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ABSTRACT 
 

This research evaluates the methodologies used by four leading macroeconomic models—

SOVMOD, SOVSIM, the RAND model, and the Decision Sciences Application model—to 

study the Soviet oil economy, a key yet opaque sector of the overall Soviet economy.  In 

particular, the assessment focuses on how and with what success the models used trend analysis, 

optimization, bottleneck analysis, production functions, and total factor productivity.  The 

research finds that techniques which relied on aggregate macroeconomic measures did not 

correspond to Soviet oil production as closely as more detailed methods using intermediate 

products.  This finding is worthy of consideration in the present day, as countries with less 

transparent economic structures, in particular the People’s Republic of China, are influencing 

international relations through economic size and complexity.  Such a finding provides insight 

into the successes and the limitations of techniques used to measure that which cannot be directly 

measured.  
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INTRODUCTION 
 
 During the twentieth century, the United States dedicated significant resources to the 

measurement of the relative economic power of the Soviet Union.  These studies compared the 

outputs of different economic systems, and by implication, how these outputs supported the 

posture of the Soviet Union.  The results of these efforts influenced investments in the United 

States’ defense, industry, and society, with the aim of ensuring at least parity between the 

capabilities of the two powers: a comparison rooted in the need to demonstrate economic 

viability—and in turn, ideological dominance—through size and growth.   

 The potential consequences of incorrect assessments were significant.  A misreading of the 

Soviet Union’s economic strength could have led the United States to misallocate resources, 

material, and perhaps even strategic intent in its competition with the Soviet Union.  Thus, these 

studies in many ways grounded the conversation, demonstrating that while formidable, the 

Soviet Union was a structurally unbalanced political economy, one in which economic decisions 

were constantly subject to political constraint.   

 The Politburo of the Central Committee controlled the Soviet command economy by setting 

priorities and guidelines for state-owned assets and resources in annual and Five Year Plans. 

These priorities were developed into operational policies and plans by the staff arm of the 

Council of Ministers, GOSPLAN.1  Through the ministries, the GOSPLAN allocation of material 

and labor inputs was transmitted to the thousands of individual enterprises, research 

organizations, and farms responsible for executing the plan.2   

 Oil production was a focus of many of the studies conducted by the United States due to its 

outsized importance to the Soviet economy.  No industry was more important to the health of the 

                                                 
1 Central Intelligence Agency. (1975). The Economic Impact of Soviet Military Spending. Central Intelligence 
Agency. 
2 For oil production specifically, this body was the State Committee for the Oil Industry. 
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Soviet economy than the oil industry.  Its outsized influence on the Soviet economy could be 

traced to three main reasons.  First, a large fraction of the Soviet Union’s economic output was 

due to the production of oil.  Oil fueled the rapid growth of the 1950s and the 1960s, providing 

fuel for the defense and the industrial sectors, as well as for domestic consumption.  Growth was 

so great, in fact, that domestic consumption remained over eighty percent of output despite an 

average of 12 percent annual production growth.3 

 Second, oil was also one of the Soviet Union’s major tradable commodities.  The increasing 

demand for oil worldwide, particularly in the West, drove up the value of the sizable reserves in 

traditional oil fields in the Urals-Volga region, as well as new ones in Western Siberia.  The 

relative ease by which oil could be transported enabled the Soviets to take advantage of premium 

prices on the world energy market in the 1970s, which was experiencing politically-induced 

shortages due to production cuts from members of the Organization for Petroleum Exporting 

Countries (OPEC).   

 Finally, oil production is very price sensitive.  Due to the nature of the Soviet economy, in 

which planning targets are made five years in advance, decision makers must make assumptions 

about oil prices very early in the planning cycle.4  Miscalculated assumptions could significantly 

impact oil production and affect the overall Soviet economy.   

 The Soviet economy’s dependence on its oil industry meant that Soviet expressions of state 

power5 were also tied to the strength of this sector.  Oil helped the Soviet Union fund and fuel its 

military, one of the primary ways in which it asserted its power globally.  Oil itself could also be 

used as political tool, as Soviet oil sales during the 1970s demonstrated.  Moreover, the oil 

                                                 
3 Pockney, B. (1991). Soviet Statistics Since 1950. New York, NY: St. Martin's Press, Inc. 
4 This is compounded by the time between price revisions due to, among other things, the complexity of 
incorporating updated prices in the method of material balances. 
5 State power is defined as the means by which a sovereign state influences and manages interests. 
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industry was a primary means by which the Soviet Union could develop its foreign currency 

reserves, which allowed it to exercise financial and other state influence abroad. 

 The Soviet Union, however, collapsed.  The Wall fell.  And the contingency plans which 

these studies supported went unused.  In the years following, gaps in technical and organizational 

understanding of the Soviet economy, some of which was due to missing data, were filled in with 

the opening of the Soviet archives and access to specialists.  Unfortunately, as interest and 

resources shifted, little has been done with these additions to the Soviet economic story.  

 So in the twenty-five years since the dissolution of the Soviet Union, what can we say we 

have learned about the way we studied the Soviet oil industry?  How reliable were the methods 

and the concepts?  Were some methods better than others?  The answers to these questions are 

not just to satisfy the curiosities of a historian, though it is important for our record of the United 

States-Soviet competition to close a large gap in our understanding of how the Soviet economy 

performed.  Instead, this research’s focus on the methods by which the United States attempted 

to measure Soviet economic power can contribute to the United States’ capability in assessing 

the economic component of another state’s power, especially states that may have less 

transparent economies or political systems.  Though these methods were developed for a Soviet-

style command economy, their frameworks are agnostic – i.e., they were designed to measure 

consistencies and inconsistencies in economic systems.  Such research is of special interest as a 

growing China and a resurgent Russia are making great efforts to reshape international order, but 

with relatively little transparency and economic balance.  

 This research builds upon the analytical framework established in 1984 at a RAND 

conference on Soviet macroeconomic models.6  Such a gathering of field-leading experts, 

                                                 
6 Hildebrandt, G. G. (1984). RAND Conference on Models of the Soviet Economy. (pp. 1-165). Washington DC: 
The RAND Corporation. 
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academics and practitioners, is perhaps too rare.  However, the coalescence of expertise enabled 

the outlining of clear characteristics by which to distinguish four leading macroeconomic models 

of the Soviet Union—SOVMOD, SOVSIM, the RAND model, and the Decision-Science 

Applications (DSA) Economic-Industrial model. Although each was designed to study the Soviet 

Union, and addressed oil production within the broader model constructs, the models were 

designed to measure different attributes. 

 This research uses these distinguishing characteristics to evaluate the models retrospectively 

and in context.  Naturally, the data and the assumptions on which the researchers designed these 

models reflect conscious decisions on the best available information.  However, time can be 

instructive.  And with the benefit of hindsight, this research aims to reflect on which methods 

were best. 

 Although tempting, this research will not attempt to assess the overall accuracies of the 

models.  In part, this is because each of the models was designed for different organizations 

seeking to answer different questions.  Evaluating the models’ relative accuracies implies a 

congruency that there simply is not. 

 The second reason the accuracies will not be compared is that time, for all of the benefits it 

affords this study, has eroded much of the United States’ Government’s precise institutional 

knowledge of the models and data.  Even with perfect information, it is only with great 

reservation that we might attempt to employ the models of others.  Moreover, Soviet time series 

data was often incomplete and had observation criteria that was altered between periods without 

notice, justification, or data normalization.7  Therefore, lacking detailed documentation and first-

hand experience, this study will not attempt to answer such an ambitious question. 

                                                 
7 In particular, oil data was especially difficult to compare meaningfully because it was considered a state secret.   
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 Chapter One begins by reviewing the key works from which the four macroeconomic models 

benefitted.  The discussion proceeds to describe the analytical framework developed at the 

RAND conference on Soviet macroeconomic models, and then to discuss the specific models.  

Chapter Two outlines how three distinguishing characteristics—historical trends, production 

bottlenecks, and production functions—are used to assess the models.  Chapters Three through 

Five discuss historical trends, production bottlenecks, and production function and total factor 

productivity assumptions, separately and in the context of the Soviet oil industry and the broader 

economy.  The concluding chapter reviews the key observations. 

. 
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CHAPTER ONE: “AN ECONOMISTS’ WAR”…CONTINUED 
 
 The Soviet economy presented a significant issue for United States policymakers and their 

analysts.  Its fundamentally different structure created comparison challenges with Western 

economies, especially the United States’ economy.  The results of these comparisons influenced 

national-level decisions on force mobilization. 

 Unlike other Soviet-related challenges that required study, accurate economic measurement 

was important to many government entities, allowing it to bypass bureaucratic red tape.8  As a 

result, significant resources were devoted to support the development of techniques to assess the 

Soviet economy.  Researchers also had the advantage of being able to build off of work 

conducted during World War II.   The empirical methods developed by researchers at the Office 

of Strategic Services (OSS)9 were some of the most novel advances in economic science during 

the twentieth century, so groundbreaking that Nobel Laureate Paul Samuelson famously declared 

World War II “an economist’s war.”10 

 In fact, the techniques developed through the lens of the Soviet economy earned two leaders 

of the Research and Analysis branch, Simon Kuznets and Wassily Leontief, the Nobel Prize in 

economic science.  The work for which they earned this recognition was the foundation of 

numerous research efforts on the Soviet economy, including the macroeconomic models of 

interest to this study.  

                                                 
8 On the recommendation of William J. Donovan, President Franklin D. Roosevelt signed a Presidential Order 
establishing the office of Coordinator of Information (COI) to collect and to coordinate information for the federal 
government relevant to national security.  As the first Director of the COI, Donovan’s foremost challenge was to 
build a team of economists to assess the resource status of the Soviet Union which was then currently under the 
assault of Nazi Germany’s Operation Barbarossa.  Troy, T. F. (1981). Donovan and the CIA. Frederick, MD: 
University Press of America; Guglielmo, M. (2008). The Contribution of Economists to Military Intelligence During 
World War II. The Journal of Economic History, 119. 
9 The Office of Strategic Services is the organizational predecessor to the Central Intelligence Agency. 
10 Samuelson, P. (1944). Unemployment Ahead. The New Republic(11), 298. 
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Two Key Developments in Economic Science 
 
 In many ways, the path which led Kuznets and Leontief to fundamentally alter the field of 

economics is the familiar one of skill, luck, and timing.11  Kuznets and Leontief were perfectly 

suited to lead the research efforts that would shape how the United States Government would 

understand the Soviet economy.  Both emigrated from the Soviet Union at a time of when the 

Soviet economy was taking form, culminating in the First Five Year Plan (1928-1932).12  This 

gave them useful insight into the inner workings of the economy: Kuznets at the Ukrainian 

bureau of labor statistics and Leontief as an undergraduate student of economics and 

mathematics at the University of Leningrad. 

 Kuznets’ contribution to Sovietology arose from his development of national income accounts 

for the United States.  Shortly after completing his dissertation at Columbia University, Kuznets 

was approached by Wesley Mitchell, his former professor and life-long mentor, to assume 

responsibility of the national income account research for the National Bureau of Economic 

Research.  This research was of significant importance to the United States Government, which 

at the time was leading the country through the Great Depression.  The effort was chartered to 

develop a "comprehensive set of accounts that measure the total value of final goods and services 

(gross domestic product, or GDP) produced by the United States economy and the total of 

incomes earned in producing that output (Gross Domestic Income, or GDI)."13 

 His first estimates of national product and income were published in 1934.  He developed two 

categories to group aggregate economic measures: 1) money paid from individuals to industry 

                                                 
11 This discussion draws from material in Keaton, C. G. (2012). Measuring the Soviet Economy. unpublished. 
12 Kuznets emigrated from Pinsk Russian Empire (Belarus) in 1922. Leontief emigrated from Leningrad, by way of 
Germany and China, in 1931. 
13 Department of Commerce Bureau of Economic Analysis. GDP: One of the Great Inventions of the 20th Century. 
January 2000. www.bea.gov (accessed April 28, 2012).  Kuznets led the Division of Economic Research within the 
Bureau of Foreign and Domestic Commerce.  This source was extracted from the January 2000 Survey of Current 
Business 
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for goods and services and 2) money paid from industry to individuals in the form of wages, 

rents, etc.14  The exchange of funds between individuals and industry indicated the flow of 

resources.  Kuznets used these flows to define two lasting measurements of aggregate economic 

performance: product (i.e., GDP) and income (i.e., GDI) to assess the size and the growth of the 

United States economy. 

 As Kuznets expanded and refined his study, he observed two findings critical to his 

contribution to Sovietology.  First, he observed capital formation and consumption drove the size 

and the growth of national income.  He measured both capital formation and consumption based 

on the production market values: durable equipment, construction, and inventory stocks (capital 

formation) and goods and services (consumption).15  Kuznets did not, however, attempt to 

measure the rates of growth for national product, capital formation, or consumption.16 

 Second, Kuznets identified a relationship between capital formation and current consumption.  

In the decades leading up to World War I, he observed “changes in the rate at which consumers’ 

outlay and capital formation grew [were] inversely related.”17  That is, current consumption 

directly reduced the formation of capital; likewise, capital investment detracted from current 

consumption. 

 Kuznets’ observations and relationships provided a framework to assess national product 

previously unavailable.  Equally as important, his experiences observing and developing Soviet 

economic concepts of value and labor during his tenure at the Ukrainian bureau of labor statistics 

enabled him to apply the national income accounting framework to the Soviet system.  However, 

the key limitation of his contribution to Sovietology was the aggregate nature of national 

                                                 
14 Kuznets, S. (1934). National Income, 1929-1932. Cambridge, MA: National Bureau of Economic Research. 
15 Kuznets, S. (1942). Uses of National Income in Peace and War. Cambridge, MA: National Bureau of Economic 
Research, 3-4. 
16 Ibid, 7. 
17 Ibid. 
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accounts did not achieve the precision needed to forecast the impact of microeconomic events on 

the Soviet economy.  This precision required the creation of accounts for sectors and subsectors 

to model interactions of an economy.   

 This is where Leontief came in.  Leontief began researching sector-based constructs of the 

Soviet economy long before he arrived at the OSS.  In 1925, he published a conceptual method 

to balance raw, intermediate, and final products of the early Soviet economy.18  However in 1943 

Gerald T. Robinson, the OSS Soviet division chief and a historian, convinced Leontief to leave 

his academic position in the Harvard Department of Economics to serve as the lead economist in 

the Soviet division, a position which Robinson had been temporarily filling.  It was during his 

tenure at the OSS that Leontief was able to refine his research approach, the input-output model, 

which influenced the scores of researchers who followed him. 

 Leontief’s drive to develop the input-output model was due to his belief the Soviet economy 

lacked a mechanism to measure the differences in scarcity, quality, and other attributes of 

products.  In a capitalist system, this measurement is the price of a product, which is determined 

through the interactions of competing interests.19  The multiple Soviet prices did not reflect 

economic assessments of the same attributes, but were determined to enact specific political 

outcomes. As a result, a price adjustment by the central planners designed for a particular impact 

risked balancing a single input-output relationship at the expense of unbalancing countless 

others.20 

 By employing a price-like construct in the analysis, Leontief’s input-output model offered a 

method to quantitatively evaluate the output and the efficiency of the Soviet economy.  The 

                                                 
18 Leontief, W. (1960). The Decline and Rise of Soviet Economic Science. Foreign Affairs, 38(2), 269. 
19 Ibid, 267-268. 
20 In fact, L.V. Kantorovich developed a price-like mechanism for the Soviets to measure system optimality, 
conceptually akin to a price, but it was largely ignored.  Leontief, W. (1959). The Problem of Quality and Quantity 
in Economics. Daedalus, 88(4), 628-629. 
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input-output model could estimate intermediate and final outputs based on historical, though 

scant, production data.  Moreover, the empirical relationships between intermediate and final 

products could be used to compare the relative efficiency of Soviet versus Western production.   

 However, the price-like construct Leontief used did not require product costs to measure 

economic size and growth.  Instead, it functioned strictly as a mathematical relationship that 

would be interpreted as a price in capitalist economies.  This was an important feature of the 

input-output model because it allowed mathematically optimal, objective assessments of the 

relationships between intermediate and final products. 

 The combination of Kuznets’ national income accounts and Leontief’s input-output model 

provided future researchers a method to structure and to estimate aggregate and sector-specific 

Soviet production.  Furthermore, the relationship between capital formation and consumption, 

and a means to mathematically measure it, enabled analysis of specific areas of interest.  Of the 

many sector analyses which benefitted from these works, none benefitted more so than the study 

of the Soviet oil economy.  

The Study of Soviet Oil Economy 
 
 National incoming accounting and the input-output method helped economists focused on the 

Soviet Union, and in particular Soviet, address two key issues.21  The complex political-

economic relationships between the central planners and the oil-producing enterprises required a 

structure to detail the flows of capital.  However, because these capital flows were not terribly 

                                                 
21 This group can be broadly defined as academics and consultants whose research was fundamental to the study of 
the Soviet oil economy (see Appendix).  Although one cannot be certain the degree to which this group’s research 
used national income accounting and the input-output method, Kuznets and Leontief had both published their 
research during the 1920s and had since been at the National Bureau of Economic Research and Harvard University, 
respectively, fostering an environment for methodological diffusion.  It can be inferred that these researchers had 
developed a high degree of comfort and confidence in these methods given that by the beginning of the 1970s the 
four models of interest under development, each of which employed the techniques in different degrees. 
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meaningful out of context, the input-output method offered a means measure the interactions of 

goods supporting the oil industry and its production of oil.   

 The Soviets implemented a multi-tiered price system in an effort to promote optimal 

production while also preventing the accumulation of excess profit by any particular organization 

or agency.22  In the oil industry, the central and the regional planning committees administered 

this system by determining the transaction price structure to facilitate the exchange of resources 

between energy producers and consumers.  Transaction prices were not based on the specific 

production and transportation costs, which could vary greatly between enterprise units and 

locations. Instead, transaction prices were calculated as the average production cost of an entire 

branch of energy commodity producers.23 

 Although designed to encourage more efficient production, this system inherently penalized 

enterprises with higher production costs.  Manove studied the theoretical impact of these 

differences in relative production and transaction costs on low- and high-cost enterprises using 

simulated data.  He concluded the aggregate gains and losses from producers would negate one 

another, resulting in an outcome analogous to the capitalist marginal cost.24  Despite the 

appealing logic, the conditions under which the cost-averaging model worked were quite 

restrictive and not supported by actual data.    

                                                 
22 For a detailed discussion on the Soviet price system see Berliner, J. S. (1976). The Innovation Decision In Soviet 
Industry. Cambridge, MA: MIT Press. 
23 This method was designed to ensure enterprise units earned “normal” profits. See Bornstein, M. (1974). Soviet 
Price Theory and Policy. In M. Bornstein, & D. R. Fusfeld, The Soviet Economy: A Book of Readings (pp. 85-116). 
Homewood, IL: Richard D. Irwin, Inc. 
24 Manove, M. (1975). Soviet Pricing, Profits and Technological Choice. Review of Economic Studies, 413-421. 
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 Campbell extended Manove’s research to assess if the transaction price cost structure overly 

incentivized low cost producers to maximize output.25  He found that because the transaction 

price was almost always lower than the opportunity cost for a particular energy commodity, the 

demand composition for energy (i.e., for the collection of different fuel options) was skewed and 

did not incentive efficient use.26  He posited that, over time, the cumulative effect would lead to 

significant energy production inefficiencies in the centrally planned economy.  

 These inefficiencies were realized and led to revisions of transaction prices and profit 

calculations in 1948, 1952, 1955, and 1967.27  Of the energy commodities, only the 1967 price of 

coal approached its opportunity cost, with a 68 percent increase following the revision.28  The 

transaction prices of petroleum products remained well below their opportunity cost (despite at 

28 percent increase) and therefore still did not truly capture the cost of production.29 

 Unlike production, the 1967 price revision did have measurable effect on overall energy 

consumption.  Kelly studied the effectiveness of the fuel and energy complex reforms as part of 

Khrushchev’s broader initiatives at the beginning of the 1960s.30  He confirmed the progress of 

the reforms, finding Soviet economic output was 3 to 12 percent less energy-intensive between 

1967 and 1975.  This result was temporary, as actual energy consumption data after 1975 

revealed the increase in energy productivity dropped beginning in 1979.31 

                                                 
25 In a competitive market, it is generally in the interest of low cost producers to maximize output.  However, in 
method of material balancing used in Soviet economic planning, such a systemic distortion would lead to the 
structural economic inefficiencies Campbell observed in the energy sector. 
26 Campbell, R. W. (1992). Energy Prices and Decisions on Energy Use in the USSR. In R. W. Cambell, The 
Failure of Soviet Economic Planning: System Performance Reform (pp. 51-72). Bloomington, IN: Indiana 
University Press. 
27 Berliner, 1976. There was another energy price revision in 1982, but it was outside the scope of time when the 
large scale macroeconomic models were developed. 
28 Kelly, W. J. (1978). Effects of the Soviet Price Reform of 1967 on Energy Consumption. Soviet Studies: 394-402. 
29 Campbell, Energy Prices and Decisions on Energy Use in the USSR. 
30 Makarov, A. A., & Vigdorchik. (1979). Fuel and Energy Complex. Moscow. 
31 Pockney, 104. 
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 Berliner’s research suggested the short duration of the increase in energy productivity was not 

altogether surprising. He contended the price structure did not adequately compensate for the 

cost risk of material innovation.32  This lack of incentives led to a continual reliance on legacy 

capital and an increasingly less productive labor force.  As a result, capital-intensive industries 

(i.e., energy) would not be incentivized to innovate. 

 This finding contributed to significant efforts at the Central Intelligence Agency (CIA) to 

assess the future prospects of Soviet oil production.33  For years, reports cited the large Soviet oil 

reserves as a key strength of the economy.  However, the lack of innovation in the industry 

continued to suppress Soviet production (i.e., through total factor productivity), extending the 

(mis)use of extraction techniques.  Instead of investing resources in the development of new 

technologies, the Soviets increasingly relied on certain techniques, in particular waterflooding, 

that provided oil in the short-term, but jeopardized sustainable production due to is diminishing 

returns to scale.  These observations led the CIA to predict that even the discovery of large oil 

reserves in Western Siberia would not be able overcome the impending oil crisis in the Soviet 

Union, with peak oil production likely during the 1980s.34 

 These literatures in no way capture the scope and the scale of the efforts leading up to 1980 to 

study the Soviet oil economy.  However, they represent the relevant academic and policy 

research agendas of the time.  These studies informed Congress through Joint Economic 

Committee publications, in addition to direct correspondence with federal agencies, providing 

valuable insights into the Soviet energy economy—and its inconsistencies.   

                                                 
32 Berliner, 1976. 
33 The number of CIA studies of Soviet energy is too numerous to list.  A summary of several key works by the CIA, 
including the prescient Outlook for Soviet Energy, is included in Firth, N., & Noren, J. (1999). Soviet Defense 
Spending: A History of CIA Estimates. College Station, TX: Texas A & M University Press. 
34 Central Intelligence Agency. (1976). Outlook for Soviet Energy. Washington DC: Joint Economic Committee and 
Office of Economic Research. (1977). The Impending Soviet Oil Crisis. Langley, VA: Central Intelligence Agency. 
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 These studies, however, were also incremental in nature.  They focused on narrowly-defined 

questions, seeking to address the most pressing topics, which were determined by the political 

environment at the time.   

 The sophistication of the studies on the Soviet oil economy grew with advances in computing 

technology.  The advent of modern computers enabled the results of these efforts to be combined 

and modeled in ways not previously possible.  Complex mathematical models could now 

incorporate the empirical results of these studies in the complete national income accounting and 

input-output frameworks.  As a result, new, more comprehensive models of the Soviet energy 

economy were developed beginning in the 1970s.   

Computer-Aided Modeling 
 
 The adoption of computer-aided modeling in the study of the Soviet economy was immediate.  

New classes of optimization and input-output models emerged throughout the 1970s, becoming 

increasingly intricate with advances in and experimentation with computing power. Although 

each attempted to assess the function and the strength of the Soviet economy in its own way, the 

models employed different techniques designed to evaluate unique research questions. 

 Of the early macroeconomic models of the Soviet economy, SOVMOD, SOVSIM, RAND, 

and the Decision Sciences Application models earned renown among leading experts.35  In part, 

the success of these models resulted from the interest and resources of the organization which 

sponsored them.  Although produced independently, each effort was ultimately funded and 

supported by the United States Government, often with collaboration from academia and 

research organizations.   

                                                 
35 Shapiro, H. (1977). Macroeconometric Models of the Soviet Union and Eastern European Economies: A Tabular 
Survey. Econometrica, 1747-1766 provides a description of other macroeconomic models under development at the 
same time as the four of interest. 
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 These models also earned recognition for their different research goals. Although SOVMOD 

and SOVSIM purely focused on economic size and growth with military spending as a key 

component, the RAND and DSA models were designed to evaluate highly specific defense 

questions on the Soviet economy, efforts which could not be duplicated elsewhere due to the 

information and the resource requirements.  The various designs and research aims resulted in 

models that were comparable, but with meaningful differences. 

SOVMOD 
 
 Beginning in 1973, SOVMOD was the first of the computer-aided models developed to study 

the economy of the Soviet Union.36  The model was developed jointly by researchers at the 

Stanford Research Institute and Wharton Econometric Forecasting Associates and focused 

originally on the operation of the Soviet economy, with institutional and behavioral variables 

designed to measure the impact of the Soviet system.  Later iterations of the model moved away 

from the research on the operation of the economy, and instead emphasized quantitative 

forecasting using national income, wages, prices, and institutional factors.37 

 Despite the computational capabilities to enforce balance in the model, the model’s designers, 

Donald Green and Christopher Higgins, designed SOVMOD to estimate without restrictions on 

Kuznets’ national income measures.  This feature allowed the model to calculate the production 

of aggregate income and the measurement of final demand independently.  As a result, 

SOVMOD could forecast inconsistent results of production and demand.  This feature did not 

necessarily detract from the model.  On the contrary, the ability to produce inconsistent results 

                                                 
36 The discussion of the models draws from material in Hildebrandt. 
37 Later versions of the model began to focus increasingly on forecasting and economic impact analysis.  However, 
some institutional aspects continued to be modeled and distinguished the purpose of SOVMOD from the large-scale 
macroeconomic models. 
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could serve as an indicator to the researchers of flaws in assumptions and/or the presence 

unusual data.  

 On the production side of the model, the two main factors of production, labor and 

investment, were allocated to the sectors of the economy based on historical demand.38  Labor 

was used as a strict input to the Cobb-Douglas production functions which, in turn, computed a 

measure of physical output; investment, on the other hand, increased the capital stock, which was 

then used as an input to the production function.  The estimated output was used to calculate the 

economic value-added by the sector.  The sum of all of the economic sectors was the estimate of 

Gross National Product (GNP), as determined by production.   

 The demand side of the model depended on estimates of consumption and investment.  

Consumption was measured as a fraction of household income, which itself depended on labor 

productivity.39  The inclusion of labor in the measurement of consumption was one link between 

the production and demand sides of the model. 

 The government—namely the defense sector—and industry created demand for investment.  

Investment was measured as the sum of military procurement and the output of the machine-

building sector.40  The allocation of investment to the sectors of the economy created the second 

link between the production and demand sides of the model.   

 A key difference between the production and the demand sides of the model is the inclusion 

of defense spending as an exogenous variable on the demand side.  Defense spending, calculated 

                                                 
38 Some sectors required the inclusion of specific material inputs in the production functions. 
39 Ibid, 3. 
40 The output of the machine building sector is considered an investment because these products are required for 
operation of other industries.  
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using a budgetary approach,41 was addressed this way as it was considered a consistent demand 

requirement and it did not contribute directly to the functioning of the Soviet economy.42  The 

addition of defense spending to aggregate value of the demand side resulted in a demand-based 

estimate of GNP.  As the defense spending was not separated on the production side, this method 

could lead to different calculations of GNP.  

DSA  
 
 In 1978-1979, DSA introduced the second large-scale macroeconomic model for the Soviet 

economy.  Unlike SOVMOD, the goal of the model was not to model—and later, to estimate the 

size and growth—of the Soviet economy.  Rather, the model was designed to evaluate the 

possibility of a rapid economic recovery in the Soviet Union after a nuclear war.  This difference 

reflected the interests of DSA’s customer, the United StatesArms Control and Disarmament 

Agency.   

 Because of the different goal of the model, the production function was designed to estimate 

optimal allocations of labor and investment to maximize defense demand and consumption.  The 

model achieved this by linking labor and capital in a sector to its value-added output.  The 

outputs for all sectors were then linked to final demand using an input-output model framework. 

 The relationships that linked labor and capital to sector output, and sector output to final 

demand, were originally calibrated to model the Soviet economy.43 These calibrations were 

based on a variety of starting assumptions, including using comparable relationships observed in 

the United States’ economy, as well as expert judgment.  However, these relationships were 

                                                 
41 Green, D. W., Guill, G. D., Klein, L. R., Levine, H. S., Miovic, P., & Preston, R. S. (1977). The SRI-WEFA Soviet 
Econometric Model: Phase Three Documentation Volume I. Arlington, VA: Defense Advanced Research Projects 
Agency. 
 
42 Central Intelligence Agency. (1975). The Economic Impact of Soviet Military Spending. Central Intelligence 
Agency. 
43 Hildebrandt, 5. 
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adjustable in the optimization model because researchers expected that economic demand 

following a nuclear war would differ from existing patterns. 

SOVSIM 
 
 The SOVSIM model developed by the Central Intelligence Agency in 1979 benefitted 

significantly from the SOVMOD and DSA research efforts.  Like SOVMOD, SOVSIM focused 

on the size and growth of the Soviet economy and borrowed from the earlier effort to construct 

the national income accounts.  Like the DSA model, SOVSIM was designed to provide insight 

into changes in the nature of the economy, albeit to inform policy decisions, not the impact of 

nuclear war.  

 The estimation of production in SOVSIM is comparable to that of SOVMOD.  Labor and 

capital are allotted to the sectors of the economy based on historical trends.  The value-added 

output of the sectors is then summed to estimate GNP. 

 Unlike SOVMOD, SOVSIM does not independently estimate GNP from demand.  Instead, 

GNP estimated from the production side is assumed accurate, and is used to deduce 

consumption, after accounting for exogenous defense spending.44  This technique ensures 

consistency between the production and demand estimates, which theoretically should be equal.  

Should there be economic leakages due to poor assumptions and unusual data, SOVSIM is not 

designed to detect them. 

 The technical design of SOVSIM is a feature that distinguishes it from closest competitor: 

SOVMOD.  The absence of behavioral variables45 in SOVSIM may have no impact on the 

                                                 
44 At the time SOVMOD and SOVSIM were developed, the prevailing theory at the CIA was Soviet defense 
spending was largely independent of economic conditions.  “The Soviet leaders have not acted as though costs have 
been a major factor in their military decisions.  Defense programs have been well funded, even during periods of 
lagging economic growth, and the followthrough on new programs has been strong.” Central Intelligence Agency. 
(1975). The Economic Impact of Soviet Military Spending.  
45 Generally, behavioral variables attempt to incorporate the typically binary effects of institutions and 
decisions/outcomes in a model.  In the early versions of SOVMOD, the modelers included variables to assess the 
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accuracy on its economic forecasts if the technical measurements included in the model account 

for the variation in economic performance.  However, if they do not, the absence of the 

behavioral factors can diminish the accuracy of SOVSIM’s predictions. 

RAND 
 
 The RAND model was developed to evaluate the tradeoff between defense spending and 

economic performance in the 1980s.46  In particular, the model focused on how changes in 

weather patterns, Western trade policies, imported capital productivity, and the price of oil 

impacted the decisions Soviet leaders faced.  Among these decisions was how much should be 

spent on defense. 

 In the RAND model, the rate of growth for consumption is maximized relative to a constraint 

on the rate of growth for defense spending.47  The optimization depends on relationships between 

labor and capital to value-added output.  In turn, value-added output is then linked via input-

output relationships to defense demand, investment, and consumption. 

 Because the RAND model is not designed to forecast Soviet GNP, tradeoffs in the model are 

estimated by studying the impact of changes in the growth rate of defense spending on the 

growth rate of consumption.  As a result, the model focuses on the nature of supply alternatives.  

The input-output relationships that formulate these alternatives allow the RAND model to 

identify bottlenecks the other models cannot. 

 

 

                                                                                                                                                             
impact of, for example, a binary decision by GOSPLAN to incorporate or not to incorporate the production of an 
item, and then to try to measure its effect on the functioning of the Soviet economy.  
46 Ibid, 4. 
47 Ibid. 
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Table 1: Summary of Model Characteristics 

Model SOVMOD SOVSIM RAND DSA 
Method Econometric Econometric Optimization Optimization 
Constraint No Yes Yes Yes 
Factors Institutional/ 

Behavioral 
Technical Technical Technical 

Goal Forecasting/impact 
analysis 

Forecasting/impact 
analysis 

Assess tradeoffs 
between defense 
investment and 

economic 
performance 

Assess 
possibilities for a 
rapid economic 
recovery after 
nuclear war 

Sponsors Consulting 
Firm/Defense 

Advanced Research 
Projects Agency 

Central 
Intelligence 

Agency 

RAND Arms Control 
&Disarmament 

Agency 

 

Chapter Summary 
 
 This chapter reviewed key research which led to the development of four major large-scale 

macroeconomic models of the Soviet economy.  Simon Kuznets’ and Wassily Leontief’s 

pioneering work introduced a means to measure a national economy and an empirical method to 

evaluate the complex relationships within it.  Their work shaped economic studies of the Soviet 

Union, which highlighted the economic inefficiencies of non-market prices, as well as the impact 

of prices on Soviet innovation. These studies provided the foundation on which to build the four 

large scale macroeconomic models of the Soviet economy: SOVMOD, DSA, SOVSIM, and 

RAND. 

 The next chapter discusses the distinguishing methodologies of the models.  The chapter then 

outlines how the features of these methodologies will be used to evaluate the Soviet oil economy 

during the waning years of the Union. 
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CHAPTER TWO: METHODOLOGY 

 This chapter builds the analytical framework that will be used to answer the overarching 

research questions. 

1. What can we say we learned about the way we studied the Soviet oil economy?  

2. How reliable were the methods and the concepts?  

3. Were some methods better than others?   

The discussion focuses on the methodologies used in the four large scale macroeconomic models 

of the Soviet economy: SOVMOD, SOVSIM, RAND, and DSA.  These methodologies will be 

examined in the context of three distinguishing data characteristics outlined at the 1984 

conference on economic models of the Soviet economy: historical trends in data, production 

bottleneck analysis, and total factor productivity.  

 These particular characteristics are important because they provide objective assessment for 

policy questions.  An evaluation of trends provides information on which methods used existing 

information best predict the future.  Analyzing bottlenecks highlights the methods which worked 

best to measure the relationships between producing sectors within the structure and function of 

the Soviet oil economy.  Lastly, assessing total factor productivity shows which methods worked 

best to describe how efficiently resources were used within a producing sector.     

 It is important to note that, by and large, these were not the methods used by researchers who 

built the models to estimate the Soviet oil economy.  The SOVMOD researchers estimated oil 

production based on allocated capital and labor.  Oil production was normally considered 

exogenous in SOVSIM.  And a production limit was placed on the RAND model.  Only the DSA 

model employed the constant elasticity of substitution method which will be discussed in context 

of each of the three distinguishing characteristics.   
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 This study does not use these same methods because its focus is different.  The researchers 

who built the four large scale models had an external aim: to assess the effect of the energy on 

the overall economy.  This research, on the other hand, is introspective: assessing the methods 

used to estimate key attributes of the Soviet oil economy.  

Methods 
 
 The overarching use of econometric or optimization methods distinguish the SOVMOD, 

SOVSIM, RAND, and DSA models (Table 2).  The following discussion elaborates on how 

these methods are used differently in the models and thus create differences in the models in the 

context of the three data characteristics.  Each section concludes with research questions specific 

to each data characteristic.   

Table 2: Distinguishing Methodologies 

Model SOVMOD SOVSIM RAND DSA 
Method Econometric Econometric Optimization Optimization 
	
Trends 
 
 The researchers who built SOVMOD and SOVSIM made a fundamental assumption when 

designing the models of the Soviet oil economy.  By using econometric models, they postulated 

historical trends for the inputs to and the outputs of the oil economy were representative of future 

outcomes.  As such, these models perform well so long as the future is not significantly different 

from the past. 

 However, historical trends do not always provide the best forecast of the future.  Although 

economic projection was neither the goal of the RAND or the DSA models, the optimization 

methods used by them offer a means to forecast future oil production that is not dependent on 

historical trends and therefore offer a more flexible means to forecast growth.  The key 

limitations of optimization models are their requirement for comprehensive modeling of the 
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relationships in the economy and a terminal condition for which optimal inputs and outputs are 

benchmarked.  

 Annual production targets in Soviet Five Year Plans, actual production, and investment data 

will be used for this assessment.48  The production targets are used because they provide 

information on Soviet production expectations.  Actual production data indicates how well the 

Five Year Plans were executed.49  Finally, investment in the oil industry is used to evaluate the 

prospects for the future performance of the Soviet oil economy.  

 This research will assess the reasonableness of the econometric and optimization methods in 

two ways.  First, the chapter will review the performance of the Soviet oil economy (i.e., 

production and investment) leading up to 1980.  If the performance was relatively stable, one can 

contend econometric models were appropriate to apply at the beginning of the planning horizon.  

On the contrary, if the aggregate performance of the Soviet oil economy was not stable, one 

contends optimization models were more appropriate to apply. 

 Tied to the question of historical performance is that of projected future performance. Should 

the forecast estimate stable oil production and investment, both the econometric and the 

optimization models may be appropriate.  However, should the forecast project a significant 

change in oil production, the researcher must be wary of the production benchmark to which to 

optimize.   

 In summary, the analysis of historical data trends seeks to answer two questions specific to 

econometric and optimization methods:  

1. Were there trends in aggregate oil production and investment? 

                                                 
48 Available in multiple years of Narodnoe khozyaistvo. (n.d.). Moscow: Gosstatizdat (up to 1970), Statistika (1970-
1980), Finansy i Statistika (after 1980). 
49 The assessment of “how well” the plans were executed is by no means an assessment of how realistic the 
production targets were.  It is simply used for a comparison of plan to execution.  
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2. If so, were these trends expected to continue? 

Answers to these questions will help address the overarching methodological queries of this 

research. 

Bottlenecks  
 
 Unlike the analysis of historical data trends, the section on production bottlenecks will focus 

on the particular methods employed within the econometric or optimization models.50  The 

abilities of the methods to assess critical input limitations (i.e., bottlenecks) to the Soviet oil 

economy are an important area of assessment because they may provide leading performance 

indicators for the Soviet oil economy.  However, the methodologies produce this information in 

completely different ways. 

1) SOVMOD 

 Bottlenecks are observed through indirect measures in SOVMOD and SOVSIM because there 

are no direct linkages between intermediate products and final demand.  In SOVMOD, there is 

no direct effect on output as a result of a decline in domestic energy.51  Enterprises produce with 

existing stocks of labor and capital stock (and associated productivity).52  Energy conservation 

and/or fuel substitution can be used to make up for a decline in domestic oil production.  

However, in some cases, these measures cannot account for the decline fully.  

 Instead, SOVMOD indirectly measures a bottleneck’s effect on oil production by treating 

consumption as a residual.53  The level of domestic oil consumption is attenuated as the effect of 

the bottleneck increases or decreases, so long as a minimum level of consumption is maintained 

                                                 
50 The optimization models use similar methods are thus grouped in this discussion. 
51 Wolf, T. A. (1981). Modelling Energy in the Soviet Economy: Differences Between SOVMOD and SOVSIM. 
The ACES bulletin, 74. 
52 Output is determined solely by a Cobb-Douglas production function. See Chapter 5 for a more complete 
discussion. 
53 Ibid, 75. 
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due to its political importance.  Oil production surpluses over the desired target levels for 

consumption and export were used for additional export and trade for imported capital and 

equipment.  When the residual is small enough not to permit oil export, the level of imported 

capital and equipment decreases, and risks negatively affecting the future growth rates for both 

investment and consumption.   

 This analysis will examine SOVMOD’s bottleneck assessment method by examining net 

energy export data,54 imports of oil equipment (category 128),55 and return on capital investment 

calculations.56  A bottleneck will be identified when there is a desire for increased production 

that is not realized in the growth of net energy exports.  This existence will be validated by 

comparing net exports with changes in the import of foreign oil equipment, which have a direct, 

positive relationship in SOVMOD.  The return on investment calculations test the assumption 

that imported capital equipment actually supported increases in oil production productivity.57 

2) SOVSIM 

 SOVSIM focuses on the effect a bottleneck will have on production in other sectors of the 

economy.  The model does this by linking a shortage in oil production shortage to a reduction in 

the delivery of the commodity to the different producing sectors.58  Lower volumes of fuel 

                                                 
54 The data was gathered from the PlanEcon, Inc. East European Energy Databank, available in Gustafson, T. 
(1989). Crisis amid Plenty: The Politics of Soviet Energy Under Brezhnev and Gorbachev. Princeton, NJ: Princeton 
University Press, 264. For the period under study, net energy exports were primarily oil due to favorable pricing, 
lower capital investment, and seller flexibility Gustafson, p. 270. 
55 Gustafson, 197. 
56 Calculations performed by author using oil production and investment data available in multiple editions of 
narodnoye khozyaistvo and Gustafson, p. 197. 
57 This piece of the analysis is not directly related to the assessment of the bottleneck, but is important and related.  
The researchers who built SOVMOD assumed that oil exports mattered because they enabled the import of foreign 
capital for different sectors of the economy, but specifically the energy sector.  This line of reasoning indicates that 
the import of foreign capital was important.  The analysis of return on investment is one way to assess this 
assumption. 
58 Wolf, 74. The extent of the reduction is based on the sector-specific allocation of oil. 
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deliveries to the producing sectors then reduces the sector-specific usage of capital.  The capital 

usage rate in each sector thus becomes a proxy for a sector’s output.   

 SOVSIM prioritizes energy-producing sectors and consumption for fuel deliveries.59  As in 

SOVMOD, SOVSIM also assumes a minimum level of consumption due to its political 

importance, leaving the remaining volume of oil available is for industrial sectors.  In the event 

of an oil shortage, the burden of the bottleneck is passed on to the sectors producing machinery, 

equipment, and materials.  Therefore, the effect of an oil shortage will be concentrated in these 

sectors. 

 The effect of an oil production bottleneck using SOVSIM’s methodology will be assessed by 

analyzing sector-specific capital investment60 and total oil production in relation to net exports.61  

Sector-specific capital investment is studied instead of the actual production in the sectors due 

difficulties gathering meaningful capital usage data.   

 Instead, this research assumes that production drives increases in capital usage and eventually 

replacement.  Analyzing sector-specific investment will therefore highlight unusual capital 

investment requirements due to usage or lack thereof.  Total oil production and net exports are 

examined to put capital usage rates in context: to see if lower usage rates are materialized in lost 

production. 

3) RAND and DSA 

 The RAND and the DSA models highlight bottlenecks similarly and thus are addressed as a 

group.  In both of the models there are direct and indirect linkages between production of gross 

outputs and the fulfillment of final demand (i.e., consumption, investment, and defense).62  Due 

                                                 
59 Ibid. 
60 Available in multiple years of kapitalisticheskiye strany and narodnoye khozyaistvo. 
61 PlanEcon, Inc. East European Energy Databank, available in Gustafson, p. 264. 
62 Hildebrandt, 15. 
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to this, both models capture the effects of rising social costs resulting from diminishing returns to 

inputs of capital and/or labor. 

 However, because both models are designed to optimize inputs for a desired output level, 

theoretically no resources are unemployed in the process.  This means that even though rising 

social costs are an indicator of a bottleneck, the occurrence does not necessarily result in a less 

than optimal demand solution.  That is, the models minimize the potential effects of bottlenecks 

for final demand. 

 Optimization to a specific level of demand, however, does not automatically mean the 

economy is functioning efficiently.  As a result, the structure of the command economy may 

result in the underemployment of resources and intermediate products.  This may result in an 

optimization model understating the effects of a specific bottleneck.  

 This analysis studies the RAND and DSA bottleneck methods by examining labor 

productivity,63 consumption,64 and the use of intermediate products.65  Labor productivity and 

consumption are analyzed in tandem to observe if there are in fact social costs that correspond to 

changes in returns on labor.66  The analysis also examines select intermediate products to 

identify possible relationships between these products and oil production.  Logically, 

petrochemicals are specifically discussed in literature as an intermediate product of oil field 

                                                 
63 Calculations performed by author. Oil industry employment available in United States Bureau of the Census. 
(1991). USA/USSR: Facts and Figures. Washington, DC: United States Government Printing Office, 3-3. Oil 
production available in multiple years of narodnoye khozyaistvo. 
64 Osnovnye pokazateli, 112, 114-115. 
65 See United States Bureau of the Census, pp. 4-3, 4-10 for iron ore and petrochemicals and narodnoye khozyaistvo 
for oil pipelines. 
66 Labor productivity will complement the discussion on the return on investment for capital.  
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operations;67 oil pipelines and iron ore, although not necessarily intermediate products and 

related,68 were chosen by the author.    

 In summary, the analysis of production bottlenecks seeks to answer: 

1) Did Soviet energy exports correspond to higher levels of capital imported for the oil 
industry? Did increases in imported capital correspond to increases in oil production 
productivity? 
 

2) Did changes in capital investment by industrial sectors correspond to changes in oil 
production? 
 

3) Was there a diminishing return to labor? If so, how was this related to consumption? 

4) Was there a relationship between oil production and intermediate products that supported 
it? 
 

Production Function and Total Factor Productivity Assumptions 
 
 The analysis of production functions and treatment of total factor productivity69 amplifies the 

bottleneck analysis and further distinguishes the methodologies. How the model designers 

accounted for the relationship between factor inputs and their relationships in the models reflects 

their beliefs about the Soviet economy, simplifying assumptions, and technology available to 

model them. Like in the analyses of trends and bottlenecks, the methods the researchers chose 

are nuanced, but broadly fall into the econometric and optimization model groups. 

1) SOVMOD and SOVSIM 

 SOVMOD and SOVSIM use a standard economic method to calculate output: the Cobb-

Douglas production function.  The Cobb-Douglas methodology estimates the empirical 

relationship between two factors of production (i.e., intermediate products) to determine output.  

                                                 
67 Borchardt, J. K. (1989). Chemicals Used in Oil-Field Operations. In J. K. Borchardt, Oil-Field Chemistry (pp. 3-
39). Washington, DC: American Chemical Society. 
68 There is clearly a relationship between these two intermediate products, although not a perfect relationship.  These 
products will be looked at in isolation to avoid any mixing of the results.  Moreover, because this is not an empirical 
analysis of the models, issues such as multicollinearity (Ordinary Least Squares) are not of concern.  
69 Total factor productivity is a measure of how efficiently the factors of production are used to make the final 
product. 
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SOVSIM uses the basic Cobb-Douglas formulation, including only capital and labor as factor 

inputs; SOVMOD also incorporates key input materials in its production function. 

 Neither model uses total factor productivity in its original production function.  SOVSIM 

does not provide a means to adjust total factor productivity during the lifecycle of the model, but 

is benchmarked to 1976, a period when productivity dropped significantly.70  On the other hand, 

total factor productivity adjustments can be made within SOVMOD to adjust for technological 

changes and expectations of future growth. 

 These methods will be assessed by comparing labor, capital, and key input materials to oil 

production.71  Labor and capital will be evaluated separately for SOVSIM to focus on the 

relationships between these two factor inputs and production.  Key material inputs will be added 

to the analysis of SOVMOD to highlight their relationship to labor, to capital, and to oil 

production.   

2) RAND and DSA 

 The RAND model employs a more general variant of the SOVMOD and SOVSIM production 

function to incorporate other factors of productivity.72  In its more basic formulation, the RAND 

production function adds machinery and structure capital to the labor and capital inputs.  

However, the RAND model also uses deterministic substitution functions, which specify 

relationships between interchangeable inputs.   

 The DSA model also employs substitution functions to estimate production.  However, unlike 

the RAND model, the DSA model allows for dynamic (i.e., stochastic) relationships between 

                                                 
70 Hildebrandt, 10. 
71 United States Bureau of the Census, 3-3, 4-3, 4-10. 
72 The translog variant used in the RAND model is a more general form of the Cobb-Douglas production function. 
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labor and capital.  This provides a number of capabilities for the model, and specifically enables 

labor productivity to be directly related to capital availability.73 

 These methods will be assessed by examining incomplete structure capital construction in the 

oil industry 74 and capital availability for labor.75  Incomplete structure capital construction is 

evaluated to observe if it had an observable relationship with the production of oil, and if so, to 

what degree.  Capital availability will be examined to observe if increases in capital relative to 

labor had measureable impacts on oil production.  

 In summary, the analysis of production functions and total factor productivity aims to answers 

the following questions: 

1) Were there relationships between labor, capital, and oil production?  
 

2) Were there relationships with other key material inputs? 
 

Chapter Summary 
 
 This chapter reviewed the how the characteristics that distinguish SOVMOD, SOVSIM, DSA, 

and RAND models will be used to assess their appropriateness in forecasting Soviet oil 

production.  The next chapter reviews the context in which the models were developed and 

begins the analysis of their methods at the most aggregate level: total oil production and 

investment.  The two chapters following it will then analyze increasingly lower levels of the 

models, focusing on production bottlenecks and factor productivity.  

  

                                                 
73 Hildebrandt, 10. 
74 Available in multiple years of narodnoye khozyaistvo. 
75 Calculations performed by author using data on investment and labor in the oil industry available in multiple years 
of kapitalisticheskiye strany and narodnoye khozyaistvo. 
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CHAPTER THREE: TRENDS VERSUS OPTIMIZATION 

 The period during which the models were developed was a time of significant change in the 

Soviet oil industry.  This period saw the emergence of two oil crises: the first in 1977, followed 

closely by the second in 1982.The purpose of this chapter is to discuss the origins of these crises 

and to examine if the impact of these crises changed the historical behavior of the oil economy.  

This chapter will conclude with a reexamination of the research questions. 

1. Were there trends in aggregate oil production and investment? 

2. If so, were these trends expected to continue? 

Origins of the Oil Crises 
 
 The Soviet oil crises were the result of poor management of two key activities in the oil 

industr1y: 1) exploration and 2) development and production.76A decrease in exploratory drilling 

beginning in 1968 left the industry with fewer promising fields to develop.  The response to this 

was to invest in the search for new productive fields.  Table 3 illustrates this with the significant 

increases in exploratory drilling from the Eighth to the Eleventh Five Year Plans. 

Table 3: Exploratory Drilling for Oil77 

Five Year Plan Period Millions of Meters Change (%) 
Seventh Plan 1961-1965 16.5 N/A 
Eighth Plan 1966-1970 16.2 -1.8 
Ninth Plan 1971-1975 17.8 9.9 
Tenth Plan 1975-1980 26.7 50.0 
Eleventh Plan 1981-1985 32.2 20.6 

 
 The lack of new finds, however, did not diminish the production targets of Soviet planners.  

Instead, exploration teams had to drill deeper into formations and to pursue more remote and 

complex formations.  Such exploration was increasingly expensive, with the cost per meter of 

                                                 
76 Gustafson, 64 and 107. 
77 Ibid, 74. 
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exploratory hole rising 230 percent for developed areas, and nearly 100 percent in the newer 

Western Siberia provinces.78 

 The deterioration of the older oil regions could not be systematically overcome even with the 

renewed focus on exploratory drilling.  Wells prepared for drilling, the identification of new 

fields, and the completion of exploratory oil wells all decreased between 1966 and 1975 (Table 

4).This decrease, and ultimately the first oil crisis, was largely to be overcome by a shift in 

exploratory drilling to Western Siberia, which provided easier conditions to drill and higher new 

well flow rates.79 

Table 4: Gas and Oil Structures Discovered and Drilled, New Fields Identified, 1961-197580 

Five Year 
Plan Period 

Structures 
Discovered 

Prepared for 
Drilling 

Drilled New Fields 
Identified 

Exploratory Oil 
Wells Completed 

Seventh Plan 
1961-1965 

2,316 1,672 1,585 N/A 7,117 

Eighth Plan 
1966-1970 

2,035 1,971 1,721 453 6,074 

Ninth Plan 
1971-1975 

2,047 1,861 1,778 388 5,973 

 
 The shift to Western Siberia was far from perfect.  The focus on exploration during the 

preceding ten years led to the development of imbalances in the oil industry, particularly in 

Western Siberia.  These imbalances materialized into production gaps which contributed to the 

second oil crisis.81 

 The focus on Western Siberia led to a dramatic increase in the number of new operating wells.  

While the newly commissioned wells grew by eighty percent countrywide over the previous five 

                                                 
78 Brenner, M. M. (1979). Ekonomika geologorazvedochnykh rabot na neft' i gaz v SSSR. Moscow: Nedra, 159. 
79 Gustafson,  90-91. 
80 Brenner, 82 and 92. 
81 Gustafson, 116 also notes poor well repair and maintenance, lagging well mechanization, short-sited production 
practices, and reliance on older wells as other issues. I group the first two into productivity for a broader discussion 
of technology. 
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year period, in Western Siberia they grew by two hundred fifty percent.82The increase in new 

wells, however, did not yield commensurate oil production, with the ministry falling short of 

production targets.   

 Failure to meet targets was a byproduct of the longstanding issue of drilling productivity.  

Reliance on older wells stifled resources available for the development of new wells.  As a result, 

increases in production of newer wells did not overcome the decreases in production of older 

wells,  resulting in a decrease to aggregate oil production.83  To address this, central planners 

increased personnel and rigs dedicated to production in the region.  However, the concentration 

of resources did not yield additional output. 

 The low level of production from new wells, however, was not indicative of their potential, 

just the level of development.  As development increased, Soviet oil production benefitted 

greatly from ease with which oil could be produced in Western Siberia due to its unique geology.  

This presented a double-edged sword for oil production because it did not incentivize 

improvements in productivity.  As a result, material, supporting infrastructure, and management 

resources were not used efficiently for well repair, maintenance, and mechanization, and once 

the easy oil had been produced, it did not leave the industry postured well, resulting in the 

second oil crisis. 

Evaluation of Methods 
 
 The macroeconomic models were relatively new at the time of the first two oil crises.  Thus, it 

begs the question: which method was best conditioned to evaluate aggregate trends in the Soviet 

oil economy at the start of the 1980s, econometric or optimization?  This requires an assessment 

of the historical trends and the future outlook for Soviet oil production and investment. 

                                                 
82 Ibid, 108. 
83 Ibid. 
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Oil Production 
 
 Despite the lack of exploratory drilling, production was positive and stable throughout the 

1970s.  Figure 1 shows both the Five Year Plan estimates and actual production between 1970 

and 1980.  With the exception of the 1975 target, production plans and actual output steadily 

grew during this time frame. 

 

Figure 1: Oil Production and Projections84 
 On the surface, this observation suggests the econometric models (i.e., SOVMOD and 

SOVSIM) would have been better suited for future prediction than the optimization models (i.e., 

RAND and DSA) due to the predictability of oil production at the time the models were 

developed.  However, the figure also suggests the potential for a change in production, a change 

that coincides with the CIA’s prediction of the pending oil crisis. 

 This potential for change is highlighted in the five-year production growth targets and actual 

annual production growth.  The minor slowing of production growth in the five-year targets 

between 1970 and 1975 suggests that central planners may have acknowledged as early as the 

Ninth Five Year Plan (1971-1975) that oil production was slowing, perhaps as a result of the 
                                                 
84 Available in multiple years of narodnoye khozyaistvo. 
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reduction in the pipeline of new fields and exploratory wells.  However, the significant reduction 

between the Ninth and Tenth Five Year Plans foreshadowed a major change in oil production 

expectations. 

 With the benefit of hindsight, we see that these measurements were in fact indicators of the 

slowing growth in oil production.  The relative leveling of actual oil production beginning in 

1980 marked a new normal, a normal that would not have been forecasted by the econometric 

analysis used in SOVMOD or SOVSIM.  As a result, even though the econometric method 

modeled historical oil production well up until 1980, it was not suitable to predict the significant 

change in the level of oil production after 1980.  The methodology relied on historical data as its 

guide.  However, as the projections showed, the path ahead looked less and less like the one 

previously traveled.   

 On the other hand, the optimization models offered techniques to estimate oil production 

independent of historical data, and therefore the potential to forecast a major change in oil 

production.  The strength of this method was its ability to model the relationships of the inputs to 

production to estimate final output: namely, the relationship between capital, labor, and material 

in production functions and total factor productivity (this topic is addressed in Chapter 5). 

 It would be easy to hand-wave optimization as a clearly superior methodology given the data 

leading up to 1980.  However, using optimization also assumed the relationships between capital, 

labor, and material were well understood in the Soviet economy, when in fact this was far from 

the truth.85  The unique organizational structure and technology in the Soviet economy resulted 

in different input relationships in production than those observed in other domestic economies.  

                                                 
85 Easterly, W., & Fischer, S. (1994). The Soviet Economic Decline: Historical and Republican Data. Cambridge, 
MA: National Bureau of Economic Research. 
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Lacking data on these relationships in the Soviet economy, researchers relied on other countries 

as analogues, as well as expert judgment, to complete gaps in empirical data.   

 Therefore, while it is easy to dismiss the econometric technique as a reliable tool in this 

particular instance, it is important to consider it in relation to its optimization alternative.  

Significant changes were occurring in Soviet oil production at the time these models were 

developed.  The econometric techniques employed in SOVMOD and SOVSIM were not well 

suited to forecast accurately under these circumstances.  And although the optimization methods 

used in the RAND and DSA models provided a means to assess these dynamic changes, we 

should be careful to consider it as a superior methodology given the gaps in understanding in the 

relationships between capital, labor, and material.   

Oil Investment 
 
 Like oil production, Soviet investment in the oil industry increased during the 1970s, largely 

as a result of the increase in oil exploration efforts.  Figure 2 illustrates aggregate investment in 

oil specifically, as well as energy and industry (for context).  These sectors (industry and energy) 

and subsector (oil) were critical to Brezhnev’s emergency efforts to hold off the decline in Soviet 

economic growth.86 

 Of particular interest, the figure reveals that investment in industry increased at a linear rate,87 

while investments in oil and the broader energy sector were increasing at exponential rates 

(Table 5).  And unlike the decreasing estimates of future growth for oil production, the revised 

investment estimates suggested the increases to the estimates were not anomalies, but accurately 

                                                 
86 Gustafson, 90-99. 
87 See note for Table 5. 
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forecast the future.  For oil, energy, and industry, the revised estimates, on average, were 11%, 

14%, and 12% higher than original estimates, respectively, or second order linear trends.88 

 

Figure 2: Investment: Oil, Energy, and Industry89 

 
Table 5: Investment Growth: Oil, Energy, and Industry90

 

Sector/Subsector 1971-1975 1976-1980
Oil 39.6% 63.1% 
Energy 25.3% 32.0% 
Industry 31.6% 16.7% 

 
 The important takeaway from Figure 2 and Table 5 is that investment in the oil sector 

specifically, but also in energy and industry overall, was predictable during the time frame the 

models were developed.  This condition suited the econometric models in forecasting oil 

investment, but not necessarily as a superior method to the optimization models.  After all, the 

                                                 
88 It is important to note that the differences between the revised and the original estimates were all of the same 
order of magnitude.  Oil – 9% (1975) and 13% (1980); Energy – 12% (1975) and 15% (1980); Industry – 13% 
(1975) and 12% (1980). 
89 Pockney, 177. 
90 Ibid. Although the trend for industry investment is largely linear, significant increases (likely due to target 
chasing) added some spuriousness to the data.  In particular, the increase in industry investment between 1974 and 
1975 was over 1.4% higher (8.8%) than the three prior (7.4% 1973-1974; 7.1% average over Eighth Five Year 
Plan).  

0

10000

20000

30000

40000

50000

60000

70000

1
9
7
0

1
9
7
2

1
9
7
4

1
9
7
6

1
9
7
8

1
9
8
0

1
9
8
2

1
9
8
4

In
ve
st
m
e
n
t 
(m

ill
io
n
s 
o
f 
ru
b
le
s)

Oil

Revised Oil
Investments

Energy

Revised Energy
Investments

Industry

Revised Industry
Investments



38 
 

optimization techniques could determine the same result if the input relationships could be 

estimated reliably. 

Chapter Summary 
 
 This chapter reviewed the context in which the models were developed and assessed the 

strengths and weaknesses of econometric and optimization methods on aggregate oil production 

and investment data.  With the benefit of hindsight, we find a story of mixed successes for both 

types of methods.  The steady increase in oil production during the 1970s perhaps gave the 

SOVMOD and the SOVSIM teams undue comfort in the face of mounting evidence of a 

production slowdown.  And although not designed for aggregate projection, the optimization 

techniques used in the RAND and DSA models had the potential for superior production 

projections, if and only if, the empirical relationships between inputs were estimated correctly.   

 On the other hand, it is not surprising that the econometric method was well suited for 

assessing oil investment.  The Soviet leadership faced great political pressure to revitalize the oil 

economy during the 1970s.  This pressure led the leadership to enlist all available resources for 

the turnaround.  Given this emphasis, the model builders could reasonably project this pressure 

would result in steadily increasing investment, an attribute favoring econometric modeling.   

 In summary, these results present mixed conclusions in the context of the research questions. 

1. Were there trends in aggregate oil production and investment? 

Yes, there were trends for both oil production (up until 1980) and investment (entire time 
series).   
 

2. If so, were these trends expected to continue? 

Only the investment data indicated a trend would likely continue.  This observation is 
interesting because the CIA’s prediction of the oil crisis was widely criticized,91 but 

                                                 
91 The key criticisms of the CIA’s findings were that the CIA underestimated the Soviet Union’s ability to adapt and 
that the gravity of the problem was overstated, specifically, by understating oil reserves, exaggerating fluid lift 
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indicators of potential crises are readily apparent in the data: slowing production and 
increasing investment.   
 

 This chapter reveals a key challenge for this type of aggregate analysis: it can indicate the 

possibility of changes, but offers no insight into the potential causes of them.  As a result of the 

diverging trends, predicting the causes of the changes became a priority of effort.  This is the 

focus of the next chapter, in which we dive one level deeper into the models to assess how 

production bottlenecks can change trends. 

  

                                                                                                                                                             
capacity requirements, and underestimating the capacity of exploratory drilling.  Stern, R. (2012). Oil Scarcity 
Ideology in US National Security Policy, 1909-1980. Princeton, NJ: Princeton University. 
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CHAPTER FOUR: BOTTLENECKS 

 The application of econometric and optimization methods at the aggregate level indicated 

changes in the Soviet oil economy were increasingly possible.  This level of analysis, however, 

did not provide insight into operational causes of the changes, specifically through the 

identification of production bottlenecks.  The purpose of this chapter is to examine relationships 

included in the macroeconomic models to assess their abilities to provide this insight. These 

relationships will be evaluated in the context of the following research questions. 

1) Did Soviet energy exports correspond to higher levels of capital imported for the oil 
industry?  Did increases in imported capital correspond to increases in oil production 
productivity? 
 

2) Did changes in capital investment by industrial sectors correspond to changes in oil 
production? 
 

3) Was there a diminishing return to labor?  If so, how was this related to consumption? 

4) Was there a relationship between oil production and intermediate products that supported 
it? 
 

Impact of OPEC Oil Shocks  
 
 The two Organization for Petroleum Exporting Countries (OPEC) oil shocks of the 1970s had 

significant impacts on the Soviet oil economy.  The first oil shock in 1973 triggered a major 

change in the profitability of oil production.  Between 1973 and 1974, revenue increased 77%, 

with the market price increasing from $3.89 to $6.87 per barrel in the United States (i.e., the 

largest consumer on the world market).92  By the end of the decade, the market price was $12.64, 

a 225% increase since 1973.   

 The second impact of the oil shocks was a production scale reordering of the major oil 

exporting countries.  The United States, Saudi Arabia, and Iran had long led oil production on 

                                                 
92 United States Energy Information Administration. (2015, June 1). U.S. Crude Oil Purchase Price. Retrieved June 
5, 2015, from Petroleum and Other Liquids: www.eia.gov/dnav/pet/hist. 
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the world market.  However, following the 1979 revolution, Iran’s production fell from six 

million to one and a half million barrels per day.93  As a result of this and ongoing efforts to 

increase domestic production, the Soviet Union became the largest supplier of oil on the world 

market.   

 In concert, these outcomes helped shape Soviet decision-making on oil production.  The 

Soviet oil economy needed to increase production in order to capitalize on the situation.  In the 

process, production inefficiencies could be highlighted by gaps between inputs and outputs. The 

next section assesses how well the methods used in the macroeconomic models highlighted these 

gaps. 

Evaluation of Methods 
 
Net Trade 
 
 Figure 3 shows the result of the oil shocks on Soviet net energy exports during the 1970s.  

From the low in 1972, net energy exports increased nearly five percent by 1980.  Oil was the 

primary fuel due to the favorable pricing, lower capital investment, and seller flexibility.94 

 The greater volumes of oil exported increased the net gains from trade for the Soviet 

government, enabling further investment.95  The investment enabled the Soviets to import more 

Western and machinery for the oil industry, an industry in which the lack of innovation was only 

furthered by the relative ease with which oil could be produced in Western Siberia.   

 Figure 4 shows that this investment, although uneven, markedly increased during the first 

OPEC oil shock in 1973-1974.  By 1974, the increase in oil prices allowed the Soviet Union to 

                                                 
93 Time. (1978, November 13). Retrieved December 5, 2009, from Another Crisis for the Shah. 
94 Gustafson, 270. 
95 The net gains from trade did not support investment solely.  Rather, it also provided an influx of hard currency, 
slowed the growing food supply crisis, increased supply of consumer goods, and ensured a financial base for the 
arms race with the United States, among other interests.  Gaidar, Y. (2007). Cracks in the Foundation: The Soviet 
Unions in the Early 1980s. In Y. Gaidar, Collapse of an Empire (pp. 71-114). Washington, DC: Brookings 
Institution Press. 
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import 6.5 times that of 1970;96 by 1978, oil equipment imports were over 12 times that of 

1970.97 

 

Figure 3: Soviet Net Energy Exports as a Percentage of Primary Energy Production98 

 

 

Figure 4: Soviet Imports of Oil Equipment (Category 128)99 

                                                 
96 Calculation in current year dollars to avoid comparison issues that an inappropriate economic base year might 
introduce for this specific measurement. 
97 Category 128 is equipment for drilling machinery, well development, and geological exploration.   
98 PlanEcon, Inc. (multiple years). East European Energy Databank.  
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 Imported capital for oil production figured significantly into the estimation of bottlenecks in 

SOVMOD.  This was because, in theory, capital imported from the West incorporated more 

advanced technology and was of greater reliability.  Therefore, SOVMOD assumed increases in 

imported capital would correspond to increased production.    

 This belief, however, was not universally held.  On the contrary, empirical research of the 

time argued there was no evidence Western capital equipment was more or less productive than 

that of the USSR.100  This topic is explored more fully in the next chapter. 

 Figure 5 illustrates the relationship observed between total capital investment and Soviet oil 

production.  The figure shows that the increase in oil production did not pace the increase in total 

capital investment. Rather, the initial three percent increase in productivity observed between 

1970 and 1975 quickly deteriorated in the subsequent period, with a minor recovery by 1981-

1985. 

   

Figure 5: Total Return on Capital Investment (Base Period 1966-1970)101 

                                                                                                                                                             
99 Gustafson, 197. 
100 Weitzman, M. L. (1979). Technology Transfer to the USSR: An Econometric Analysis. Journal of Comparative 
Economics, 167-177. 
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 Figure 6 shows a similar, but more nuanced story.  The figure separates investment into 

imported versus domestic capital to evaluate the relative contributions of each to oil production.  

Although with a less defined pattern, the relationships broadly mirror the post-1975 data 

observed at the aggregate level.  However, Figure 6 also suggests the uptick in total return 

(Figure 5) may be attributed to imported capital.  Even with this congruence, some complexity in 

the relationships is obscured by the data. 

 

Figure 6: Imported versus Domestic Capital Return on Investment 

(Base Period 1966-1970)102 

 One element of the complexity is the significantly different volumes of capital investment for 

domestically-produced versus imported goods.  The trends remain the most important.  However, 

the order of magnitude for domestic capital investment was in tens of billions of rubles versus 

the hundreds of millions for imported capital.  

                                                                                                                                                             
101 Calculations performed by author using data on production and investment in the oil industry available in 
multiple years of kapitalisticheskiyestrany, narodnoye khozyaistvo, Gustafson, 197, and Joint Economic Committee. 
(1982). Output Data. Washington, DC: Government Printing Office. 
102 Ibid. 
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 The difference in the orders of magnitude impacts the attribution of productivity changes.  

Because data are not available to separate the production that is strictly due to domestic or 

imported capital, one cannot directly attribute the decline in return on capital to one or the other; 

even the increase between the 1976-1980 and 1981-1985 periods is without precise cause.  The 

theorized poor productivity of domestic capital may obscure the superior productivity of Western 

capital due to the significantly greater magnitude domestic capital investment.  However, as 

noted earlier, there is no direct evidence of a productivity advantage for Western capital. 

 A second element of the complexity difficulty is evaluating the ability for local operators to 

implement the imported capital.  After all, importing new technology does not guarantee 

increased productivity.  The capital must be received favorably by the operating community.  If 

the capital does not work in the new environment, or it is not of value to the operators, one 

would not expect to see the production change dramatically, even with the addition of the 

imported capital.  This may explain the significant drop between the 1971-1975 and 1976-1980 

periods.  The drop may represent a gestation period for the new technology, after which the 

minor productivity increase is observed during the 1981-1985 period. 

 These observations, however, do not present challenges for the SOVMOD bottleneck method.  

When the Soviet leaders desired increased production, they pulled on the lever and got it.  The 

Soviet oil economy produced higher levels of energy exports, which in turn allowed increased 

levels of advanced technology imports.  These characteristics are observed in the data and are 

assessed by SOVMOD.   

 However, the increased levels of imported capital do not correspond to increases in oil 

production productivity.  This does not discount the possibility that imported capital did increase 
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productivity, but there was not a clear relationship.  Productivity will be addressed further in the 

next chapter. 

Sector-Level Tradeoffs 
 
 The SOVSIM modelers assumed the critical tradeoffs occur at the sector level of the Soviet 

economy, subject to a baseline level of fuel deliveries from the energy-producing sectors.  So 

long as the baseline level was met, other sectors in the economy—in particular machinery, 

equipment, and materials—would receive fuel deliveries based on the allocation system.  The 

capital utilization of each sector depended on the degree to which the specific sector’s energy 

requirements were fulfilled.   

 As a sector’s capital utilization increases, the wear-and-tear of usage will result in investment 

to replace the capital.103  Table 6 shows capital investment for the sectors specified in SOVSIM 

between 1971-1980.  Although on a percentage basis, oil and gas investment increased the most 

over the time periods, capital investment in the machine building, light industry, and materials 

sectors also increased. 

Table 6: Capital Investment by Selected Sector (billions of rubles)104 

Sector 1971-1975 1976-1980 
(% change)

1981-1985 
(% change) 

Oil and Gas 26 41 
(56) 

66 
(63) 

Machine Building 43 61 
(42) 

73 
(20) 

Light Industry 8 10 
(19) 

11 
(16) 

Materials 63 77 
(14) 

76 
(-1) 

 

                                                 
103 Dilapidation can also occur from the lack of use of capital, but one assumes at a diminished rate. 
104 Statisticheskiy sbornik. (1989). Promishlennost' SSSR. Moscow: Goskomstat SSSR. 
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 The difference in the inter-sector rates of increase may be due to the unique capital 

replacement requirements of the industries.105  For example, investment in machine building was 

approximately twice that of light industry for the 1976-1980 and 1981-1985 periods.  This result 

might logically be due to the more strenuous work required of machine building equipment 

relative to light industry.   

 The differences in intra-sector rates are of interest because one would expect a similar level of 

investment over time periods.  The fact that the machine building and materials sectors did not 

conform to this (42% versus 20%, and 14% versus 1%, respectively) could indicate a bottleneck.  

If the different rates of capital investment were due to under-used capital (and therefore a 

bottleneck), the SOVSIM modelers would expect net exports to show a decrease significant 

enough to reflect a sector that was unable to meet nominal demand.   

 Figure 7 does not support this theory in its comparison of total primary oil production versus 

net exports.  On the contrary, because it shows a steady increase in oil production and net exports 

over the period, this suggests all sectors had their nominal demand requirements met, with 

additional capacity leftover for export.  A bottleneck could also arise if the Soviet economy was 

growing at such a rate that the increase in Soviet oil production could not satisfy the higher 

levels of nominal demand for energy.  However, at this juncture the economy was not growing, 

                                                 
105 For example, the capital investment for the material sector may not be as costly or may have a longer service life 
than that for machine building.  Examining the second case, because the average age of Soviet capital stock 
increased from 8.3 to 9.3 year between 1970 and 1980 (Popov, V. (2010, November). CEFIR/NES Working Paper 
Series. Retrieved October 24, 2014, from Center for Economic and Financial Research/New Economic School: 
http://www.cefir.ru/papers/WP152.pdf), one might conclude high utilization of capital in the oil and gas, and 
machine building sectors required greater investment to keep them sustainable.  Whereas the potentially longer life 
cycles of capital in the light industry and materials sectors did not require capital replacement as often and thus 
supported the increase in the average service life for capital. 
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but stagnating.  The Gross National Product (GNP) had decreased by nearly half since the 

previous decade.106 

 

Figure 7: Total Primary versus Net Export Oil Production107 

 In summary, the SOVSIM bottleneck methodology produced inconclusive results.  On the one 

hand, there was inter-sector growth in capital investment, differences in which may reflect 

unique operational requirements of the sectors (i.e., replacement cycles).On the other hand, 

different intra-sector rates of capital investment should indicate a production bottleneck 

according to the SOVSIM assumption.  The result of this bottleneck should be, but was not, 

observed in lower total production and particularly net export levels.  There was no clear 

relationship between capital investment in industry overalland oil production. 

 Although against the conventional wisdom, perhaps the slowing intra-sector investment 

growth rates for machine building and materials reflect an efficiency of the Soviet oil economy.  

Total production and net exports continued to grow in spite of investment declines in key 

                                                 
106 Gross National Product growth decreased from 5.0% from 1961-1970 to 2.7% from 1971-1980. Kurtzweg, L. 
(1987). Trends in Soviet Gross National Product. In J. E. Committee, Gorbachev's Economic Plans (pp. 126-155). 
Washington, DC: GPO. 
107 Gustafson, 264-265. 
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supporting sectors.  Certainly, the decreased investment growth in these sectors over time may 

also highlight the overall stagnation of the broader Soviet economy.  However, the sectors did 

not return to their prior investment levels, but grew with possibly a meaningful attenuation. 

Social Costs and Intermediate Products 
 
 The DSA and RAND models identified bottlenecks by evaluating the social costs of 

diminishing returns to capital and labor.  As discussed earlier, the central planners invested 

heavily in capital for the Soviet oil industry.  This investment, however, did not result in 

commensurate increases in oil production.  On the contrary, Figures 5 and 6 (previous section) 

showed the marginal contribution of each ruble production was, on average, less than the 

contribution of the previous.   

 Labor resources were another important element of this story.  As Soviet oil production 

shifted regionally during the 1970s, increasing numbers of laborers were needed in Western 

Siberia to support it.  Some of the laborers were relocated from traditional oil-producing regions.  

Others were new hires aimed at supporting the growth of the enterprise.   

 Growth in the oil production labor is shown in Figure 8.  The low growth (2%) between 1970 

and 1975 corresponded to the continued emphasis of production on existing regions.  However, 

as production shifted to Western Siberia to take advantage of the increasing oil prices, a dramatic 

increase in labor was required to support the new region.  In contrast to the previous five year 

period, between 1975 and 1980, oil production labor increased by 24%, and another 29% 

between 1980 and 1989. 

 The increase in labor did not have its intended effect.  Although total oil production increased 

over the same timeframe (Figure 7, previous section), labor productivity peaked in 1975, and had 

less and less of an effect on the additional production thereafter (Figure 9).   
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Figure 8: Employment in Oil Production108 

  

 

Figure 9: Labor Productivity109 

  

                                                 
108 United States Bureau of the Census, 3-3.  
109 Calculations performed by author using Ibid and oil production data available in multiple years of narodnoye 
khozyaistvo. 
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 It is difficult to assess the precise cause of the diminishing return to labor.  The Soviet system 

was replete with poor management practices, and this was perhaps another example of the 

systemic weakness.  On the other hand, labor, just like capital, does not always generate 

immediate returns to production, but requires a gestation period before the increased level of 

resources results in meaningful changes to output.  This, however, does not appear to be the case. 

 

Figure 10: Consumption as a Percentage of National Expenditure110 

 Despite diminishing returns to labor, the increased resources dedicated to labor appear to 

exhibit a delayed social cost relationship with consumption,111 as assumed in the DSA and 

RAND models.  Figure 10 shows that between 1970 and 1980 domestic and personal 

consumption increased by 3.3%.  Over the same ten year period, oil industry employment 

increased by 30%.  The disparity between the increases in labor and consumption perhaps 

highlighted a bottleneck further down the economic chain.  The decrease in consumption 

                                                 
110 International Monetary Fund. (1991). A Study of the Soviet Economy. Washington DC: Publication Service, 
OECD, Table A-7. 
111 One would expect a positive, but likely lagging relationship between labor and consumption as increasing labor 
requirements consumed intermediate products and produced more final products.  As discussed in this section, there 
appeared to be no clear relationship between the two factors. 
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observed between 1981 and 1984 corresponds to the greatest increase in labor; likewise, the 

increase in consumption after 1984 mirrors a leveling off in labor growth. 

In addition to assessing bottlenecks through social tradeoffs, the DSA and RAND models also 

examined the employment of intermediate products.  Two of the most important products to the 

oil industry are iron ore (used for machinery) and petrochemicals.112  Figures 11 and 12 show the 

production of iron ore113 (crude and marketed) and select classes of petrochemicals produced 

from 1970 to 1989.   

 According to their model designs, the DSA and RAND models would indicate a bottleneck if 

one of these intermediate products showed a decrease in production, which would eventually 

impact the production of oil.  The intermediate products in Figures 11 and 12 have a close 

relationship with oil production, with all products having over a 95% correlation with oil 

production (not illustrated), and all but marketed ore having over a 99% correlation with oil 

production.114 

 The clear relationships between iron ore and petrochemicals highlighted an important point: 

intermediate products mean something entirely different for the oil industry.  Once oil is 

produced, there is an inherent production bottleneck in how it can get to market.  This was an 

especially important issue for oil produced in remote Western Siberia.  As a result, transportation 

became an intermediate product of oil production, despite its mid-stream characterization in oil 

vernacular. 

                                                 
112 Borchardt, 1989. 
113 Steel or pipe may ultimately provide a more accurate benchmark than iron ore.  Although steel was available in 
the same dataset as iron ore, the qualifications describing the data gave the author enough reservation to choose iron 
ore instead, a similar but potentially slightly less relevant benchmark. 
114 The correlation calculations were performed by the author in Microsoft Excel 2010.  The correlation of marketed 
ore with oil production was 96%. 
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Figure 11: Production of Iron Ore115 

 
 
 
 
 
 

 

Figure 12: Basic Organic Petrochemicals116 

 

                                                 
115 United States Bureau of the Census, 4-2. 
116 Ibid, 4-11. 
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 Although there were means to move oil by ground, the distance from refineries and 

distribution centers, as well as the impact of Western Siberia’s climate on infrastructure 

maintenance, made ground transportation uneconomical.  As a result, pipelines played a critical 

part in the overall oil sector.  Map 1 displays the transportation requirement in perspective, 

illustrating the key oil fields and the pipelines connecting them in relation to refineries and 

distribution centers.   

 

Map 1: Petroleum Deposits and Pipelines as of 1982117 

 As a result, pipelines became a de facto intermediate product due to their outsized role in 

moving oil.  Figure 13 shows the length of pipelines constructed and volume of oil and oil 

                                                 
117 Central Intelligence Agency. (1982). University of Texas Libraries. Retrieved February 16, 2015, from Perry-
Castañeda Library: http://www.lib.utexas.edu/maps/commonwealth.html. 
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products piped through them each year.  The clear relationship between the two products reflects 

the dependence of the upstream segment on the midstream segment (i.e., transportation).  

Moreover, like with the relationship of iron ore and petrochemical production, pipeline 

construction  and oil production movement were correlated with oil production over 99%.118  

This first order correlation is meaningful because the oil pipelines that were built had oil flowing 

through them not long after, illustrating the bottleneck effect the midstream segment posed. 

 

Figure 13: Pipeline Construction and Usage119 

 The DSA and RAND focus on intermediate products to measure bottlenecks held promise.  

Increases in the supply of key upstream products, including iron ore and petrochemicals, were 

closely related to the increase in oil production.  Likewise, the construction of oil pipelines 

facilitated the delivery of oil to market, which seemingly could not happen fast enough.  In short, 

                                                 
118 Some might argue that the correlation between oil production and oil movement is not meaningful.  However, 
this correlation is meaningful because it underscores that oil was being transported as fast as it was being produced.  
If, on the other hand, there was a strong correlation between pipeline construction and oil production only, one could 
not argue that pipelines were an intermediate product of oil production, and therefore a potential bottleneck, because 
oil transportation was not being slowed by the lack of adequate pipeline infrastructure. 
119 Pockney, 170. 
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evaluating intermediate goods played a significant role in the estimation of the Soviet oil 

economy. 

Chapter Summary 
 
 This chapter reviewed key operational elements of the Soviet oil economy and how each of 

the models sought to assess them.  The optimization models (i.e., DSA and RAND) were the 

only two to produce results broadly consistent with the model assumptions.  One might attribute 

this to the models’ focus on the design of the Soviet economy instead of its economic trends.  

For this reason, the more detailed level analysis of bottlenecks through labor and intermediate 

products may have been uniquely suited for these types of models which included significantly 

greater specificity among inputs. This observation makes sense when considering the 

econometric models measured bottlenecks indirectly through energy exports, capital imports, and 

sector-level tradeoffs.  These indirect measures did not exhibit the relationships assumed in the 

models, or to oil output. 

 In the context of the bottleneck analysis research questions: 

1) Did Soviet energy exports correspond to higher levels of capital imported for the oil 
industry?  Did increases in imported capital correspond to increases in oil production 
productivity? 
 
Yes, higher levels of energy exports corresponded to increases in imported capital for the 
oil industry.  No, increases in imported capital did not correspond to increases in oil 
production. 
 

2) Did changes in capital investment by industrial sectors correspond to changes in oil 
production? 
 
No, there was no clear relationship between capital investment in industrial sectors and 
oil production. 
 

3) Was there a diminishing return to labor?  If so, how was this related to consumption? 

Yes, the data exhibited diminishing returns to labor. The increased resources dedicated to 
labor had a lagging relationship with consumption. 
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4) Was there a relationship between oil production and intermediate products that supported 

it? 
 
Yes, the data showed a clear relationship between intermediate product supporting the oil 
industry and oil production. 
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CHAPTER FIVE: PRODUCTION FUNCTIONS AND TOTAL FACTOR PRODUCTIVITY 

 The previous two chapters evaluated the appropriateness of the methods used to study specific 

variables of the Soviet oil economy.  Inherently, these evaluations relied on the products 

resulting from the interactions of labor, capital, and material inputs in the production process.  

However, these interactions were based on assumptions of the relationships within the Soviet oil 

economy, assumptions based broadly on Western concepts.  This chapter serves as an addendum 

to the bottleneck analysis in Chapter 4, focusing on the suitability of Western model 

assumptions.  This analysis will focus on the following research questions. 

1) Were there relationships between labor, capital, and oil production?  
 

2) Were there relationships with other key material inputs? 
 

Production Functions and Total Factor Productivity in the Soviet Union  

Production functions and total factor productivity were key design elements of the study of 

the Soviet economy.  Production functions modeled the relationships between input materials 

and labor in the creation of end items.  Total factor productivity was a measurement of how 

efficiently these inputs were used.  Table 7 summarizes Soviet and Western estimates of total 

factor productivity growth in the Soviet Union to put into context trends in resource efficiency.  

Table 7: Total Factor Productivity Growth Rates in the Soviet Union120 

Period Khanin Material 
Sectors 

Official Material 
Sectors 

Western 
Estimates of 

Industrial Sector 

Official Industrial 
Sector 

1928-1940 -1.7 7.2 1.7 7.2 
1940-1950 -0.2 2.5 -1.1 1.7 
1950-1960 3.8 6.0 6.1 4.1 
1960-1970 1.5 2.9 1.9 3.4 
1970-1980 0.4 1.4 2.4 1.7 
1980-1987 0.4 0.7 -0.1 1.1 

 
                                                 
120 Modified from Khanin, G. (1988). Ekonomicheskii Rost: Al'ternativnaia Otsenka. Kommunist, 17 
 and Easterly & Fischer, 1994, p. Appendix. 
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Table 7 reveals two interesting findings regarding productivity in the Soviet Union.  First, the 

1950s stand out as a period of significant growth in both the Soviet and the Western indices.121  

Khanin contends this period of remarkable growth was largely due to improvements in intensive 

factors: namely, labor productivity.122   

Second, estimated growth in the industrial sector was positive from the 1950s until the 1980s 

for Western estimates of the industrial sector.  Easterly and Fischer argue this observation 

indicates the major slowdown of productivity was in the non-industrial sector.123  In other words, 

the capital-intensive industrial sector continued to employ resources efficiently in production, 

albeit with diminishing returns on investment.  

However, the diminishing returns on investment were not a trivial issue.  After all, the Soviet 

command economy was built largely on L. V. Kantorovich’s model of mathematically optimal 

resource allocation.  Using constant elasticity of substitution (CES) production functions, 

Weitzman demonstrated empirically the inability to substitute production inputs was likely the 

root cause of the slowdown in productivity.124  With the exception on Khanin’s index, he showed 

CES production functions with low substitution assumptions modeled Soviet output and capital 

growth per worker better than Cobb-Douglas production functions.   

The success of the low elasticity of substitution revealed two internal issues with the 

overarching Soviet economy.  First, it impeded the Soviet Union’s ability to successfully execute 

a growth strategy founded on extensive capitalization.125  Second, it offered concrete evidence 

against the explanation that slowing Soviet economic growth was due to decreasing total factor 

                                                 
121 Easterly & Fischer, p. 13. 
122 Khanin, G. I. (2003). The 1950s-the Triumph of the Soviet Economy. Europe-Asia Studies, 1193. 
123 The official industrial Soviet index also showed significant signs of slowing. 
124 Weitzman, 1979. 
125 Easterly & Fischer, p. 15. 
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productivities.  Table 8 shows that estimates of elasticities of substitution and total factor 

productivity growth remained stable from the 1950s through the 1980s.   

Table 8: Elasticities of Substitution and Total Factor Productivity (TFP) Growth126 

TFP 
Growth 

Khanin Material 
Sectors 

Official Material 
Sectors 

Western 
Estimates of 

Industrial Sector 

Official Industrial 
Sector 

1928-1939 -2.03% 3.34% -1.38% 0.72% 
1940-1949 -1.17% 2.18% -0.72% 0.51% 
1950-59 -0.18% 2.96% 0.36% 1.48% 
1960-1969 0.33% 2.97% 0.40% 1.27% 
1970-1979 0.30% 3.05% 0.43% 1.38% 
1980-1987 0.22% 2.97% 0.37% 1.28% 
 
Evaluation of Assumptions 
 
Relationships: Labor, Capital, and Oil Production 
 

Figure 14 illustrates the relationships between labor, capital, and oil production from 1970 to 

1985 followed the same productivity trends as the broader Soviet economy discussed in the 

previous section.  The extensive capital growth strategy neither substituted for nor 

complemented the labor force of the oil economy.127  This was most evident in the periods 

beginning in 1975 and 1980.  Between 1975 and 1980, the 117% increase in oil industry capital 

corresponded only to a 32% increase in oil production; worse, from 1980-1985, a 187% increase 

in capital investment resulted in a drop in oil production.128      

This result challenges the assumption for the SOVSIM methodology, which employs a strict 

relationship between capital and labor in a Cobb-Douglas production function.  There is not a 

clear relationship between capital and labor that translates into a predictable level of oil 
                                                 
126 Modified from Khanin, G. (1988). Ekonomicheskii Rost: Al'ternativnaia Otsenka. Kommunist, 17 
 and Easterly & Fischer, 1994, p. Appendix. 
127 Exponential relationships were evaluated as well, without statistically meaningful results. which also 
demonstrated diminishing returns to investment (see Chapter 4, Figure 8) 
128 The drop in oil production was a meaningful direction change in oil production, even if the net drop was less than 
one percent. Part of the result of the drop can be attributed to a change in the Saudi production policy.  On 
September 13, 1985, Saudi Arabia discontinued is policy to produce oil to a target price and began producing at 
higher levels.   
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production.   Moreover, capital does not appear to be substitutable for labor.  If this were the 

case, oil production would be expected to correspond to the directional change in factor inputs 

(in this case, the increase in capital and labor).  

 

 

Figure 14: Labor, Capital, and Production in the Soviet Oil Industry (Base Period 1970)129 
 
Key Material Inputs 
 

Most intermediate products in this analysis demonstrate clear linear relationships with the 

production of oil (see Chapter 4 , Figures 11, 12, and 14).130  This observation supports the use of 

these factors in the estimation of oil production, as is done in the SOVMOD methodology.  

Figure 15 reaffirms the use of these factors in model assumptions. 

Unlike the intermediate products supporting oil production, no relationships are observed 

between structure capital construction and capital availability for labor with oil production 

(Figures 16 and 17).  The absence of relationships between these factors and oil production is  

 

                                                 
129 U.S. Bureau of the Census, pp. 3-3, 4-3, 4-10. Labor and capital (capital averaged over five year period) reported 
in millions of rubles and then normalized. Oil reported as actual thousands of tons produced, and then normalized. 
130 Propylene is an exception which warrants further study. 
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Figure 15: Production Function with Key Material Inputs (Base Period 1970)131 
 
consistent with earlier capital and labor investment observations.132  The Soviet oil economy 

continued to produce capital for the oil industry that did not translate into production.  Between 

1975 and 1980, Soviet planners invested 2.6 billion rubles (a 45% increase from 1975) in 

structure capital for the oil industry that yielded only a 22% increase in production.   

The uncertainties of the oil industry may have contributed to this poor relationship.  

Although the likelihood of a successful production venture increases as project progresses from 

exploratory drilling to proven reserves, there is likely some of the investment in structure capital 

that may be unrecoverable for unsuccessful ventures.  The flaw in the RAND model assumption 

appears to be that it relies on an “if you build it, [oil] will come” approach. 

The DSA model incorporates total factor productivity by employing a stochastic 

measurement of capital availability for labor.  Figure 17 shows the increase in this metric 

between 1970 and 1985.  Despite the significant difference in the use of the metric in the DSA 

                                                 
131 Ibid. 
132 This observation is consistent with the low production return on exploratory drilling over the same period 
(Chapter 3, Table 3) 
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model, the relationship between capital and labor discussed in the previous section on SOVSIM 

applies: 1) there is not a clear relationship between capital, labor, and oil production and 2) 

capital and labor do not exhibit substitutable properties.  

 

Figure 16: Structure Capital in the Oil Industry133 

 

Figure 17: Capital Availability for Labor134 

                                                 
133 Available in multiple years of narodnoye khozyaistvo. 
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Chapter Summary 
 
 This chapter reviewed the basic factor relationships assumed in each of the models.  Only 

SOVMOD’s use of key material inputs demonstrated a relationship with oil production.  

Although labor and capital are critical components in oil production, the assumptions of the other 

models appear to reflect Western theory, but do not exhibit mathematical relationships with oil 

production.  Although the divergence between capital, labor, and oil production are not explored 

fully, this may be explained by the political influence on labor allocation discussed in Chapter 4.   

 In the context of the bottleneck analysis research questions: 

1) Were there relationships between labor, capital, and oil production?  
 
  No meaningful relationship was observed between labor, capital, and oil production for   
  the period studied.  

 
2) Were there relationships with other key material inputs? 

 
  Yes, there was a relationship between most key material inputs and oil production, as   
  observed in the bottleneck analysis in Chapter 4. 
  

                                                                                                                                                             
134 Calculations performed by author using data on investment and labor in the oil industry available in multiple 
years of kapitalisticheskiye strany and narodnoye khozyaistvo. This is a more focused representation of the 
relationship between capital and labor shown in Figure 14.  
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CONCLUSION 

 This research evaluated the methodologies used by SOVMOD, SOVSIM, the RAND model, 

and the DSA model to study the Soviet oil economy.  No model employed methodologies that 

distinguished it as uniquely superior to others.  However, of the methods used in the models, 

those which reflected a more detailed understanding of the Soviet oil economy performed better 

than others.  The more successful methods did not rely on aggregate macroeconomic 

measurements (i.e., net trade), but demonstrated a careful understanding of the intermediate 

inputs necessary to support a national oil industry. 
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