreements and to the trade, 
food aid, and domestic policies needed to 
solve them. 

John W. Mellor 

Washington, D.C. 
February 1981 



PREFACE
 

The Soviet Union imported increasing 
amounts of grain during the 1970s. These 
grain imports were not large in relation to 
Soviet grain output, but they were massive 
in relation to world grain trade. Furthermore, 
they fluctuated significantly from year to 
year. If future imports are not forecast in 
advance they can disrupt world trade with 
serious consequences for grain-surplus and 
grain-deficit countries, 

It is therefore of utmost importance that 
future Soviet grain imports be estimated 
soundly. Accordingly. this study predicts 
Soviet grain imports (luring 19L0-85 using 
three different methods. The approach is 
uncomplicated compared to the methods 
usually used for prediction by economists, 
Its simplicity is dictated primarily by the 
limited availability, and at times the total 
absence, of necessary information. Perhaps 
this limitation is no more serious than the 
limitations economists usually face when 
investigating the Soviet economy. In any 
case, complex procedures such as a detailed 
multivariate model for predicting Soviet 
grain imports are deliberately avoided here. 
It is hoped that the partial regression approach 
will nevertheless provide a sound base for 
predicting thcse imports. 

The first draft of this manuscript was 

complraed at the beginning of 1978. The 
research effort underlying the preliminary 
results, especially those relating to the 
production function estimates, was partially 
supported by the National Science Founda
tion Grant No. SOC 77-07254. The project 
has since been financed by the International 
Food Policy Research Institute (IFPRI). I 
would like to thank Balabir Singh Sihag for 
assisting ine with tile initial formulations 
and estimations and Ricardo Martin for 
refining them with his comlputational skills 
and analytical insights. I am also grateful to 
Gunvant Desai, John Mellor, Leonardo 
Paulino, Alberto Valdes, all of IFPRI, for their 
suggestions aimed at (efining the general 
scope of the study, and to Barbara Severin, 
Karl E. Widekin, and David Schoonover for 
their extensive comments on details of 
Soviet agricultural data, policies, and prac
tices. I have also profited from the detailed 
reaction of D. Gale Johnson to the first draft 
of the manuscript and the numerous occa
sions on which T. N. Srinivasan and Lance 
Taylor contributed generousiy with their 
suggestions about methodological details. 
It is needless to emphasize that the author 
alone is responsible for the final results 
presented here and the judgments which 
they incorporate. 



1 
SUMMARY 

Sometime in the 1960s the leaders of the 
Soviet Union decided to increase their 
people's consumption of meat and dairy 
products and to keep that increase steady by 
not slaughtering livestock when harvests 
failed. This new policy required grain imports. 
Consequently, Soviet grain imports increased 
dramatically in the 1970s, with marked 
effects on international grain markets. These 
effects may be no less marked in the 1980s. 

This report uses three iethods to estimate 
Soviet grain imports between 19d0/81 and 
1985/86. In the first two, grain deficits (or 
surpluses) and imports are calculated by 
taking the difference between grain avail-
ability and grain use. The third method 

from a linearestimates imports directly 
specification. 

Grain use (except for exports and inven-
tory accumulation) for the first two methods 
is estimated as the combination of the 
amount of grain consumed by people and 
industry and the amount used as seed and 
feed. A percentage for waste is subtracted 
from output, 5 percent for years when 
production is below average, 10 percent for 
years when it is average, and 12.5 percent 
for years when it is above average. The 
amount used as seed is extrapolated to 
1985/86 from the linear trend of seed use 
between 1955/56 and 1978/79. It is assumed 
that people and industiy will continue to 
consume 50 million tons of grain. Feedgrain 
use is determined by a linear trend with a 
dummy variable used, beginning in 197 1,to 
account for the policy decision to increase 
consumption of meat and dairy products 
without livestock slaughter. The feedgrain 
estimates are consistent with a 3 percent 
rise of meat output annually. 

The first method uses a linear projection 
of past trends to predict grain output. The 
second method uses production function 
estimates with Western data on the value of 
gross agricultural output. That data is chosen 
because it is methodologically sound and 
easy to interpret. 

Weather causes wide fluctuations in 
Soviet grain output and must be taken into 
account in projecting grain output. Therefore 

three sets of forecasts are made for each 
method. One set assumes that the weather 
and grain output are average. Another as
sumes that the weather is bad, causing 
below-average output. Athird assumes that 
the weather is good, causing above-av rage 
output. 

The forecasts made for the first method 
account for the effect of weather with a 60 
percent confidence interval around the trend, 
The lower estimates are characterized as 
below average and the upper, as above 
average. The trend estimates are average 
outputs. Also, 14.6 million tons are subtracted 
from the output estimate of the below
average year. This compensates for the 
asymmetrical effect of the weather; bad 
weather affects output more than good 
weather does. The forecasts nade for the 
second method define a year's output as 
average, above average, or below average by 
the number of grain-growing regions that 
can be classified in terms of the Koppen 
weather classification as dteserts and steppes 
in that year. These numbers are chosen so 
that about 25 percent of the years between 
1960 and 1975 have above-average output 
and 25 percent have below-average output. 
The year with average output is given a 
dummy variable of 0; the year with below
average or above-average output is given a 
lummy variable of 1. Tihe forecasts of 

areoutput resulting from the first method 

used for the thirdt.
 

It is assumed for all three nethods that 
Soviet agriculture will experience three aver
age years, one below- average year, and one 
above- average year between 1981 and 1985. 
Their sequence is ignored. Soviet agriculture 
experienced these kinds of years in the 
same proportions between 1955 and 1980. 
There is no assurance that these proportions 
will be seen in the next five years, but a 
better way of predicting the fluctuations of 
output caused by weather has yet to be 
devisedl. 

In estimating grain lemand for addition 
to inventories, it is noted that Soviet grain 
output dropped 60 million tons in 1979. 
Recent estimates from the U.S. Department 
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ofAgriculture(USDA) indicate that livesock 
continue to be slaughtered despite the 28 
million tons of grain imported in 1979/80.
These figures indicate that Soviet planners
will start the 1980/81 agricultural year with 
their grain stocks largely depleted. It is 
therefore assumed that they will plan to 
build up those stocks by importing 5 million 
tons of grain in each consumption year. It is 
also assumed that they will export 2 million 
tons of grain each year to allied countries. 

The average estimates of grain imports
for the year; between 1981/82 and 1985/86,
resulting from tile three methods utilized 
here, range from 15 to 18 million tons 
annually. If the Soviet Union imports 30 
million toils in 1980/81 after the oad harvest 
in 1980. then the average estimates for 
1980/81 to 185/86 increase to 18-20 million 
tons. This is significantly greater than the 16 
million toils of grain imported annually
between 1971/72 and 1979/80. This is a 
central conclusion of considerable impor-
tance. 

At the average price of grain suggested 
by a World Bank study-$220 per ton--the 
annual foreign exchange cost of such grain
imports will be between $4.0 and $4.4 billion. 
If the annual growth of Soviet hard currency 
export earnings (lecreases from about 15 
percent in 1980 to 10 percent in 1985, this
import bill will constitte 20-22 percent of
the projected hard currency merchandise 

earnings in 1981 and settle at 13-14 percent
of these earnings in 1985. Debt payment 
also requires hard currency, and it could 
increase from almost 27 percent in 1981 to 
31 percent of such earnings in 1985. Yet 
Soviet planners could still spend 51-56 
percent of their hard currency earnings on 
imports of machinery from the West. It 
seems that the hard currency costs of food 
imports will be manageable. 

In view of the significantly larger esti
mates of Soviet grain imports in this study,
and the dominant role of the U.S. as a grain
supplier in the world market, it appears
that the prospects of the current U.S.-
U.S.S.R. agr,-ement being renewed in the 
future are ,;ood. In fact, the minimum 
atnount that ,he Soviet Union is required to 
purchase without consultation under this 
agreement is likely to be increased from 6 
million tons to 8- 10 million tons. 

Although the estimated average grain
import requirements for 1980/8 1 to 1985/86 
are larger than the ainounts imported in the 
1970s, Soviet imports need not disrupt world 
grain trade or prevent (levelo)ing countries 
Froml buying the grain they need. But Soviet 
imp,)rts should be planned for. The effects 
of unplhanned Soviet grain imports, bought
to offset a domestic harvest failure, would 
be especially disruptive. This study estimates
that such imports could reach 30 million 
tons in a single year. 
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2 
INTRODUCTION 

It is well known that Soviet imports of 
grain, including wheat, have become large 
in recent years. While gross Soviet grain ira-
ports averaged about 2 million tons each year 
between 1966/67 and 1970/7 1,they reached 
a record 23 million tons in 1972/73. This 
represented 13 percent of comparable Soviet 
grain output.1 In that year, Soviet wheat 
imports, approximately 16 million tons, were 
so massive that they dlislocated the world 
wheat market and led to a depletion of the 
world's reserves of wheat. The USDA estimated 
recently that the Soviet Union importecd as 
much as 28 million tons of grain in the 
marketing year ending June 30, 1980.2 

It is also known that while in the past 
grain was imported largely to offset crop 
failures, it will now be imported, especially 
in the near future, for a different reason: the 
Soviet dtecision to increase the production 
and consumption of meat and (lairy produtcts 
will req uire that feedgrains be imported. If 
such imports are significant and variable, 
they will be a continuing problem for the 
Soviet planners, since financing them would 
create demands on Soviet hard curency 
earnings that would conflict with technology, 
imports needed from tie West. 3 They would 
also be a probllero for the major grain 
suppliers, among them the United States, 
because Soviet requirements, ifmassive and 
unpredictable, could make it hard to keep 
prices stable. I-inally, these imports could 
disrupt foreign sources of grain for grain-
deficit developing countries if a Soviet grain 
harvest failed. 

The aim of this report is to predict Soviet 
grain imports during the years 1980-85. In 
Chapter 3 total grain imports are predicted 
using the simple method of taking the 
difference between total supplies and require-
inents, with the major comnponents of the 

All tons in this report , in etriC tloiS "lth iah, 
Agricllitore. lie ear , uns. leso i %s!e lltl ,Wf' gru 
to Jotiv 30 of itl( next. 

two calegories predicted from simple regres
sions. In Chapter 4 this methoulology is 
modified in one respect. Soviet production 
of grain is estimated not from past trends, 
but by fitting a simple Cobb-Douglas pro
€tuction function with constant returns to 
scale to alternative sets of data. Finally, in 
Chapter 5, lhe imports of grain are predictecl 
using import demand functions where the 

-explanatory variables are doinestic I)ro(lt(: 
tion of grain, price per ton of implorted grain, 
a time trend, and, from 1971, ,a dhmuny 
variable representing the policy decision to 
import grain to keel) inventories of livestock 
steady. 

The large fluctuations in Soviet grain 
oitptlt (auseil by the weather make it neces
sary to forecast grain otutput a;l imports by 
defining below-average harvests associated 
with unfavorable weather and above-average 
harvests associated with favorable weather. 
Accordingly, three sets of output forecasts 
are made in this report. Aforecast with a 60 
percent confidence interval is made in Chap
ter 3. Suitably defined dummy variables for 
weather are incorlorated into the l)rodluction 
functions of Chapter 4. Finally, in Chapter 5 
the 60 percent confidence-interval outputs 
are used to derive the corresponding average, 
below-average, and above-average imports 
from the import demand equation. 

Underlying all three sets of estimates is 
the assumption that thle Soviet Union will 
experience Ahree averaje years, one below
average year, and one above-average year 
during 1981 -85 (the SPoq,jence of this weather 
pattern is ignored). The estimates in Chapters 
3 and 4 also contain the assumptions that 
Soviet grain stocks on July 1, 1980 will be so 
depleted that imports of 30 million tons of 
giain will be required beginning July I. 1980 
to build grain reserves, that the Soviets will 

lnts', oth l isv
+ stled, jiv from Ill(e U 

, fJpwlriill of 
ueor-ti mlnetllrag e 1rs1fmr[ m!1 ifl 11Olle- ,rm11"ou-u i 

SU.S. Deparltmnlht of Agrimill moe. I orelig Agimtuultioal Se-r, 'if. 1.orqkm Ameulue Cirnular- (,iruut.s. f.-22-8i) 

(Visiingtou I.C., USDA. 198i), p 2 

(ross Soviet inediiiii termil ,nd long, e ni te-rlltul les'- is ( orieutll retporte)d to he ihout S17 fbillioi. 
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export 2 million tons of grain annually 
during 1981-85, and that tile estimated 
feedgrain requirement will support an aver-
age annual increase in meat output of 3 
percent. For the estimates in Chapters 3 and 
5 it was asstlmned that the Soviets will need 

to import an extra 14.6 million tons oflgrain 
in each below-average year because, as has 
been observed, bad weather affects output 
much more than good weather does. The 
arguments and analysis supporting these 
assumptions are given in the next chapter. 
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3 
GRAIN IMPORTS ESTIMATED AS THE DIFFERENCE 
BETWEEN TOTAL SUPPLIES AND REQUIREMENTS 

The most striking feature of Soviet do- casts of the domestic production of grain on 
mestic production is its volatile fluctuation the supply side and of feedgrain and seed 

from year to year. In contrast, of the coln- use on the requirements side if the resulting 

ponents of use, seed use has risen steadily. import estimates are to be reasonable. 

industrial and food uses of grain have Grain output can be predicted from the 
stabilized in recent years, waste is variable trend of past output or of past yield using 
but averages 10 percent of output, and feed either a linear or a log trend. In this chapter, 
use has risen rapiclly.4 future output of grain is predicted on the 

In the following analysis, Soviet deficits basis of the followi'.g equnation. This equa
of grain are estimated initially as tile differ- tion incoporates the linear trend of outlput 
ence between output and the requirements from 1955/56 to 1978/79 in Table I because, 
for feedgrains, seed, and industrial and of all the four allernatives, it gives tlie least 
personal consumption. Separate estimates estimated variance of predicted out puts:" 

of waste are also included. Variations in 
predicted weather patterns (6irail 1551 320 4 70o. (1are considered. ollu, 

Then, the resulting deficits are augmented (38t, 11 (1785) 
by estimated export requirements. Finally, 
changes in Soviet grain reserves are con- R' 09203, 1) W -2 113,sIR 20 47531 

sidered, resulting in estimates of Sr let 

imports between 1980/81 In all equiations5 of this reponrt, 2 is theandi 1985/86.i 1R

correlation coefficielt, I).W. is the Durbin-


Predicting Output of Grain Watson statistic, and SER is the standard
 
error of the regression. Values in parentheses 

First, it is important to have plausible fore- are t-values of the estimates. Inthis chapter 

4 . hlesour( es, lnvlihodologN/,, dla used1,fI+( ('stllilll'shi ( ,idaper awr dIif s-,SldatIII(] hll1li11d1iolls ofl or i11le o 111 

to lab,
lenglh in the liolf,5 I 
Coiiiei tinig oilits 4'Iltil so ast(, co(ontlent, the tUSDA reports I I tO p ii 111 talor ,fllts I0ie ,fihr' 

hi- r asonhbl ,aii l wrll illI ditid ut l le e ole toii vair diI llo aout (-itr ( irte 0 vT f is"id i t)ii t 


(largely iormral losses ili dr \iirs,IT%hen there is no v -ss iri-, it foreigri matter) Io Ihigh iti 15 i"(.II o
- l loisti 
M
 

siOriewtlhit inlilirv -i n llhe d(itii g hlir'estillg,iiii \( SS Itllil'sllyl. .i;idIrlo igi littvl\i i ,s% isa lotoi tirulpliltlloll 
would addit t -1(t i il ioi -li iiorniil loss-sI ')ori(ivtiils. si-i- V S.[ tii l i Ag ltiir tonii(rii I ....h-ltll tri Ii i. 


Service, IS.S .. ,nmultwal aijalitt~on Rei'iew of1/974 aild ortlooh /or 175 I oirvi-gzi Agniultiral I i oriotirii Ri-port No 

102 (Waehiglon. tiC USIA, 1'473. p 7
 
Karl t:iigeii W(I-kit rlers t Ilie o t seratlllns of i So%letauthorlt , iiiolliiplii-s that,111,a( d
(lrati llitiiiiiit
 

would redtul Soviet i-lul
atn I)roultlllilll stilltu-s Ij\it Ilast 20 terit it itr it, s -,, , Iiorl llu tteIt\ Iir 
ila,. iirdllttty la!nd.for1980 and 1990'" iti Roy larrd, Joseph li 


eds , lieFutir o/ .t, ilture' I ' mid I.stern Iuroii I u i Wust. -",\Iin ss. 1977), p 32
 
-The Wirkning Soviet (iroin crop , id rosl-It, 

,, ,rn Iii the.ovlivt n iouldtr \*I 
Ther problvill of M.hat drs { llto to So%,pw bt lli,et \%vgh( otlpll h1,1SIbe-li dim-,l.,sed oilvil all( ajjjl,, (1,11,I I or 

Irends In:theSovi'early stlldI ofthe proleri. see t ,IllJIll soli. "Agriiiltur Irioh i lo,' iliI. iorltnhu lI 'nloun ei. 

Abram B-rgson and SimnriurKii/itsI( a ubrudgi-. %ltass ularardi111%v,-r1t Press,. I903). pI 212 '13 Iuirofl fI'l e 

earliest i-\er(;is-s Su ( -I. A -, Suil it . itslistii s o Agri( uiltmil illtill oiI ,ipi]rig siii h ita i iii. e - uti Kaian. 

Soviet Agricultural and 'ueasuntAffurs. i-dRo,, Laird (l.,tirni
i, Kans t'ii ersit,of Kansis l'ru-s. t163). Ilt 145- 1S 

an lia,'eilSed sgit ultitereiii('iiiid 1I S ,piliend.rBoiid le',le '-I l iried(I lit gr illi iliporlsSie I 

6 The standard staitistiliI cerirli. sr1h ,iasW,(i -vi-l 0 70 and ( 71)ain t lw )W tIatistli (ils-ie-ii I Ii and 2 0). 
i:I e s. Usel ( hio -- It llll111/4'swere hardy (listiigrishtbl [hour regressir iiwrilgcsi1i11 il(iIdi1ill 5%,1 Il bttiillse( 

v o- ts. -- irti-it iuln ii lrom f-artir U.StAifi[orls belowntlh 

oulptit figures ot tatlte lhetatest USDA report were asiu1'11.A (SiI I 11u-, itsiStilli 
tlre Varla predicted otl Also, it %%s stitn ollru ,it 

[rontl I u illlri N iilttis li-sii 

i',t1I.. tihe fsitn lithliolls() arit (3)inight niniu ,ti, daisi ri-piu 'ruin lh-ri-sulls 1tut I uld Ii ( les (2), 

obtained froir thir fllyupdaled igur , of lale I
t 
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Table 1-Total supply and estimated use of grain, 1955/56-1980/81 

TrdeDomestic Use
AVail-Year Production' Indus- DockageImports Exports N-t Trade" ability' StockSeedsd trial' Food' Wastes Feed" Total' Change' 

Imillion metric tons)195556 
 103.7 
 • -1 9 102 
 19
1956 57 125.0 3 45 10
0.9 54 -4 5 26 102 -1
120
195758 102.6 18 3 42 121.5 62 -4.7 33 108 +12

1958,59 134.7 

98 18 3 43
17 7 7 129 
10 34 109 -II


1959 60 119,5 
-60 18 3 43 13
10 39
68 -5.8 114 117 +12
18
1960 61 125.5 3 '3 12
08 70 -6.2 40 116 -2
119
1961 62 1308 1)8 

20 3 42 13 418.4 -7.6 123 118 --I196263 140,2 0.6 8.3 3 44 13 45-7.7 133 126 -3231963 64 107 5 104 2 48 14 43 1304.7 5.7 +2113196465 152 1 23 2 472 6 5 324.3 -1.7 150 110 3196--66 121 1 O 22 3 45 170 44 13033 -3.7 125 -20196o 67 171 2 24 3 4439 5 3 -1.4 170 12 56 139 -141967 68 147 9 24 3 44 142 3 o4 -4.1 60 144 -26
1968 69 169 5 

144 24 3 44 121 2 74 -6 2 163 64 146 -21969 70 162.4 1 8 25 3 44 17 72
7 6 -5.8 157 160 +3

1970 71 186.8 3 45 23
13 8.3 -7.2 180 

23 83 177 -20
1971 -2 181 2 25 3
8.3 45 22
69 -1.4 183 92 188 -8
1972 73 1682 27 3 45 13
228 18 -21 0 189 93 181 +2
1973 74 222.5 26 3 45 Is
11 3 6 1 -52 98 187 +2
27 3
1974 73 195 7 5 7 5 
228 45 33 105 214 +14-4).4 1961975 76 1401 28 - 45 2326 1 07 -25 4 107 206 -I0166
1976 28 3 45.28 11 14 89 

1977 78 195.7 189 29 3 45 31 112 
3 3232 180 -14 
2 3 -168 213 Z21 -- II1978,79 28 4237 0 5 6 2.8 -12.8 250 

45 29 120 228 -161979 80 179.0 30.5 08 
28 4 46 28 125 231-297 208 +19 

119,0 0)0 
28 4 22 126 226 -18198081 46 
30 4 46 10 127 217 

Sources: Ihe data for 1955 56 are rounded figures from L S 
I 

)epartment of Agriculture. Economic Research Sern ie.356 MVamington. ) C l'SIDA, 19741. p) 30 Thi data for 1956 
Prospectsforgn.4eulturlTrade'with the LSSR. ERS-Foreign

US S R .t.riz"ulruru Struatiorn Ret et 
57- 1979 80 are from L" S Iepartmeit o! .. gr ciitrurt. I:con': Cs. Statustics. anmof1 979 and Ourlooh for / 980 Supplement I to WAS 21 Coopera ies Sen ice.1%%Washington. DIC USIA.1980 81 is the l testestim -atecited In So t sources The other figures for 

1980,. 1) 22 The figure for uJoinestic production in1980 81 are deriNotes Each ed% using the IiiethodologsS discussed In the text.ear begis on Jul I I-or 1978-79 the stm ates of tradt,. aiailabit\. 
doiestui" producti ont 

ue anrd stock i hanig are preliriiinI igur' for 1980 81 i 1 also prelrnn In soie %ears the stoK ( fhat 
All the figures forI 979 80 are L SDk forecasts. Thee estimitates do not equal the dliference hets ee'n av allablliof rounlded and use becauseligures iii the original si 'rce 



a The domestic production figures are all from Soviet sources. The%are bunker weight figures. that is. they include moisture, trash, and waste in storage and transiortation. 

Output includes the spring and autumn harvests. The USDA assumes that the grain output of a given year nould begin to be available f:om July I. Accordingly. it derives the 

components of use using the output of a year running from July I to June 30. 

Positive net trade implie that imports exceed exports. 

Total availability is the sum of domestic production and net trade. 

d The seed estimate is intended tu ie used for the next %ear's plantings. It is noted in U.S. Department of Agriculture. Economic Research Service(ERS). USSR Agricultural 

Situanon Review ofl 974 and Outlook for 1975. Foreign Agricultural Economic Report No. 102 (Washington. D.C.: USDA. 1975). p. 7. that: "The seed use estimates....,e based on 
information on seeding rates, or seeding norms for the various grains, and occasionall'N a published seed-use figure. The changes in seed use largely reflect changes in grain 

acreage and some reseeding it , ears %hen %% heav\.' Also oote this comment fro~l U.S. Central Intelligence Agercy (CIA). The Soviet Grai Balance 1960-73.inter hIll iF ainormallx 
A(ER)75-78 (Washington. D.C.: CIA. 1975). p. 12: "The! (seeding norms seem high compared with Western practice-in Canada the rate for spring wheat is 1.0 centnel per 
hectare while in the United States the ax erage is 0.9 cttoter." Iiowevet. the saie CIA report cites evidence suggesting that Soxiet farms meet or exceed the norms. And it notes 
that the ,ear-to-year fluctuations in seed requirements caused b Minter kill range from nearlN zero to It million hectares. 

The estimates of industrial ust impl\ that "one to to percent of the grain cr,.p is used by industrx to make alcohol, beer. starch, and syrup' (CIA. Soviet Grain Balance p. 11). 

The amount of grain used for food is deri ed by multiplying percapita consumption(presumabl\ of the flourin bread) by the population and converting theresutingestimates 

to the equivalent of %%holegrains on the basis of a specified milling rate of grain into flour. For details see ERS. USSR. Review of 1974 and Outlook for 1975 p 7 

The CIA uses flour production data rather than consumption statistics to estimate the amount of grain used for food. It also notes that much more fluar is produced than is 

consumed and exported. The discTepanc, seems to be accountel for by some industrial use of flour. by large losses in transport and storage, and by inadequate reporting of 

consumption. For details see CIA. Soviet Grain Balance p. II 
As noted in the text. the USDA calculates %%asteby subtracting t0 percent from Iroduction in normal years. 5 percent in dry, years (when there is no loss caused by excess 

moisture and foreign matter), and 15 percent in %et Nears (when excess moisture and foreign matter are abnormal). 
"Estimates of grain used for feed are based on statements by Soviet otficials concerning feed use of grain. data on feed production and use contained in Soviet statistical 

handbooks. and information on feeding rates and feeding efficiency relative to livestock numbers and the output of livestock products." (ERS. USSR: Review of1974 and Outlook 
for 1975. p. 7) 

By contrast, the CIA estinates the amount of grain used a feed from official Soviet data on the quantit, of concentrates fed. Such an estimate certainly overstates the amount 

of grain fed to li estock because the official data on concentrates are based on production data and are not given in terms of standardized %%eight.Therefore. the data contain 

excess moisture, trash and dirt with no nutritional value, and weed seeds and grain admixture which maN, have some feed value. 

The amount of grain used is the sum of the amovnts of grain used for seed industrial uses. food. and feed. and of the amount lost as waste. 

The estimates of stock change are derived b, subtracting the total amount of grain used from availability. Commenting on the reliability of these estimates, the USDA states: 'It 

hears repeating that the stock data are subject to a wide range of error because each of the annual changes is a residual subject to cumulative errors of estimating other uses" (ERS. 
USSR Review of 1974 and Outlook for 19'5. p. 7). 
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only, the variable t runs fron 55 to 78. observations are far from tile lower boundary
These grain output estimates are calcu- of the 60 percent confidence interval.lated with a 60 percent confidence interval This pattern reveals tile asymmetric inbecause the extreme weather-induced vari- pact that extremes of weather have onability of annual output (indicate( b/ tile OUtlt. This means that ifra wider confidence

estimated standard error of 20.5 million 
tols in equation (I])renders point estimates 
meaningless. IThe lower estimates are char-
acterized(as below average and the upper, as 
above average. The intermediate trend esi-
mates are average outputs. 

Why has the narrow 60 percent confi-
dence interval been selected? Obviously,
the customary range of 90-95 percent would 
make it almost certain that actlal outlputs of 
the past and future are covered by the range
regardless of weather fluctuations. The cor-
responding output ranges would then make 
it possible to mnake such statements as: 
actual imports (corresponding to below-
average grain output) and additions to grain 
reserves plus e':ports (cotresponding to 
above-average grain outlut) would be any-
thing up to the estimated antounts. Such 
statements do not help provide a good 
indication of Soviet grain imports in the 
near fiture. 

By contrast, a 60 percent confidence 

interval will provide estimates of Soviet 

grain itnports or dotuestic stock acumiula-

tion possibilities tlht can he interpreted is: 
chances are 60 percent (alImnost two in three)

that the acttal imports (or ad(aiouis to 

stocks phls exports) will not exceed the

stated estimates. Ten of the 26 observations 

from between 195556 anld 1980/81 are 

outside the lilnits set by the 60 percent

confidenc intervad. Of these, Iive (1963/64,

1965/66, 1975 76, 1979,80, and 1980/8 1)are 

outside the lower range of tw interval, and 

five (1956/57, 1958,59, 1973'74, 1976/77, 

and 1978/79) are outlside the ullmr rnge.
Two of these, 1956,57 ,mld 1958/59, are
almost on the btmid ar Inhleedl ati inves-
tigation of tile nof observationsdistrilutio 
indicates the.t, whereis he aoe-,iverage
observations aro close to iheupper boundary
of the 60 percent range (with t%%o out of five 

lmost on the bOutidary), ihe below-average 

IllorderI0 to lllierl(tt his pos,' 11H1ll%.,lit(-"tllllhldtV X% Ids 
,1tbll edlll<to 1111 

interval is selected (such as 70 percent), the 
output might he overst ated if the weather is 
better than average. On Ille other hand, in 
settling for the 60 percent confidence inter
val, the estimates of ottp)ut could he over
stated ift'theweather is worse than average.

These below-average and above-,average
grain output estimates (see Table 2) suggest
that with a 60 lerc(:nt confidence interval, 
Soviet grain output cin vary as inuch ,is383
40 million toils in a given year.

IHow do tile est imated otutlputS :ompare
with actual Soviet perlortnance and targets
of grain outlputs? Actuil average output
between 1976/77 and 1980/81 was 204.9 
million toils (Table I). The,estimated average
annual output is 210.8 million tons. tlowever 
since the weather pattern during tile period
is known, 1976/77 tdI 1978/79 can he 
classified as above-average years, 1979/80
and 1980,81 isbelow-average years, and 
1977/78ias an average year If 14.6 million 
toils ire subtracted from the output of each 
of the two below-average years to allow for 
Illeasynmmetrical impact of bad weathert 

annual output (luring the Tenth Five-Year
 
ilan (I 976-80) would be 204.7 million tons
 

(Table 2),')
close to the ac:tual average output
 
of 204.9 million tons.
 

Finally, the estimated average output
during 1981/82-1985/86 is 234.3 million 
tois. This indicates that the Soviets may fall 
short of their irelititnary target (238-2,3
million tons) by 4-9 million tons. Undoubt
edly, the Soviet llainers will revise this 
target. 

Estimating Feedgrain 

Requirements 
Output in the near future can be preclicted

with confidence intervals assigned on the 

l hlddl l ,er'lgi Sill, [lilut 1htl1 111 beo f Ih ,ll shI(IIf{,I]] 1 
+! ,l lllp p Ifl
I s 111(o)~~rpo latei1 i hp pllr S111ICl(SOf ,I >l '\, O w 111jt v.'d
+ r ,ll.the
 

h +l nl l l lol ( l l ofl +% . 1"l1l111 1 .-l ldl+ pJ ,Ia r d i thl l l e t hod (oi f p t fi\ l ng it s <ef t, ,I t + d i s.(u s s f -d luh -1 , 
I Its igir, is d ',t-ml d lat r inthis', h apth r ,
 

A4s itof grml produ( ed Is omi red. Ih(,
fr sIh o
I to 30 han ale (.,eldd!\v,,id the USDA t mll (t lro,f11 1 111-vlerdi h l ollN (, Jill 
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Table 2-Estimated output and use of grain. '976/77-1985/86 

Use 

Year Averaget Below Average' Above Average' Feed" Seed'
Output' 

(million metric tons) 

219.0'1976/77 
1977/78 206. 1' 

2214'
1978/79 
1979/80 198.0' 

126.5 30.3201.011980/81 
224.9 205.5 244.4 130.3 3081981/82 

249.3 134.0 31.31982/83 229.6 210.0 
137.7 31.81983/84 234.3 214.5 254.2 

1984/85 239.0 219.0 .59.2 141.4 32.3 
223.4 264.1 145.1 32.81985/86 243.7 

Tileestilnates of output are derived using equation (1) 
to 1978,79) stated inequation (I).

Average outputs are derived [roin the linear tretd of output (from 1955/56 

Below-average and above-average outputs are the lower and upper estilates of the60)percent confidence interval 

around the trend. 
d The estimates of the amount used as feed are derived using equation (2). 

r The estimates of the amou1nt used as seed are derived using equation (3). 

fOn the basis of the available weather information, 1976/77 and 1978/79 are classified as above- average, 1979/80 

and 1980/81 as below- average, and 1977/78 as average years. These output figures mints 14.6 million tons annualh,' 
to 1980/81 will give an annual 

for the two below-average years when averaged over the five years from 1976/77 
dhring the live years was 204.9 million tons. 

output figure of 204.7 million tons. lhe actual output 

derived explicitly from production targetsbasis of past performance, but a prediction 
for neat and dairy products.of feedgrain requirements from past patterns 

must take account of the Soviet decision to Accordingly, equation (2) is used to 
predict feedgrain use. In this equation,increase consumption of meat and dairy 

products. This decision implies not only feedgrain use between 1955/56 and 1978/79 
(Table 1)is regressed on time and a simplethat production of meat and dairy products 
dutumy -.ariable of I beginning from 197 1.()must be increased but that the Soviets must 

these products at a The dunny variable incorporates the policymaintain output of 
specified level without slaughtering cattle decision evident in 197 1to increase produc

of meat dairy products withoutafter every crop failure. tion and 
Furthermore, the past pattern of grain shltghtering livestock.It 

use for animal feed may have reflected (l-eedgrain use), -1 
shortages of fodder and high-protein feed or -I81,23401) 1.7141g(durm) 

prescribed norms of feed. There is no guar- 17.72561 (1,950) 
antee that these elements will not .change. 

It is not possible to introduce refine- +3.71341; (2)
(9.9234)

ments in the forecasts of feed use that can 

handle these complications successfully. = 


' 1.18. SIR 7.31.R-- 0.9661, 1).'W.Nonetheless, reasonable )rojections of feed-
grain use can be made with a careful 

the resulting estimates of feedgrain useextrapolation of recent trends, cross-checked 
from 1980/81 to 1985/86 are presented inwith alternative estimates of feedgrain use 

10 Annual meat production could have been used instead ollin as an explnatory variable inthis telttiutsftil. If 
Predictions of ftedgtam reqtluiretmentsSER of file regression woul have jumped up 27 percentl,that were done,tile 

using this procedure wtouldl cause more probletis than those using titne as an estlanattory varhletuecduse ,ttlal 
Iw. ort-cast.targets of tneat production for 1980-85 are not avaihlle and would have to 

I One of the earliest references to tie t iming of this policy was Made In1).Gale Johnson, The Soviet lpact on lWorld 

Grain Trade (Washington. D.C.: British-North American Committee. 1977). 1) 20. 
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Table 2 along with estimates of other cate- constitute an exlanaation. According to
gories of grain use. These suggest that tile Iavid Schoonover, the gap can be attributed,
use of grain for Feed will increase fron 126.5 in )art, to the absence of )ulses from the 
million tols in 1980/81 to 145. 1million tons grain feed coefficient and their presence in
in 1985/86. The official estimate of the the estimates of feedgrain use in Ta ble I.
feedgrain requirement in 1980 is about The importance of this (liscrepancy c, be
125.0 million tons.12 	 tneasured by the IlilOllllt of puIlses produced:

7.6 million tons int1970 and 3.5 million tons
ill 1975.14 All of this, excluding allocations 

Estimates of Feedgrain Use for seed, would be used to feed aninmls. 
and Production Targets Another reason for tile gap, according to

Schoonover, is that some of the feedgraiiisfor Livestock Products 	 used in agiven USDA consumption year are 
accounited for by the livestock products of 

The estimates of feedgrai n use derived the next clendar year. The reconstructed 
by using equation (2) may now be cross- estimates inlTable 3 do not account for this 
checked against those that can be obtained lag because tey' are calendar year esinates. 
by using the projected targets of tneat aind 	 With feedgrain use increasing, and assuming
dairy prodlucts. The rele%,it ('alcutiltions that a certain fraction of feedgrain use
 
are presented in Table 3. At average increase state(l ill a consullplion year results in
 
of 3 percent in meat prodLction over actual livestock Oitl)Ut in the next caledar ' e,

production in 1980 is assuined. The feedgrain the estimates of feedgrain use that incor
requirement isthen coin)uteld by multiplying porate these lags (Table 1)w%
ould he inreeas
tile actual and targeted amotunts of ineat aid ingly higher than the estimates of Table 3

dair),products )roduced b' tile coefficient These (Ollillnents ensure Ihl the two

of feedgrain requirennt per unit. The U.S. sets of estimates an' compnrable. The esti-

Central Intelligence Agency (CIl:\) estimates 	 mates of feedgr,iin use of Table 2 will
of ". . . grain for iImintenance of horses as therefore be interpreted ,is sp)orliitg 1a1 
draft animals pls grain required to accoll- veirage annual increase in meat olutput of 3
modlate inventory increises of other live- p)erccnt during 1980-85. Such a Ierformilance
 
stock-' 3 are finally, alded to the resulting of nleat Output would be compatiblewith a3

estimates. These figures. however, fall short 	 percent average annial increase of per
of the predicted estilthates of Ieedgrains capita real personal disl)osahle income dur
using equation (2)b aboutt I I million tons ing 1980-85, 1() and an income elasticity of
 
ill 1970. This shortfall increases to 29 million demand for [neat of It7 if imports of meat

toils in 1985. It must be explained. and populalion growth were negligible. With
 

The gap occurs despite the application Soviet popul,tion growing aibout 0.8 percent

of rising feed norns so thal they do not annually, such a t;rmlh of neat output will
 

t1[his tigllri is ( Ild In [),I 1I tJiitiii. simi t \g li llti ,I (luHllI rwde ili Init, 1976-80( tllai." I paper 
,, ,Ibnrw I178, 1) F- Me I l\,I)A IIIIox oflv,'dgitiglslf. lit( i I,11 si l ,1o. Silitd ()tl llll[)ii,, lll.,IIIdhI[llh1. ir iti1 l It,ii .l I ,me higher 111.11 Owl.SoP 111 IIgftli ll fi tt, (I ir.i r L ct .ll Ir ,- d o11 ,I iO ullil till 

,

,t Iir Ihmll ( l o~tdw I Ill llh' ll Ihffl i . I o , .11clillll \+fy l
 

"
t I", p l sbh, hmt if Ilh l.~ lJ [..1%1-l l hn ()I ~ 'd 1980t ( Ollllllve I111) I.le i9),{k antd Idler. hOw 
f-"fllllhlvl% 11 II-edgwh ill I(-qIIllvll IIIlll I,t'l ill Ih], lli[h, J ld hi. ')I11cM hIt ],llpf. 
 1-ke\ i fIit , (one'I-~ g p[lolll d]lJ(111o
 

If U Sr I ei'lil hIl-lglleln- .. ii It " lu,'tt, Icr~rAp N'R ¢)ldtb'oh /w waintl hnpl,t 1 00-)7 117' I' {M\,,hllngtonl 1
 
CIA. 1()7(),1) 1.1
 

14 U S Ihwpaltlnelw (ill}trwi ulnue. I'l )ll()lill. 10-....%.,m 11 1- v, I ),S.R .1 I,rituhl i l liolnl /Retw¢'t o/ 1107b anod
outtlookhfor 197-1 o¢rlgnl .\gotulluoHlI ,l lmlm ,) 112 Ifph I 1) 2l.lm I ,DA.. 1977. 

IsIII I IA, I S. R,/ long~Irr or)tloolr | i [I,( Ilool )1, v 1lr111, l if) I' o Ii I Il 
if,Ii. -, 

17 1) G.1hI'johnso.,O . "5,o\lwl Atm l IIh&II- In1iiull ind k\o! Id ,1illn Il i . I' I . , t o r..,it uItura~llialde witlh met 
U'SSR [.16 -Ilwirn 350 tD,'I'hj~ll l. (' ofplI~l'l!11'I,11l111pI) I S 1 I(J74). 11 4(, 
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Table 3-Feedgrain requirements, 1970, 1975, 1980, and 1985 

1985Output/Requirement 	 1970 1975 1980 

(inillion metric toils) 

Output of livestock products" 
Meat 12.3 15.0 15.1 17.4 

83.0 90.8 90.7 98.0
 

Eggs 2.2 3.2 3.7 4.0
 
Milk 

(kilograms) 

Grain usetl as feed per kilogram of livestock protuct' 
Meat 3.5 3.5 3.6 .7 

0.3 0.3 0.3 0.3
 

Eggs 3.5 3.5 3.5 3.5
 
Milk 


' 
75.4 91.3 94.6 107.11Feeclgrain equirement for outpIut of livestock Iprolucls 
l:eedgrain ret'qiretnett to ttinlaill livestock 

inventories 5.5 7.0 9.4 8.7 

Totll feedlgrain requiretlentt 1f0.9 9B.3 104.0 116.5 

Feedgrain requiretent estitmated frotm past tretnl of 
1 	 89.0 126.5 145.1feedgrlin use 92.0 


)iiference hets\eenlhedgrain retirenet t esthtated
 
from past trend ind the total above 11.2 -9.3 
 22.5 28.6 

Soirces. 	 lhe produltotn data for 1970 ,lld1975 ar 1roti U.S. D epartment of Agriculture, Ecnotttics, Statistics. 

aid Cooperatives Serl (1. U SSR Agricultural 
) 

tee S(.'I. Situation Review of 1978 amd Outlooh for /979. 

StippL'mIlent I to WAS 1I(Washingtoti, .C: USIDA, 1979). 1 10; atld U.S. Centrd Intelligei,ce Agency 

(CIA), USSR long-li'rm Outlooh for (rum Iboports. 1EI!79-1057 (Waishingtott. D.C.:CIA. 1979). P. 12. Mew 

output dlti o 1911(are froto Solvtet sources. 1he nedt output target of 17.4 million totis in 19115 Itplies 

,anaverage dnuil gro% tlral of 3 per(eit over 1980. "ltetorresijonling Soviet target is 17.0-17.5 million 
tl Soviet target of 97-99 milliot totlstons lwu1nilk olotptt OIf 911t iloll tollsill1915 is tI ,average ofi 

Ihkeegg olutput 1.11glt ofl.Itlilliontons Ii 19115is Iromn Sol~ict solutvs. 

f182 eggs perI le estitnllt of egg olliputiretoit. ertl'd fromt the numtbther of eggs to tos attie rat lofIlk. 

toil(U.S. DIl'hrlllit'llOfAgri( tllture, .ollt)llitRfl-sealh Ser ic,. USSR .gricultural Sittonoz Revfew of 

1974 and ottlool for /975 1oreigtlAgricultutratl L.t(oltit Rvpeill No 1(2 IWashilglto, 1)A USfIA. 19751. 

p. 31). 
,


le ttlollillof tts 'dIs ived per kilograt oI an .SIsf. A/tertttlo.uturesforUoddloogattli totlttU I. itt 1d)01 

,ot. I World (O/ Model . tal'ttw'ul Report forelglt Agriculturd IEcottttttit' Relort No. 146in 1985. 
Ilttt 131. lhe estitnttIs of1tle loll*ttl lotf fedgrait retuitd to 

Ilt di1t, tk llPlltIrls ,arehflot (IA. USSR Ion-g.lem Outlook I.14
(Washi,;fIO. 1)1 USI)A. 19711), Illt 93 	

) 
it1 Iixell 

Tte ligttres for 1970. 1975. and 11(1 I t1vli 1985 igures Si It o targels stated ito the,ll'tt otitlltt lrt's oc i tltul 
I-levenlh il - e t .1xl(I9111.-iTs) 

t, (4,1ts IsslIT I th Ilw gro t Ittli lattetning I-,('s of livestlock ,(1sianlardledl. te dgrain useThe fetding (tlwlif 

Itmtre slaIllihtel o livestock. such as 
o:urtr(d Ii 1975 As ,risuh. 1l fhetl use figures Iloi 1975 detill frt fetlgraitt ttorns ,(1)3 mtillion toils 

, (to IlO take inthO tlrlnfigures (tlri.ed tror( Ilse(1 i,1wIlts. IllIftlw ,tl(Oit 
higher 

tlhait tfhe USI)A estn,ttlfs Amhe1d here Iron latle I 

Iltese ftgttres irn lfdIltl lipliitg outlplt of lis 1st oik tIrIltIts 1 the ed nornIs.ru eIlc
ehriet 


Irot ,qultion (2).I ltese ligures m Acullt t Ifro 
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imply continuing shortages. Moreover, as 
meat output during tile Tenth Five- Year Plan 
(1975-80) hardly grew, III fulfilling these tar
gets would he an arduous Lak for the Soviet 
planners.19 Their fulfilhlent would neces-
sitate large grain imports, as the estimates of 
this report indicate. 

A final caveat must be inserted. These 
feedgrain use estimates mlay need adjust-
ment because feeding rates change as feed
graiv ; are substituted for roughages and 
prott n feed or because the consumption of'anita I and dairy products changes as retail 
prices do. However, the )rojected feed re-
quirements based on the past pattern do 
incorporate the increase in feeding rates 
that began about 1964/65: ".. . the average
rates of grain fed per livestock production
unit ire estimated to hawe increased about 

'
two thirds from 1964/65 to 1974/7 5.21More 
to the point. .. Soviet plans on eed require
ments imlply that little in(rase in grain
feedin l rates is anticipated in tile next few 
years." 

Moreover, potential price changes of 
tneat and dairy products can be ignore(] for 
the short period unler consideratioll.22 More 
specifically, retail price increases cn be 
l)lausil)ly ruled out except as a tMeasure of
last resort, although they also would help
alleviate anotherjprol)lem-thegrowinglbud-
getan, subsidization of meat and tmilk prices. 23 

Estimating Seed Requirements 

"he lincar trend of equation (3)is used to 
extrapolate seed uSe.24 he trend is estimated 
from seed use data frot 1955/56 to 1978/79
(Table 1). 

(si,,list), 9.17115 * (14.34t. (3) 
(45721) (16431) 

R'.= 0.9899. I.W = 10182.149, SFR t 

The estimates of seed requirements based 
on this equation, presented in Table 2, 
increase steadily through 1985/86. 

Estimates of Grain Consumed

by Industry and People and
 
the Waste Discount
 

The pattern of grain use suggests that 
the remaining uses of grain can he estimated 
readily. The USDA estimates in Table I show 
that the atu1ount o grain consutmed lby
invlustr' and people is steaidy. It has therefore 
been assumed that these atnounts remain 
stable at 4 million tons for industry and 46 
tmillion tons for people, a total of 50 million 
tons. With population growing about 0.8 
percent per year. such coIistant use of grain 

Ill ill i s 14 9681 illn tli nlli 975 iii'Im s Iltlh ti1, st,Iiilloiit( sliris.1 lit Illill-1 Ill )9 is switit to beii15m illion/tolls-%%fh It')il' (]fllof -) ll if- ill I I 9H !
 
1,9If he ofit IIdpill (",,
ofIlw¢,it 

Ilhlliff'sIti

prodtl ts'llfkfi)l( tnlst'll, The,(X( I.Ss(14-1thlll %%'Ill i] ll que'lllg finllll 

in iri",Ise 11)1ltll le iIinI I kiislt i I ii'n "l ttIt ,ief tllilht). otpl ut tligils for 19115(titlh 31ilnplfl i Ihat
th OUlttlt of iit % I" 62 1r 

cl tid. Illontrds, 


,ilt ( ijtlli. ofgiiiisut ilk 35) kiigriiuns pvr (,ipita. indol eggs, 2594 ggs per( S c ',u e pl I 1 ', 11.| kliigiiis of net ,'f lil priitiwtsfI 1)4tillriiit 
of ttfii 19115 Sov If(o Jitll[ I'ige(l ,ild10i4 ,iltirll tlI .id 1silk trodu(tspei, itit of tiIf 19115 iS.li ot ltolilis ,l l (47

tirgel). So%iot 
 O i lo l li k u)" 1'kIl),ir(ntlS hisiii om , I d,usi of Owhigh loo rtiot )f buttter 

U.S ligures
 
2~O l~,o
Si liiuiiiiiisr."SO~it , , indlni,lit' 17 th ill i,s iss d ilhIlll i .iilhi,,Jllitllilif t 
to ( m uni ,Ior'til u rist-)hft(ll ,llo) l) ll e (dI t lll111\ l ( 1,1 d lio{' l,tIgllI It 

ll' 1 litc 
 ' f ,h ,ISill.()'[)ld ('
 

,
O ('Il(I'tlll iv )[ thpi i, 'ill p rol Ti1,2l ,l lf. ,III( €'1€v3 0
O."l Il 

11wn it1 I (ll lli1 9 2 lw, 1-) l [, ot I w sem 
Stilli(
111bI I 

1 Si tlollou '>)\o Agll likowtll1il ) Ivr. 1 
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for items like bread and vodka implies that 
the per capita consumption of grain for 
these items decreases slightly. Such a de-
crease is also implied by the USDA estimates 
of grain use for these categories in Table 1. 

Finally, the discount for%vaste is assumed 
to be 5 percent for below- average, 10 percent 
for average, and 12.5 percent for above-
average production. Tile maximum discount 
of 12.5 percent may be reconciled with the 
USDA practice as follows: the USDA dis-
counts production 15 percent when too 
much precipitation causes abnormal amounts 
of moisture, weeds, and seeds to appear in 
harvested grain. lowever, adoption of the 
narrower 60 percent confidence interval 
rules out the occurrence of such abnormally 
moist weather. In fact, for the period 1955,/ 

56-1980/81, the discount rate of 12 to 15 
percent is applied by the USDA only for 
three above-average years, 1973/74, 1976/77, 

and 1978/79. All of these were outside the 
60 percent confidence interval. For the 
remaining above- average years, 1956/57 and 
1958/59, which are just covered by the 60 
percent confidence interval, the discount 
rate used by the USDA varies from 8 to 10 
percent. In view of this, a discount rate of 
12.5 percent for thle above-average grain 

output estimates of Chapters 3 and 4 was 
chosen in this report. 

Estimated Grain Deficits or Sur-
pluses During 1980/81 -1985/86 

Without Weather Specification 

Table 4 show.'s the estimates of grain 
deficits or surpluses based on the assump- 
tions discussed above in this chapter (out-
lined in the notes to the table) and on the 
assumption that the U.S.S. R.will not change 
the size of its grain stocks or trade in grain. 
The deficit for 1980/81 is based on actual 
grain production and predicted use. The 
estimates for the other years are based on 
predicted )rodIctionl and use. 

The estimates in Table 4 suggest inany 
interesting possibilities. If grain outlput from 

21 Stepifietn G.Whe lcroft. " lieSigniitiir11c of (Iiit'hll 

1981/82 to 1985/86 were average, tile Soviet 
Union would still have a grain deficit of 
about 8.6 million tons per year. Below
average grain production would result in an 
annual deficit of as much as 15.8 million 
tons, but not more. Above-average output 
performance, similarly defined,would result 
in surpluses not greater than 2.9 million 
tons per year. The official estimate of output 
for 1980/81 of 189 million tons could mean 
that the deficit will be as much as 27.3 
million tons. It will be less if livestock 
continues to be slaughtered. Since that 
possibility cannot be assessed confidently, 
it seems reasonable to accept an estimate of 
25 million tons for the 1980/81 deficit. 

Estimated Grain Deficits or Sur

pluses with Weather Specification 
and Export Possibilities 

While these estimates are plausible, the 
occurrence of average, below-daverage, and 
above-average years should be defined pre
cis 

ely if the deficits and surpluses are to be 
estimated in relation to a probable weather 
pattern. 

Predicting Future Weather 

and Output
 

Predicting the impact and occurrence of 

future weather with a precise sequence of 

average, below- average, cnd above-average 
years is impossible. Even defining tie impact 
of past weather in terms of output falling 
outside the 60 percent confidence interval 
is not satisfactory. The complex structure of 
Soviet crops and climate makes the available 
weather information inadequate. Stephen 
Wheatcroft has discussed crop-weather re
sponse and the limitations of the standard 
approach which captures this response by 
relating crop yields over vast areas to monthly 
precipitation an(d mean air temperatures 
without regard to stages of plant physiology 
and phenology. 25 From this l)ers)ec!iVe, 
incor)orating tie implact of w(eather via the 

,illtol alrlicilarW\Veather Chantg( it Sovilet Agorift uoe tWith 

a ,it aaIE 

Lutopeatn Studies, tnivrsity of IBirninghtit irmingham. U,.K..1977. pp -19 h.iihetill fusshw %ss di'klloi 
Referetice to the 1920s ai11930)s)," I ,1) r No. 11, So%1le h1(1istrhifizatiot i'ro i t Series. Cetitr Ior Rt hssi ast 

edged 
crop ptiliehtin which 

extenifed over a large geograpihicl ,ire. 
to tic ,ilio vteeritt thet (ImelOilnt'lil of "theif irst c'ii lhieisivi itilirowhi to ilewtfher 
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Table 4-Estimated grain deficits and surpluses, 1980/81-1985/86 

Surplus or Annual Average.
Grain Output Deficit 1980/81 1981/82 1982/83 1983/84 1984/85 1985/86 1981/82.1985/86 

(Imillionl
iletric to is) 

Average Deficit -8.7. -8.7 -18.6 - fi 13.6 --8.6
Belo, aoerige Deficit -27 3' -I 5.9 -15.11 -I 7 -15.7 - 15.7 15 8I
 
Above verage Surplus ... +2.7 +2.8 -2.9 3 1 32 .2.9 

Notes: Belov-,eragejnd illi,-,I, a erage ouitpuitts ire eI'itlhatel dl Ihe lo%.r liid upper ,ilui s of il 60 penrrefit
conlidene interval of equtio i 
year actual grrim outpit %% not h li ss 01,th itiiitif h er ,11111.lli th lhl i ill inot he 

(1)lhis tititis thai tlhvre is ,160J)i,r((,fi:t haw ilI,thail i ielos -,iverig,
ill 1 the u , d dvlirits us

Inore thallhiwstated antlllonit. Stiuiltirl,. Ilie r re i hfi oiitiitt Ilil ,its p6r n th,it griti ,ili emv
average y-ear i Illi t lie mt 11i 11 ll iuiper ,5r halltl1 ,1 il lilud , t ldiv Sirlihses isill tiO hielIll,1lh,1 
tie Sttted lnontill. 

1ireT.eStillltes ofi grain ritjuiit alldof Irl diti, sill'ed irv ftio l lli 2 flo litniat'i riireinviurs (iril lis-
and iIrlrIISIThll I olrlsiijll)lr Is ssItlllll-da 1111 tuijih1111triIohIe Illist5 5i (ols. lr tli'dWaste t is l i lie5I 
tpurceit for lilo -,iuug l I Ilil t11ii l illlpvti( Irhil oui111 12 5 lIri e ! i r %il)ur i ,1i'ri 

"1he',ibo)v ',lil(I'htorpiorhllv l I lhli Prllli o( I 1 oOwf ,iss,lIIIII~ll l - ling -. l'lhlli 1 h,iliged ,llidIlliti 

lheni T t grini t irol l iis r -sli rt 

'rheestitiatled deficit for ll Ill uhim'd huulii uiu t i llrr 1819ililli lolis. soiu Iuse.,3(1.31 is ilii tlir i lstitiil, iti ' 
m llin utils; fur ma il iuiustrial is. i i,grai.tl ) tiilhli ntis iri lvgi I26 It)i(, i.I hiil us.. 12i0 5 luli ll" tienr el tof tIre 1 119 toli rlulrl t d is Ailtt t- slrighitiring o Itos K .l llt itiili I18) , tnitlli triiS Is sli ( Ih i tile 
estitliated feerigriln lslr is aiIllr(, high 
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variables, iswill be donle in Chapter 4,does 
 rlinfill hIs decreaised ill the Sovirt grailn
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forecasts Ire teno differetl things. The pre- Silheliin ndrought. flihtres of Ilh Indin
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The problem of tile seqIence of the 
average, above-average, and below-average 
years can be avoided if the less difficult 
problem of their likely occurrence is solved 
by o)serving their frequency between 1955 
and 1980. This is an inexact, rtule-of-Ihumob 
proceclure. It is adopteI with many reserva-
tions. 

Classif',ing the 26 years between 1955 
and 1980 for that purpose as above average, 
below average, and average with a 60 percent 
confidence interval gives some evi(l'-nce 
that the number of above-average and below-
average years is about equal. As already 
indicated, a 60 percent confidence interval 
leaves five years clearly outside the lower 
range (below-average) and five years outside 
the upper range of the interval (above
average). The remaining 16 observations fall 
in the average range. Accordingly, the long-
run weather ptttern for the Soviet Union 
seems to be that three fifths of the years are 
average, and the remaitningare altost equally 
divided between below-average and above-
average years. 

In this paper it will be assulmed that the 
weather between 1981 and 1985 will be 
average, below average. and above average 
in the same ;)roportion. That is, three years 
will be average, one year will be above 
.verage, and one year will be below average. 
This assumption is shaky. It is adoplted only 
lecause a firmer one is not to be found. 

Unfortunately, the sequence of these 
years cnnot be predicted.A below-average 
year following an average year will affect 
outl)ut difere(tly from a below-,average 
year following an above-,average or a below-
average year. The omlission of the impact of 
the sequence is a serious limitation of the 
calculations of this report. lie calculations 
can, however, aidjust for the deficit arising 
becaulse,,abelow-a.,erage-ar dep~letes sto:ks 
more thanl a above-average year idds to 
them. (This asytituetr, is referred to above.) 

Given this patteri of the effects of 
weather on lroduction-three average, one 
below-average, and one above-,verage year 
during 1981-85-the atmimal average esti-

mates (Table 4) show a total deficit of as 
much as 38.7 million tons. It is asstned that 
for the alove-average year exactiy 2.9 million 
more tons of grain will be produced than 
used.
 

Furthermore, for the period 1955/56 to 
1980-81, the total net deficit fromi the asy in
metrical effects of I)elo\-,av'rage and alIove
average years is about 72.8 million tols.30 

When distribute( among the five below
average years, this estimate yields; an average 
net delieit caused by weather asymmetry of 
about 14.6 million tons. With the addition of 
this amount to the deficit of the below
average year during 1981-85, the total (let icit 
wo,ld lbeas much as 53.3 million tons. 

Predicting Exports and Total Deficits 
Between 1981/82 and 1985/86 

Export reiu iremetls must be added to 
this deficit. Soviet grain exports, mostly 
wheat, to Eastern Europe, Cuba, Vietnam, 
ant elsewhere, beginning in 1956/57 (Table 
I) declined from 6.6 million tons annually 
between 1956/57 and 1960/61 to6.2 million 
toils annual lybetween 1961/62 and 1965/66. 
They rose to an average 7 million tons 
between 1966/67 and 1970/71 when domes
tic grain O1mttlmt was less volatile-not a 
single year was below average or above 
average. lxl)orts declined further to 4.2 
million tons annually between 1971/72 and 
1975,'76. They averaged 2.3 million tons in 
the four years beginning ir1976/77. 

Because exports leclined from plan to 
pla in the past, it can be assumed that 
exhorts between 1981'82 and 1985/86 will 
average the recent level of 2 million tons, 
with the exact anount determined by the 
specific circumstances of a given year. The 
l)aramotuiint consideration il Soviet grain 
trade policy and decisions will colttMue to 
be ill(need to iml)ort grain when (omnestic 
harvests fail so that livestock inventories 
can blemaintained. This makes it unlikely 
that ile Soviet Union will im)ort grain in 
order to export it. The only recent exception 
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was the Soviet decision to buy less than a current size of grain reserves is not available.million toils of rice from India and to ship it, In making these estimates, it is particularly
presumably directly, to Vietnam. Moreover, important to know the size of the graintile Soviet Union may decide not to supply reserves on July 1. 1980. These ind additionsgrain to an ally when its harvest fails, to tile reserves can make ill) for grainespecially when it fails as badly as the 1979 shortages in the future.
harvest did.31  

lowever, a qualitative indication of cur-The estimates, then, indicate a total rent Soviet grain reserves can lbediscerneddeficit of 1.p' to 63.3 million tons between from the measures taken to combat the1981/82 and 1985/86. Of this, 38.7 million decline in grain OuLtpt in 1979/80. Beciusetons represent the deficit of tise over avail- the 1980/81 crop was a!:; poor, the Sovietability. A further 10 million tons are ac- planners will plrobably use these measures
counted for by exlport (:ommitmentsduring even fi ire earnestly.the five years arid 14.6 rnillion toils are AIho it halfoftlhe decline during 1979/80attributable to the difference beween the seents I.have been offset by imports beforeeffects on Outultt of the below-average and July I,1980. An .:arly estimate of the USDAabove-average years. As for 1980/81. the indicated that, of the 35 million tons of
Soviet Union carn be expected to import 25 wheat aid f'eedgrairls the Soviet Un ion wis
million tons of gr,in, if no grain is exported expected to .uy between July 1,1979 and
and stocks are not changed. Whether such 
 June 30, 1980, ip)proximately 30.5 millionmassive aiiounts can be fotrnrd ill the world toils seemed to have been contracted forgrain markets is doubtful, but this question from all exporting countries, presuinabl),, forwill be discurssed later. delivery by July 1,1980, although some of 

this aMn1 ltmy not reach the Soviet Union 
until latel32 

Furthermore, indicit ions are thit a short-Estimating Changes in Grain cige of feedgrains remains, making some

Reserves and Imports 
 slaughter of livestock necessary.33 This will,of course, redtrce ieat and milk otltpUt. 34 

According to the latest official estimates,These deficits carn le miet by reducing Illeat OUtILIt declined by 2 percent irl 1980.
stocks or by importing grain. A formidable Finally, the Soviet 
 Union, according to

l)robl!in arises when tiring to deteriline the USDA. managed to accumulate 19 million
how the Soviets use tiese alternatives to toils of Jain (all wheat) during 1978/79meet deficits: official information on tile (Table I). While this may have provided 
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some reliefjb it is clear that the Soviet 
policymakers had to make extraordinary 
efforts (undoubtedly intensified by the U.S. 
grain embargo) to buy grain and sianghter 
livestock The slaughtering is likely to :on-
tinue. 

Everything considered, it seems realistic 
to say that the Soviet Union began 1980/81 
on July 1,1980 with its grain reserves largely 
exhausted. 37 Therefore it can be assumed 
that the Soviet Union cannot rely on domes-
tic grain reserves to meet any grain shortage, 

including the 25-million-ton shortage of 
1980/81. All of the deficit .- ill have to be 
filled by imports. This assumes away the 
crucial issue of the choice between stock 
depletion and grain imports. 

Furthermore, the assumption that there 
were almost no grain reserves on July I. 
1980 (except those set aside for strategic-
military considerations) leads to the assunip

tion that the Soviet Union will avoid a 
recurrence of the scramble for grain imports 
and the involuntary slaughter of livestock. It 
will probahbly decide instead to accumulate 
grain by importing 5 million tons of grain 
each year during the six years beginning 
July 1.1980. 

Given these assumptions, the total short
fall of grain to he tilled by imports between 
1980/81 and 1985/86 will be 30 million tons 
during 1980/81 and up to 88.3 million tons 
between 1981/82 and 1985/86, indicating 
average annual imports of up to 17.7 million 
tons during the E-leventh Five-Year Plan 
(1981-85). The financial imlplications, es
l)ecially the hard currency cost of this 
amount of grain imports, and the question 
whether the Soviets will be able to get 30 
million tons of grain in 1980/81 will be 
discussed in Chapter 6. 

16 The USDA has inany reservations lbout ill(- of its i-stintlites of stock (hltlge (see table I. itole1).relliit 

Again. it is well knomn dht illillSoviet Union wheat is u'-d for dinal leed. teteen 1971'72 aldI 1)75/7f6. 

wheat accounted for 35 ivrrent of the graii used forfi-ed Also. beginnitng in 1972 73. Sot,il- he-,lgriit lnprts 

exceeded whelt imports. It is pror biha t ill (ontitnov Ior details, "e ili1 I)iot)|h,3this pattern %% 

37 Of course it (:,ll issioed that 11wSoviet 1id rnners set aside su in isa,str l i(( kpile I Ills,,%trick ili- ishe grain 

to meet grain reiquiretmnl ts (luring iilitiry einergeisl(l and is not used to lll shortagvs ( lisedli lasI-st futuhrvs 
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4 
THE PROBLEMS AND POSSIBILITIES 
OF ESTIMATING SOVIET GRAIN OUTPUT 
USING THE RESULTS OF PkODUCTION FUNCTIONS 

In Chapter 3, Soviet grain production 
was predicted using past trends. !n this 
chapter, the possibility of predicting it using
production function estimates is explored.
For this approach an agricultural proluction
function needs to be estimated. This is a 
major task in itself. But the approach must 
also forecast the amount of inputs the 
Soviets will put into agriculture so that the 
production function can be used to estimatefuture Soviet agricultural output. Tile task is 
made even more lifficult because, although
it requires predicting tile output of grain
alone, estimates are available only for inputs 
into all agriculture Moreover, since weather 
is an important factor in determining pro-
duction, Soviet weather must be forecast as 
well, a task that makes only "conditional" 
forecasts possible, as the earlier analysis
showed. The method used to predict grain 
output in Chapter 3 above is far simpler, but 
the analysis below is important and provides 
a different persp)ective on forecasts of Soviet 
grain imports.3d 

Specification and Estimation 
of the Production Function 

Tile agricultural production function is 
defined as: 

Ae\ K.0 

= A'(4) 


where 

A> , 0< < 

and a, + a2 + =+ i. 

Tile lependent variable, Q. stands for agri
cultural output. Different estimates of it are 
used. These are the Western gross measure 
and the Western net measure, both in 
rubles, and the author's estimate of agricul
tural production in million metric tons 
based on Soviet official data. Tile Western 
gross measure and agricultural l)roduction 
;n tons include such inputs from agriculture 
as feedgrains going into animal husbandry,but the Western net measure subtracts 
them. Furthermore, whereas the physical 
measure of output includes trash, waste,
and moisture content, the Western estimates 
(1o not. Finally, the estimate of agricultural
production in toils enlployel in production
fbinction estimation is lut together from 
data in Soviet sources. In contrast, agricul
tural output is officially measured b its 
value mid is derive(d by weighting the physical 
output of all items, pr,sumalbly with con
stant prices. 

The exl)anatory variables in equation
(4) are capital stock (K)in agriculture given 
in Soviet sources, labor employed (M) in 
agriculture as estimated by Murray Feshbach, 
current inputs (R)in agriculture its estimated 
by Douglas Diamond, and area sown (L)during the agricultural year as given in 
Soviet sources. Tile (ata, their sources, and 
their limitations are given in Appendix 2, 
Tables 10 ani I1. 

In aldition to capital stock, labor in 
man-hours, current inputs, and sown area, 
dummy variables are also included for weather, with each year in the period classified as 
average, above average, or below average on 
the basis of tile number of grain-growing
regions that can be classified in that year as 

38 o experts on Soviet griculhure, Ihis"sIccessfutl" estmidmion of in igriculturil produ( tion function is inporihemt. 
The analysis also spotlighis important deficiencies ind suggests refhnienenls. 

24 

http:imports.3d


deserts and steppes.3D These classifications 
for the 27 growingregions of the U.S.S.R. are 
made in a recent report of the CIA for tile 16-
year period from 1960 to 1975 on the basis 
of the Koppen method of weather classifica-
tion.40 On the basis of this information, 
approximately 25 percent of the observations 
were assigned to the lower end of the 
distribution as above average and 25 percent 
were assigned to the upper end of the dis-
tribution as below average. The remaining 
observations were characterized as average, 
As a result, five years (1969. 1970, 197 1. 
1973, and 1974) with less than 3 regions 
classified as steppe and desert are called 
above average (one year hall none), and four 
years (1960, 1962, 1963, and 1975) with 
more than I I steppe an(l desert regions are 
called below average (one year had 16). Both 
these sets ofyears are then assigned dummy 
variables of 1. The remaining Nears inclu(-
ing the entire pre- 1960 )eriod) are assigned 
values of 0. 

This sitlple specification of the weather 
variable was adopted after several other 
formulations of the weather inlex were 
experimented with. An estimation of tile 
produtction fuIctiois \it hoot a weather 
variable was tried first. Then an atteplt was 
made to formulate two weather variables, 
associatel with actual teIlmeratures during 
January, Februar,, andMI arch in the southern 
Ukraine and plrecipitation between July and 
October in the enthie growing region. 

Then an (xperiment was made using four 
tumimy variables, one cach for one standlard 
deviation above mean temip,rature(llll MP). 
one standardl deviation below meanl temper-
atureLfNIP), one standard deviation above 
mean )re(:il)itatioin (IIPRIC. and one stan-
(lard deviation below inean )recipitation 
(LPREC). As this pro(:e(lure prove(LI usatis-
factory, the four do mnoy variables were re-
duced to two. so that ibove-average weather 
was defied Ias IIIPRIC phis IITEM Pand below
average weather was e1n, i as I,I-RLC llus 

LTEMP. This would mean that the weather 
variable for a below-average year would 
have a dunmm of 2 if low precipitation and 
low temperature were combined, I if only 
precipitation or tetp)erature were low, or 0 if 
neither precipitation nor temperature were 
low. The dummy variables for the above
average year would be similarly defincd. 

All these weather specifications were 
tried using first four, then three inputs (with 
capital at 8 percent merged with current 
inputs), and with and without technical 
change. The results were either economically 
meaningless or statistically poor. 

Equation (4) is first fit to all three sets of 
Out)UtS without introducing weather. T[he 
resulIts not presented here indicate that it is 
impossible to extract satisfactory estimates 
of the four input coefficients and the tech
nical change parameter from 26 observations. 
When the technical change tparameter is not 
considered, the t-values of the estimates 
iml)rove only slightly. Ilowever, the prol)lem 
of tollinearity between the calpital and cur
rent input series when both grow steadily 
still persists. Therefore, capital, with an 8 
l)ercent return, is merged with tile ,urrent 
input series. 4 1 When the technical change 
parameter is reintroduced in the estimation 
procedlure, tile results again indicate that 
the estimates of technical change an(l the 
input coefficient are strongly collinear for 
capital llus current inl)uts. A justifiable 
procedure. then, would be to estimate tlie 
production function without a technical 
change parameter anl with capital and 
current inl)uts inerged together with an 8 
tercelt return assigned to capital. 

When the humny variables for weather 
discisse(l earlier are introduced, the same 
pro(:e(lure is used, and( the entire sequence 
of estimation is repeatedl. The 1)rodluiction 
fu oction then becoles: 

. \,Q. (5) 

+,
\dll.1bic1-1 h ' 'Ill % h1,1, bJ'+ti k l q~] irdi Iln '11(-( Ill(,IlIoll Ie llolhllg oIld follc( a" llig. So%\lcl g l ll 

' , 
outputIl ,,d ( adol -1 1111. It1till' 111.11n -) pIo vli (11-%lI llooI I l 'i ulpi~lll fllolliIll. illIII-nd aI pd x tot{\lllf l p 

INIln( h11.1 ()LqmIv ll p,I tl t 19741], p 67) Ini Ibicr+S )MMOD I liodfM . Dlinlld (Ilvil l d 
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where 	 application of labor is only 5 to 18 percent. 
It would be interesting to compare these-
B >_0, 0 _<9i 	 Iand +, 2 = .	 figures with estimates of' factor shares in 
value added to Soviet agriculture. '[be most 
recent estimate of these factor shares isCtrepresents capital stock with an 8 percent available for 1966 with a share of 0.58 forannual flow plus current inputs. The other labor, 0.12 for land, and 0.30 for capitalvariables are defined as before. The results (including current inputs and livestock).44 

are in Table 5. In the production function estimates, the
The reasons for omitting technical change Western measure of net agricultural out)utas a parameter to be e.,licitly estimated in corresponds most closely to value added.this production function seem persuasive.42 The corresponding coefficient of labor isAlthough some factors, including policy 0.12; of land, 0.53; and of capital includingchanges in agriculture, may have contributed current inputs and livestock 0.36 (Table 5).

to increasedl factor productivity sporadically If the Cobb-Douglas constant- returns- toin scattered geographical areas of the coun- scale specification were acceptcA for tiletry, they could not have contributed signifi- production function of Soviet agriculturecantly to agricultural productivity in the and if factors were rewarded according toentire country for the whole 	period since their marginal productivity, then it would
1955. Furthermore, all the inputs that con- seem that in Soviet agriculture :abor istribute to agrJcultu ral output are included overpaid and land and capital (plus currentexplicitly in the estimating equation. This inputs and livestock) underpriced. Indeed,procedure minimizes the likelihood that the the production function estimates rais-eproductivity of an omitted factor is left in doubts about whether factor llrodlictivity inthe residual as technical change. Lastly, Soviet agriculture can be calculated bywith the same end in view, d(unmy variables plugging estimated factor sharve into a are included for weather as discussed above. Cobb-Douglas, constant-returns-to-scale pro-

A feature of the estimates in [able 5 dluction ftunction. 4 5 
hased on equation (5) is that the estimated Finally, the estimates of OtipUt responsecoefficients reveal a steady range of values to weather show that the 1dcline in outputwhen the dependent variable is changed, caused by below-average weather is largermaking them quite credible. Almost all tile than the gain 	in OUl)ut caused by aboveestimates are 	statistically significant, average weather. This asymmetry may reflect3everal of the specific features of the tile meagerness of normal rainfall in areasestimates should be emphasized. The statfs- such isthe Ukraine so that marginal short
tical criteria 	 of the R2, SER, andlD.W. falls have serious adverse effects whereasstatistics used 	to assess fhe estimates with marginal increments of rainfall have limited

and without weather generally indicate iri- impact. This asymmetry also implies that
proveinent when weather is introducel. In the distribution of the weather variable is
the specification with weather (Table 5), skewed. Therefore, average weather is defined
output increases bet\ een 43 and 61 percent to reflect the asymmetrv, with approximatelyin response to the alpplication of land: the 50 percent of the observations having bemagnitude of the rei)onse to capital and tween 3 and II steppe and desert regions.
current inputs is between 34 and 40 perc-ent. 43  Because tile distribution of the steppe antI
By contrast, 	 the otitlpt response to the (lesert regions is ske\med to 	tile right, the 

4,1 livfe(c(lnoltmlrm itl ulvat olllot OlllllogII lle1rq'Nldll~l[is 111hl, bttly{' Ow ('1, ,t[) ha 11.3'-,1li'lid+till(.q 1111,11s 
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Table 5-Production function estimates for agriculture, 1950-75 

Coefficients'
 
Capital and 

Current Above. Below. 
R2
 Labor Land Average AverageMeasures of Inputsb 


Output A 02 01 Weather' Weather' lnB (SER) D.W.
 

Western gross 0.3956 0.1788 0.4256 0.0415 -0.0759 0.2960 0.9706 1.48 
output (8.4697) (2.4364) (1.3328) (2.4694) (1.0996) (0.0474) 

WestL,, net 0.3553 0.1180 0.5268 0.0433 -0.0809 -0.0041 0.9667 1.60 
outqut (7.3781) (2.9262) (1.3477) (2.5540) (0.0148) (0.0489) 

Agricultural pro- 0.3409 0.0503 0.6088 0.0557 -0.1313 1.7595 0.9993 2.1n 
duction in tons (6.0587) (2.6558) (1.6832) (2.9562) (5.1889) (0.0633) 

production functions are estimated are given in Appendix 2, 
Tables 10 and 11. 

These coefficients are calculated from the production function stated in equation (5) of the text. 

Sources: The output and input data from which tile 

b The estimates of capital stock are combined with current inputs assuming an 8 percent rate of return. 

C Weather for 1960-75 is classified as above average, below average, or average. Average years are given dummy 

variables of O.Above- average and below- average years are given dummy variables of I. Approximately 25 percent of 
the years are defined as above average and 25 percent are defined as below average on the basis of the number of 
regions that can be classified as steppe and desert in each year with the Koppen weather classification. The 
remaining years, approximately 50 percent. are classified as average. As a result, years with 2 or fewer desert and 
stepie regions are defined as above average and those with 12 or more such regions are defined as below average. 
For lack of information, all years before 1960 are treated as average. 

This procedure failed to give a meaningful result for the production function defined in terms of agricultural 
production in tons. Therefore, the reported results incorporate an arbitrary (lassification of the weather variable. 
Years with above-average weather have 3 or fewer regions defined as deserts and steppes and years with below
average weather have 10 or more regions defined as deserts and steppes. 

modal value of such regions will be less 
than the mean and the weather categoriza
tion tilts the average weather in the direction 
of the lower modal value, 

Predicting Future Output ofGrain 
and Inputs in Soviet Agriculture 

Several sets of problems arise when the 
production function results of Table 5 are 
used to forecast Soviet grain output. The 
first set of problems arises in estimating 
capital stock area sown, man-hours, and 
current inputs during 1980-85. There are 
particularly difficult problems in predicting 
the capital stock. These are only i atched by 
the difficulty of making a"scientilic' predic-
tion of the weather. 

Capital Stock 

Ideally, capital stock can be estimated in 
two steps. The value of investment in the 
economy and agriculture's share of it could 
be estimated first. Then the completed in
vestment projects in agriculture, when added 
to existing capital stocks (minus scrappage),
would yield ,he required capital stock pre
dictions at a given time. Unfortunately this 
cannot be done. 

Thus, whereas aggregate Soviet invest
ment increased 42 percent during 1971-75, 
it is expected to grow by only 25 percent 
during 1976-80. The share of agricultural 
investment is expected to rise from 26 
percent during 1971-75 to 27 percent (luring 
1976-80.46 These figures suggest that aggre
gate investment in the economy during 
1981-85 may grow no more than 22.5 percent 

46 For details see David M.Schoonover, "Soviet Agriculture in the 1976-80 Plan," in Roy Laird, Joseph Hajda, and 
Betty Laird, eds., The Future of/Agriculture in the Soviet Union and Eastern Europe (Boulder, Colo.: Westview Press, 1977), 
p. 80. Capital Investments In agriculture accounted for 26 percent of total investment in the economy in 1978, 
compared with 27 percent in 1977 (see ESCS, USSR: Review of 19'18 and Outlooh for 1979. p. 19). 
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with agriculture's share about 25 percent. 
However. it may be difficult to translate 

investment in agriculture into agricultural 
capital stock formation. The investment 
figure includes several items. It certainly 
includes disbursements for new irrigation, 
land reclamations, and acquisition of trucks 
and tractors. "During the 1971-75 period, it 
was apparent that a new type of investment 
expenditure was'credited' to the agricultural 
sector-the investments in the state repair 
shops of Sel'khoztekhnika, in the faciliqes 
of rural construction, in local agricultural 
product processing plants, in construction 
materials for irrigation and amelioration 
and in construction and operation of research 
institutions."47 However, Soviet agricultural 
capital stock figures always include capital 
stock formation for such items as agricul-
tural raw material processing and construc-
tion material for irrigation. All of these are 
subsidiary or auxiliary to agriculture. There-
fore, a spurt in investment for these items 
would imply growth corresponding to it 
after a suitable time lag in agricultural 
capital stock formation, 

H-owever, it is not clear in what precise 
manner and to what extent the exercise 
should include ". . investments in the in-
dustrial branches supplying agriculture: the 
tractor and truck industry, the mineral fer
tilizer industry, pesticide l)roduction, etc.' 48 

According to official practice, these invest
ments result in capital formation in industry, 
but only deliveries of trucks, tractors, and 
farm cquipment add(l to capital stock in 
agriculture. Fertilizer and pesticide deliveries 
are additional flows of current inputs. There-
fore the growth of agricultural investment 
these account for would not account for a 
corresj)onding growth of agricultural capital 
stock except for deliveries of items such as 
trucks and tractors, 

Another problem arises because, though 
the growth of agricultural capital stock 

includes the growth of livestock inventories, 
it is not certain that the targeted outlays of' 
agricultural investments rio. All these com
plications make it impossible to translate 
the targeted outlay of agricultural invest
ment into the formation of agricultural 
capital stocks. 

While agricultural capital stock during 
1980-85 cannot be estimated in this fashion, 
neither can tle past pattern of capital stock 
in agriculture provide a reliable guide to 
future capital stock formation. This stock 
has fluctuated considerably but grew at a 
rate of 10 l)ercent annually during 1970-75 
when investment was shifted into agriculture. 
(The average of these fluctuating annual 
growth rates of agricultural capital stock 
was, during 1955-60, 9.3 percent; during 
1960-65. 7.4 percent; and during 1965-70, 
6.6 percent.) It is generally agreed that the 
extraordinary rate of growth of 1970-75 
cannot be maintaine(l. 

Capital stock in agriculture during 1980
85, therefore, has to be estimated somewhat 
arbitrarily. For this exercise, a growth rate 
for capital stock of 7 l 'rcent each year was 
chosen, beginning with a capital stock of 
179.022 billion rubles in 1955 prices on 
January 1,1979. 

Area, Man-Hours, and Current Inputs 

It will be assumed thit the area sown 
during 1980-85 will remam at the current 
(1975-78) annual level of 218 million hec
tares.4 9 

Perhaps the most difficult input to pre
dict is man- hours. Although the number of 
man- hours worked fluctuated between 1950 
and 1975, it had declined by the end of the 
period. The decline between 1965 and 1975 
was at an annual rate of 0.46 )ercent (this is 
the average of 10 anual growth rates). It is 
certain that the number of man-hours worked 

4 7 See Arcadis Kahn, "Shifts to Off- armnAgricultur,il Inptlts in Ihe' Tenth I-conomic Plan: The Econoinlic '1nd 
Institutional hpllications," in Roy L.aid. JIoseph I aldland Betty Laird, eds., The Future ofAgrnculture in rhe.Sovie 
Union and Eastern Europe (Boulder, coloi: West,'ww Press, 1977), p. 21. 

Ibid. 
4 9+Th ,I s tlio l n t h atIarv, w.i l l h e'(Olls h dn t (.lfll n l li lh Oh prov is io nl s,is , 
 s t o)m¢ { ; jI W i l l l h 2 Iha t s v ill( ,q tl i~ n vl l s 

in~llegralillh ,Itilh(ite of0I5 inilli1olld llnld',lo.%( i,%%.I.,is ton (3} %%,,is tolls 
 said ;Mhl equtl, illllvrpre!te,.
III( Covilicl'ln mth r-spect it)1,111dIs%I'llistilally [ltlsignlill(,|nt. It ispossileh ititI c sin',Slgof see!€d ''ilds 1)(r 

hel~~~~hlnstim %%illrlqtll, l(rt'illg allllrjtlltsoftseed Ilonlg% itlhiiiI 'llq illnillt svrli. vs,I h rtili/vrl lv, IlM I 


applicdtion, mid so forth coan'nurei 
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will continue to decline in Soviet agriculture, iluction function estimates are )ased oil 
but it is difficult to predict tile size of the total agricultural production, in value and 
decline with confidence. The figure cited in toils, whereas tile requirement estimates 
above makes a decline of 0.5 percent an- of grain use, i, toils, make it necessary to 
nually, starting with a nan-hour al)l)lication predict grain output in tons. It will lie 
of 67.6 billion il)1975, seem reasonable, recalled that the Western output measures 

Finally, cur, rz inputs are projected use 1968 price weights to aggregate individual 
from the declinitig annual growth rates of items and are therefore illvalue terms, 
the past. They showed average annual ill- whereas the third measure of outplut used to 
creases of 9.2 percent during 1960-65, 6.2 estimate tile )rodluction function above is a 
percent during 1965-70, and 5.3 percent simpjle addition of tonnage figures from 
during 1970-75. (These, too, are averages of Soviet sources. The last estimate would 
annual giowth rates.) Considering the sig- therefore seeto at first sight to be approlpriate, 
nificant shortfalls il fertilizer il)lication despite its cruleness. It lends itself' more 
during 1975-79, 5° tile current input applica- readily to predicting grain output in tons 
tion during the Tenth Five- Year Plan (1976- from agricultural output (also in tons). This 
80) cannot exceed the anntal increase of lrocedure, however, does imply an asslnp)
1970-75 cited above. Assumning that fertilizer tion of' a systelallic relationship based on 
production ani distribution dtiring 1980-85 tie last pattern between Soviet grain outlput 
cannot improve dratntically, an annual andl total agricultural o1tltit. 
growth ,ate of 5 percent of input iplplicaition On the other hanid, both the Western 
during 1975-85, beginning with 9.73 billion measures, gross and nct outp)ut in 1968 
rubles in 1975. will be assumed, ruhbs, are sollill lmehliodologically. They 

are derived by appliying 19613 price weights 
to physical outllits of agricultur(. However, 

Weather During 1981-85 it is difficult to convert these Irediicted 
values into tols of grain excelpt by inaking 

It shall be asstmed as before that the highly restrictive assmtnptions. More to the 
years 1981 to 1915 will have three averag( point, these va lues are based on estimates 
years, one above-average year, and oiie of tolnage that are far below the official 
below-avragen year. 1he sequence will be Soviet estittlates. This raises the lrolblem of 
ignored. Since the estiimated iroduction coinl)aring the lpredicted grain tonnage ollt
function lparaniit(ers with Western gross ptits with tile official estitnates of grain 
output in Table 5 already a(count for the requirements given in Table 1.This makes it 
asymItietr of weatlr's effects ol oUtjlit, necessary to increase the Irelicteid Oitputs 
the asynmetry not allowed for in order to make them cottlral)ble to the \\ill be 
selpirately in thlese forecasts. 	 estimates of grain use. Furthermore, the 

totiiage estimates for 1981-135 based on the 
We'stern nlet ruble iiieasilr(e wouhll nleedl to be 

Conveiting Predicted Agricultural Output illcreas(l also b, alddinig independently 
into fons of Grain Output mnade forecasts of feedgraill ise. This is On 

toll of the adjustlents reuieiled because 
The final set of lroblenils with pire(icting both Western ruble iiiastires incorlporate 

future grain outllut arises lwcatisv the pro- tonillage figures !naide Oil a standard Iasis 
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whereas the Soviet estimates are made on a 
bunker weight basis. 

In view of these considerations, the 
output estimates used and forecasted here 
are based on the estimates in Table 5 
derived from Western gross output in 1968 
rubles. On balance, this seems the least 
objectionable procedure. 

To convert the predicted ruble values of 
these outputs into tile comparable Soviet 
tonnage measure, it is first assumed that the 
ratio of the 1968 ruble measure and the 
underlying Western tonnage estimate for 
1980-85 remain the same as for the period 
1960-75. The ruble estimate is multiplied by
this estimated ratio, 1.3209, to get the 
corresponding Western tonnage estimate. 
The latter is then divided by 0.6302, produc-
ing the comparable official Soviet measure 
of grain output, because the official Soviet 
figures forgrain tonnage must be discounted 
by 0.6302 to get the Western grain tonnage 
figures. 

Admittedly, these are not satisfactory
procedures.But as production function data 


are available only for Soviet agriculture as a 
whole and as it is desirable to forecast grain 
output on the basis of the Western gross 
ruble measure because it is methodologically 
less problematic to interpret than the Soviet 
tonnage output, these procedures seem to 
be the only ones available. The resulting 
output estimates are presented in Table 6. 

Hfow (0 these p~roduction function out-
put estimates compare with the estimates 
based on the linear trend of past output? The 
estimates of grain output in Table 2 were 
made with above- average and below- average 
variations, attributable to weather, from the 
mean output with a 60 percent confidence 
interval range. In other words, if the weather 
is better than average or worse than average, 
there is a 60 percent chance that the actual 
surpluses and deficits will not exceed these 
estimates. 

By contrast, the methodology used for 
the estimates of Table 6 defines above-
average and below-average years more ex-
plicitly by the number of regions that can be 
classified as steppe and desert with the 
Koppen weather classification. However, 
this methodology has limitations. In an 
above-average year output cannot be pre-
dicted if the number of steppe and desert 
regions is 0, I, or 2, because the dummy 
variable of I assigned to the year includes 
all three possibilities. Similarly, in a below-

Table 6-Estimates of grain output 
based on production function 
parameters for agriculture, 
1976/77-1985/86 

Below. Above. 
Average Average Average


Year Output Output output 

(million metric tolls) 
1976/77 208.248" 
1977/78 204.616' 
1978/79 218.707" 
979/80 198.886" 
1980/81 	 203.391" 
1981/82 224.467 208.061 233.978
 
1982/83 229.575 212.794 239.303
 
1983/84 234.800 217.639 244.748
 
1984/85 240.214 222.656 250.392
l985/86 245.681 227.725 256.092 

Notes: 	 The coefficients used forderiving the output
figules of this table are estimated fromequation(5) of the text using Western gross 
output. These coefficients are stated in 
Tahle 5.Furthermore. taking past and recent 
growth patterns into accoutt, it is assumedthat agricultural capital stock will grow 7 
percent and current inputs. 5 percent each 
year; that toan- hour application will decline 
0.5 percent annually; and tlt the amount 
of cultivated land illagriculture will retnain 
fixed at 218 mill ott ltectares. 

Ahove-average (Utput is oututt illa year
%ith2 or fewer desert and steppe regions in
tertls of the Kopp,,n weather classification. 
Below-average output is output illa year 
with 12 or tnore stuch regions. Both classes 
of years are given dunnies of I. Average 
years with desert and steppe regions frotn 3 
to II are given dutntties of 0. For lack of 
information, a dtlitny of 0 is adopted for 
each ,'ear before 1960. 

As in fable 2, tle predictions of output during the 
Tenth Five-Yeatr Plat J1976-80) assutme that weather 
was above average during 1976/77 and 1978/79, belowaverage during 1979/80 and 1980/81. and( average 
during 1977/78. 

average year, the output and corresponding
import possibilities cannot be distinguished 
if the number of steppe and desert regions is 
12 or more. (It could exceed 16 in the 
future). 

While the definition of the weather 
index is discrete in terms of a stated interval 
of steppe and desert regions and therefore 
unsatisfactory, this methodology does give 
forecasts of grain output and the corre
sponding imports associated with given 
amounts of inputs. This improves on the 
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earlier method of extrapolating future output 204.7 million tons and actual output was 
from past trends. Also, the explicit incor- 204.9 million toils. 
poration of the weather, however imperfect, Table 7 shows the estimated deficits of 
is a step in the right direction. grain corresponding to the output estimates 

The resulting estimates of grain output in Table 6. Assuming that between 1981/82 
are stated in Table 6. Since tile Koppen and 1985/86 three years are average, one is 
weather classification of the CIA is not above average, and one is below average; 
available beyond 1975, the weather infor- allowing for 25 million tons of stock to 
mation available in USDA annual reports on accumulate; and assuming that 10 million 
Soviet agriculture was used to designate two tons will be committed to exports, aggregate 
year, 1976/77 and 1978/79, as above average: imports (luring the period will be 76.8 
and two others, 1979/80 and 1980/81, as million tons. This is less than the 88.3 
below average. For the period between 1976/ million tons estimated earlier from past 
77 and 1980/81, annual output averaged trends. It suggests that 15.4 million tons will 
206.8 million tons. The estimate of output be imported each year, less than the earlier 
from the trend methodology in contrast was estimate of up to 17.7 million tons. 

Table 7-	 Estimated grain deficits and surpluses based on production function 
parameters, 1980/81-1985/86 

Surplus or Annual Average, 
Grain Output Deficit 1980/81 1981/82 1982/83 1983/84 1984/85 1985/86 1981/82-1985/86 

(million tmetric: tons) 

Average Deficit ... -9.1 -8.7 -8.2 -7.5 -6.3 -8.0 
Below average Deficit -27.3" -- 13.4 -13.1 -12.7 -122 -11.6 -12.6 
Above average Deficit ... -6.4 -5.9 -- 5.3 -4.6 -3.8 -5.2 

Notes: Fie esti mates of deticils represent itth excess of grain ise over output. Furthermccore. they are basod occ 
ihe assumptionc thdc existing grain stocks-, remain uclccaccged acd that there are cio grain imports or 
exports. 

The ligures fur average. Illow-,verage. ,ccnd alovc-,avcrage outut cre given inc iTIle 6. Accnclg ire 

(:ollionllc ts of cuse.the esticccies of feed 'Iccl seed re(uiteneits are given icc ,ibih 2: graic use for llli ll 

C(occstalc Iillioc tols; %sIstf is estillated Io I 

pedrcentc for Iccoc%-,Iv rcag(. 1(0 percoecn ho ,forierag . acd 12.5 erccecnt fcr aio%tve-cVer,IgV olltius. 
and ilccdcstrial cnJcscuccptioc s ,ssctcl c to cillccc1c1111 '1150 	 5s 

Tile esti aceci celicit [or 19f1i/it 3 is cased oil the clloiicg estilllc s: o tjcccl, 189 Icillion tolcs; seed usc, 30.3 

million tons; hluccac anc incustrial use of grciin, 50 illicoct S; ccld feedgrcin ucse, 120.5 nillion tocs. Five pcercelnt 

of tie 139 lcillicncil ccSis sulctrc is sc.ste. As clie slccgilhcicg o livestock cccay ctc cllic. icloccgh 1910, tles ed 
esticaled leedgraci use is ,c lcilh. Iigi. 
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5 
PREDICTING GRAIN IMPORTS 
USING REGRESSION ESTIMATES 
OF IMPORT DEMAND FUNCTIONS 

The last set of estimates of grain imports 
for 1981-85 is made by fitting Soviet import
data for grain directly to several explanatory 
variables (see Appendix 2, Table 12). 

One of these variables is Soviet output of 
grain (QJ. Since the imports (although re-
ported and taken from official Soviet sources)
would be weighted by the American system, 
the Soviet bunker weight estimates of do-
mestic production must be lowered. The 
method used by the USDA is used here, 

Another variable, the price in rubles per 
metric ton of grain imports (PG), is derived 
by dividing the value of grain imports by the 
tonnage. Both are reported in official Soviet 
sources. The data for a third variable, Soviet 
production of meat (Q,\j), are taken from 
official sources. 

A fourth variable, Soviet production of 
feedgrains (O ),could contribute to an 
explanation of grain imports (which are 
largely feedgrain imports). Another, Soviet 
exports of grain to allies (X ;),may influence 
Soviet grain imports. Finally, a dummy vari
able incorporates the decision, evident in 
1971, to maintain grain imports at levels at 
which livestock slaughter is avoided and the 
production of livestock products rises 
steadily.51 

The regressions, both linear and log-
linear, are estimated for the period 1950-75. 
All the data from Soviet sources are for 
calendar years. Among the explanatory vari-
ables, domestic grain output (Q;), price per 
ton of imported grain (P)J, and domestic 
production of feedgrains (Ql(;) are lagged 
one year to account for the lag between the 
decision to import grain and the delivery of 
the grain. 

The dependent variable, grain imports 
(MG), is specified on a gross basis. This can 
be justified by arguing that the Soviet Union 
imports grain for the entire Soviet bloc. 
Having thus defined MG on a gross basis, it 
is possible to investigate, on the basis of the 
size of the estimated parameter, whether 
grain exports to allies (X(,) influence these 
imports. 52 The practical consideration for 
adopting Soviet grain imports on a gross 
basis (rather than a net basis) is that some 
entries in official sources for net grain 
imports during 1950-75 are characterized as 
zero, negative, or insignificant. This makes 
it difficult to estimate the regressions. Finally, 
the dummy variable is explicitly introduced 
in 1971 to reflect the shift in policy men
tioned above. 

Characteristics of the
 
Actual Import Pattern
 

The estimated parameters, however, must 
be interpreted in terms of an analytical 
framework suggested by the actual Soviet 
import pattern (luring the period, including 
the change in policy that became evident in 
1971. The characteristics of this pattern can 
be detennined by answering several questions. 

Do Soviet imports of grain (M(;) more 
than make up the shortfall in domestic 
production? If so, the coefficient of imports 
to domestic output (lagged one year) would 
be greater than I in the linear regression.
The evidence provided by the pattern of 
Soviet imports of grain suggests that the 
Soviets do not normally use imports to make 

Because reliable ,Il sufficiently long time-series (Liti tre lai'king, Soviet harf-curren(y ,lances ind gold 
reserves cannot hleinchldeI ,is that could influence the decision to import grain. Similirly.an explanatory v,ir hlble 

)eCause irinn able. the ilmlpact of griln reser%es oiltile
data on grwin reserves are not avail decision to import grain will 
not be conisilered 
S2 The problet could ilso le halndled fy estitnating twvo separate equations, of gross Soviet grain imports and Soviet
grain exports, and deriving net Soviet grain imports as the (lifferenice )etween the tvo. 
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up the entire shortfall of domestic produc-
tion. Instead, the evidence suggests that a 
shortfall is usually accompanied by other 
measures, such as rationing of bread, slaugh-
tering of cattle, and reduction of stocks. 
Therefore, one restriction placed on the 
estimated parameters is to reject values of 
the estimated coefficients of imports( M;j) in 
relation to domestic production (0,.) that are 
greater than I in the linear relationship.53  

The signs of the estimatedl parameters should, 
however, be negative, 

Second, while it is reasonable to assume 
that the Soviet planners (1o not make up the 
entire shortfall in lomestic prodluction with 
imports, the amount of grain importel will 
certainly be influenced by the amount of 
grain producedl domestically. Rather than 
introduce the unsatisfactory weather dummy 
variables 0 and 1, used earlier in the produc-
tion function estimates, directly in the iln-
port ecquation, the range of below-average 
and above- average OUltptS generated by :he 
60 percent confidence interval presentedl in 
Table 2 will be relied on instead. They will be 
used to estimate the corresponding amounts 
of grain imported. 

Third, how large is the response of 
iml)orts to prices of grain (tP(;) lagged by one 
year? One would assume that the price 
elasticity response is low, perhaps much 
less than I in the log-linear relationship, 
because Soviet import decisions in the past 
were influenced by considerations other 
than price. Also, if the Soviet planners 
decide in tie future to continue to maintain 
their livestock inventories, price will not 
have the decisive effect on imports. In any 
case, the signs of the estimaled coefficients 
should be negative, 

Fhe implications for grain imports of 
Soviet meat plroduction also need to be 
discussedl. These are straightforward in the 
sense that rising meat production would. 
other things being edtual, require feedgrain 
inputs, incluling those from imports, to 
increase, so that the sign of the estimated 
parameter will be positive. As some live-
stock was slaughtered in the past when 
harvests failed, the value of the estimated 
parameter would be less than it would be 
otherwise. 

S1M,,/L being ess thm I is (olislislelI xtha l, .M,, 

ship tic,mlse tt- Iiter lso teptn-iuls on te tropotoloti 
oap it is smill for the Soviet Union. 

Finally, it would be reasonable to expect, 
as before, that grain exports to allies (X(;) are 
unlikely to influence Soviet imports of grain 
(Me.). When harvests are good in the Soviet 
Union and crops fail in allied countries, the 
Soviet Union will not need to import grain to 
export to allies. When harvests fail in the 
Soviet Union and in allied countries, Soviet 
planners may decide to meet export commit
ments out of stocks. They may also decide 
not to export grain to an ally when there are 
acute shortages in the Soviet Union. 

Estimation Procedure
 
and Criteria of Selecting

the Preferred Regression 

When estimating the regressions, three 
types of dummy variables were specified in 
order to explain the policy change evident 
in 1971. These wereO for the period 1950-70 
an( I for 1971-75, a dummy variable speci
fied for 1971-75 with a coefficient related to 
Q;, and a dummy variable specified, again 
for 1971-75, with a constant term and a 
slope with respect to Q(.. It is clear that the 
first specification alters only the intercept 
of the regression from 1971, the second one 
alters only the slope, and the third one alters 
both the intercept andl the slope. The results 
of the third had to be rejected outright 
because the t-values of the slope and the 
intercept dummies when used simultane
ously were not statistically significant. Al
though the value of the second is statistically 
significant when defined in terms of the 
slope parameter alone, the result had to be 
rejected because it implied that the effect of 
domestic grain production on imports had 
increased since 197 1. This contradicts the 
interpretation that the policy change of 
1971 was to increase imports above the 
1950-70trendonlytoavoid livestockslaugh
ter and maintain the livestock inventory. 
Therefore, the dLu nmny variable selected, 
dlso statistically significant, was defined in 
terms of the intercept alone (that is, 0 for 
1950-70 and I for 1971-75). 

Time and meat production were includecd 
in the initial specifications as explanatory 

),, , teing tvler tihmlI it, the log-li ,,r rel,tioi. 
of dollestl( pio tii io Ihe rig, vtlue of imtiports iikeint 
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variables. However, they were highly col-
linear. Also, though meat is more explicit, 
time is easier to forecast. In any case, *he 
equation with the time trend meets the 

R2statistical 	 criterion of a little better. 
Therefore, the specification defined in terms 
of time, rather than meat output, was selected. 

The parameters for feedgrain output 
(O.p and grain exports (X¢ )were statistically
not significant. As a matter of fact, removing 
these variables from tile specifications im-
proves the 	R2 of the regressions and the t-
values of the remaining parameters. 

Finally, the elasticity coefficient for the 
price of grain (P) in the log-linear specifica-
tion suggests a high (greater than I)sensitiv-
ity of Soviet grain imports to price. This, 
however, contradicts the interpretation stated 
earlier that price does not have a decisive 
effect on the decision to import frain. 

Taking all considerations into account,
the most satisfactory estimates are given by 
the linear equation (6) below, defined in 
terms of ( (P1) )t , tinie, and a simple 
dummy varialc 0 (Ulp to 1970) and I (after 
1971): 

C,), - 23 3(3 0 1834 (4 0 05201(P) 
f17808 (3IO99 (11 2 

- 0)343 Itliij • t0 5179 {Otllntlti. (6) 
(326191 23816 

R"z-0 7095, . I 3 3.494 

Table 8-	 Estimated 
1981-85 

Grain Output 

Al,ewgf-
tivhm awergf, 
A..lviI%erige 

1) -= 2 35 

grain imports calculated from an import demand equation, 

1981 	 1982 


'1 3-1 (i-3 
11)61, 1o) 
7 26 (,4 

NOtS Ift'figll" t,fortt i I r d iT't 
pfr i'lit itlJilt ii ,i\i'r,iis sittrti( id ftiitl i 

+ 

otllipli of it t.i' o. ',l ,tid 12 " 
i'.,i ,h ltlletid iitff.ofthit illh 
($238)1
jwr lon iu lq(M4 

Svc t)Di't 1f . I tondl t11dIff t S It ttf 
J0ll11 L.(0Olilllf ( (11Tl11111l - "' rllcl[ / o(wvmn 

Offi( (-, 1979). 2 20-4 %, irh i t 
of[M.]l',lloill1111. ( hlit'1go [liolld ()I 

(itoliller 29. I91,(1, ) 44 

h ll" 


g 'll ]f( 

The variable t runs from 51 to 75. 
This equation suggests an interesting 

pattern of 	the effects of the explanatory 
variables on Soviet grain import behavior. 
Tile coefficient of 0.18 for domestic grain 
output implies that only 0.18 million tons of 
grain is imported to offset a I million ton 
decline of grain output. Moreover, the es
timated price elasticities of grain imports 
are decidedly below I when the coefficient 
of 0.0520 is used to estimate the elasticities 
for the period under consideration. And 
finally, the decision to increase meat output 
from 197 1 without slaughtering cattle will 
add 10.5 millin tonv to grain imports each 
year. 

Estimates of Grain Imports
 

Estimates of the imports of grain based 
on equation (6) are presented in Table 8. 
Average, below-average, and above-average 
Soviet grain production between 1980 and 
1385 are assumed to be tile same as in Table 

2 (minus tile waste discount of 10, 5, and 
12.5 percent of average, below-average, and 
above-average output); 'he price per ton of 
grain will rise from S165 per ton in 1979 to 
S238 in 1984.54 Dollar prices are converted 
into rubles at the rate of I ruble for $I.11; 
this is the conversion rate for the ruble price 
data in the equation. 

Annual
1983 1984 1985 Average 

nihll[(io iml('rl(Iln ) 

8 I 
9-12 
(,1O 

7 43 
1173 
5 32 

666 
7 97 
4 52 

i 05 
9 37 
"595 

t Ii 1h,'illtut llfllres usevdro, (ro tlde 2 tell 
, fh Iii ,i]h}it l(it. - ifi, t li)ir te( rtoin 

v 
iol t I, d itie' 

Iptr(t siit tr, I ifr th.t llplt(fi tfo\e kv,rigIif tj~oi i ,,rs It 
l i otllI 1-1rulie', ii I1,jfir i(I In 1 to 214 rtbhffs 
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The import estimates of Table 8 corre-
sponding to the three categories of outputs 
make it possible to calculate grain imports 
between 1981 and 1985, assuming three 
average years, one above-average year, and 
one below-average year. Two adjustments 
are made to the resulting total of 39.5 
million tons. As noted earlier, the impact on 
output of below-average weather is 14.6 
million tons greater than the impact of 
above-average weather. When multiplied by 
the coefficient of 0.18 (for [Qj.I), an 
additional "7 million tons of grain must he 
imported ir, a below-average year. This 
adjustment raises the estimated total to 42,2 
million tons. 

Furthermore, it must be emphasized that 
the grain import estimates of Table 8 are 
derived from import data taken from Soviet 
sources. Thes, are for calendar years, whereas 
the import estimates of Table 1, from USDA 
sources, are for a consumption year lasting 
rom July 1 to June 30. If imports increase 

steadily, the USDA figures will he consistently 
higher than the corresponding import figures 
in Table 8, because the USDA consumption 
year ends six months after the calendar year 
used to calculate the figures in Table 8. In 
fact, Soviet imports in official sources fluc-
tuated between 1950 and 1976 with a rising 
trend. They can therefore be expected to be 
generally lower than the USDA estimates, as 
they are for the majority of the observations, 
For the recent period between 1971 and 
1975, the USDA overestimated imports by 
an average of 23 percent per year. Adjusting 
for this increases the estimated total of 
imports to 51.9 million tons. 

Finally, the assumed requirement that 

grain reserves be augmented by 25 million 
tons between 1981/82 and 1985/86 raises 
estimated grain imports to 76.9 million tons, 
or an average 15.4 million tons each year. I! 
should be noted that, because these iniport 
estimates are on a gross basis, tile export 
commitment of 10 million tons does not 
need to be added. 

Import Estimates 
from the Three Methods 

The three sets of import estimates are 
summarized in Table 9. They indicate that 
grain imports will be between 15.4 and 17,7 
million tons each year between 1981/82 and 
1985/86. Grain imports in 1980/81 were 
already estimated to be 3'0 million tons. 

Hlow O, these im)ort projections com
pare with ictual Soviet imports since 197 / 
72. when the Soviets decided to maintain 
their livestock inventory at a sl)ecified level? 
If it is assumed that actual Soviet grain 
imports dur'ing 1979/80, following the latest 
estimate of the USDA, will be 28 million 
tons, the grain imports between 1971/72 
and 1979/80 averaged 16.4 million tons. In 
contrast, l)rojected imports between 1980/81 
and 1985/86 will be about 18-20 million 
tons each year if30 million tons are imported 
(luring 1980/81 and 15.4-17.7 million tons 
are imported annually during the rest of the 
period. It seems that annual Soviet grain 
imports in the six years beginning July 1, 
1980 will be higher than comparable recent55 
imports by between 2 and 4 million tons.

If the Soviet Union can actualy import 25 million tons of grain during 19110/8 1. then annual Soviet grain imports 
in the six years that begi July I 1910. which will average between 16.2 and 18.11 million totis, will be greater than 

average imports in the current period by -0.2 to 2.4 million tois. 
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Table 9-Average annual grain imports, 1981/82-1985/86 

Diflerence Between Supplies and Requirements 
Output Predicted Output Predicted Import Demand 

Assumptions From Past Trend' From Production Function Equation' 

(million metric tons) 

Above-average weather wi'h
 
no additions to stocks arl
 
no export contitnienib +2.9 -5.2 
 -7.3 

Average weather with no ad
ditions to stocks and no ex
port conmittments -8.6 -8.0 -9.9
 

lelow-average weather with
 
no additions to stocks and
 
no export coinmitnents -30.4 -12.6 -14.8
 
Three years of average cs.,eatli

er, one of above-average
 
weather, ancl one of Ielos
average weather, witi " il
ion tollsadded to stocks
 
annually andi 2 iillion toils
 
exported aincually -17.7 -15.4 -1 5.4
 

Notes: Positive numbers represent exports; negative numbers represent imports. 

The botton figure in the colutn with output predicted fromi past trend requires that the difference 
between grain output and use,that is,tie surplus, in a year with above-,average weather lieex,ctly 2.9 
milliot tons (see Table 4). Simnilarly, tilt- bottoln figure itt the coutctn coCtaitiug the results of the imniport 
dtemand equation requires that the average (elicit illallabove-average year Iceexactly 5.95 nmillion toils 
(Table 8). As explained ill elow. this esmiluiate of 5.95 imillioni tons has to be adjusted UliS arci ibyithe note 
23 percent because the Soviet official grain import data used in tileimort demcuandlequation t'nd tio 
understate imports iccrelation to the USDA grain import estimates. 

rhe clifference bctto e-n the import estitmates of tie calendar year used Soviet sources atnd the 
cotnsuttmptiotn sear isc-cl Icy the USI)A make it tecessar)tto increase,the originhal imtiport demand equation
results by 23 pIercent. average amnucIct by slich tileUSDA overestitiates Soviet imports Ietveell 1971tiie 

and 1975. cithseresults, MsuIch are based oildata from Soviet sources, callthen liecoplared with lthe 
other tiso sets of figures, is hich are based on data from tilt USDA. As the import estimates cl tileimport 
demand equation cregross ligures rather than net. the export comuittitnient ol 10 million tollsdoes not 
need to Ie aclded togetthe figure of 15.4 nmillion tons of imicports illthe bottom ros of tletolunin. 

The estiniates forthi- ears with Iceloc-averagfe cxeather illtileIcotItii tcso rows of tiletable AllM for the 
asymnmetrical -illc-t that cad ,catlcher has oi grain output. In1getting tile differences lcetwteen supplies 
and reccuirements. 14.6 million tolnswere subtracted from the outpiut figures of below-average years 
prelictedi from hilcelowter estimates oftht 60 percent confilence interval around the trend of equation (I):
for tileresults of ilce import demicaid equation. 2.7 mnillion toils are added to the import figures for hIelow
average yc-ars Tlis as'cnicitrical eff-ct of weather iwis aciciunted for clirectly illthe prodiuction 
flinctions through ilwcestiicamel %%eather catnecers. 

'iThese estimnates are dlerixcd I ne ligures ill lab-4. lMhecstmiate for the belos-average year includes flso an 
import figure of 14.6 million toils attrilcitalle to sealier asynillcietry. 

These estinmates are lite figures ill 7.dericd fi lalcle 

SThese estimates cre derved froi tcc- figcires illTable h. 
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6 
THE HARD CURRENCY COSTS 
OF GRAIN IMPORTS AND THE FUTURE ROLE 
OF THE U.S.-U.S.S.R GRAIN AGREEMENT 

Soviet sources indicate that tile highest then tile annual grain import cost of $4.0
price the Soviet Union paid for grain was $4.4 billion will he 20-22 percent of the 
$138 per tol in 1975. According to the projected hard currency merchandise earn-
World Bank report cited earlier, the price of ings in 1981, and 13-14 percent of these 
grain per tol is expected to rise from $165 in earnings in 1985. '[he amortization of (lebt 
1979 to $274 in 1985. Even at the lower price can also be expected to increase from about 
of $165 per ton, importing 18-20 million 27 percent of these earnings in 1981 to 31 
tons of grain will cost the Soviet planners percent in 1985. leaving the Soviet Union 
$3.0-$3.3 billion each year. An average price with 51-56 percent of its hard currency 
of $220 per ton would push the hard currency export trade for machinery imports from the 
cost to $4.0-$4.4 billion annually. As the West. Considering that the hard currency 
world grain market is likely to have excess earnings do not include receipts from sales 
detmand, tile latter estimate seems to be of arms and nonionetary gold or from 

¢more realistic.5 6 transport and tourism, the grain import bill 
Can the Soviet Union afford to spend estimated above seems to be manageable. 

that much hard currency? In 1978, the 
Soviet debt service burden was estimated to 
be 24 percent of the value of its hard Potential Exportable Surplus 
currency merchandise exports.),7 If Soviet of Grain During 1980/81 
hard currency export earnings are assumed and Soviet Share 
to increase annually at the rate of 15 percent 
in 1979 and 1980 and if this rate slows I 
percent annually to 10 percent in 1985, 5f3 The 30 million tons of grain the Soviet 
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Union needs to import in 1980/81 w''ill have 
an important effect on foreign exchange 
costs. If the Soviet Union actually imports 
less grain, tile foreign exchange Iurden will 
be lower. Preliminary estimates of 198(0
grain harvests in the grain-exporting ciun-
tries, among then the United States, Canada, 
Australia, Argentina, and Western Europe.
indicate that the prospects of raising 30 
million tons of grain fron all availahlle 
sources are not good. 

Thus, according to preliminary estimates. 
total world grain production during the 
1980/131 cropyearisexpectedtohevirtually 
the same as last Near ' The record Amnericin 
wheat crop, supplemlented by increased 
wheat production in Canida rold Western 
Europe, will lIe halanced by poor wheat 
crops in Australia and .\rgentina id bly 
much smaller harvests of other grains in the 
United States.6'0 

1i world grain production is about the 
same, the wvorld can consuire, nimore (Jll tly
drawing grain out of reserves, with the grair
surplus countries exporting graiin to In 
deficit countries. Alnong tlhe Litter, the 
Soviet Union aInd Jala will need to import
feedgrains; China and several counltries of 
North Africa, Eiast Asia, and E-astern Europe
will need to import riostl, iealt. According 
to the USDA, by Jue 198 1,1.hel new wheat 
harvests begin, whglobal imbalmce will be 
roost acute hen worlh grain reserves ire 
estinated at 155.2 million tons. This repre-
sents 35 days' grain sul)lies-less than the 
40 days' suppliesavailalhe at theworst point
in the mid-1970s. 

The United Sites (ar, mincr(adse exlports 
of' wheat and rice without diverting them 
from regular ("tiSOmllters ])lit cannot dol lie 
saime with cor ari soy Iearis.i, It caIll he 
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assumed that U.S. exports of grain to the 
Soviet Union during 1980/81 will he the 3 
million tons permitted without constllItiOns 
by tile U.S. U.S.S.AI, Grain Agreement. Fur
thermoore, Canada is expected to export 5.3 
million tons of grain to the Soviet Union 
during the crop y(,ar. 2 Autralia, traiditionally 
an exporterof wheiat to the Soviet Union and 
the Middle last, lia export no more than 9 
million toils, of which 5 million tons will 
proh)ahly be shipped to the Soviet Union."' 
These, Western Europe's 5million tons, and 
another 2 million tons from other sources 
such as Argent ina, mean that total grain
implorts by the Soviet Union could reach 25 
million tons (luring 1980,81. Given acute 
glohal shortag(s, this woul )e a lion's share 
of potentihl %%orld exports in the (omning 
months w'hen competition for liuild sup
plies of' wheat, corn, aind soy eans will he 
fierce. Indeed with world grain consumption 
rising faster thanlI)roductioni, id with grain 
reserves steadily dwindling, the Soviet need 
to import dl)out 30 million tons in a below
averaige yealr Ima\ C(ItaSe Jlrolels in tile 
future.r 

U.S.-U.S.S.R Grain Agreement 

IHowever, will the Soviet p)olicyruakers 
want to renew til, U.S.-U. S.S.R. Grain Agree
merint which will expire iii October 19111 " The 
agreeiient stiptlldtes that for the live years
beginning October 1, 1976, the Soviet Union 
shall l)trchase fromn the United States at 
least 6 million tous of wheat and corn in 
equal anounts for shipnent each year. that 
it may buy another 2 million tons, imp to 8 
million tolus, ithioiit Colsultations uless 
there is a serious shortfall ill the U.S. grain

(crop, aild that thie U.S. g)verrnrmient will he 
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consulted before the U.SS.R. can buy more the Soviet Union between 1980/81 and 
than 8 million tons for delivery in any year. 1985/86 ire much higher than tile minimum 

If the agreement is assessed objectively, purchase of 6 million tons stipulated in the 
it is a commercial transaction advantageous 
to both sides. It guarantees a buyer for corn 
and wheat to American farmers and assures 
supplies to the Soviet Union. Its provisions 
are designed to hell) stabilize prices for the 
American farmer and consumer and for the 
Soviet purchaser. 

As a mutually advantageous economic 
and commercial proposition, the chances of 
the agreement being renewed are good. Of 
course, the exact configuration of political 
and military considerations that will con-
tribute to its renewal are not known, nor is 
the timing of its renewal. It is important to 
note that until the embargo, in each year of 
the agreement the Soviet Upion asked for 
and was authorized to buy much more than 
8 million tons of grain.66 Also. the estimated 
18-20 million tons of imports required by 

agreement. 
'raking all these considerations into ac

count, it might he expected that the minimum 
grain purchase required by the Soviet Union 
in the renewed agreement would be in
creased, perhaps to 8 or 10 million tons.67 If 
the Soviet negotiators view the acceptance 
of a higher minimum level as a concession 
to American farm interests, they could try to 
extract a reverse concession by being allowed 
to buy more corn, which they needand less 
wheat, which has a higher return for the U.S. 
farmers,68 These estimates of the minimum 
grain purchases can be expecte(d to be 
incorporated in the renewed agreement if 
the negotiations of the next U.S.-U.S.S.R 
grain agreement were to be motivated F(rictly 

by pragmatic economic consilerations. 

66 .these detai Is are in Sosland. -US.-U.S.S. It Agreement." p. 5 For tlie 1979/80 year of ilie agreetnet it. the Soviet 

toils it first. Ihe ellthrgo later impijiosed did lot ipph'1 to,thei 8
Union WdS aLuthorized to purchlse oi ) to 25 moillioni 
million toils that could le lir( Imsd l ithouit prior (onmsiltati'l 

, tar,, ors .inI tnutised grain stocks ,t(l heir 
i tliti 

67 An increts ol the iiltituis olld ilnph1 t1ht Ihe So , let Union ,outi ci 

Ille costs of hollitng the BoItltltl of these IIIIpliiatiiilis ,1iv ihesirahlh froin the' pierslitv iilf thel( graiti-d 
vr~ lhlllg el.se. %ou[l Itke it less likelh th]t thedevelopitig (rottriesheatris Lirger So it grutiteservis, gIt-se ' 

ill the o ldtrkVT sl'l heh ir harvests fileldSoviets %%oild sreak hawso( %O d Ptlil 
8 Itt Soslani, "lU S. LS S 1<.Agreelt t," p ,. ,) upper lilit of 15 tolliolt Ions oil thlli1111oli1 llt Sovlets icolull l u 

is itholut prior r otsiltitiuis is suggested 
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7 
CONCLUSIONS 

The estimates of Soviet imports made in 
this paper (summarized in Table 9) indicate 
that the Soviet Union will import an average 
of between 15 and 18 million tons of grain 
each year between 1981/82 and 1985/86. 
Grain imports in 1980/81 were estimated to 
be 30 million tons. It can therefore be 
predicted that average annuai grain imports 
for the Soviet Union between 1980/81 and 
1985/86 will be between 18 and 20 million 
tons. This is between 2 and 4 million tons 
above the 16.4 minlion tons the Soviet Union 
imported each year between 1971/72 and 
1979/80 (assuming that Soviet grain imports 
in 1979/80 were 28 million tons). 

The Soviet Union can afford to import 
the amounts of grain estimated in this 
paper. At the average price suggested in a 
World Bank report-S220 per ton-such 
grain imports would cost $4.0-$4.4 billion, 
Even if Soviet hard currency merchandise 
export earnings increase only 10 percent in 

1985 (they increased 16 percent in 1978) and 
debt payments take up 3 1 percent of those 
earnings (they took up only 24 percent in 
1978), Soviet planners will still be able to 
allocate between 51 and 56 percent of these 
hard currency earnings to imports of ma
chinery from the West. 

Soviet grain imports in the early 1969, 
need not disrupt world grain trade, even if 
they do reach :he 30 million tons estimate(] 
for a below- average year. But they must be 
planned for. 

If they are not, and if a bad harvest in the 
Soviet Union occurs at the same time as bad 
harvests in grain-exporting countries, then 
world grain prices may become uns'able 
and developing countries that import grain 
may be unable to get the grain they need. 
International buffer stocks should be created 
to guard against this prospect. If they are 
created, the world should take Soviet grain 
iiecds into account. 
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APPENDIX 1 

THE METHOD OF BOND AND 

Bond and Levine recently estimated 
Soviet grain imports during 1979-90 by 
formulating the question: ". . .what might be 
the pattern of Soviet grain imports if the 
Soviet leaders wished to avoid the sharp 
pitfalls in meat production by bringing 
(through imports) domestic grain availability 
up to the level of projected normal grain 
output (which most likely approximates the 
Soviet plan since it incorporates not only 
the expectation of normal weather, but a, ) 
a projection of pist input and output rela-
tionships)?" 69  

Bond and L vine projected normal out-
put using Green's normal output series for 
1956-75. Green removed the years with 
bumper harvests or harvest failures from the 
series and interpolated the missingobserva-
tions. lie then regressed this series on 
employment, area, and capital and current 
purchases from other sectors. The predicted 
values from the estimated relationship were 
accepted by Bond and Levine as projected 
normal outputs.7 1 One problem of estimating 
normal output in this way arises because the 
actual inputs used in the estimation cannot 
be regarded as normal (or peak capacity) 
inputs since, in reality, they must involve 
adjustments to good and bad weather. 

To project actual outputs, Green regresses 
the proportional deviation of actual output 
from estimated normal output on the weather 
variables. 72 Bond and Levine use these 
regressions to i)redict future output, assum-
ing that spring and autumn precipitation 
luring 1979-90 will be identical to the 
pattern of 1962-68. They extend this pattern 
from 1979 to 1985 and then start again in 

LEVINE 

1986 with the 1962 weather variables.7 3 And 
finally, a possible pattern of grain imports 
for 1979-90 is calculated as the difference 
between normal and actual grain outputs. 

The second question is how do the 
normal outputs defined and projected by 
Bond and Levine correspond to Soviet out
put targets? Commenting on the method
ology used to derive normal outputs, Green 
states: "Itis 'normal' in the Soviet sense of 
an above-average standard of performance. 
This measure of normal output thus incor
porates information from output growth 
(mediocre to good harvests) and the growth 
pattern of productive inputs.'7 4 However, 
whereas the normal outputs thus predicted 
by Bond and Levine increase from 242 
million tons in 1981 to 263 million tons in 
1985, 7 5with an average of 252.4 million 
tons, the preliminary Soviet goal for the 
Eleventh Five-Year Plan (1981-85) is 238
243 million tons. It seems that the normal 
outputs derived by Green, Bond, and Levine 
are high compared to the Soviet targets. By 
contrast, the average estimates in Table 2, 
which are derived by a linear trend of all 
observations, give a lower average for 1981
85 of 234.3 million tons. As argued in 
Chapter 3, the average impact of adverse 
weather on grain output is greatei than the 
impact of favorable weather. This means 
that the figures for normal output derived by 
eliminating both these sets of observations 
are biased upward in relation to the average 
derived by estimating a trend line through 
all the observations. In any case, the upward 
bias is large even in relation to the Soviet 
oultput targets. 

69 Bond and f.evin,. "Energ, aid (;raini i rire." 2:261-262 
70 Dullaid V.Greeln. "Soviet Agricllhtire. Ani c:oiOino'tricAnal'sis olfechnoogy and Behavior," in U.S. Congress, 

Joinl ii ite, So.wt'Fconomv in ai lime of(hung, 2 virls (VWashington, D.c.: U.S.Government PriitingtEc onoin i{C 1Oil 
Office, 1979), 2:1 (-122 
71 11O1irlnd fv Iie. "nergy and (iro inIIrade.' 2.264. 

Green, "Soviet Agri(ltlire. cononintric Anlyi sis,' 2 119, 

. Bon and L.',ine. '".nerg, ,milGrain in Irole," 2:264. 
74 Green, "Soviet Agricultur,: Ecor nmetric Analysis," 2:119. 
71 Bond and I.es ne, -inrg,and (;rain in Ir,le." 2:264. 
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The next question is how much meat 
production can be supported if grain avail-
ability is equal to normal production? Sup-
pose, as Bond and Levine (1o, that Soviet 
planners, given the actual grain output of 
198 million tons in 1980 estimated by Bond 
and Levine, raised 1980 availability to 236 
million tons. Then. applying a seed-use 
figure of 30.3 million tons (Table 2), a 
human and industrial consumption total of 
50 million tons, and a waste discount of 5 
percent to the actual output of 1980-a year 
in which the weather was worse than normal-
an estimate is produced of 145.8 million 
tons in 1980 for feedgrain use. Note that 
Bond and Levine assume that about 80 
percent of the deficits would be covered by 
imports,76 thus implying that the Soviets 
can run dcovn stocks to fill in the deficits, 
This being so, the question of imports
contributing to grain reserves does not even 
arise. Nor is there any indication of possible 
grain exports by the Soviet Union in 1979/80; 
therefore it can be assumed that, of the 236 

million tons available in 1980, the surplus
remaining after seed, industrial and human 
consumption, and the waste discount (the
latter applicable to actual domestic output) 
are provided for is available as feedgrains. 

If it is further assumed, as argued in 
Table 3, that the feedgrain proxision of 
126.5 million tons in 1980 will sulpport the 
Soviet target for meat output of 15. million 
tons in 1980 (along with the other specified 
targets of dairy products), then an allitional 
19.3 million tons of feedgrains are available 
in 1980. With a norm of 3.6 kilograms of 
feedgrains resulting in I kilogram of meat 
(Table 3), an extra 5.4 million tons of meat 
appear in 1980. This is 34 percent of the 
1 "30 Soviet meat target of 15.7 million tons. 
Such a sharp, sudden spurt in meat output,
which the Bond-Levine methodology of 
estimating Soviet grain imports implies,
does not seem meaningful as the Soviet 
Union would be unable to store and distribute 
the extra meat efficiently. 

76 Ibid. 

42 



APPENDIX 2 

SUPPLEMENTARY TABLES 

Table 10-Estimates of total agricultural output 1950-75 

Western 
Estimates 

Year Gross Net 

(billion 1968 rubles) 

1950 40.002 36.065 
1951 37.667 34.057 
1952 39.880 35.764 
1953 41.934 37.586 
1954 43.204 39.045 
1955 48.698 44.096 
1956 54,766 49.159 
1957 56.412 50.561 
1958 60.028 54.263 
1959 59.623 53.355 
1960 59.256 53.793 
1961 63.617 57.835 
1962 62.728 56.553 
1963 55.434 50.047 
1964 65.628 59.580 
19b5 69.370 61.519 
1966 74.164 66.815 
1967 74.833 66,393 
1968 78.290 69.794 
1969 76.522 67.426 
1970 85.017 75.875 
1971 85.488 75.892 
1972 81.624 71.371 
1973 93.409 82.028 
1974 92.234 80.979 
1975 86.264 74.153 

Estimates
 
Derived From
 
Soviet Sources
 

(million metric tons)
 

246.518 
217.386 
241.514 
239,762 
244.304 
279.234 
333.634 
315.965 
367.895 
345.188 
365.149 
365.146 
358.258 
321.810 
431.495 
395.847 
452.405 
457.724 
494.310 
452.393 
495.143 
479.555 
455.460 
564.142 
504.912 
441.272 

Sources: 	 The Western estimates of total agricultural output are from Douglas F. Whitehouse and Joseph P. 
llavelka, "Comparison of Farm Output in the U.S. and U.S.S.R, 1950-71," in U.S. Congress. Joint 
Economic Committee, Soviet Economic Prospects for the Seventies (Washington, D.C.: U.S. Government 
Printing Office. 1973). pp. 368-371; and David W. Carey, "Soviet Agriculture: Recent Performance and 

U.S. Congress. Joint Economic Committee, Soviet Economy in a New PerspectiveFuture Plans" in 
Government Printing Office. 1976). pp. 597-599. The estimates of agricultural(Washingtor D.C: U.S 

procluctiol ,n tons are put together from Soyuz Sovetskikh Sotsialisticheskikh Respululik. Tsentral'noe 
Statistichcskoe UpravleniVe pri Sovele Nlinistrov, Narodnoe hhozly'itvo SSSR v 1975 godu (Moskva: 
Statistika, 1976), pp 310-31 I. 

Notes: 	 The Western estimates of gross outpt include all crops produtced and gross product ion of livstock ollhr 
than draft aninmals. The estimates include seed and feedgrains hut not moisture. trash, amid waste(that is, 
grain lost hemeen the farm and the storage facilities). "he Western net estimates exclude leedgrains as 
well. 

The estimates of agricultural output itl totis include graill, raw cotton, sugar beets, sunflower seeds, flax. 
potatoes and vegetables, teat, milk, eggs, and wool Eggs are converted into los using a rate of 18.1112 
eggs to one metric ton (U.S Department of Agriculture. Economic Research Service, USSR Agneultural 
Situation Review of1974 ond Outloh for 1975. Foreign Agricultural I-conomi: Repiort No 102 IWashington, 
D.C.: U.S.D.A.. 19751 p. 31). 

the remainig estiates, forThe Whilehouse-Ilavelka estimates in 19613 [Frices are availahle ilp to 1971. 
1972-75, are derived hy multiplying Carey's gross and net agricultural (Jilpt[J slimales, which are in 1970 
prices. by 0.92. The Whilelouse-havelka output estimates for 1960-71. hoth gross and net, are 
approximately 92 percent of the correspotidinttg Carey esLttilnti s. so 0.92 seems to he the rat inlfeen thf 

two sets of outut estimates. 
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Table 11-Estimates of inputs into Soviet agricultural production, 1950-75 

Weather 
Above Below Capital Current AreaYear Average Average SownStock Labor Inputs 

(billion nibles) (billion (billion rubles) (million hectares) 

1950 
 21,226 
1951 
 21.573 
1952 
 21.926 
1953 
 22.279 
1954 
 23.027 
1955 
 27.412 
1956 
 31.798 
1957 
 32.131 
1958 
 36.570 
1959 
 41.010 
1960 
 I 42.127 
1961 
 46.136 
1962 
 I 48.000 
1963 
 I 52.740 
1964 57.000 
1965 61.728 
1966 66.000 
1967 71.985 
1968 76.060 
1969 I 80.813 
1970 I 84.888 
1971 I 91.000 
1972 98.000 
1973 I 108.248 
1974 I 119.778 
1975 I 131.947 

Sources: he inlioritiitio oii ,,seathristf oil U.S. elilla] Ii telliguin v Agentii . U.SS I Ihe lImpact ofReent thm ute 
1-10577 
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Chunge oinGran I'rodutort I. 1F7 I! (Wishingioi,,. I;('. (IA. 1976), p. 90. 
su('ik irv frOiii s 15/ So v iskikhi S.tshlhsli(iviskikh Rs.iiblik. Isitral'rno

Slat Ii s l..iskr'I'pra, IjllS ( Irl Snil\ , Nll itris v ("ISSu), .irodnoe hho/,a'stvo SSSR 1956-75 (%\1Isk\,i
St,ltisik. I1957-70) Ilhi, estiml , ot Iab r ,n u(mnMuni5r I'shitihi uict Sil i i lh-p lii 'Suril't 
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bl-lorw 1tztlli. ll \ ',r-I190 m,I e l "I,le d 'I" , l' l l (,lI '-Ioth I, xlH, o f J,11111hlrI of #-.( 1 "fn',Ix Ill( III(](
ttiictillifiii . "pri.dIi(tiit ImIildiig- ,iod) othru i l urils. Iiiiil Iiimprir iits ,t( I rrig)itiii id 
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man- hours) 

77.017 1.60 146.300 
73.483 1.76 153.000 
71.537 1.79 155,700 
72.800 2.21 157.200 
77.676 2.32 166.100 
78.649 2.45 185.800 
80.480 2.54 194.700 
79.654 2.72 193.700 
79.472 2.96 1i3.600 
75.899 3.10 196.300 
73.558 3.59 203.000 
71.155 3.90 204.600 
70,637 4 27 216.000 
68.635 4.46 218.500 
68.817 4.92 212,800 
70.483 5.57 209.100 
79.6511 6.01 206.800 
69.377 6.47 206.900 
611180 6.113 207.000 
66.269 7.14 2011.600 
66.829 7.51 206.700 
66.934 7.96 207.300 
66.6112 11.44 210.700 
67.151 11.117 215.000 
67.606 9.30 216.500 
67.606 9.73 217.700 

kl,. 197h). Ii 3,17 

,i\ .,\'. I-l,,r3 , hIl' 1ke5 

'Iit 25 111.1i( iill t itiihuit i Ism e'',lw'l li",vr' l ivI ,' ,~ ihilm fl 

'Is(i Igt I k oft iilf o 

l 
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Table I I-Continued 

Current inputs include purchases from other sectors of "(1)fuels and lubricants, (2) current repairs of 
1 y the farms on their own account. (3)use ofmachinery and buildings including repair activity carried out 

electric power for productive iurposes. (4) deliveries of fertilizer, an( (5)production of processed feeds 
(mill feed, oil cake) by industry." For details see Diamond. "Trends in Output." pp. 375-376. 

InI the original sources, current input purchases for 1950-64 are estimated in 1959 prices and tile 

purchases for 1960-72 are estinmated in 1966 Iprices. We have linked the series and expressed the 

purchases in 1966 prices. The estimates of current ints for 1973-75 are predicted from the linear trend 

of current input use from 1950 to 1972. 

The area sown is the" prod uctiv e' sown area in t lie spring. It excludes the winier kill of the previous year's 

winter plantings and includes spring sow,'ing 

Table 12-Soviet grain import data, 1950-75 

Domestic Domestic
 

Year Imports Grain Production Price of Imports Meat Production
 

(illioti tetric tons) (million tietric tons) (rubles per tetric ton) (nillion metric tons) 

1949 0.2411 n.a. 114.113 	 3.8 

1950 0.254 111.2 112.677 	 4.9 

1951 0.347 78.7 84,730 	 4.7 

1952 0.392 92.2 98.470 	 5.2 

1953 0.311 112.5 115.434 	 5.8 

1954 0.535 85.6 95.888 	 6.3 

1955 0.855 93.3 96.6011 	 6.3 

1956 1.1116 112.5 90.219 	 6.6 

1957 0.5711 92.3 91.176 7.4
 

1958 1.314 121.2 110.746 7.7
 

1959 0.9134 107.5 95.732 
 8.9
 

1960 0.771 112.9 98.314 8.7
 

1961 0.727 117.7 63.274 8.7
 

1962 0.411 126.9 1 1.436 9.5
 

1963 3.650 96.7 65.123 10.2
 

1964 11.873 135.0 63.473 18.3
 

1965 6.981 109.0 59.0119 	 10.0 

1966 11431 157.0 60.7118 10.7 

1967 2.1147 136.0 75413 11.5 

1968 2.195 153.0 75.1100 11.6
 

1969 1.239 139.0 85.918 11.8
 

1970 2.1146 165.0 65.731 12.3
 

1971 .11132 168.0 61.542 13.3
 

1972 16 123 153.0 48.1190 13.6
 

1973 24,437 119.0 411113'9 13.5
 

1974 7 720 
 1721 H1.253 14.6
 

1975 16.61 1 126,0 124.167 15.0
 

Solir 's: 	 I hi,(1,11,1for I11111 antrirt i pill 's irt 1(r ll Silt( vs5 5' voitl il" ofl 5, III S %Vi'skikh 5lISsi li hil'ht,kkh 

Ilspu llik. Millis('l(rt. \It'-,livi'i Iirgo.]i. 1'n p uirgovl'ti S.SI. situttscilh'Sht obh.loihnyt io' q 1970-74 
(\los)It.l ". h gl/i.1 I 75 

hfi,ll 1, or dho l ll n l!111 olllodutitol 105'5 191795 durivnt h', ".uhtra1111,ng I1,(- ligow". lotr.U, [lo[II to xv 
I~~h iu the lignwUl f id g1,1111 ll hd hvf lodo( 'k,1gv, \,,,q . III I lu ot ,1-lll Intodl i o l~ 1 Itied.h1. 1950

54 ,irvitu inqou/ So 
. .lkikh .oqol,hlhN.,l i lhv',klh Re'.pi bllk. I',(-1111 no'l-S.1 ,l',I[(hl",kl. UpravhvlIli',eI 

197 (\ o-k%,a . r-ik,. 1 I liySomtv.1Mitlt'.los. I l ). .Yarotll,hho.';utv SSSR t '7'vttu St! u 1976), 31( 
,,. rh l-. )11ltll Iwt ,111wOw Ivy llo'd Iolll 1111hlll , IN lll ,-L',, Il~l ' ilh(%vlvinot ,Idjlelqd lilt1Ih 1" 	 froml 

USD)A 

art' ,I'o ItiiI 	 t 1975 pt[Ih la, lot 0ll ilotl I ,itt I ',5 '. .uroltm' hho/ltitt o Q I, I 'p 110.31 1 

Notes: 	 linimN, ill grain, lilt lud, 1l ollsl5 ( %h , Iloli Ihv v,%\hu,,mlh ul figurel" ,It(, I, ll Inlto j ll l ig4 5s 
,l i 11,1 ,'.,N11,111.d illillin lf. ofe8d10pel' viii 

lit- o ilof 'llnghmlll dv1.11%. (1,I g Owl 11hh'4., ofI 

iphy(.tl\ h11l ,It. it r,'lo-l" ll I- (1 ) o llril v'of gi. 1 ,11al I I III(-h ' S v e t I U ionl 
fih( prit( v. pvi l 11 ll 11 I"N d, h lin h mIipolrts I th ir 
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