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This paper describes a multi-sector, multi-period, economy-wide model constructed by applying 
linear programming techniques to an input-output system. The model is designed to provide a 
flexible, cost-effective tool for testing the impact of alternative development policies on 
consumption levels, capital stocks, output growth rates, and rate of technological change. Early 
Soviet data are used to show how the model can generate a problem-free expansion path as a 
reference. The model and reference solution are then used to decompose historical experience, 
measuring the intersectoral and intertemporal impact of major historical events on the 
economy’s performance. 

1. Introduction 

Most development planning is future-oriented, but in this project an 
economic development model is used to study Soviet experience in the 1930s. 
An exercise in c.lr-post planning is justified by the availability of a substantial 
volume of reasonably accurate data, and by the historic importance of Soviet 
pioneering efforts. Soviet planning agencies had by 1929 assembled data 
which in volume and detail would be the envy of most developing nations 
today. The Soviet industrialization drive 1aun:hed in 1929 was the first 
massive effort to restructure an economy and that experience is rich in 
lessons. Our model is designed to permit systematic investigation of 
alternative expansion paths so that we may compare the actual record with 
hypothetical alternatives. 

*Initial work on this project was supported by NSF Grant no. 2609; further support has 
come from the National Council for Soviet and East European Research and the HLiverfond 
College Faculty Research Fund. For very useful suggestions, the authors are grateful to RX 
Eckaus, AS. Manne, and an anonymous referee. 
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The present paper focuses on the model itself: the considerations 
influencing its design, its structure, and the properties that may prove 
interesting to development economists quite uninvolved with Soviet studies. 
While preliminary results are summarized, other papers provide greater 
detail on the findings that emerge from applying KAPROST (from ‘capital 
growth’ in Russian) to the Soviet rec0rd.l 

2. The model 

The model is constructed from an input-output system of ten producing 
sectors and six categories of final demand. This is converted from a static to 
a dynamic framework by linking current investment expenditures to future 
capital stock increments. The system is then driven through time by a linear 
programming algorithm which is guided by an objective function including 
each period’s consumption and the post-terminal period capital stock. The 
model is a straightforward extension of that developed by Eckaus and 
Parikh for their study of India’s five year plans2 

Several extensions of the model are necessary to adapt it to Soviet 
purposes and procedures of the 1930s. Lost notably, two technologies are 
available for each producing sector in each period, limited by the capital 
stock in that sector. The old technology is embodied in the stock of fixed 
capital inherited from the pre-1929 period. Capital built after this time 
embodies the new, advanced technology.3 Second, not, only are peasants 
(agricultural ‘labor) and workers (non-agricultural labor) assumed to 1: ave 
different consumption behaGor, but a policy parameter is included to allow 
government-imposed belt tightening through lower consumption/income 
ratios. Third, newly-completed fixed capital is operated at less than full 
capacity until its intricacies have been mastered.. 

We put terminal year capital stocks into the \>bjective function,4 along 
with worker and peasant consumption, so that manipulation of weights can 
reflect alternative policy emphases. Placing capital stocks in the objective 
function not only supports future consumption indirectly, but also supports 
expansicn of ottier forms of final demand as well. The USSR, like many 
developing naticns today, attached very high priority to building up the 
economy’s stocks of fixed capital, especially in heavy industry, as a base for 
national power. Moreover ongoing growth rests on continuous accumulation 
and therefore a high share of +vestment in final demand, 

In each time period a pn:blduction accounting relationship requires that 
intermediate plus final demand uses be less than or equal to domestic gross 

‘See Hunter ( 1973, 1976), and Hunter and Rutan (1980). 
“See Eckaus and Parikh (1968). 
3This approach extends to all producing sectors the option available for agriculture in the 

Eckaus and Pa&h Guidepath Model; see Eckaus and Par&h (1968, p. 156). 
4Eckaus and Manne suggested this. Bruno et al. (1970) describe a similar objective function. 
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output plus imports for each producing sector. Domestic gross output is 
limited by existing capital stock and labour force through fixed productivity 
ratios. These ratios vary by the technology embodied in the capital stock: 
old technology output/capital ratios are higher, ou.tput/labor ratios lower, 
than for new technology. 

Capital accounting relationships in the mod.el follow the Eckaus-Parikh 
precedent. Current investment is linked to future capacity increments via 
capital gestation matrices which reflect the time required to construct 
buildings and equipment for each producing sector. Soviet plans focused on 
introducing new technology, therefore KAPIROST has a capital gestation 
matrix for advanced technology only. (The model is easily extended to allow 
investment in both technologies for researchers studying situ.ations dilff;er:ent 
from ours.) Old capital - the 1928 stock - simply depreciates at rates 
specified by sector. The labour force is assigned to the capital stock by the 
linear-programming solution algorithm, shifting from old to new technology 
capital as the latter becomes available. An additional parameter is inserted to 
capture the process of ‘mastering technique’ that was much stressed in the 
USSR during this period. 5 As new fixed capi.tal comes on strear it initially 
operates appreciably below designed capacity until the enterprise learns how 
to use it. We distinguish between ‘available’ and ‘utilizable’ fixed capital, the 
latter being seven-tenths of the former during a two-year learning period. 

The aggregate rate of technological change in any sector depends, then, on 
four things: the rate of depreciation of old technology capital fjtmk, the rate 
of investment in new technology capital stock, the mabtering of new 
technology capital stock, and the pressure on that sector to deliver output. 
Technological change is discrete, in that the two production technologies are 
different, but the rate of technological change is continuous, since investment 
in advanced technology capital and the use of labor in advanced technology 
production, as determined in each solution, gradually transform the 
economy. One interpretation of our two-technology approach is that of an 
enterprise where old and new capital are often mixed together, even to the 
extent that new components can be grafted onto old machines. In each 
sector, in each time period, a composite technology is available, where the 
weights defining the composite are restricted by the embodiment of 
technology in the stock of fixed capital. 

In the W. Arthur Lewis tradition, Eckaus and Parikh focused on capital as 
the binding constraint for India, and 50 years ago capital was certainly far 
more limiting than labor in the USSR. Nevertheless labor productivities in 
each sector and each technology concerned Soviet planners, and the total 
Soviet labor force was finite. This model therefore limits aggregate 
employment as determined by sectoral output and output/labor ratios to the 

SDerived dircc tl y from the absorptive capacity constraint proposed In Eckaus (19733. 
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total labor supply in each period. Labor can move’ from one sector to 
another and one technology to another, but as capital is constrained to be 
sector-specific, there is the possibility in each period of unemployed labor, 
unemployed capital, or both. 

Consumption and income relationships in the model are designed to 
facilitate the imposition of key political policy decisions. The usual 
consumption column in final demand for each period is subdivided, one for 
the urban proletariat and the other for the rural peasantry. Soviet data were 
cast in these terms. Peasant incomes are earned in agriculture; workers earn 
income in non-agriculture; in each case equal to sectoral employment 
multiplied by each sector’s wage rate. Consumption is linked to labor 
earnings via average consumption/income ratios, one set for workers and 
another for peasants. In this way the consumption columns and labor rows 
of each period? flow r.abie are related by a parameter that can be varied in 
experiments to reflect alternative policies. One could assume tighter belts for 
the peasants in period two, for example, by lowering their 
consumption/income ratio. The sectoral composition of consumption is the 
sum of deliveries in fixed sectoral proportions, based on consumption 
structure vectors for peasants and workers from actual 1928 and intended 
1933 consumption, and optional consumption deliveries from sectors with 
available output. The shares of fixed-proportion and optimal consumption in 
any year are determined by additional policy parameters which rleflect how 
much popular preferences (assumed to be embodied in the consumption 
structure vectors) or planners’ preferences (in the form of output a>vaiIability) 
should be allowed to dominate. 

The treatment of imports and the balance of payments follows the 
Eckaus-Parikh approach. Imports are divided into two categories: modest 
quantities required per unit of gross output, and optional amounts as export 
earnings allow and sector demands suggest. Imports are const.rained by 
export earnings plus an exogenously-specified lump sum amount reflecting 
external credits, aid, or debt. In Soviet experience these exports could not 
easily be spared, nor were credits easily obtained. ‘The imports, especially 
those embodying advanced technology, were in a sense crucial for the whole 
expansion process. but they were relatively small compared to domestic 
production, even in the heavy industry sector. 

Initial conditions for the model were easy to specify on the basis of ample 
statist&J estimates assembled by the State Planning Commission. Their 
estimates covered not only available capital stocks lit the beginning of 1928 
but also the capital-in-progress that came into operation during 1928 or 
later. Terminal conditions must also be set s6 as to prevent the solution 
algorithm from taking an ‘aprks moi, le deluge’ attitude toward time periods 
beyond those covered by the model. After some experimentation, we found 
that requiring capita.1 formation to continue 7’ the average rate observed 
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over the model horizon plus an exogenously specified growth rate would 
maintain deliveries to fixed investment at suitable levels. 

The appendix below presents the model equations explicitly. 

3: Special features of the model 

Two features of a model designed like KAPROST deserve special 
emphasis because they greatly simplify matters for the researcher = NISI, the 
seemingly facile dichotomy of old and new technology provides for a quite 
complex treatment of technological change. Second, by explicitly inserting 
policy parameters in key linkages, the researcher can easily control a large 
structure with a few levers. 

Each technology is defined by an input-output coeficient matrix, 
output/capital and output/labor ratios for each sector, and required-import 
and inventory coefficient vectors (these last are of minor importance in 
KAPROST). Each technology is embodied in capital stock. Therefore the 
model realistically allows input-output coefficients to change as advanced- 
technology capital comes into use. Interindustry relationships are neither 
assumed to remain fixed over time nor assumed to change smoothly along 
some specified path. Change reflects the simultaneous gradual dis:,ppearance 
of old capital and emergence of new capital; technological progress issues as 
a composite result. 

This approach also allows capital/output ratios and labor productivity 
ratios to change over time as capital stocks change. In each sector the 
growing stock of advanced technology capital and the depreci: ‘ring stock of 
old technology capital together generate composite productjuity ratios, that 
realistically change as modernization occurs. It is not implacr:ible to attribute 
the economy-wide composite results to individual plants, wh<ere productivities 
change as advanced technology comes into use. 

Overall, the KAPROST model moves asymptotically from a state of all 
old technolog; to all new technology activity. The rate of change depends on 
the rate of depreciation and the rate of investment - as one would expect. 

The model can be controlled through three sets of parameters: the weights 
in the objective function, the aver’age consumption/income ratios, and the 
fixed-share/optional-consumption proportions. The objective function permits 
convenient testing of alternative political and social policies. Consumption 
levels in each period can be raised or lowered through varying the weights 
assigned to consumption terms for, respectively, urban workers or rural 
peasants. Terminal-year amounts o f fixed capital, sector by sector, can be 
raised or lowered through varying the weights assigned to them in the 
objective function. The central issue in purposive development planning --_ at 
what maximum acceptable rate can capital accumulation occur? - -- can thus 
be explicitly confronted. Trade offs can be estimated and displayed. 
JDE --D 
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The consumption parameters allow the necessary fine tuning which would 
ordinarily be done through manipulating sector-specific wage rates together 
with the sectoral pattern of consumption. As this latter set must be defined 
for each sector and period; whereas our consumption parameters are defined 
only by period, this means for KAPROST a ten-fold reduction in control 
parameters ! 

Following Taylor’s advice, we haTIe avoided introducing artificial 
constraints.” Our dual valuations thus convey undistorted though highly 
aggregated indications of economy-wide scarcity relations. Shadow prices on 
input constraints are no: contaminated by artificial floors or ceilings placed 
on consumption.’ High shadow prices in model solutions identify bottlenecks 
and direct attention to hypotLetica1 changes (ex post) or corrective steps (ex 
ante) that could relieve the situation. 

Through parametric programming variations, one can use this model to 
feel out the contours of the economy’s intersectoral and intertemporal 
structure. Dual valuations not only identify bottlenecks but also measure the 
benefits that would result from relaxing them. One can estimate the impacts 
throughout the economy and over time of any assumed change in the 
structural parameters: the capital gestation period, the learning parameter, 
capital productivities, labor productivities, or export-import relations. With 
respect to all these familiar aspects of economy-wide programming analysis, 
one can examine the opportunities and limitations present in past examples 
of economic development, testing the observed interaction between policy 
and performance. 

4. Deriving model parameters from Soviet data 

The data necessary for implementation of thi.s model can be derived from 
the ample statistics compiled by the USSR State Planning Commission and 
the Central Administration for National Accounts. It is quite clear that these 
were not ;:et being distorted by all the pressures that made Soviet statistics 
SO unreliable in Liter years. Detailed documentation for sources and 
estimation procedures is available on request! 

A sectoral breakdown appropriate to this time and place involves less 
detail for industry t’.lan is often found in current development studies, in 
order to make room for other sectors deserving attention. Agriculture is 
divided into field crops and livestock products. Industry is divided into 
producer goods and consumer goods, with a separate account for electric 

‘See thu discussion of type 1, type 2, and type 3 constraints in Taylor (1975, esp. pp. 59-40 
and 82-91). 

‘The required average consumption ratios are not artificial constraints as some relation 
between labor and reward is required in any society. 

‘Write to Hoiland Hunter, Department of Economics, Haverford College, Haverford, PA 
19041. 
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power, de sector given highest priority by Lenin. Transportation and 
cor~~,~~~&~ion form ark important sector, as does construction. Housing 
servi&$ /Qpn a sector because residential capital constituted some thirty-six 
percw @ $oviPt fixed capital in 1928, and policy towards this sector has 
bee:n afi i@@rt$ht aspect of Soviet experience ever since. A small trade and 
distribNibr\ sec/Qr is 81s~ identified as a non-negligible user of labor and 
caplta1, ~&duc&t of government services (education, health care, municipal 
serv&$, ‘8ciminiftration and justice, national defense) a’llso drew appreciably 
on the bb&rom~‘s re:sources. These services deserve to have a column in the 
interind @‘my a& value added quadrants, even if they deliver only to final 
de~~nd,R~tcis& because they make significant claims on cLpita1, labor, and 
intert-w%ht\e isputs. Making government services a producing sector fit:; 
Soviet ifls ti.thtions, and also facilitates the modeling of Soviet preparations 
for wc$ld war II. 

Withif &is frgrrrework, we wish to measure the expansion potential of the 
Soviet &r\lomy, stattjng from its 1928 base, as it invested in advanced 
tech-rtl&& and drew on all the other opportunities perceived by Gosplart 
and iwwfbgrated in the first Five-Year Plan. The plan was overambhltious, in 
that k’ivQPeqts vas too short a period for accomplishing all objectives, even 
giveti rbe @an75 wptimistic parameters. We can, however, unhoo), these 
targets b m the year 1933 and let them shape a more gradual 
transFofrr’ht ion of the ecOnorny along intended. lines. For this purpose we 
need, first, to measure the properties of the base-period 1928 economy, and 
then to tibrive fr-om the first Plan’s 1933 targets the distinct set of 
char a&k&cs a@ociated with the new technology. 

The @‘~fmapce paraneters of the old technology have been (‘<rived from 
metic\llU@ $ov@t base period estimates for the year 1928. A reconstructed 
flow tabIf alo& with Sectoral data for capital stocks and !abor force. 
permits ~>l~~la@Q of interindustry coefficients, capital productivities, labor 
prodo&Qi 68, Gohsumption patterns, required-import ratios, inventory/ 
output &bs, :,pd a &se period pattern for export demands and deliveries 
to g@lr&P%rvht. h comparable flow table and associatal set of data for capital 
and &@f have been derived from the targets established in the first Soviet 
Five \(& Plan /or the terminal year i932-1933. 

How&Q, ah&! ambitiaus targets incorporated the old technology capital 
stock ~@kjQing after depreciation, not simply the new fixed capital that 
would @Vqte uith advahced technical characteristics. Together they would 
produc& kbe, #enda output. The undepreciated 1928 capital stock, 
opera.t&$ *ith 1928 capital productivities, labor productivities, and 
interi~&Cry c+fQients, would have generated a specific level of gross 
0utpu:t , %&I, ipt~erme.diate goods, labor and imports. Subtracting these 
value% fr@M t&e prst Five Year Plan targets nroduces the flows due solely to 
new txd~k40g~ and f?1om which the intended advanced-technology 
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coefficients can be derived. These new parameters, in turn, can be detached 
from that specific date to stand as properties of a new economic structure to 
be constructed through ongoing investment. 

Some further revisions to these numbers were required for the first two 
periods. The initial estimates for fixed capital stocks and capital 
productivities did not allow some sectors to attain the observed levels of 
output that were reached in the great surge of activity marking the years 
1929-1932. We raised the estimate of both new fixed capital in process and 
the o*ltput-capital ratios for these years just enough to allow each sector to 
operate at historic levels. Note that the economy was still required to deliver 
investment goods to complete capital in progress, and that the output- 
capital ratios for the last four periods were kept at their initially calculated 
values. 

5. A reference solution for the Soviet Union, !928_1940 

A detailed discussion of the development of the problem-free reference 
solution presented here, together with a display of alternatives, is available in 
the report by Hunter and Rutan. g The solution reflects an effort to maintain 
consumption at or above 1928 levels while building a large stock of fixed 
capital by the end of 1940. These were the goals of Soviet industrialization. 
However, care must be taken to embody these general goals in a model 
simulation adjusted to take advantage of all the constrained possibilities 
defined by the specified data. 

The structure of household consumption is a major concern in developing 
a satisfactory reference solution. If the optimizing procedure must deliver 
output to peasants and workers in rigidly specified proportions, it will stop 
when the first sectoral capacity limit is reached, perhaps leaving large 
amounts of unutilized capacity in other sectors and holding down both 
employment and income. Our consumption parameters must be adjusted to 
allow households to draw on such idle capacity to a limited extent so that a 
plausible pattern of consumption and resource use is obtained. 

The structure of fixed capital stock presents a different problem. Soviet 
authorities clearly intended to raise thf; share of some sectors very markedly 

especially electric power, producer goods and construction _ but as 
sectors grew at different rates their shares would change over time and no 
single ofislal set of targets for the end of 1940 was laid down. Our reference 
solution therefore illustrates the dimensions that total fixed capital might 
havi: reached, but in a pattern that under actual conditions would have been 
modified to reflect emerging opportunities or difficulties. 

Finally, we must restrain the model’s tendency to make no provision for a 
tomorrow which it does not know exists -- a problem common to finite 

‘Hunter ard Rutan (1X30). 
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growth models. After several tests, a ‘post-terminal’ constraint which kept 
investment at the average of the past periods plus an exogenously specified 
fraction of the terminal capital stock was found to work well. 

The central message of our reference solution is that the Soviet economy 
in 1928 contained the potential for a very substantial output expansion 
through 1940 under problem-free conditions, without a need for belt- 
tightening. Given the base period situation, no model is required to suggest 
such a conclusion, since the resources and growth possibilities were 
obviously at hand. What the model does make possible, however, are some 
quantitative estimates of the degree and kind of expansion that might have 
been possible in the absence of the negative developments that did occur. 

This expansion path is summarized in table 1. The economy’s gross output 
in period six (1939 plus 1940) could have been some 3.8 times as large as in 
the base period (twice 1928). lo Deducting interindustry deliveries, the GNP 
could have risen from an index of 100 to an index of 424. Within these 
aggregates, consumption would have increased some 2.7-fold while 
investment was rising from an index of 100 to an index of 824. The stock of 
fixed capital at the beginning of 1941 would have been five times larger than 
it was at the beginning of 1929. Deliveries to final demand from :he two 
agricultural sectors would also have risen quickly, from 15.0 billion rubles in 
the base period to 30.3 billion in period three, falling off slightly to 27 billion 
in the next two periods and 30 billion in the sixth period. (Admittedly so 
rapid a degree of improvement in agriculture is rather unlikely.) 0ver this 
same period the output of the service sectors would have been rising from an 
index of 100 to an index of 271, with the growth concentrated in the last 
three periods. Deliveries to final demand by the two industry sectors and the 
construction sector would have grown rapidly and continuously, reaching by 
the sixth period a level eight times higher than the base-period level. Thus 
would the optimistic hopes of the system’s directors have been realized. 

Expansion 0:. this scale would have required a drastic shift away from 
consumption and toward investment. Though the absolute level of 
consumption would have risen from 30 to over 80 billion rubles, the share of 
consumption in GNP would have declined from 59 y;‘, in the base period to a 
low of 28 z in [he fourth period and an apparently stable share of 37-38 Y;, 
in the last two periods. Conversely, the absolute amount ~1 investment would 
have risen from 12 billion rubles to almost 100, and thti share of investment 
in GNP would have increased from 23 y0 to 55 T/i in period four and 44% 
thereafter. This stress on capital formation would, of course, have raised 
capital stocks very substantially, to more than three f.im:;r; their size at the 
beginning of 1929. Comparison of period-to-perio6 increments in fixed 
capital and in GNP discloses erratic changes in the incremental 

‘“Twice the 1928 value must be used as a base for comparison as each period in the model is 
two calendar years. 



T
ab

le
 

1 

R
ef

er
en

ce
 s

ol
ut

io
n 

va
lu

es
 f

or
 g

ro
ss

 o
ut

pu
t, 

G
N

P
, 

an
d 

co
m

po
ne

nt
s,

 
by

 p
er

io
d,

 
ab

so
lu

te
 

da
ta

 
in

 b
ill

io
ns

 
of

 r
ub

le
s 

at
 b

as
e-

pe
ri

od
 

pr
ic

es
. 

- 

6t
h 

T
w

ic
e 

1s
t 

2n
d 

3r
d 

4t
h 

5t
h 

6t
h 

pe
ri

od
 

19
28

 
pe

ri
od

 
pe

ri
od

 
pe

ri
od

 
pe

ri
od

 
pe

ri
od

 
pe

ri
od

 
in

de
x 

a 

T
ot

al
 

gr
os

s 
ou

tp
ut

 
G

X
P

 
10

6.
0 

12
2.

2 
14

9.
3 

18
2.

1 
25

8.
1 

33
1.

8 
40

5.
8 

38
3 

A
gr

ic
ul

tu
ra

l 
ou

tp
ut

 
15

.0
 

19
.5

 
21

.4
 

30
.3

 
2
6
.
8
 

27
.3

 
29

.7
 

19
8 

In
du

st
ry

 
an

d 
co

ns
tr

ub
tio

. 
16

.9
 

26
.4

 
39

.6
 

51
.2

 
8
9
.
1
 

10
7.

4 
13

5.
7 

80
3 

Se
rv

ic
es

 
19

.7
 

19
.3

 
20

.1
 

20
.4

 
2
9
.
7
 

44
.0

 
53

.4
 

27
1 

T
ot

al
 

G
N

P
 

51
.6

 
45

.2
 

81
.1

 
10

1.
9 

14
5.

6 
17

8.
7 

21
5.

8 
42

4 

30
.6

 
11

.8
 

5.
9 

1.
2 

65
.7

 

41
.0

 
41

.8
 

12
.5

 
3.

0 

12
2.

1 

40
.6

 
66

.7
 

82
.4

 
79

.5
 

79
.4

 
97

.2
 

14
.9

 
17

.3
 

19
.7

 
3.

6 
4.

2 
4.

8 

19
2.

5 
24

8.
: 

32
7.

4 

26
9 

82
4 

33
4 

40
0 

49
8 

34
.4

 
33

.2
 

20
.0

 
33

.7
 

7.
7 

10
.1

 
1.

7 
2.

3 

74
.6

 
10

2.
5 

C
on

su
m

pt
io

n 
In

ve
st

m
en

t 
G

ov
er

nm
en

t 
se

rv
ic

es
 (

ex
og

en
ou

s)
 

E
xp

or
ts

 
(e

xo
ge

no
us

j 

E
nd

-o
f-

pe
ri

od
 

st
oc

k 
of

 f
ix

ed
 c

ap
ita

l 

Pe
rc

en
t 

in
cr

ea
se

s 
pe

r 
pe

ri
od

 
T

ot
al

 
gr

os
s 

ou
tp

ut
 

A
gr

ic
ul

tu
ra

l 
ou

tp
ut

 
In

du
st

ry
 

an
d 

co
ns

tr
uc

tio
n 

Se
rv

ic
es

 
T

ot
al

 
G
N
P
 

C
on

su
m

pt
io

n 
In

ve
st

m
en

t 

Pe
rc

en
t 

sh
ar

es
 i

n 
G

N
P

 
C

on
su

m
pt

io
n 

In
ve

st
m

en
t 

A
bs

ol
ut

e 
in

cr
em

en
ts

 
Fi

xe
d 

ca
pi

ta
l 

G
N

P
 

(s
nn

ua
liz

ed
) 

In
cr

em
en

ta
l 

ca
pi

ta
l/o

ut
pu

t 
ra

tio
 

22
.0

 
41

.7
 

28
.6

 
22

.3
 

41
.6

 
-1

1.
6 

1.
9 

8.
8 

29
.3

 
74

.0
 

20
.5

 
26

.4
 

1.
5 

45
.6

 
48

.1
 

21
.4

 
25

.6
 

42
.9

 
22

.7
 

22
.4

 
23

.5
 

- 
1.

0 
64

.3
 

23
.5

 
24

.0
 

90
.2

 
-0

.1
 

22
.4

 

15
.3

 
30

.0
 

56
.2

 
-2

.0
 

26
.4

 
12

.4
 

69
.5

 

22
.2

 

,;:
, 4:
1 

24
.4

 
-3

.5
 

68
.5

 

59
.3

 
52

.8
 

40
.9

 
40

.2
 

27
.9

 
37

.3
 

37
.7

 
22

.9
 

30
.7

 
41

.6
 

41
.0

 
54

.6
 

44
.4

 
44

.4
 

8.
9 

27
.9

 
19

.6
 

70
.4

 
55

.6
 

79
.3

 
6.

8 
8.

0 
10

.4
 

21
.9

 
16

.6
 

20
.1

 

1.
30

 
3.

50
 

1.
88

 
3.

22
 

3.
36

 
3.

96
 

“W
ith

 t
he

 b
as

e 
pe

ri
od

 
(t

w
ic

e 
19

28
) 

ta
ke

n 
as

 1
00

. 

- 
- 

_ 
. 

_ 
._

 
- 

_ 
.-

 
--

 
- 

_ _
 

_ 
- 

- 
_ _

 
_ 

__
 

- 



H. Hl~xrdr et ul., Modeling structural change using early SoGet data 75 

capital/output ratio over ;lhe first three periods, when sharp structural 
adjustment was taking place. The sixth period lCOR reflects the pressure of 
our terminal conditions, while the third and fourth period ratios between 3.2 
and 3.4 indicate the steady-state properties of the economy. These lie well 
within the range now familiar to Third World developm:ent modelers. 

Inspection of the dual valuations in this reference solution shows that the 
most strongly binding constraints occur in the second pqiod (1931-1932); in 
particular, capital capacity in construction and electric power is severely 
limiting. The base period assumptions lose their tight hold on the economy 
afr.cr the second period, as the additions to capital stock in the third and 
subsequent periods are chosen by the solution algorithm rather than dictated 
by past history. The model simply reflects the tensions of massive structural 
and technological change. 

Through further juggling of the weights in the objective funcion we could 
have smoothed some of the sharp fluctuations evident ir+ this reference 
solution and tailored the structure of capital stock more clor,ely to presumed 
Party intentions. The analytic gains would be negligible. Sharp shifts are 
inherent in linear programming. As long as one can assume that the set of 
feasible solutions is convex, a linear combination of two neighboring 
solutions will be feasible; gradual transitions are implicitly available, even if 
not strictly optimal. This particular reference solution, for example, builds 
161 billion rubles worth of new-technology capital in the producer goods 
sector by January 1, 1941, and only 90.1 billion rubles worth for thle electric 
power sector. We found, however, that by reversing the weights on capita! 
stock for these two sectors we could reverse the proportions, c-eating 114 
billion rubles worth of capital stock in electric power, and 53.4 billion in 
producer goods. In practice, the combined total of about 170 billion rubles 
could have been divided between these two sectors in ahost any desired 
proportions within the overall set of constraints forming the model. A linear 
programming m9del tells us about the zone which bounds feasible territory; 
it need not be is. terpreted as marking out a single, unique, fine-scale ‘optimal’ 
solution. 

6. A composite reconstruction of actual developments 

This ‘problem-free’ solution embodies the hopes and expectations of Soviet 
authorities in the spring of 1929 before a number of m*ljor developments 
made expansion more dXicuh. The first Soviet Five Year Plan did not 
foresee (a) a.gricultural collectivization with its unfavorable impact on draft 
animals, livestock herds, and peasant morale, (b) ths: unfavorable shift in 
Soviet terms of trade arising from world depression, 1,~) the impact on labor 
productivity of purges and terpor, or (d) a shift oi industrial output and 
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capital construction into rearmament. The problem-free solution only shows 
how output might have grown under ideal circtumstances. 

These events forced Soviet growth along a path quite difl&ent from our 
reference. Massive efforts raised capital formation an.d gross output very 
rapidly for the first four years, then stalled in the crisis year of 1933. This 
initial burst of activity also led to severe transportation bottlenecks in 1931- 
1934. Output and capital formation again expanded rapidl;y during 1934- 
1937, but from 1937 through 1940 further expansion was modest. Over the 
decade, much of the capital built was long-delayed in completion, extremely 
costly in real terms, and relatively unproductive when finis,hed. When the 
Nazi invasion came in 1941, the USSR was barely able to withstand the 
blow. 

The unforeseen ‘coups de main’ of the 193Os, taken together, ought to 
account for the differences between the actual path of the lSoviet economy 
and the problem-free path spelled out in our reference solution. It should be 
possible to derive quantitative estimates of the relative im,portance of the 
individual events in affecting overall results. Ideally we might hope to ’ 

retreat: the actual record, identifying and measuring the major causal :factors 
at worlc. This would not be counterfactual history - trying to estimate what 
did not happen - but empirical analysis of history as it did happen. It is an 
econometric answer to those like Edward Hallett Carr who call for a focus 
on the interacting complexities of events as they occurred. 

For several reasons, caution is in order concerr.ing the precision of results 
to be expected. Soviet statistics for the 1930s were collected under conditions 
that tended to produce exaggerations, and were reported in ways that 
distorted the record. Even if Western analysis has overcome: these defects in 
the evidence, valuation issues during a period of marked structural 
transformation introduce ambiguities that make single-valued answers 
impossible. In addition, our ten-sector, six-period model is quite highly 
aggregated, and though its rigidities are reduced by a number of technical 
features, results generated by the model reflect its simplifiedl design. Models 
with other properties would tell a different story using the same evidence. We 
have found, nevertheless, that extensive experimentation discloses some 
central tendencies that stand up under a variety of alternative assumptions 
and over a wide range of parametric variations. The pattern that emerges is 
fully in accord with the qualitative impressions that prevail among most 
students of the period. We assert, therefore, that our results provide: useful 
detail ihat illilminates the forces at work in a very important and interesting 
period of structural change. 

Our experiment, then, is to impose each of these major events, singly and 
in combination, upon the reference solution, to adjust the model’s policy 
parameters appropriately to cushion their impact in a fashion reflecting 
Soviet goals, and to examine the results. Of the four factors mentioned, the 
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effects of the purges and terror were indirect and not easily measured. 
However, we were able to estimate the demands of rearmament on the basis 
of Soviet military manpower and spending data, the deterioration in trade 
from Michael Dohan’s work on the subject,” and the results of 
collectivization from a combination of sources. I2 The first two were clearly 
exogenous influences; the Soviet government had no control over the world.- 
wide depression and little choice but to rearm. But the ‘liquidation of the 
kulaks as a class’, with its attendant effects, w/as solely the result of a 
domestic policy decision. 

Summary statistics for the various solutions and comparable numbers 
from the historic record (when available) are presented in table 2. They are 
arranged to show how the record may be decomposed. Moving up from the 
problem-free reference solution given at the bottom of the table will take you 
through the effects of the world depression in trade, rearmament, these two 
combined, and collectivization; the top two lines show the model’s composite 
reconstruction of events and the actual grolwth path of the economy. 
Conversely, moving down each chart steadily frees the economy from the 
constraints of events until the problem-free situation is reached.. Note that we 
report capital stock from any solution including rearmament both with and 
without the defense component. 

How closely does this reconstruction correspond to the ac.;ual historical 
record? In many respects we cannot be sure, since imporrant aspects of that 
record remain uncertain. But some overall checks are available, and they 
indicate that the two match fairly well. 

In the gross oiitput panel [table 2(A.)] for example, comparison of the 
actual estimates in line 1 with our compos4e reconstrl&on in line 2 

demonstrates that our estimates have the right dimensions. The model starts 
out slightly below the historical level, but catches up and surpasses it. 

This higher growth rate can be traced to two influences. First, the 
optimizing algorithm has certain advantages that planners at the time were 
unlikely to have had. We would expect this supra-normal effkiency to lead 
to a bight ; growth rate. But it also leads to slack capacity in some sectors in 
the first two periods; unaffected by the inertia which haunts real economic 
systems, KAPROST does not produce anything it cannot use! Second, as 
noted above, many of the negative impacts on the Soviet economy - the 
purges and terror, the transportation bottleneck, the initial overinvestment 
and subsequent waste - were not quantifiable fc ’ i jclusion in KAPRQST. 
Some of this is picked up in our data (the agricult I.ral output and capital 

stocks, for instance), but failure to capture them fully will Lead to better 
performance by KAPROST than real life. 

* ‘Dohan and Hewett (1973, pp. 5-85). 
“See Hunter and Rutan (1980, ch. V). 
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A second confirmation of our composite reconstruction comes from the 
correspondence between its capital stock series and the most reliable 
available estimate of Soviet capital stocks. We show in the first line of the 
panel on capital stocks [table 2(B)] the index for gross capital in 1928 prices 
compiled by Moorsteen and Powell’ 3 chained to our 1928 ruble figure. The 
composite reconstruction tracks the Moorsteen-Powell index closely, though 
again our estimates are somewhat below the actual record in the early years 
and somewhat above it at the end. 

The drastic fall in consumption displayed by our composite reconstruction, 
from 38 billion rubles in 1929 and 1930 to 32 billion in the next two years 
and only 21 billion in 1933 and 1934, cannot be checked against official or 
Western estimates, since no continuous estimates are available. Professor 
Chapman l4 long ago demonstrated conclusively, however, that the non- 
agricultural real wage in 1937, after substantial recovery from the most 
difficult years around 1933, was 17 “/;, below its 1928 level (in terms of the 
1928 price structure), or 43 y/i, below its 1928 level (in terms of the 1937 price 
structure). 

Perhaps interactions within the composite reconstruction that push its first 
period total consumption above the 34.4 billion rubles of the reference 
solution should be discounted as unrealistic; perhaps even the rise of the 
reference solution figure from 30.5 billion in the base period (twice its 1928 
level) should be treated as unlikely. These increases reflect KAPROST’s 
dexterity in distributing output. As capital investment is limited by capacity 
bottlenecks in the construction sector, extra output from agriculture, housing 
and consumer goods is delivered to consumers. A more sophisticated model 
with inventory behavior might have held back some of this for use in later 
periods, especially thz producer goods. Alternatively, a less efficient economic 
system might have lost some of it through waste. In any case, the fall from 
30.5 billion in the late 1920s to 20.9 billion in 1933 and 1934 represents a 
31.5 ‘I;, shrinkage in real consumption. If the 20.9 billion is compared with 
the third period level of 41.0 billion attained under the problem-free 
conditions of the reference solution, the implication is that there was a 49 % 
shortfall in comparison to what might have been, 

Another tragic feature of the composite reconstruction is the massive 
volume of unemployed labor it involves. The unemployment is organically 
linked to the shrinkage in real consumption. Since we have maintained the 
same physical labor productivities throughout all the tests from the reference 
solution on, the successive constrictions on the economy have made more 
and morz labor superfluous. The unemployment panel [table 2(D)] shows 
the results. By comparison with the reference solution, which made use of all 
available labor after the structural shifts of the first two periods were 

“Moorsteen and Powell (1966, p. 322, table T-28). 
14Chapman (1963, pp. 145-146). 
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completed, rearmament altered resource use in a way that generated 
unemployment in periods three, four, and five as well. But the impact of 
agricultural collectivization was far more severe, making between 247; and 
31 x of the total labor force unnecessary. Combining collectivization with 
world depression and rearmament, our composite reconstruction generates 
unemployment levels running from 14 y0 in the first period to 34.5 “/d in the 
third, 27 % in the fourth and fifth, and 30 % at the end of the decade. 

By constitutional definition unemployment did not exist in the USSR: 
government policy kept the whole labor force on payrolls in non-agricultural 
establishments (together with sovkhozy), as members of kolkhozy, or in 
corrective labor camps. Average labor productivity per person in physical 
terms fell far enough beBow its potential to absorb the superfluou,s labor. 
Massive unemployment was thus camouflaged, by contrast with the explicitly 
exposed unemployment in the West during the same period, 

The results displayed in table 2 reveal instructive contrasts. Inspection 
shows very clearly that agricultural collectivization dealt the most serious 
blow against the economy, far more crippling than the two external factors 
of rearmament and world depression. The evidence is especially vivid in 
terms of household consumption. Total household consumption over these 
twelve years comes to 298 billion rubles in the reference solution; world 
depression leaves the total unchanged. Rearmament ‘iol:vers total 
consumption by 27 yi, to 218 billion, and the two exogenous factors in 
combination have the effect of restricting consumption to 220 ,billion. But 
collectivization of agriculture reduces the total by 37 %,,, to 189 billion, and 
our composite reconstruction shows a twelve-year ILotal for household 
consumption of 186 billion rubles. 

‘The loss of draft animals and productive livestock did far more than 
reduce the flow of livestock products to the population. It forced industry to 
deliver tractors and other agricultural machinery more promptly than had 
been intended, thus making non-agricultural capital forrna.tion more difficult. 
It lowered labor productivity in agriculture directly, and indirectly 
throughout ‘he economy as well. One sees this in table 2, where,. though the 
total capita, stock does not seem severely reduced by the imposition of 
collectivization, gross output in 1939 and 1940 is 25 9;) lower in solutions 
including collectivization than in any of the others. The capital has been 
delivered to less productive uses, and the shift is obtained at the cost of 
severely reduced consumption. 

Probably the most important consequence of col!& vization, though it is 
laot directly measurable by KAPROST, was the $oBitical tension and 
pressure that this ‘second revolution’ spread thrv.rghout Soviet society. 
culminating in political purges and mass terror. This is the tragic human 
story that underlies the laconic figures in our result,;. 

To conclude these comparisons, we offer so! ne overall data on GNP 
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components and shares in table 3. Several striking contrasts are evident. The 
total GNP in our composite reconstruction is smaller than in the reference 
solufion over all six periods, as is only to be expected. The shortfall is 
modest at first, but it is 1.5 yO in the 4th period, 11 x in the 5th period, and 
2’l.z in the 6th period, as the negative developments impose their combined 

Table 3 

Comparison of GNP and its components in the composite reconstruction and in the reference 
solution. 

Period 

1929+ 1931+ 1933 + 1935 + 1937 + 1939+ 
1930 1932 1934 1936 1938 1940 

- -^ 

Billions Of rubles 
Consumption 

Composite reconstruction 
Reference solution 

lnvestment 
Composite reconstrucrion 
Reference solution 

IDefense procurement 
Composite reconstructiw 
Reference solution 

Government services 
Composite reconstruction 
Reference solution 

Exports 
Composite reconstruction 
Referewe solution 

Gross national product 
Composite reconstruction 
Reference solution 

Percent shares 
Consumption 

Composite reconstruction 
Reference solution 

Investment 
Composite reconstruction 
Reference solution 

Defense procurement 
Composite reconstrilction 

Government services 
Composite reconstruction 
Reference solution 

Exports 
Composite reconstruction 
Reference solution 

37.7 31.7 20.9 27.3 32.3 36.3 
34.4 33.2 41.0 40.6 66.7 82.4 

15.3 31.1 42.9 59.7 69.9 20.7 
20.0 33.7 41.8 79.5 79.4 97.2 

_ 

-- 

-. 3.0 17.0 
- 

31.0 64.9 
-- 

10.9 12.1 14.7 12.5 12.0 22.7 
7.7 10.1 12.5 14.9 17.3 19.7 

2.0 2.3 1.9 1.5 1.3 1.1 
1.7 2.3 3.0 3.6 4.2 4.8 

62.4 77.0 86.2 129.4 167.3 171.9 
65.2 81.1 101.9 145.6 178.7 218.8 

60.2 41.2 24.2 21.1 19.3 21.1 
52.8 $0.9 40.2 27.9 37.3 37.7 

24.4 40.4 49.8 46.1 41.8 12.0 
30.7 41.6 41.0 54.6 44.4 44.4 

0.0 0.0 3.5 13.1 18.5 37.8 

10.9 12.1 14.7 12.5 12.0 22.7 
11.8 12.5 12.3 10.2 9.7 9.0 

3.2 3.0 2.2 1.2 0.7 0.6 
2.6 2.8 2.9 2.5 2.3 2.2 
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effects. Consumption suffers markedly, as we have seen, but these sacrifices 
do not serve to increase investment. Collectivization and rearmament 
combine to hold investment down, especially in the last two years, when 
defenses procurement rises rapidly and fixed capital formation falls from 70 
to 21 billion rubles. 

The share of consumption in GNP declines from its starting point in both 
solutions, as resources are shifted into capital formation. But the belt- 
tightening is more severe in the composite reconstruction, where 
consumption accounts for only one-fifth of the GNP in the last three periods. 
This extraordinarily low share excludes public consumption, i.e., health care, 
education, and municipal services, which account for from 11 yd to 15 7; of 
the GNP, so it is not quite so shocking. Nevertheless it is clear that the 
Soviet people bore a very heavy burden daring this period, Half the GNP 
was channeled into accumulation in 1933 and 9934 under the composite 
reconstruction, but the investment share fell off to 42 y0 in the fiith period 
and dropped to 12 “/d in the sixth, as defense procurement rose to account for 
more than a third of the GNP in 1939 and 1940. 

7. Summary 

The findings of our exercise in ex post planning should be recoglzized as 
rough approximations. The statistical evidey,e is fragile and the model is a 
bit clumsy. With better data and a more sophisticated model the results 
could be made more precise, but it is not ikely that their implications would 
be significantly altered. This period in Soviet history was a harsh one. Great 
sacrifices were made, whether necessary or h:ot, and much was accomplished, 
however wastefully. We hope that our technique and results wi!l aid other 
countries in the search for ways to modernize at lower costs. 

Appendix: The KAPROST model 

In presen .ng the model the following conventions are used. While slightly 
unconventional, they greatly simplify the form of the equations. 

(1) Vectors are represented by small Latin letters, matrices by capitals. Small 
Greek letters are used for scalar or vector parameters. The dimension of 
all vectors is n by 1, where n is the number of >r< ducing sectors in the 
economy. KAPROST has 10 sectors. Matrices are r by n. 

(2) As in standard presentations, juxtaposition of P matrix and a vector 
represents matrix multiplication (row by cc/nunn inner products). 
Another standard convention is that the symbo’i ‘+’ indicates element by 
element addition. We extend this to the sym’~o! ‘*’ which will indicate 
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element by element multiplication. Scalar multiplication is represented by 
simple juxtaposition. 

(3) Unless otherwise subscripted, the symbol ‘r indicates summation of all 
elements of a vector. 

(4.) All variables are implicitly time subscripted. Where all or nearly all 
elements in an equation relate to the same period, t, the subscript is 
omitted. The subscripts ‘ + m' or ‘ -m' indicate leads or lags of m periods. 

(5) Four superscripts are used : P-peasants, W-workers, O-old technology, 
N-new technology. 

Glossary of symbols 

Parameter matrices 
A- interindustry coefficient matrix, 

M- required import co&Ccient matrix; diagonal in KAPROST, 
S-delivery to inventory coefficient matrix; diagonal in KAPROST, 
R- delivery to fixed capital investment matrix. 

Parameter vectors 
6-- depreciation, 
/5- output-capital ratio, 
iL- output-labor ra.tio, 
cv- wages, 
.I*- terminal investment parameter, 
(;-- objective function weights, 
G- fixed consumption structure coefficients. 

Qalar parameters 
a- average propensity to consume, 
z-- fixed-proportions fraction of consumption, 
K- new capital mastery coefficient; 0.7 in KAPROST, 
T- member of simulation periods; 6 in KAPROST. 

Data vectors 
x- gross output, 
z- additions to capital stock, 
li- capital stock, 
I- labor force, 
e- exports; exogenous in KAPROST, 
m- optional imports, 
g- government final demand; exogenous in KAPROST, 
f-- optional d.eliveries to consumption. 
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Data scalars 
c- consun ption out of income, 
y- income, 
a- foreign trade credits, 
P-- total labor supply. 

Equations 

Objective function 

(A4 

Distribution relationship 

Aoxo + ANxN i- S”xo + SNxN + R,N, &+ 2, + R,N, &+ 1) 
(Inter-ind. 
demand) 

(Dclic. to 
inventory) 

(Deliveries to lixed capital 
investment) 

+ nP~P~P + ~::“‘cu’~u’ +f + e + g s x0 + xN + M”xo + hJNxN + m. 
(Deliveries; to (Gross (Imports...) 
consumplion) 0utpu1) 

04.2) 

Capital accounting 

ky, ky, and zg are exogenous, 

k”= (1 --So) I- I’+!_ nI. 

Productivity onstraint 

Labor supply constraint 

JDE-E 

(A.31 

(A.41 

(A.3 
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Income and consumption 

yp= i COi(Z~+ZN)g15 
i= 1 

y”‘= f COi(Zf+ZN),15 
i=3 

(A.6) 

Balance of payments constraint 

Terminal investment constraint 

1 T+i 

=;*+2,+ r=2 c z,N+yN* k;. 

(A.71 

VW 
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