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Abstract 

Based upon intensive literature review, major environmental consequences of the Chemobyl 

accident are identified as well as macroeconomic consequences as they were presented by Soviet 

officiais and economists. 

In order to study macroeconomic consequences of the accident in dynamics, a disequilibrium 

growth model of the Soviet economy is derived. The major assumptions behind the model are 

extensive economic growth and fixed pkes  set below equilibrium level. Extensive economic 

growth irnplies relatively constant technology and explicit treatment of natural resources as 

cornpiement to conventional factors of production - capital and labour. 

Further the denved model is approxirnated by linear stochastic difference equation which we cal1 

the basic dynamic equation. Stability of the basic dynamic equation is investigated and conclusion 

is reached about structural change in the Soviet economy in 1960 based upon economeaic testing. 

The Chemobyl accident represents an adverse supply shock in the Soviet disequilibrium 

economy. Direct impact from the shock is denved based on simulation using Vector Autoregression 

anaiysis. Dynamic properties of the shock are studied with the help fiom Impulse Response 

Function. It appears that the shock has permanent effect for the structure of the Soviet economy 

because this economy is described by non-stationary dynamic process at the tirne of the accident. 

Aggregate value of the shock is derived quantitatively as a loss of potential real GNP over tirne. 

In doing so, two impacts - fiom restnicturing of the Soviet economy since 1985 and the Chemobyl 

accident of 1986 - are separated. 

In the end, strengths and limitations of the thesis are discussed and conclusion is reached about 

fûrther research in this area. 
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Sym bols 

Y - aggregate output 

P - target level of aggregate output 

S - naturai resouce stock 

SR - stock of renewable resources 

SN - stock of non-renewable resources 

K - capital stock 

L - labour 

g - technological constant 

a - share of factors of production in aggregate production function 

RR - flow of renewable resources (annuai level of harvesting) 

RN - flow of non-renewable resources (annual level of extraction) 

Rm - new additions to non-renewable resources in a form of new discoveries 

r, - biological growth rate of renewable resources 

r, - growth rate of non-renewable resources 

r - growth rate of natural resources, renewable and non-renewable 

P - actual investrnent 

Id - desired level of investment 

CP - actud household consumption 

Cd - desired level of consurnption 

b - investment's share in GNP 

6 - capital depreciation 



AD - aggregate demand 

AS - aggregate supply 

H - aggregate shortage 

P - general price level 

c, - marginal propensity to consume 

c, - quantity demanded per unit of shortage 

c, - quantity demanded per unit of general pnce level 

d - depletion rate 

g, - growth rate of capital 

g, - growth rate of population 

y - productivity of economy 

h - relative shortage 

u - inverse of GNP in physicai nits 

x - vector of variables y, g,, g,,, 

(O - impulse response fùnction 

t - time period (years) 



Inîroduciion 

In 1992 Feshbach and Friendly wrote in their book Ecocide in the USSR that the Chemobyl 

accident of Apri126, 1986 was the greatest environmental disaster in the former USSR; it released 

ten tirnes the radioactivity of the Hiroshima atomic bomb. They cal1 the accident "'the epitome of 

the cornplex relationships arnong the Soviet economic system, the political system. damage to the 

environment, and the impact on the heulth of the population ". This statement explicitly points at 

important rnacroeconomic problerns caused by the accident. Consequences of the accident are very 

significant, and, therefore, they must be studied at the macroeconomic level. 

This study is dedicated to the economic aspects of the Chemobyl accident. The idea is to draw 

a broader picture of the accident as a large environmentai impact on the Soviet economy. It is 

necessary to acknowledge the importance of some rnicroeconomic issues associated with the 

accident, however, macroeconomic issues prevail in this particular case. 

The justification of the framework and the choice of techniques to analyse macroeconomic 

consequences of the Chemobyl nuclear accident are presented below to answer the main question: 

is it possible in principle to analyse consequences of the large environmental impact such as the 

Chernobyl accident through macroeconomic conriderations, and if it is, what pre-conditions should 

be met? 

Macroeconomic issues have been introduced to discussion of environmental impacts in the 

context of humanitarian emergencies. The concept of humanitarian emergencies has become very 
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popular arnong specialists in the field of development economics'. The term was defined by United 

Nations for situations in which large numbers of people in an economy are afTected as a result of 

civil wars and severe policy crises on the one hand, and natural disasters such as earth quakes, 

floods, droughts, famines on the other. 

Another definition of humanitarian emergencies (see, for example, Helina MeUcas, 1996) includes 

any sociai cnsis when a large number of people suffer from man-rnade andor n a d  disasters. In 

this regard large environmental impacts, which are results of human activity, are the man-made 

disasters. Hence, it is necessary to consider the large environmental impacts as emergencies because 

they do affect large numbers of people. 

First of al1 it is necessary to define the term ernergency. Emergency means that it relates to an 

occurrence that is sudden. unpredictable, threatening and outside the control of those affected. The 

large environmental impacts are exactly of this nature. Specialists in humanitarian emergencies 

suggest we study changes in macroeconomic system as results of these emergencies. Therefore, 

when a large environmental impact occurs, its consequences should be traced at the macroeconomic 

level as weI1. 

What is the difference between this approach and existing approaches to analyse environmental 

impacts? There is a branch of economic science which is called Environmental Economics. This is 

applied rnicroeconomics which studies market failures such as public or environmental goods, 

extemalities, open-access resources, etc. Environmental economics considers any environmentai 

accident in terms of social costs. In order to calculate sociai costs one has to construct a damage 

' See. for exarnple. proceedings of the conference "The Political Economy of Humanitarian Emergencies", 
6-8 October 1996, Helsinki, Finland 
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fiinction usuaily in terms of pollution based on empincai evidence. This process involves specialists 

in different fields such as biology. geology, physics, medicine, etc. Many methods were designed 

to evaluate the environmentai damage. Mainly these methods are based upon valuation of non 

market goods such as components of the natural environment (air, water, soil) and human health. 

Valuation is reaiized through two major approaches: (i) direct valuation through people's willingness 

to pay (for example. Contingent Valuation Method); (ii) indirect valuation through artificial markets 

(for example, Wage Differential Approach, Hedonic Price Approach). The main reason for 

application of these methods is as follows: usually changes in the natural environrnent are not 

detectable through conventional economic market analysis. Therefore, environmental economists 

create artificial ancilor hypothetical markets instead and employ a concept of weak complementarity. 

The concept was introduced by Lancaster in 1960's. It implies that an individual does not consume 

a good itself, but rather a set of attributes associated with the good. Environmental quality is one of 

these attributes. Therefore. pnce of the good is a composition of partial prices of the attributes which 

allows one to denve the partial prices statistically. 

Once valuation of a non market good is realized, it can be used to construct marginal damage 

function which relates levels of pollution to the changes in the denved value of a non-market good 

in monetary terms. Social costs are equal to the total environmental damage. Then these costs are 

incorporated in benefit-cost analysis or its modifications such as cost-effectiveness analysis, life- 

cycle costing approach, risk-assessrnent analysis, economic impact analysis, etc. Al1 these methods 

use the concept ofpresent value to capture dynamic character of a problem. However, they do not 

take into account possible changes to the macroeconornic path of the economy. 

On the other hand. as any emergency, the large environmental impact causes dramatic changes 
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in the entire rnacroeconomic system. In general these changes are of two types: (i) increased 

deviations of macroeconomic variables over time; (ii) structural changes. The first type is associated 

with deterioration of stability conditions of a dynamic economic system while the second one is 

associated with a regime switch. Both m u t  be studied in tems of system's dynamics when dl 

relevant macroeconomic variables are related to each other. 

So, as an intermediate conclusion, al1 methods designed within Environmental Economics c m  

be used to assess small local environmental impacts when direct consequences are unobservable or 

rather undetectable through conventional economic analysis. In tum, large environmental impacts 

being ernergencies and causing drarnatic changes in the entire macroeconomic system produce 

consequences which are directly observable and are reflected in significant changes in 

rnacroeconomic variables. These changes are dynamic in nature on the one hand, and detectable 

through market analysis on the other. Therefore, large environmental impacts can be studied with 

the help of conventional macroeconomic theory because they may cause regime changes or, at least, 

deterioration of dynarnic properties of an economic system. 

The large environmental impact is associated with two major consequences: (i) direct darnage to 

the natural environment with spillover effect on al1 inputs of a macroeconomic system - natural 
resources, human resources, capital resources - during the impact period; (ii) long-lasting 

consequences for the structure of the macmeconomic system afker the impact period. It implies that 

initial impact not only affects al1 areas of human activity through spillover effect, but it also has 

autoregressive causal character afterwards (speaking in mathematical language). In such a sense the 

large environmental impact is a one-time quantity shock to the natural resource stock with spillover 

and autoregressive efTects on macroeconomic flows aflerwards. Therefore, a macroeconomic mode1 



has to reflect these attributes through indicators of the economy's dynamics. 

However, it is well known that a socialist economy differs fiom a market economy in many very 

important aspects including institutions of property rights, management, economic mechanism, 

psychology of individuais. etc. Therefore, we need a theory which captures distinguishing features 

of a socialist economy in general and Soviet economy in particular. Moreover, such a theory should 

reflect these features in dynamics at the macroeconomic level. 

The plan of the thesis is as follows. Chapter one describes the environmenial and economic 

situation in the former Soviet Union d e r  the Chemobyl accident. In chapter two we analyse 

existing approaches to the modelling of socialist economies and derive our macroeconomic model 

of the Soviet economy as a disequilibrium growth model. Chapter three discusses Soviet 

macroeconomic data and presents statistical and economebic analysis of the Soviet economy's 

dynamics based upon the data and on the growth model developed in chapter two. Major dynamic 

properties of the Soviet economy are identified. Chapter four is dedicated to simulation of the 

Chemobyl accident as an adverse supply shock in the Soviet disequilibrium economy. 

Macroeconomic attributes of the shock are specified and incorporated in the simdation Chapter five 

presents an interpretation of the results of this simulation and compares the consequences of the 

large environmental impact in the Soviet economy with those to be expected in a market economy, 

and discusses limitations and possible extensions of the study. 



C W E R  ONE 

ENVIRONMENTAL AND ECONOMIC SITUATION 

IN THE SOVIET ECONOMY AFTER THE CHERNOBYL ACCIDENT 

The chapter is dedicated to describing environrnental and econornic consequences of the 

Chemobyl accident in the former USSR based upon literature review. More than 100 literature 

sources were identified in this regard. Four of them were extensively used in this study: works by 

Canadian historian David Marples (1986, 1988), work by Ukrainian scientist in the field of risk 

assessrnent analysis of the nuclear accidents Vladimir Georgievskii (1994), and report of the 

Organization for Economic Cooperation and Development (1 995). 

The work by Marples presents a very comprehensive information on the direct consequences of 

the Chemobyl accident. The work by Georgievskii is a good example of dynamic nature of these 

consequences. However, both scienûsts based on their information reach conclusions which are not 

consistent with existing economic theory. OECD's (1995) report contains more sophisticated data 

based on recent analysis of the environrnental consequences of the Chernobyl accident. Therefore, 

I use the mentioned above sources to reach my own conclusions about macroeconornic 

consequences of the accident. Also some facts fiom the Soviet and Western media are presented as 

well as my own impression and experience of the accident. 

The second half of the chapter is a survey of the real changes in macroeconomic variables of 

interest in the Soviet economy after the Chemobyl accident, as desribed by Soviet economists. The 

idea is to show the ciramatic changes for the structure of the macroeconornic system as they were 



presented by Soviet specialists. 

I .  I .  Environmental consequences of the Ciiernoby/ accident 

Chemobyl itself is a small town of 12,500 people in the former Ukrainian republic of the Soviet 

Union. It is located about 105 kilometres north of Kiev, the capital of the Ukraine with population 

about 3 million people. The Chemobyl nuclear power plant (CIiNPP) is located 15 kilometres to the 

north-west of the town of Chemobyl. To the south-east of the plant, an artScid lake of some 22 km 

situated beside the river Pnpyat a tributary of the Dnieper river, was constructed to provide cooling 

water for the reacton. Three kilometres away nom reactors the town of Pnpyat with 49.000 people 

is located. The Dnieper River which provides 80% of the water supply for the Ukraine flows through 

the area on its way to the Kiev Reservoir. 

At the tirne of accident. the USSR generated about 10% of the world's nuclear power fiom 43 

operating reactoe with capacity of 27 billion watts of electricity. By 1986 the ChNPP accounted for 

10% of the USSR's total electricity-generating capacity and 15% of nuclear-generating capacity, and 

was , dong with Leningrad NPP, the Soviet Union's largest nuclear plant at 4 thousand million watt 

of capacity. It consisted of four units. Unit 1 and 2 were constructed between 1970 and 1977, while 

Units 3 and 4 were completed in 1983. 

The accident itself occurred at 1 :23 AM on April26, 1986. The explosion of the 4th Unit released 

about 18 tones of radioactive matter (Radio Free Europe Special, May 22, 1986). The first Soviet 

report to the Intemational Atornic Energy Agency (IAEA) noted that there were two major penods 

of radioactive fallout: April26-27 and May 2-6, 1986. According to the report the ground became 
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severely contarninated to the West. noah-west and noah-east of the C W P  while the plume afEected 

the Ukrainim, Byelomsian and Russian republics. 

However, political considerations combined with the lack of environmental monitoring 

equipment in the former USSR resulted in significant underestimation of the consequences of the 

Chemobyl accident in the above mentioned report. Borovoi and Sich (1995) state: 

"Investigation conducted during 1986 to 1989 showed that previous notions concerning the extent 

of dumage within Unit 4 m a result of the accident in the most cases did not correspond to the acruol 

state of the destroyed reactor " (Borovoi and Sich. 1 995, p. 8) 

Sich (1996) gives the release estimate for the eight most significant volatile isotopes as 92 million 

curie (MCi) which is O . . .  substantially more than a total release of 50 MCi cloimed by the Soviets 

in V i e m  in August 1 986.. . I f  the contribution of all other longer Iived radioisotopes are added, the 

total release may appronch 1.50 MCi " (Sich. 1996, p. 208). 

According to the OECD's (1 995) report, during the fint ten days of the accident, meteorological 

conditions changed frequently, causing significant variations in release direction and dispersion 

pararneters. The largest fuel particles were deposited essentially by sedimentation within 100 

kilometres of the reactor. Small particles were carried by the wind to large distances and were 

deposited primarily with rainfall. The radionuclide composition of the release and of the subsequent 

deposition on the ground also varied considerably during the accident due to variations in 

temperature and other parameters during the release. 

Three main spots of contamination resuiting fiom the Chemobyl accident have been identified. 

The Central spot was formed during the initial, active stage of the release to the West and north-west. 

Ground depositions of cesium-137 covered large areas of the northem part of Ukraine and the 
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southem part of Belorus. The Bryansk-Belanis spot. centred 200 kilometres to the north-northeast 

of the reactor, was formed on 28-29 April as a result of rainfdl on the interface of the Bryansk region 

of Russia and the Gomel and Mogilev regions of Belanis. The Kaluga-Tula-Orel spot in Russia, 

centred approximately 500 km north-east of the reactor, was formed fiom the same radioactive cloud 

that produced the Bryansk-Belanis spot, as a result of rainfall on 28-29 Apnl. In addition, outside 

the three main hot spots. in the greater part of the European temtory of the former Soviet Union 

there were many areas of high radioactive contamination. 

According to Soviet figures, the highest radiation levels in the city of Kiev were 0.5-0.8 

milliremdhour in earl y May 1 986. It represents an increase over the average radiation nom in 1 60- 

300 tirnes which shows that the 30-kilometre special zone marked around the ChNPP by the Soviet 

authorities was a somewhat arbitrary area that was mainly considered sufficient for the purposes of 

evacuating the population. For example, according to the mentioned Soviet report to IAEA, the level 

of extemal radioactivity 15 days d e r  the accident remained at 1 .O00 times higher than the normal 

at a distance of 60 kilometres away fiom the plant. 

The OECD's (1995) report swnmarizes the direct consequences of the Chemobyl accident as 

follows: 

"The mea affected was large due to the high altitude und long duration of the releuse as well as the 

change of wind direction. However, the pattern of deposition was very irregular, and signifcant 

deposition of radionuclides occurred where the passage of the plume coincided with rainfall. 

Alihough al1 the northern hemzsphere was afected, onIy territories of the former Soviet Union and 

part of Europe experienced contamination to a signifcant degree " (OECD. 1995. p.5) 

In this study the primary focus is on real damage to the environmental stock and, therefore, a 
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consideration of negative effects to the elements of the natural environment is presented. It is 

possible to subdivide the natural environment into the following elements: renewable resource stock 

- water resources with fish stock. land and crops, forestry, livestock; non-renewable resource stock - 

conventional energy resources such as oil, naturai gas and coal. Thus the analysis presented below 

shows direct and indirect damages to these elements as a result of the nuclear accident. 

Health problems associated with the Chemobyl accident are very complicated. They are not part 

of this study. Direct damage to the human health is not possible to evaluate because there is no 

agreement among physicians as to how many people were and are affected by the accident. Existing 

medical assessments are very controversial and based upon probabilities with huge deviations, which 

makes them worthless for the purpose of this study. Instead it is assurned that nuclear contamination 

of the environment eventually affects humans through partial damages to the elements of the natural 

environment (for example. through food, breathing air, drinking water, etc.) which results in decrease 

of labour productivity in the long-m. Therefore, from the economic standpoint, negative 

consequences of the accident for human health are a long-run problem with negative accumulative 

effect over time which manifests itself through decrease in labour productivity. 

The main damage to the water resources was associated with Dnieper River which extends for 

246 kilometres within Kiev region, its main tributaries the Pripyat, the Teterev, the Irpen and the 

Kiev and Kaniv Reservoirs. The first priority was the Dnieper river itself which is the Ukraine's 

most important water supplier and the main source of the republic's agriculhval wealth. Water from 

the Dnieper river is consumed by some 32 million people. 

Small lakes and ponds were another water resource contaminated by the radioactive matter. 

Usually in an accident. radionuclides contaminate bodies of water not oniy directly fiom deposition 
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from the air and discharge as effluent, but also indirectly by washout from the catchment basin. 

Radionuclides are quickly redistributed in water and tend to accumulate in bottom sediments, 

benthos, aquatic plants and fish. A hydrogeological study of ground water contamination in the 30- 

km special zone (Vovk. 1994) has estimated that strontium-90 is the most critical radionuclide, 

which could contaminate drinking water above acceptable lirnits in 10 to 100 years from now. Even 

though the Soviet authonties reassured that there was no threat to the water resources, govemments 

of Switzerland, Finland. Sweden, Norway have banned fishing on their lakes. Moreover, the 

governments admitted that the restrictions on fishing and fish consumption would be in place for 

a long time. Belorussian authorities banned fishing on their temtory as well. 

Direct and indirect contamination of lakes is still causing many problems within and outside the 

former Soviet Union. because the fish in the lakes are contaminated above the levels accepted for 

sale in the open market. Therefore. as a conclusion, fish stock in the former Soviet Union was 

significantly af3ected with probability one. In economic sense this fact implies increase of depletion 

rate of the fish stock on the one hand, and extra costs associated with protection fiom the fuaher 

contamination of water resources on the other. For example Marples (1 988) wrote: 

" By October 1986, ivith the use of soil-machine. an underwater dam had been constructed, which 

was 450 rnetres in kngth. At the fiont of i f  was creaied a groove of 100 rnetres in width and 16 

rnetres deep. Ifs purpuse was to catch radionuclides entering the Kiev Reservoirfiom the tribufaries 

of rhe Pripyai River. A second silt trap was created in front of the dam ai the Kiev hydroelectric 

station, made of crushed Stone and again with a wide groove ut its fiont point. Wuter-retention 

structures were constructed on the rivers Sakhan, LVresnya, Bererhest, Rudyankn, Braginka, 

Nesvich and others that rmpty into the Uzh and Pripyat rivers" (David Marples, 1988, pp 65-66) 



And one more example from Marples: 

"... a 30-metre wu11 wris built into the ground at the reactor No 4 that reportedly blocked the 

movement of ground water toward the Pripyat river. At the entrance to the latter a drainage screen 

was established " (David Morples, 1988, p. 66) 

in addition, the whole of Mediterranean sea basin was affected by nuclear contamination. The 

Black Sea whose large area belongs to the former USSR, was impacted the most. It was still showing 

the cumulative effects of the Chemobyl accident in 1990 (see Aarkrog, Angelopoulos, Calmet, and 

othes, 1993). Even though it is difficult to detect this negative effect economically, nonetheless 

methodologically it has to be accounted for. 

Forestry suffered as well. Because of the high filtering characteristics of trees, deposition was 

often higher in forests than in agricultural areas. Close to Pripyat a forest with tall pine trees 

absor~ed the highest fallout, turning into a rut-colour as a result. It was named the "Red Forest" 

by local people. An area of about 375 hectares was severely contaminated. Radio Free Europe 

admitted: "There ivere two main areas of concern: forest fires which could quickly spread 

radioactive cesiurn; an J fuliing pine needles that rnight contaminate the forest vegetation in the 

vicinity ". Marples. cited above, writes: "Over the course of more than a year, part of the redwood 

pine forest near Pripyat was chopped down by c o m ~ c t i o n  machines ... By June 1987 about halfof 

this forest had actually hem chopped do wn.. . .> 

The OECD's (1995) report States: 

" The top 10-15 centimrtres of soil were removed and dead trees were cut down. This waste was 

placed in penches and covered with a layer of sand A total volume of about 100,000 m was buried" 

(OECD, 1 995, ch. VI. p. 4) 
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This is just a small exarnple of damage to the timber biomass as renewable resource stock. 

Actually a lot of forests north. north-west and west of the ChNPP suffered fkom the radioactive 

fallout which, of course. decreased timber stock available for production and consumption on a large 

scale. On the other hand. forests are highiy diverse ecosystems whose flora and fauna depend on a 

complex relationship with each other as well as with climate, soil characteristics and topography. 

They may be not only a site of recreational activity, but also a place of work and a source of food. 

Wild garne, berries and mushrooms are a supplementary source of food for many inhabitants of the 

contaminated regions. Timber and timber products are a viable econornic resource. Therefore, timber 

biomass as well as non-timber products were significantly affected in addition to the fish stock. 

Even though, according to Marples (1986, 1988), the northem part of Kiev region that is located 

within the 30-kilometre special zone was not a significant area for agricultural production, the 

contamination of soil as a result of the accident did affect agriculture. It is helpful to present some 

interesthg facts. again from Marples (1 988). In March 1987 CIA estimated that at least 1,000 square 

kilometres of land was affected. The direct losses of harvests were as follows: 25,000 tones of grain; 

70,000 tons of potatoes; 30.000 tons of millc and 1,000 tons of fiax (Politicheskoe sarnoobrazovanie, 

10, October 1986). Marples writes: "ln terms ofukruinian output oniy the losses to thepotato crop 

comtituted about O. 35% of toml production for the 1986 year ". In the summer of 1 986 the Soviet 

authorities adrnitted that the wheat in the fields around the darnaged reactor was contaminated and 

would not be harvested. Moreover. the Vice-president of the Soviet Academy of Sciences Evgenii 

Velikhov emphasized ihat agricultural cultivation within the 30-kilometre zone was out of question 

(Interview to Reuter, May 25, 1986). This area accounts for 282,000 hectares. 

This is direct negative effect on agriculture through contamination of soil within the 30-kilometre 



special zone. However, according to Richards (1 999,  the releases during the Chemobyl accident 

contaminated about 155.000 km2 (1 5.5 million hectares) of land in Belanis, Ukraine and Russia 

About 53,000 km2 (5.3 million hectares) of this total were in agricultural use; the remainder was 

forest, water bodies and urban centres. Table 1.1 below presents the sizes of contaminated temtories 

within the former USSR. as estimated by Soviet specialists. 

Table I .  1. Contaminateti areas in the former USSR due to the Chernobyl accident 

1 States 1 Sizes of contaminated territories, km' 1 

I 
-- 

Ukraine 

Russia 

Belorus 

55,990 

46,450 

The OECD's (1995) report States: 

Moldova 

"...if is not possible to predicr the rate of reduction [in soil contamination] as this is dependent on 

50 

so many variable fuctors. so that restrictions on the use of land are still necessary in the more 

Source: Aarkrog, A.. Tsaturov, Y. And Polikmpov, G. G. Sources of environmental radioactive 
con fam inniion in the former USSR. Riso National Laboratory, Rockilde. Denmark. 1 9 93 

contaminated regions in Belorus. Ukraine and Russia. In these areas, no lifring of restrictions is 

likely in the foreseeuble firture " (OECD, 1995, ch. V l  p.3) 

ükminian scientist Vladimir Georgievskii (1 994), considering the entire chian of food consumption, 

subdivides soi1 contamination into: (i) crops itself; (ii) soil under crops; (iii) gras on pastures; (iv) 

soil under pastures. It shows transitory negative effect From contamination as well as long term 

effect. From his assessrnent it is possible to denve relative darnages to some elements of the 

ecological system as a result of nuclear contamination. It appears that the grass on pastues is the 
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major threat. If damage to the g r a s  is assumed to be 100%, then the relative damages to the other 

elements of ecosystem associated with agriculture are: crops itself - 6 1.6%; soil under crops - 9.7%; 

soil under pastures - 12.7%. Therefore, as a resuit of the nuclear accident livestock was afTected as 

well as agricultural stock in terms of soil productivity and land use. For example, only in the first 

few days of the accident 1 5,000 CO ws were slaughtered in Ukraine (OECD, 1 995); eight years &er 

the accident 2,640 km' of agricultural land in Belorus have been excluded fiom use (The Republic 

of Belorus Information Bulletin, Minsk, Belorus, 1994); within 40-km radius of the power plant 

2,100 km2 of land have been excluded Çorn use for an indefinite duration (OECD, 1995). 

Moreover, Georgievskii ( 1994) emphasizes dynamic, accurnulative character of such effects. It 

suggests that the biological growth of renewable naturai resourçes was slowed d o m  which means: 

imrnediate damage to the renewable resource stock is followed by decrease in renewable resource 

flows. Therefore, the overall effect on agriculture is significant if we consider ecological systern 

as a whole. Support for such a c l a h  is found in Marples (1 988). He writes: 

"The Swedish governmrnt has stipulated a maximum limit of 300 becquerels per kilogram for the 

concentration of radioactive products in reindeer meat. .. The Nuclear Regulatory Commission 's 

report on the Chernobyl accident states that the level of contamination in reindeer meat in 

Scandinavia reached 20,1100 becquerels per kilogram, and that concentrations well obove maximum 

Iimits will persist for several years ... The conrequence was the burial of 75% of the reindeer 

slaughtered in Sweden or the sale of the reindeer meat as animal feed. .. " 

One more example: 

"Early in May 1986, there were heavy thunderstorrns over the mountain regions of Cumbria, North 

Wales and western Scotland that resulted in the contamination of beîween 2 and 4 million sheep. 
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Even with the passage of tirne rhe Ievels of cesium remained higher than anticipateci, probably 

b e c m e  the cesiurn dernent rnovedfiom grus  into the soi2 more quickly than had been foreseen ... 

In August 1987, new restrictions were imposed on 69 highland fmmr in Scotlund involving 124,000 

head of sheep. Altogether at this rime, the embargoes on the slaughrer of sheep in Britain 

encompassed j6.l farms with 560,000 sheep " (Financial Times, August 13. 1987) 

The above facts show significant impact on Scandinavia and Britain which are quite distant from 

the C W P .  Therefore. we c m  expect even more significant impact on the Soviet Union's renewable 

resource stock which is eventually manifested itself through the loss of agricultural production. Even 

Marples could riot resist from a conclusion: "...Since the majority ofits [the Chernobyl's reuctor] 

fallout occurred in ~ h e  region around the plant itself; it is evident that the effects of the fallout on 

U h i n i a n  and Byelorussiun agriculture were even more severe than in Scandinavia and Britain ': 

However, the overall conclusion here should be as follows: the renewable resource stock in the 

Soviet Union was affected in ail areas north, north-west and west of the ChNPP as a result of the 

accident. This region includes good arable land as well as pastures to raise livestock. 

So, it is necessary to admit that the Chemobyl accident significantly affected the renewable 

resource stock in the former Soviet Union. The darnage resulted in decrease of biomass available for 

production and consurnption. The general term biomass here has broader meaning and it includes 

fish stock, tirnber biomass. forest products (mushrooms, bemes, etc), agricultural stock in t ems  of 

land productivity and land use, livestock. There also exists a secondary effect which is decrease in 

the natural growth of the renewable resource stock because the lower resource stock generates the 

lower resource flows. 

I t  is also possible to justify impact on non-renewable resource stock. This is implicit or indirect 
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effect. Once again the works by Marples (1 986, 1 98 8) are good reference points. He provides facts 

which show that the Chemobyl accident brought about energy crisis in the former USSR in the late 

summer and fdl of 1986 and lasted until spnng of 1987. For example, Marples writes: 

7ne accident brought inro question the viability of the existing RBMK-type nuclear reactor. The 

short-term eflect wns rhut rrtrojirtings were made tu the 14 Soviet reactors o f  this vpe  which 

necessitated their temporury shrrtdown ... it does seern fiom the evidence mailable that al1 the 

RBMfi were shut down simulfaneously, thereby depriving the Soviet Union of not 8-9%, but mound 

55% of its nuclear-generuted electricity as the summer of 1 986 drew to a close " (David Marples, 

1 988, p. 9 1) 

Such a situation caused two immediate negative ef5ects: (i) senous electricity shortage; (ii) decrease 

in the designed fiequency of the power grid. The second effect implied a necessity to shut down 

motors in numerous factories. In September 1986 Soviet authorities admitted that loss of capacity 

wodd not be easy to make up. Moreover, on September 29, 1986 a Soviet newspaper Pravda 

announced that the Soviet Union was facing a shortfall of energy for the winter because of the 

Chernobyl disaster. Chemobyl also delayed construction of three new Ukrainian nuclear reactors. 

As Marples states, the construction work had fdlen behind schedule not only at the three Ukrauiian 

nuclear plants, but also at the water-driven boilers of the thermal power stations in Vimytsya, Lviv 

and Kharkiv regions of the Ukraine. 

Later on the Soviet media informed that the Chernobyl accident caused a necessity to compensate 

for the electricity shortfall by burning more coal than it was planned. In general, according to the 

media, "electricity supply fell by over 500 million kilowatt-hours in the first halfof 1986. The 

picture h a  not changed in the second halfof the year " (Sovetskaya Rossiya. November 27. 1986). 



Based on the above facts Marples makes the following conclusion: 

"Thus Chernobyl brought about a short-term electricity crises in the USSR that Zasted into the 

spring of 1987. Other factors contributed to the dilemma, but had Cheniobyi nof o c w e d  it is sofe 

to say that the situation co uld not have been labelled a crisis" ( Marples(1988). p. 98) 

However, from macroeconomic standpoint two negative effects can be identified based on the above 

facts: (i) decrease in the electricity production which resulted in greater shortages in production and 

consumption; (ii) increase in depletion rate of the non-renewable resource stock associated with 

extraction of extra coal to make up for the shortfall of the nuclear-generated electricity. 

The last cl& can be supported by the following fact. In his TV interview on June 5, 1986 the 

Chaimian of the USSR State Cornmittee for the Utilization of Nuclear Energy A.M.Petrosiants said: 

"200,000 waggons of cou2 or 12 million tom would be needed simply fo match the output in 

kilowatt-hours of the Leningrad nuclear power plant in a single yeur ". The capacity of the CIiNPP 

was equal to the capacity of the Leningrad NPP. The shortage of electricity, therefore, was made up 

by at least this amount of extra coal which corresponds to the previously mentioned facts. However, 

it is also necessary to include the amount of coal required to make up for the loss of nuclear 

electncity due to shut down of the other nuclear reactors. 

As overall conclusion. there are four aggregate negative effects as results of the Chemobyl 

nuclear accident. niree of them are purely environmental: 

1. Decrease in available renewable resource stock. 

2. Decrease in the natural growth rate of the renewable resource stock. 

3. Increase in depletion rate of the non-renewable resource stock. 

The fourth effect is purely economic: 



4. Increase in shortages in production and consumption. 

In this study al1 four are taken into account. The following chapters hvo, three and four describe: 

(a) theoretical framework that will incorporate the above negative effects; (b) estimations of the 

effects and consequences for the Soviet economy. However, before proceeding with the theoretical 

framework, the remainder of this chapter presents the conclusions reached by Soviet analysts about 

the macroeconomic impacts of the Chernobyl accident. 

1.2. Anaiysis of the Soviet econorny 's performance in 1986-1990 

As it was stated earlier, the large environmental impacts c a w d  significant changes in 

macroeconomic aggregates. Analysis of such changes in the Soviet economy since 1986, using 

Soviet officia1 statistics. supports such a claim. It is useful to begin with comparison of planned 

(expected) values of some macroeconomic variables with real. 

The period of 1986- 1990 was associated with 12th five-year plan in the Soviet economy. It was 

expected that national income would increase in 1.5 times or by 3.5-4% annuaily. The absolute 

increase of national income should have ken 96-1 1 1 billion rubles. However, later on even Soviet 

officiais had to admit that they had never seen such decreasing patterns of macroeconomic 

aggregates since World War II. Gross Social Product (GSP) increased by 13.2% (2.5% annually) in 

comparison with 1 9.5% (3.6% annually) in 1 98 1 - 1 985. National income increased by only 6.8% 

(1.3% annually) in 1986- 1990 in comparison with 17% (3.2% annually) in 198 1 - 1985 (Stepanov, 

1991). Stepanov (199 1 ) also claims that in general the Soviet economy lost around 78 billion rubles 

of national income as a difference between expected and real values. In his opinion, the most 

significant decrease during 1986- 1 990 has been observed in machine-building sector (by 1 8.6%) and 
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mining sector (by 7%). He blarnes the investment policy of the Soviet government who increased 

aggregate subsidies in the economy by 105 billion rubles. 

However, let us not to forget that such an increase was mainly associated with desire to quickly 

overcome the consequences of the Chemobyl disaster. Unforhmately, at that time no one of the 

Soviet officiais admitted this fact. And only later in the article written by the head of the Soviet 

S tatistical Bureau (Gosplan) Kirichenko was it stated that : 

"Budget defcit was 14 billion mbles at the beginning of 1986. 42 billion rubles at the end of 1986 

and 81 billion rubles in 1989. Mainly the budget expenses were associated with liquidation of the 

consequences of the Chrrnobyl accident" (V. Kirichenko, 1 991. p.5) 

However, officia1 data published by the Govemment Bulletin in 1989 revealed the following 

numbers for budget deficit: 1985 - 18 billion rubles; 1986 - 47.9 billion rubles; 1987 - 57.1 billion 

rubles: 1988 - 90.1 billion rubles. In [MF's (1991) report the following dynamics of the increasing 

budget deficit is presented: 

Table 1.2. Budget Je$& in the L W R  in 1985-1989 

II Years 1 Budget deficit, % of Gross Social Product 11 

1989 1 8.5 
* 

Source: The economy of the USSR: conclurions and recommendations by IMF Voprosy 
Ekonomiki, 3. 1991. pp. 6- 72 

Regardless of what data set one choses, the following conclusion is obvious: budget deficit increased 



in almost 3 times within the year of 1986 - the year of the Chemobyl accident. 

So, the dramatic increase in government spending was partidly due to the Chernobyl accident 

given constant tax structure. And if we m e r  accept the assumption of autoregressive nature of the 

accident for macroeconomic system. we would expect the problerns to pile up. First of dl,  according 

to Kirichenko ( 199 1 ), the most alarrning problem in 1986- 1990 period has k e n  significant decrease 

in the natural basis2 for production of food production. As a result, growth rate of agriculhiral 

products has k e n  decreasing : it was 2.1 % in 1986- 1988 and 0.6% in 1989- 1990. Planting decreased 

by 4.3% by 1990 and meat production by 0.8%. The following agricultural production also 

decreased: potatoes, vegetables. h i t .  Eventuaily economic situation in the former USSR became 

very bad by 1989 and. once again according to Kirichenko, in 1990 the economy faced the absolute 

decrease in aggregate production. which was later supported by official data. 

Let us present some evidence of piling up problems. The increased spending on the liquidation 

of the consequences of the Chernobyl accident caused re-distribution of investment. Social sphere 

became the first victim. Since 1989 the housing construction has decreased by 3%, construction of 

schools, kindergartens and medical facilities fell by 1 O- 17%. The overall efficiency of investment 

in the Soviet economy fell by 7% during 1986- 1990 in cornparison with 1 98 1 - 1985. The unfinished 

construction reached 200 billion rubles in 1990 against 120 billion at the end of 1985. The growth 

of investrnent in 2.7 times exceeded the growth of production of means of production (Kirichenko, 

199 1). 

In 199 1 Levin wrote down: "Shortage has become chronic and this may lead and already hm 

natural resource stock (Y Y) 
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Ied to deep negative socio-econornic comequences " (Levin, 1991). Soviet assessments of shortages 

are very controversid and there are deviations in their absolute values. Usualiy aggregate shortage 

or unsatisfied demand is calculated as follows: 

unsatisfied demand = torril household savings + m e n t  labour income - existing stock of consmer 

gook - total production of consrmer goods and services. 

However, regardless of variability in estirnates, the overall pichire is clear: shortages have been 

increasing dramatically in the Soviet economy during 1986- 1990. For example, Levin (1 99 1) 

anaiysed the scale of shortage by analysing the growth of savings. According to his assessment, 

unsatisfied demand in 1989 was 25 billion rubles and around 40 billion rubles in 1990 in cornparison 

with 3-4 billion rubles in 198 I - 1982. The accumdated stock of savings during 1986- 1990, 

estirnated by Levin. was 100 billion rubles not counting cash holdings by population. Bogochev 

(1990) presents his calculation of savings and available goods stock as follows: "ln 1965 total 

household savings werr 19 billion rubles which accounted for more than 50% of available goods 

stock In 1985 the amoitnt of savings of 221 billion &les was supported by 98 billion rubles of the 

gooak stock 4,i 989 total househoid suvings increased to 338 billion rubles while the goodr stock 

was just 80 billion rubles " (Bogochev, 1 990. p. 7). Both authors, Levin (1 99 1 ) and Bogochev (1 WO), 

point out that the process of exhaution of the accumulated goods stock has begun since 1986. The 

volume of the stock decreased by 33% in 1986- 1989. 

Shatalin and Y avlinskii ( 1 990) estimated total forced savings including cash holdings by 

population as k ing  equal to 400 billion rubles in 1990 or around 40% of the Gross Social Product. 

They cal1 this amount inflarion gap which, in their opinion, exceeded a similar indicator in the 

United States in 1929 before the Great Depression. Shmelev (1 990) reports an amount of 500 billion 



23 

rubles as "spare" rnoney held by population in savings and cash plus savings of enterprises. Orlov 

(1990) presents his own indicator of shortages - degree of shortage. He writes: " We fomd out that 

oniy 106 items of comzirner gooh out of 989 were available in the state d e  sector which indicates 

degree ofshortage os 89% ". 

Eventually increasing shortages in the Soviet economy during 1986-1 990 led to two negative 

consequences: (i) increasing share of the second econorng; (ii) increasing inflation. Concernïng the 

first one, Koryagina ( 1 990) wrote: " Unbulanced szrpply and demand or huge defcit of consumer 

goodr is the major factor for a p p e m c e  andfinctioning oflhe second economy. .. The overall gap 

between demand and supply at the beginning of 1990 reached 16.5 billion nrbles. At the same time 

the ske of the second economy was approximately 100 billion rubles according to our calculation " 

(Karyagina. 1 9990, p. l 17). 

Another problem was increase in the level of inflation. If previously economists had talked about 

hidden inflation in the Soviet economy, in 1986-1990 they had to admit the existence of explicit 

inflation. For instance. Levin ( 199 1 ) reports the following increase in prices of some goods during 

1985-1 989: meat and meat products - 10%; bread - 19%, potatoes - 40%, vegetables - 26%, clothes - 
23%, colour TV sets - 12%, refrigeraton - 14% (Levin, 199 1, p.32). According to Levin's (1 989) 

assessrnent in 1989 alone the overall price level increased by more than 10% (Levin, 1989). In tum, 

Stepanov ( 199 1 ) reports levels of inflation in the Soviet economy for period of 1986-1990 which 

were calculated by two Soviet research institutes - the Gosplan Economic Research Institute (GERI) 

and the Central Bank Research Institute (CBEU). Table 1.3 below shows these estimates. 

Shadow economy in the Soviet literature 



Table 1.3. Levels of infuiion in the Soviet econorny during 1986-1990 

1 Year 1 Inflation GERI, % 1 Inflation CBRI, % 

Increasing budget deficit. decreasing ievels o f  production accompanied by unfounded increase in 

- - -  

1990 

wages caused dramatic increase in money supply at that moment. Kirichenko reports the following 

dynamics of increase in money supply: 198 1 - 1986 by 18%; 1988 by 100%; 1989 by 56%; 1990 by 

50% (Kinchenko. 199 1. p.5). There is another interesting fact reported by the head of Goskomstat - 

,- 

Source: Stepanov. Yuri. îvarodnoye Khozyaistvo, March 1 991, pp.56-65 

- -- 

18.6 

the dynamics of unsatisfied demand. Table 1.4 represents the dynamics. 

Table 1.4. Unsatisfed clrmand in the Soviet Union during 1985-1 990 

18.6 

I Y ears 1 Unsatisfied Dernand. billion rubles I 

These figures show 3.3-time increase in the unsatisfied demand over 1985- 1990 or approxirnately 

1990 

by 27% per year. If the unsatisfied dernand is taken into account, the o v e d l  inflation level wouid 

80.5 
Source: Kirichenko. Victor. Narodnoye Khozyaistvo, March 1 99 1. p. 5 
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be even higher than reported above. Based on the above numbers Kirichenko concludes: "Since mid- 

1990 shortage has become a general phenornenon " (Kirichenko, 1991, p. 7). In this regard, in 

economic terms 1990 was the worst year in the Soviet post World War II history indicating the 

accumdated problems in the Soviet economy. Based on publications by Kirichenko (1991) and 

Nazarov (1991) as well as Soviet official datz the following economic indicators of that year were 

derived: 

Growth of national income: -4% 

Increuse in labour prorliictivi~: -3% 

Increase in money supply: 2 1.5% 

Increase in external deht I I .  1 % 

Increase in budget deficit: 71.7% 

Infation: 19% 

Increase in uma f isf ied rlemand: 3 0.3 % 

Moreover, ail these problems Ied to the extemal debt of $60 billion in 1990 which was 1 1.5% of 

GDP. Table 1.5 presents dynamics of the accumulation of the extemal debt in the USSR. 

Table 1.5. USSR: Externul debt in 1985- 1 990 

b. 

Years 

1985 

1986 

1987 

1988 

1989 
7 

I External Debt, billion US$ 

28.9 

3 1.4 

39.2 

43 .O 

54.0 



II Y ears 1 Extemal Debt, billion US$ II 
-- -- - 

1990 1 60.0 

Source: The economy of the USSR: conclusions and recornmendatiom by IMF.  Voprosy Ekonorniki, 
3. 1991, pp.6-72 

According to Volkov ( 199 1 ) internai debt accounted for 550 billion rubles at the beginning of 1 99 1 

or around 40% of Gross Social Product. 

Earlier in 1987 Gorbachev wrote in the prominent Soviet newspaper Pravda: 

"... the economic grorvth rures fell tu a ievel which actually approached economic stagnation We 

started evidentiy falling behind in one way afier the other. The gap in the eBciency of production. 

qua& of products ond scientzfic-lechnical progress began to widen in relation to the most 

developed countries und not to our benefit " (Gorbachev, Pravda. June 26. 1987). 

Khrylev (1 99 1) compared energy content of national income in the USSR Japan, Germany and 

USA. His conclusion is "The energy content of the Soviet national income is 3.2 kilogram of 

conditional fuel per 1 riibie ofnational income. It is in 3 rimes higher than in Japan, in 1.8 times 

than in Germany and in 1.6 rimes thon in USA ". This statement is a good characteristic of the 

wasteful nature of the Soviet economy at that time. 

So, from the analysis presented above, it is possible to c l a h  that there have been obvious and 

drarnatic changes in al1 major macroeconomic indicators during 1986-1 990. Even though the Soviet 

economy has faced many dificult problerns associated with wrong management and mistakes in 

rnacroeconomic policy. nonetheless some of these problems were undoubtedly caused by the 

Chernobyl accident. 

In 1997 in his speech to the session of United Nations dedicated to the environmental problems, 
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the president of the Ukraine Leonid Kuchrna admitted that annually the Ukraine spends US$l billion 

on liquidation of the consequences of the Chemobyl accident. The persistent character of these 

consequences is reflected in two more facts. Since 1986 the Ukraine has introduced the Chernobyl 

t a  and the Ministry of Chernobyl. Both facts point at a desire of the Ukrainian govemment to deai 

with consequences of the accident on a permanent basis. 

In conclusion the above analysis shows that there have been dramatic changes in performance 

of the Soviet economy since 1986. These changes were reflected in significant downward trends of 

al1 major macroeconomic indicators. Moreover, the overdl situation in the Soviet economy has 

significantly worsened during 1 986- 1990. Therefore, it is possible to conclude that the Chemobyl 

accident not only affected the Soviet economy on a large scale in 1986. but it also has had 

accumulative. negative effect aftenvards. Thus, in order to study the macroeconomic consequences 

of the Chernobyl accident it is necessary to investigate the process in a dynamic framework. The 

main focus should be on changes in dynamic patterns of the major macroeconornic variables as well 

as changes in stability conditions of the entire economy as a result of the accident. Two questions 

a i se  in this regard: 

1. What macroeconomic variables best indicate the consequences of the environmental impact in 

the Soviet economy? 

2. How are these variables affected over time? 

The next two chapters provide ariswers to the first question. In hm, chapter four investigates the 

second question in detail. 



CHAPTER TWO 

DYNAMIC ANALYSE OF THE SOVIET MACROECONOMIC SYSTEM 

This chapter presents general analysis of existing theoretical approaches to the modelling of 

socialist economies. Based on this analysis a choice is made in favour of neoclassical growth theory 

with adjustments for specific features of the Soviet economy. As a result, a disequilibrium growth 

model of the Soviet economy is derived. 

The derived disequilibrium growth model incorporates major distinguishing features of the Soviet 

economy over period of 1950-1985 or before the Chemobyl accident. Nahlral resources are 

introduced into aggregate production function as complement to conventional factors of production, 

capital and labour. dong with assumption of fixed technology. Also decision d e s  of central 

planners are specified based upon planning system in the Soviet economy. 

Centralized management fixed prices and slow technological progress lead to appearance of net 

aggregate shortage which underlies the dynamics of the Soviet economy. Depletion of the natural 

resource stock is a longer-terni dnving force behind dynamics of such an economy. Both forces are 

reflected in the final version of the basic dynamic equation. 

Further the basic dynamic equation is analysed to study dynamic properties of the Soviet 

economy. It appears that there is a steady state in this economy associated with normal shortages 

which are due to steady depletion rate of natural resources. The steady state path of the Soviet 

economy is parallel to the Walrasian steady state. Stability conditions for such an economy are 

derived. The main theoreticai result of this chapter is: extensive depletion of natural resources and 

increase in shortages wonen the dynamic properties of an economy. In general, the chapter provides 

a theoretical hrnework for analysis of the consequences of the Chemobyl accident in the Soviet 



economy. 

2.1. Two approaches to the modelling of the Soviet-type economies 

The most popular approach in modem macroeconomic analysis is modelling within a general 

equilibrium framework. However, this approach is not appropriate for the Soviet-type econornies 

( S E ) .  One particular outstanding feature of STE is the pervasiveness of disequilibria Supply 

problerns have plagued state enterprises throughout Soviet history, and shortages of consumer goods 

and services have been a special problem for households and economy as a whole. 

The socio-economic system created in the USSR made it possibIe even in 1930s to reduce the 

share of population's consumption to a half of the GDP (Volkonskii, 199 1). In the 1970s and 1980s 

it fluctuated around 60%. However, about 8% of the 60% comprise cost-free services for households. 

If an uidicator of personal expenditures for consumption is taken hto consideration instead, then the 

difference between consumption's share in the USSR and market economies turns out to be very 

impressive. For example. in 1980 this share in USA came about 65% while in the USSR it came 

about 55%. The existence of shortages of consumer goods and services on the one hand and gluts4 

of consumer and some other goods on the other hand can be shown with the help of the following 

facts. Total monetary incorne of households in the USSR increased fiom 195 billion rubles in 1970 

to 415 billion rubles in 1985 indicating 5.2% annuai increase. During the same period total 

household savings increased from 73 billion rubles to 3 14 billion rubles or by 10.2% annually 

(Steinberg, 1990). Most of these savings occurred because Soviet people were unable to make 

purchases of goods and state provided services of their choice. On the other hand, despite the large 

Hungarian economist Janos Kornai whose ideas we use in this study intmduces term "slack" for gluts. 
We will use the same t e n  from now on to keep consistency of terminotogy. 
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increase in total household savings. stocks of inventories of unsold finished consumer goods and 

other commodities more than doubled during the same period fiorn 64 to 150 million rubles. 

Therefore, for exarnple. savings represented 56.8% of GNP in 1985 while consumption was 49.2% 

which indicates shonage. However, inventories of unsold finished consumer goods and other 

commodities accounted for 37% of GNP which, in fact, is slack. 

The data mentioned above point directly at persistent disproportions in the Soviet economy. 

Mainly these disproportions have arisen because of: (i) kt-priority development of heavy industry 

to the detriment of light industry and infrastructure sectors; (ii) capital investrnent designed for 

repayment over long periods of time (i.e. low efficiency of investrnent); (iii) extensive utilkation of 

matenai and human resources; ( iv) wastefd consumption of non-renewable resources; (v) arti ficial 

cutoffs in household consumption. Therefore, in order to mode1 Soviet economy we have to look 

for appropriate tools within a disequilibrium framework. 

There are two major approaches to modelling a STE as a disequilibrium economy. The first one 

is associated with non-Walrasian school of economic thought and mainly is associated with names 

of Grossman, Barro. Malinvaud. Benassy, Portes and others. The second one is associated with 

work by Hungarian economist Janos Komai. Both approaches consider a socialist economy as an 

excess demand economy. Both use quantity adjustments instead of price adjustments as the major 

indicators of economy's dynamics. However, there are some conceptual differences which we find 

analysing these two approaches. 

The disequilibrium theory developed by the non-Walrasian school starts with re-interpretation 

of Keynes. in Keynes (1 936) we fmd that disequilibrium in the labour market is due to insufncient 

aggregate demand. However. the key concept in Keynes' disequilibrium theory is his consumption 
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function. Keynesian consumption is a function of aggregate income (GDP). On the other hand, 

consumption also enters into the equation for effective aggregate demand. Therefore, it appears to 

be in Keynes' IS-equation that aggregate income plays the role of dependent variable and the role 

of independent variable at the same tirne. In a mathematicai sense Uicome depends on itself or 

simply quantity is a function of quantity . Therefore. we observe quantity adjustments first and only 

afterwards price adjustments as in a Walrasian general equilibrium h e w o r k .  In Walrasian 

framework actual transactions take place at equilibrium prices only, however, in reaiity we do 

observe transactions taking place at disequilibrium prices. According to Clower (1 965) in such a case 

the problem of influence of quantities (actual transactions) arises irnrnediately. He concludes that 

under these circumstances the actual transaction is equal to the minimum of planned (desired) 

demand and supply, and that the usual (notional) demand functions are irreievant since the realized- 

income constraint will reduce actual consumption below the level predicted by the neoclassical 

orthodox economic theory. Moreover. if such a situation occurs in one market it will affect al1 other 

markets. This generalization was made by Grossman (1972). Grossman concludes that it is necessary 

to bring quantity constraints in al1 markets into decision process. As an intermediate conclusion we 

can admit two major distinguishing features of the non-Wairasian approach: (i) some markets do not 

clear (excess demand or excess supply); (ii) adjustments in quantities in the short-m. 

Komai's (1 971, 1980, 1982, 1986) approach is similar to the non-Walrasian approach in that he 

also considers quantity adjustments. However, instead of "quantity signals" of the non-Walrasian 

school he introduces concepts of shortages and slacks which are aIso quantity signals. Moreover, in 

contrast to proponents of the non-Walrasian school who allow adjustments in aggregate supply to 

match aggregate demand in the short run, Kornai considers a persistent mismatch between the two 
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in form of shortages and slacks. According to Kornai (1982) the phenomenon of shortage plays a 

central role in his analysis. He points out that if we consider a single elementary purchasing action 

of a buyer, we end up with the following well-known relationship: 

Demand - Actual purchase = O if purchase intention is firfilled 
(Ex-ante variable) (Ex-post variable) > O ifexcess demand 

According to Komai. standard microeconomic theory stops at this point. Let us quote Kornai: 

" In my own "vocabuiury " shortage is a category comprising a large group of phenornena. II 

includes not only the divergence between pureharing interision and realization ("excess dernanti*?). 

but also the various forms of forced aï&utment. The shortuge syndrome is experienced by 

householdr living in a chronic-shortage econorny. And it is also felr constantiy byfirms. both in the 

process of acquiring muterial inputs, and in their utilization in the course ofproduction" (hnos 

Kornai, 1982, p. 12) 

The shortage syndrome in Kornai's view is the aggregate phenomenon of forced adjustment, 

forced substitution. queuing. searching, postponement, etc. He calls these elementary events partial 

shortages and goes on with construction of macroeconomic index of shortages and slacks. Evenhially 

he cornes up with two major conclusions: 

1. Shortages lower household3 and firm's purchases or aggregate demand is decreasing function 

of shortage. 

2. Shortages raise production or aggregate supply is increasing function of shortage. 

Thus, instead of Marshallian cross Kornai suggests to consider Kornai's cross where we have 

shortages instead of pnces as signals. 

The above description gives us the major differences between the two approaches to the 



33 

modelling of S E .  The proponents of the non-Walrasian school, in particular Malinvaud, Barro, 

Grossman, Benassy, apply the so-called "short-side rule" in their considerations of a disequilibriurn 

economy. The rule States that actual purchases and sales are equal to the smaller of demand and 

supply. The nile assumes existence of either excess demand or excess supply. For example, Portes 

and Winter (1980) applied the nile for several socialist economies. Their findings are: 9 excess 

demand years for Czechoslovukia, 13 for GDR, 6 for Hungary and 5 for Pol& Based on this 

anaiysis Portes and Winter concluded that excess supply was the dominant regime in three of four 

mentioned above counuies. According to the short-side nile, the proponents of the non-Walrasian 

school usually choose aggregate excess demand function for their analysis. If this hction is positive 

then we have excess demand. Othenvise, the economy experiences excess supply. So, according to 

this approach. a socialist economy "jurnps" around Walrasian state. In case of excess supply, 

according to Malinvaud we have "buyers market" whereas in case of excess demand we have 

"sellen market" but on1 y one at a time. The process of rationing takes place and actual purchases 

and sales aiways coincide with supply. 

In tum, Komai chooses two macro variables - shortages and slacks. He also defines normal 

shortages and slacks which always deviate from the Walrasian state. Actual shortages and slacks 

fluctuate around normal values remaining always distant from the Walrasian state. Komai claims 

that "af the macro-levei excess demand and excess supply occur simultaneously. Normal shortage 

and normal slack operute in parallel" (Janos Kornai, 1982, p. 35). 

Therefore, according to the non- Walrasian school at least one party out of two - buyer or seller - 

fulfils its intention. According to Komai, neither buyer nor seller fulfils his or her intention. Komai 

himself explains similarities and differences between his macro index of shortages and excess 



demand function of the non-Walrasian school as foIIows: 

"They are clearly reluted to ruch other in content, for both seek to express the general degree of 

shortage ut the macro-level. At the same time, there are important differences. One important 

dzfference is that aggregate excess &and only captures one (rhough very importanl) arpect of 

shortage: the purchase intention fiustrated because of shortage. As opposed ro this, the index 

comprises the rnultitudinous components of shortage phenornena including various forms of forced 

a@ustrnent. There is onother important difference between the two calegories. 7?ie definiion of 

aggregate excess demund is as follows: the surn of individual excess demandî minus the sum of 

individual excess supplies. Thir is, therefore. the ne/ balance of deviutions in both directions fiom 

the Walras ian balance. As contrusted with this. our index reflects only shortage side. without 

deducting surpluses from if. In a chronic-shortage economy shortage and slack coexist " (Janos 

Kornai, 1982. pp. 18- I Y). 

Based on his analysis Komai regards the short-side rule as being one-dimensional adjusmient 

while his own approach as two-dimensional. Anyone having understanding and expenence of the 

Soviet economy, would find it difficult to disagree with Komai. The entire stnichire of the Soviet 

economy was designed in a way such that the Walrasian state simply becomes incentive- 

incompatible. Therefore. instead of the Walrasian steady state it is necessary to find another point 

of origin associated with socialist economy only. For Kornai this point is a point of normal shortages 

and slacks. This is a kind of steady state of a socialist economy. 

However, let us analyse how Komai constnicts his aggregate index of shortages (or slacks). The 

overall index consists of elementary (partial) shortages. Once again it is helpfil to quote Komai 

directly : 



35 

" Each partial shorfage indicator measzires the intensity of certain definite shortage phenomena in 

a particularfield for aurnple, residential conîhuction phmmaceuticaf production foodpurchase). 

Some exampies: the shure of forced substitution in total purchases or in total comumption; the 

number of those y uezring up or qlreuing time; the number of selling establishments visited or the 

search tirne; the number of orclrrs refused; time iost in production due to shortage of inputs, and so 

on " (Janos Kornai, 1 982. p. 13). 

Based on these theoretical considerations Komai concludes: a comprehemive and reguIar 

observation of partial shorrage indicators is possible. Therefore, in principle. it is possible to derive 

the aggregate macroeconomic index of shortages. Komai even suggests to consider the index as 

being a latent variable' . 

In general Komai (1971. 1980. 1982, 1986) argues that STE is characterized by a non-prke 

mechanim, paternalistic relations between superiors and subordinates simultaneous CO-existence 

of shortages and slacks. soft budget constraints. The pervasive shortage environment eventually 

affects activity of al1 economic agents, and it is possible to construct macro index of shortages as a 

latent variable. Pnces play only a secondary role in explaining developments in the shortage 

econorny which implies a vrry important conclusion for this research: in a Soviet-type econorny most 

shockr are quantity shocks. We will emphasize the idea again and again. However, some very 

important elements of Komai's methodology seem to bz inconsistent. 

Komai points out that al1 partial shortages are measured in their own units and their interaction 

gives rise to the macroeconomic index of aggregate shortage. A question arises imrnediately: how 

Latent variable = unobservable directly. Can be derived econometncally through observable variables. 
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in economy where reliable statistics is only a ciream, could one collect data on partial shortages and 

then use statistical analysis6 to estimate this latent variable? In order to consistently measure 

aggregate shortages and slacks. it is necessary to distinguish between their net and gros values. Net 

aggregate shortage in a socialist economy &ses due to mismatch between pre-planned level of 

aggregate production and quantity of consumer goods and investment demanded at fixed prices 

usually set below equilibrium. In this regard, slacks or gluts cm be viewed as unsold inventories of 

finished goods and services and. hence, they are part of gross and net investrnent. 

Nonetheless, Komai's approach to modelling socialist economies is more appropnate for our 

goals than that of the non-Walrasian school. His idea of "own point of origin" for a socialist 

economy as king constantly distant fiom the Walrasian steady state, seems to be a very fruitfùl one 

for dynamic analysis of the Soviet economy. The Walrasian steady state of an economy is an 

equilibrium state of a dynarnic macroeconomic system at which al1 variables are invariant with 

respect to time and market-clearing conditions are fulfilled. On the other hand, for a socialist 

economy market-clearing conditions are never fùlfilled because of some specific features of such 

an economy which are analysed later, and, therefore, the Walrasian state is unattainable in principle. 

Instead, there is another steady state around which dynarnic paths of macroeconomic variables 

fluctuate. However. in applied work it is almost impossible to constnict the macro index of 

shortages and slacks based on Kornai's definition because of two main reasons: (i) a necessity for 

extensive data collection mainly based on interview approach; (ii) very subjective character of the 

data required. 

Such an analysis should be based on logit or probit models which require comprehensive and reliable data 
set 
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Therefore, it is necessary to design a fhmework that allows one to incorporate the main features 

of STE on the one hand and that gives an opportunity to apply it in practice on the other. We are 

looking for general principles in the development of the Soviet economy. Also we are looking for 

a hmework within which a meaningful empirical research cm take place. It appears that modem 

growth theory reflects both goals. Therefore. later in this chapter we apply the neoclassical approach 

to growth (developed in works by Solow (1956), Swan (19561, Morishima (1964, 1969), Hicks 

( 1965), SrafEa ( 1960). Stiglitz ( 1974) and others) to the Soviet economy using some ideas of Komai 

(1 982) and Simonovits ( 1 992). 

We also need a dynarnic model that reflects environmentai variables because our focus is on 

consequences of large environrnental impacts. The best reference in this area is work by John Pezzy 

(1 992) who presents a good analysis of macroeconomic growth models which incorporate different 

environmental variables. The other one is work by Wei-Bin Zhang (1 990) who presents an o v e ~ e w  

of different growth models including those with exhaustible resources from mathematicai standpoint. 

2.2. Assumptions for the gro wrh model of the Soviet economy 

In order to design a gro;rowth model of the Soviet economy, it is necessary to speciQ some 

important preconditions associated with choice of right rnacroeconomic indicators. Macroeconomic 

indicaton provide an interpretation of the current state of an econornic system as well as past and 

future trends. It is well known that. in general, there are two types of economic indicaton: (1) 

monetary variables such as prices, wages, money, inflation, interest rates, etc., and (2) real variables 

such as quantities of goods and services, population, labour force, nahiral resources, etc. Monetary 

variables have not played any significant role in the development of the Soviet economy, and, 

therefore, analysis of this economy m u t  be realized in tems of real variables or from quantitative 



perspective. 

However, the nght choice of real macroeconornic variables also depends on qudity of available 

data, intertemporal comparability of indicators and their usefulness. The Soviet data are very 

selective and inaccurate which suggests to apply a principle of simplicity if a consistent 

macroeconomic model is the major goal. In other words, quality of the Soviet data restricts one's 

choice of suitable macroeconomic indicators. Therefore, only aggregate indicators c m  be used to 

analyse the Soviet economy. This statement leads to the following assurnption: the growth model 

of the Soviet economy in this study is a one-sector model with one durable aggregate good. 

The growth model created in this study reflects existing macroeconomic processes in the Soviet 

economy for period 1950-1985 or before the Chemobyl accident. Thus, it is based upon 

consurnption-investrnent and resource utilization decisions expressed through stock-flow 

relationships. Extensive exponentional growth of ail resources (human, capital, natural), given 

exogenously. is assurned, because economic growth in the Soviet Union has been achieved by 

involvement of more and more resources available at any given point in time. It meam that increase 

in aggregate production was mostly due to increase in quantities of aggregate inputs and not due to 

gmwth of productivity which is M e r  supported by analysis of the Soviet economy's performance 

during 1950- 1 985 in section 3.3. Aggregate inputs include natural resources (renewable and 

nonrenewable), physical capital and labour force. 

Moreover, it was not technological progress that has driven econornic growth in the Soviet 

economy. Technological progress played significant role only in space and rnilitary related 

industries. Also the Soviet economy did not make any significant use of the Western technology and 

inflow of scientific-technical information. Therefore, constant technology is assumed in this study. 
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Extensive growth of al1 resources and constant technology assumption refiect the so-called extensive 

economic growth as a distinguishing feature of the Soviet economy. 

Extensive econornic growth points at a necessity to explicitly include natural resources into Soviet 

production fùnction. We cd1 naniral resource stock an environmental variable. In this study a weak 

separability between economic variables (capital and labour) and environmentai variable (resource 

stock) is assumed. This concept was employed by several authors in the field of environmental 

econornics. For example. Tahvonen and Kuuluvainen ( 1993) define the concept as follows: " Weak 

separability between economic variables (capitul and labour) and environmental variables means 

that marginal rare of sirbstitution beîween capital and labour is independent of resource stock 

(environmental) variable. This assumption al10 ws the consideration of the interactions between 

aggregate comentionolfiictors [of production] and the environmental resource ". Weak separability 

here implies complernentarity of natural resources on the one hand, and capital and labour on the 

other. Frequentiy a concept of weak substitutability between environmental and econornic variables 

is employed (see, for example. Stiglitz, 1974). Such a concept is useful for problem of optimal 

resource allocation (for example, in sustainable development context), but not for the growth model. 

Therefore, the assumptions presented above underlie the following f o m  of aggregate 

production hct ion:  

where q is technological constant; S, is resource stock; Kt is capital stock; L, is labour. 

Furthemore, we assume constant return to scale which implies 



Resource stock Sr includes renewable resources and non-renewable resources. It can be increasing 

over time (new discovenes of non-renewable resources, high natural growth of renewable resources), 

constant (sustainable utilization of al1 n a t d  resources) or decreasing (depletion of resource stock 

through intensive harvesting of renewable resources and high levels of extraction of non-renewable 

resources). It is possible to introduce resource flows into (2), however. resource flows are related to 

the resource stock through the following intrinsic-dynamic equation: 

where r, is natural (biological) growth rate of renewable resources; SF is stock of renewable 

resources; S< is stock of non-renewable resources; R: is harvesting of renewable resources; RF is 

extraction of non-renewable resources: R:lV is new additions to the non-renewable resources in a 

fonn of new discoveries. These new additions to the non-renewable resources can be tied to the 

stock of non-renewable resources SI as follows: 

where r, is growth rate of the stock of non-renewable resources due to new discoveries. The 

equation (3) becomes 

s,.~ =( l  + ~ J S ~ ~ - R , ~ + ( I  + ~ , , ) s , ~ - R ~ ~  (5) 

If we M e r  assume that Sr = a,& and S; = a& where a, and a, are fixed shares of renewable and 



non-renewable resources in total resource stock S, or a, + a, = 2,  then 

Sr ., =(,Yt +srN) +(rbalSt +rna2Sr) - ( R ~ ~  +R( N, 

In order to generalize the last equation we combine resource flows RP and R< into one variable R, 

which is quantity of al1 resources (renewable and non-renewable) utilized annually. On the other 

hand the surn (Sp + SF) equais total resource stock S, and, therefore, equation (6) becomes 

where r = air, + af,, is growth rate of natural resources, S, is naturd resource stock and R, is naturd 

resource flow. 

Two very important assumptions must be added to descnbe the dynamics of the Soviet economy: 

(1) constant prices set below equilibrium level in the short-run as well as in the long run; and (2) 

centralized management. Constant prices set below equilibrium level point in the Soviet economy 

as excess demand economy at the rnacroeconomic level which is associated with existence of net 

aggregate shortage Hf defined later. Centralized management implies that al1 major production 

decisions are made by high authority. Production contracts are concluded at higher levels of the 

rnacroeconomic system and introduced to the industry in a form of plans. Plans are adjusted annually 

and at the end of each five-year period. It means that there is quantity constra.int in addition to the 

price rigidity. Therefore, individual firms do not make decisions based on constrained profit 

maximization principle. because objective function is target level of output c. 
Furthemore, as our calculation shows, the investment ratio I, to Y,  has been hi& and stable over 

period 1950-1 985. It was around 0.24 in 1950s and 0.28 since 196 1. It points at the long-run policy 
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to keep the hi& share of investment in the national income in order to achieve economic growth. 

For example, in 1928 Stalin wrote that the higher growth rate in a socialist economy can be achieved 

because the communist regime provides for "rnarimurn capital Nlvestment in industry '*. The idea 

was M e r  developed by fàmous Soviet economist Feldman in the late 1920s - early 1930s, and later 

on used by central planners for decades. Based upon Marxists view that economic growth depends 

on the rate of growth of equipment, the producer sector or group A in Soviet terminology has k e n  

a primary recipient of investment whose share has been artificiaily kept high. Spulber (1991) 

comments on this policy as follows: " Feldman 's model was not entirely applied by the central 

plamers, but pustufates frha the output of sector A musr exceed that of sector B (consumer goor& 

and that A must absorb most of i f s  own output remained unchallenged for decades to corne". 

Therefore, we assume that the share of investment in nationd income is chosen exogenously or 

where Ir is actual level of investment and is target level of output. The last expression gives 

us the following relationship for actual investment 

In him, actual level of persona1 consumption CP is determined residually as 

Cta=(I -b)Yta 
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Hence, once is set. both I," and CP follow recursively. Accumulation of capital stock is given 

by the following inuinsic-dynamic equation 

where 6 is capital depreciation. 

The above duscussion suggests that K, and move together as econometric time senes. and 

later on in this study we rnake use of this fact to remove time trend fiom the productivity series y:. 

The target fixed level of output defmes aggregate supply AS, which is incensitive to the price 

level Pr On demand side we have two components: desired level of consumption by private agents 

Cp and desired level of investment by managers of enterprises I t .  Therefore, aggregate demand is 

defined as 

Moreover, we allow aggregate demand to depend on pnce level. Price sensitivity of aggregate 

demand follows from consideration of households' behaviour. The desired level of consumption 

depends on real wealth and disposable labour income. Real wealth is the ratio of nominal wealth to 

the generai pnce level. In the short run nominal wealth of the Soviet people was fixed, and any price 

increase could cause decrease in the real wealth with decrease in quantity demanded by households. 
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On the other hand. increase in the level of aggregate shortage H, decreases consumption demand C: 

as well. Increase in general price level decreases shortage (for example, decrease in time cost 

associated with the search for substitutes) which eventually leads to increase in quantity demanded. 

According to the above discussion consurntion demand C," is positevely related to output and 

negatively to both. general pnce level P, and aggregate shortage H, which produces the following 

consumption function 

with partial derivates C ,  > O. CM < O and C, < O. Linear version of the function is 

where c, is marginal propensity to consume out of incorne, c, is quantity demanded per unit of 

shortage and cp is quantity demanded per unit of pnce. 

In contrast to consumption. investment demand 1: coincides with actual investment 1: because 

both are fixed by central planners. In fact managers of enterprises are well farniliar that in any case 

they receive pre-planned level of investrnent and that nothing depends on their desire. Therefore 

we set 

Equations (9 ). (1 5) and (1 6) combined produce the following expression for aggregate demand 

function 



Therefore, it appears that in addition to inelastic aggregate supply there is downsloping aggregate 

demand which is shown on diagram 2.1 below. 

Diagram 2.1. Aggregate supply and aggregate 
demand in Soviet economy 

Price level Pw is associated with equilibrium condition AD, =AS,. However, at any price other 

than there is either excess demand or excess supply. Ln this regard, we define net aggregate 

shortage as the gap between aggregate demand AD, and inelastic aggregate supply AS, = Y: or net 



aggregate shortage Ht is 

It is obvious fiom the diagram 2.1 that Ht > O (shortage) if AD, > Yp and H ,< O (slack) if 

AD, < r. Point W o n  the diagram 2.1 represents a shortage-fke state of an economy or what Komai 

(1 982) cails the WuIrusiun stute. As it was stated earlier, in Soviet economy the pnce level is fixed 

by the central planners at the level P below the equilibriurn level P"' . As a resulf there is a specific 

level of shortage associated with such a fixed ptice P. We consider such a shortage as equilibrium 

value of shortage at the fixed price or what Komai ( 1  982) calls normal shortage. 

Now dl relevant macroeconomic variables are specified and we proceed with the growth mode1 

of the Soviet economy. 



2.3. The gro wth rnodel of the Soviet ecunomy 

The growth mode1 consists of eight equations, derived in the previous section and restated here for 

convenience: 

4 ai Y," = q ~ t a l ~ t  L , 
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Let ris reduce the system of equations (20) - (27) to one ciifference equation. Substituthg (22) 

into (2 1 ) and rearranging 

1 
Y," =-[Kt  -, -(1 -6)KJ 

b 

Equations (27). (25). (22) and (26) combined produce the following result 

AD,=(c y +b)Yta -c f l r -cpPr  

Substituting (29) into ( 3 3 )  

Substituting value of Y; from (28) into (3 1 )  

Dividing by 



Let us write down aggregate production f i c t ion  for two consecutive periods t and t + 2:  

Dividing (36) by (3 7): 

I f  in equation (24) we divide al1 terms by S, , we end up with 



Let us introduce depletion rate d, as follows 

Hence equation (39) becomes 

The ratio K,, LUt is growrh rate of capital g, The ratio L,, 4, is growth rate of labour force which 

in case of the Soviet economy is equal to the growth rate of population g,v . Both are given 

exogenously . 

Therefore, equation (3  8) becomes 



Substituthg (43) into (35): 

Introducing y,, a = Y,," K,, and y 7 = Y", /X as actual productivity of the Soviet economy, 

equation (44) becomes 

Let us re-write ratio H,/YP as follows 

Y," K , Y t U  

Introducing h, = H, /K, as relative shortage, the last equation becomes 

It is aiso necessary to admit that the ratio Pt /YP is inverse of GDP in physical units which is fixed 

by central plannen in a given period of time. Therefore, let 



Substituting (47) and (48) into (45) 

Let us introduce the following coefficients: 

Re-arranging (49) and taking into account (50), (5 1 )  and (52) 



Solving for y,," 

Equation (54) is ou .  basic equation which descnbes dynarnics of the Soviet macroeconornic system. 

Three facts directly follow from this equation: 

1. Wiîh increase in depletion rate d,, next year productivity of economy y,," decreases. 

2. Wiîh increase in shortage h, . next year productivity of economy y,," decreases. 

3. In a shortage free economy when h, = 0, productivity y,, is higher. Following b m a i  (1982), 

we cd1 such a state Walrasian. 

Al1 thrce are consistent with cornmon econornic sense which implies that equation (54) is a good 

workuig rnodel. 

2.4. The basic dynamic equation 

According to the rnodel derived in the previous section, dynamics of the Soviet economy is 

expressed in tenns of non-autonomous non-Iinear difference equation of the fom7 : 

' From now on we drop superscript a 



Let us approximate this equation with first-order Taylor's expansion around steady state: 

Y,. , =a * +a& +a#, +a&, 

where 

a, = f(v, h. 4 -fi (y. h. 4.~ -h (u. h. d.h -fJ (y, k d.)d 

a . = f ,  Iv. h. 4 

a3 = fh (y. h. 4 

a, =fJ (Y* h. cl) 

and& ,f, , f, are partial derivatives of function f(i) evaiuated at steady state values y, h, d. 

Let us take expectations through equation (56) 

As it was admitted earlier. there is specific value of shortage associated with fixed price set below 

equilibrium level. Therefore. i t  is possible to set 

where h is equilibrium value of shortage or what Komai (1982) calls normal shortage. If in addition 

we assume stable depletion rate d. then 

E(d[ )  =d 

Taking into accomt (58) and (59), equation (57) becomes 



where a, = a, + a, h + u, d 

Let us add y,, to both sides of equation (6 1) 

In the 1 s t  equation the difference y,, - EU>,,) represents deviation of actual value of productivity 

From its expected value which is stochastic term and we cal1 it e,, . Therefore, we can re-write 

equation (63) as follows 

Due to extensive economic growth of the Soviet economy stochastoc disturbance e,+, is driven by 

shocks to the depletion rate d, . 

Therefore, equation (64) is stochastic linear difference equation which reflects dynamics of the 

Soviet economy. Stability condition requires 



In fact 

Therefore, any drarnatic change in d, not only affects productivity y, through disturbance e, but also 

affects it through change in the value of coefficient a, . It means that in such a case the dynamics 

of the economy is afTected. Obviously enough environmental shock should significantly increase 

value of the depletion rate d, which would affect stability of the economy. 

On the other hand. equation (64) shows that if a, < I ,  then there is a steady state associated with 

specific values y, h. d. However. this steady state is different fiom Walrasian when h = 0. 

Therefore, the model derived in this chapter is a disequilibriurn growth model because in economic 

literature (see Wei-Bin Zhang. 1990 for complete review) disequilibrium is defined as follows: 

disequilibrium is a sirady siaie which is inconsistent with the Walrasian equiiibrium of the system. 

Conclusion 

I .  Artificially low price level. fixed by the central planners, makes it impossible to achieve the 

Walrasian steady state for the Soviet economy. 

2. There is another steady state which is associated with specific value of shortage h, which we cal1 

nomal shoriage. The normai shortage is a shortage that has stabilized with respect to the Walrasian 

steady state. 

3. The steady state path of a shoratge economy is parallel to the Walrasian which follows fiom the 

above definition of the normal shortage. 



4. Stability of the Soviet economy is heavily dependent on behavior of depletion rate d,. 

5. Environmental shock affects stability of the Soviet economy through dramatic changes in 

depletion rate d,. 

The anaiysis realized in this chapter suggests two possible approaches to assess macroeconomic 

consequences of the large environmental impact as a quantity shock to the resource stock Sr with 

following effect on resource flow R, . The two are associated with availability of data afier the shock 

The f int  approach arises when there is sufficient data set before as well as d e r  the shock. However, 

sometimes it is necessary to assess consequences of the shock right after it has occurred. Let us 

represent algorithms for both cases. 

If there is sufflcient data set before and after the en vironmental impact. 

1 .  Derive steady state for an economy based on theoreticai mode1 and statistical estimation. 

2. Derive deviations from the steady state. 

3. Obtain dynarnic process in deviations from the steady state. 

4. Investigate residuals of the process to capture the environmental shock. 

5. Investigate character of the environmentai shock (permanent, temporary. autoregressive, moving 

average, etc.) based on step 4. 

6. Remove the shock from the process in steps 3 and 4. 

7. Compare two time paths - with shock and without - to derive the aggregate value of the shock. 

Ifthere h insuffient duta set after the en vironmentd impact 

1 .  Obtain dynarnic process in general form as in (54) or approximated form as in (64) for the data 

before the environmental impact. 

2. Derive empirically the direct environmental impact as change in depletion rate ad,. 



3. Impose the derived value of the direct impact on the process in step 1. 

4. Obtain time paths of the major macroeconornic variables with shock. 

5. Iterate the process in step 1 into the future to obtain potential time path without shock. 

6. Compare two time paths fiom step 4 and step 5. The difference between the two is the aggregate 

value of the environmental impact. 

In this study the second approach is chosen because the after-shock penod for the Chemobyl 

accident includes only five years from 1986 until 1990. Even 1991 is not reliable year because the 

break-up of the Soviet Union occurred in August of 199 1. 



CHAPTER THREE 

STATISTICAL ANALYSIS OF THE SOVIET ECONOMY'S DYNAMICS 

The chapter presents the Soviet data used in this study for econometric estimation and Merence. 

The data are denved using Steinberg's (1990) methodology which shows consistency in cornparison 

with data sets derived by other anaiysts of the Soviet economy's performance over 1950-1985 

period. The denved data are compared with the alternative data to reach a conclusion about the 

accuracy of the denved data. 

At the sarne time the chapter presents a survey of econometric approaches to mode1 

disequilibrium economies. It also discusses the use of modem time senes techniques to describe the 

dynamics of a macroeconomic system as we11 as to analyse shocks to the system. As it was 

emphasized in the end of chapter two, consequences of the environmentai impact are modeled using 

Vector Autoregression analysis because there is insuficient data after the Chemobyl accident. The 

chapter discusses some advantages of this approach to simulate dynarnics of the Soviet 

macroeconomic system without the shock and with the shock. 

In the end. the derived data are used first to estimate the basic dynamic equation of the Soviet 

economy, analyticaily derived in chapter two, and then to analyse productivity fluctuations in the 

Soviet economy with the help From modem time senes techniques. It appears that the Soviet 

economy underwent a structural break in 1960 due to too much extensive economic growth; the 

structural break started a non-stationary process in the productivity series over 196 1 - 1985. It rneans 

that Soviet economy was already unstable as a dynamic system at the tirne of the Chemobyl 

accident. 

In general the chapter provides basis for the M e r  simulation of the consequences of the 



Chemobyl accident which is carried out in chapter four. 

3.1. The Soviet econornic data 

A major concem of al1 researchers in the field of analysis of the Soviet economy is with data 

collection and interpretation. Soviet national accounts statistics were designed in the mid-1950s. Its 

creatos faced a very dificult problem. On the one hand, they should publish detailed information 

on economy's performance, but on the other hand it was necessary to conceal the tnie state of nature. 

According to Steinberg (1990) . Soviet experts overcarne the above dilemma using the Marxian 

concept of productive labour. The concept states that national income is generated by matenal 

production sectors only. Therefore, it helped Soviet statisticians to conceal the data on non- 

productive sectors. Mostly these sectors have included defence. space, research, police and some 

banking activities. 

Therefore. the major task of researchers in the field of Soviet statistics has been reconstruction 

of original national economic balance (NEB) tables. However. Goskomstats has published a limited 

information which did not allow economists to completely restore NEB tables. It becarne more an 

art to combine distant pieces of limited information to interpret the Soviet data. Eventually such a 

situation led to the following two approaches to interpret the Soviet data: 

(a) to compile GNP accounts From the data available; 

(b) to reconstmct the original NEB accounts. 

The first approach is associated with Bergson-CIA methodology (1990) while the second one is 

Goskomstat = Soviet Statistical Bureau 
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mainly associated with works by Soviet economists such as Khanin ( 1988). Belkin ( 1990), Birman 

(1983), Ivanov and Ryabyshkin ( 1988, 1989), Lavrovsky (1 986). Volkonskii. Poduzov. Pavlov and 

Solov'ev (1 99 1). Martynov ( 1990). Gallik, Kostinsky and Trempl(1983). Kirichenko (1 990) and 

others. 

It appears that methodolog created by Dmitri Steinberg (1  989, 1990) is the most complete and 

reliable in dl aspects. He defined his task in analysis of the Soviet data for the period 1970- 1990 as 

follows: 

" In short. 1 integrnted d l  mailuble Soviet data on production, input-output. national income and 

financialflows as well as on capital and labour resources. Af iewmds.  I converred integrated Soviet 

national accounts into a GVP format " ('Dmitri Steinberg, 1 W U .  p. 5) 

In this regard the Steinberg's data are the most comprehensive set of economic indicators of the 

Soviet economy. Actually he presents three data sets: (i) in cunent established prices; (ii) in constant 

prices adjusted for hidden inflation; (iii) in factor cost prices. The second data set is used for 

statistical analysis in this study. In order to calculate deflaton to derive the second data set, 

Steinberg evaluated economic parametee in the Soviet economy in terms of monetary values and 

physical quantities. Then he calculated "Paasche Pice Index'' which, in his opinion. is more reliable 

for such calculation in cornparison with "Laspeyres Price IndexWused by CIA analysts. Steinberg 

also converted producers' pices which have been usually reported by Goskomstat into consurners' 

or pnces by end use. Altogether Dmiûi Steinberg compiled an extensive data base on the output in 

both value and physicai tems for around 1 65 industriai, 3 5 agricultural, 1 5 construction and 1 0 other 

production sectors of the Soviet economy. This procedure allowed him to conclude that the Bergson- 

CIA methodology to analyse Soviet economy is not reliable at al1 because it was never designed to 
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analyse Soviet national accounts in curent established prices as an integrated system. As a result, 

"the CIA and othrr users of'its methodology have had great dzficulties in integroting the oficial 

statistics for the purpose of compiling Soviet GNP accounts ". Therefore, the CIA methodology has 

produced overestimation of the performance of the Soviet economy. and, for example, it did not 

detect the red change in the pattern of the Soviet economy in early 1970s. Those who have lived in 

the USSR during this period could feel the change by themselves fiom every day life expenence. 

however, for outsiders this fact came as a surprise in late 1980s with Gorbachov's perestroika. 

The Steinberg's methodolog; does reflect these features of the Soviet economy quite well and, 

therefore, his data set for 1970-1990 is used for statistical estimation in this study and his 

methodology is used to interpret Soviet officia1 data for 1945- 1969 in order to obtain a consistent 

post-war set of macroeconomic aggregates during 1945- 1990. In fact it is necessary to analyse data 

since 1950 because by this year the Soviet economy has reached its pre-war level and has begun to 

develop M e r .  Thus. tiom now on 1950 is considered as a starting point for the Soviet economy's 

post-war development. 

Unfortunately. it is not possible to realize such an extensive analysis on a disaggregated level as 

Steinberg did. Nonetheless. it is possible to analyse the most influential industrial sectors of the 

Soviet econorny such as rnergy. rnining, metallurgy, construction, machine-building, chernical and 

petro-chernical. light industry which account for 78.9% in the Soviet GNP. Below table 3.1 

represents a summary of these calculations. 

9 Dmitri Steinberg, 1990, p. 200 



Table 3.1. Annual inmusr in Soviet production in i9ZOs &y sectors 

Industrial sector Share in GNP, % Annual increase in 

monetary values, % 

1. Energy 1 6 1 13.7 
- - 

2. Mining (coal. 

natural gas, oil) 

5. Chernical and 

petro-chemical 

6. Construction 

7. Light industry 1 18.8 1 9.6 

Totals 'O 1 78 -6 1 9.8 

1 

i Annual increase in 
l 
physical units. % 

Adjusting for 100% GNP. annual increase in monetary terms is equai to 12.4% and 8.7% in physical 

units in 1950s. Annual inflation is the difference between the two parameters and it is equal to 3.7% 

in this case. However. monetary values of industrial sectors were caicuiated in producers' prices. In 

turn, we need to consider consurners' pnces or pnces by end use as well as p k e s  in a secondary 

economy which were higher than oficially reported producers' pnces. Moreover, in 1949 produces' 

pnces were subject to a one-time increase in 1.58 times. According to the officiai statement the 

increase was due to very high costs of production during World War II. Soviet authonties prornised 

' O  Total annual increase was calculated as weighted average. Weighted average of annuai increase in 
production in monetary value: W, = 0.06* 13.7 + 0.07*9.3 + O.l63* 15.4 + 0.16*10.4 + 0.105* 14.7 + O.O43* 18.4 + 
0.188*9.6 = 9.8%. Weighted average of annual increase in production in physical units: W, = 0.06* 12.3 + 0.07*8.3 
+ 0.163*8.2 + 0.16*9.1 + 0.105*9.7 + 0.043*13.4 + 0.188*6.2 = 6.9% 



to eventually decrease the pnces to the 1948 level in five years by improvements in economy's 

efficiency. However. by 1960 prices decreased by 1.45 times which gives us red price increase of 

1 .O92 in 1950s or 0.8% annually. Therefore, we can add this amount to the hidden inflation as well. 

Therefore. historical and economic facts point at annual inflation during 1950s as being at least 4% 

which is assurned for further calculations. 

Table 3.2 below represents annual gowth rates for GNP. gross output. investrnent and 

consumption reported by Goskomstat for 1950s. 

Table 3.2. Annual growth rates of Soviet macroeconomic aggregates in I9jOs. % 

1 Gross output 1 GNP" 1 Investment 1 Con~umption'~ 

1 1960 

Source: Narodnoye 
7.6 7.7 8.5 6.4 

Khc~syaistvo SSSR, 1 922- 1 9 72. blosco w: Statistics, 1 9 72. p. j6 

Taking into account 4% annual inflation in 1950s, the real growth rates for Soviet macroeconomic 

" GNP follows the same pattern as Net Material Product (NMP). Actuaiiy GNP is equal to the NMP plus 
arnortization and personal services. However, amortization was constant and personal services accounted for less 
than 1% in 1950s 

I 2  Growth of consumption is assumed to follow the same pattern as growth of real income of workers 



aggregates become a s  shown in table 3.3. 

Table 3.3. Real anniial p o  wth rates of Soviet macroeconomic aggregates in 1 950s. % 

Table 3.3 shows that average annual growth of GNP in 1950s was 6.3% or high enough. However, 

this growth rate was due to sharp increase in investment in production of means of production or 

group A according to the Soviet terminology. Consumption has increased slowly and it is not 

surprising. There were forced cutoffs in consurnption in 1950s: the Soviet govemment issued state 

bonds and paid significant part of everyone's salary in bonds. The bonds were not redeemable at that 

time. Only in 1980s the govemment decided to repay face value of the bonds which significantly 

depreciated by that time. Thus, table 3.3 reflects the true state of nature in the Soviet economy in 

1950s. The data support the main conclusion made by the majority of the Soviet economists: in the 

entire Soviet history its economy has experienced its best times in the second half of 1950s. 

Y ears 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

Averages 

Gross output 

8 .O 

6.4 

5.8 

7.3 

7.6 

6.4 

4.2 

5.7 

4.9 

3 -6 

6.0 

GNP 

8.3 

6.9 

5.5 

8.2 

7.9 

7.3 

3 .O 

8.4 

3.5 

3.7 

6.3 

Investment 

10.5 

7.4 

I .S 

14.2 

8.4 

10.8 

8.6 

12.2 

9.2 

4.5 

8.7 

Consumption 

2.2 

3.4 

9.5 

5.7 

-3. I 

1.9 

4.7 

1.9 

-3.2 

2.4 

2.5 
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However, as the table 3.3 also shows. by 1960 there appeared some undesired trends towards 

slowdown. Taking into account assumed 4% red annuai inflation, uicrease in Consumer Price index 

(CPI) was calculated to be 1. j by 1960. which was a real threat for the economy of constant prices. 

Soviet economists did recognize the hidden inflation and. therefore, it was suggested to decrease 

scale of the Soviet currency by a factor of IO? It was done in 196 1 with confiscation of the so-cded 

"'excess of cash holdings" causing a wealth loss to the Soviet people. Therefore, the 3 n o n e t q  

reform" of 196 1 was a kind of demand shock for the Soviet economy which is again emphasized in 

c hapter four. 

Using our and Steinberg's calculations of hidden inflation. deflators for al1 rnacroeconomic 

aggregates were calculated. The data presented by Dmitn Steinberg assumes 3.4% for annual 

inflation in 1 960'". Combining Steinberg's ( 1 990) calculations for 1 970- 1990 deflators (table 1 G, 

p.2 16) and assuming 4% annual inflation in 1950s and 3.4% in 1960s. we arrive at deflators for the 

period fkom 1950 to 1970 presented in table 3.4 below. 

Table 3.4. Soviet dejlutors by end use for / M O -  19 70 period 

l 3  In order to adjust for the hidden inflation (rny conclusion) 

I4 Steinberg reports deflators of 0.79 for 1965 and 0.93 for 1970 which gives us approximately 3.4% of 
annuaI inflation 

Consumption 

0.47 

0.49 

O S  1 

0.53 
- 

Y ear 

1950 

195 1 

1952 

1953 
-- 

Cross output 

0.45 

0.47 

O .49 

- 

0.5 1 
- - - 

GNP 

0.45 

O .47 

0.49 

0.5 1 
- - 

Investment 

O .42 

0.44 

0.46 

0.48 
- 



Therefore. if we had al1 Soviet macroeconomic aggregates in established prices we could deflate 

them using our table 3.4 and Steinberg's table 1G. However, Soviet statistics is very tricky and 

confusing. It reports data with respect to different base years. Another difficulty is to convert Soviet 

accounting into GNP format for 1950-1969 period which requires very detaiied data. Dmitri 

Steinberg had such comprehensive data for 1970-1990 which were revealed by Gorbachov and were 

published in Soviet joumals in late 1980s. Unfomuiately, there no comprehensive data available for 

1950-1 969 period and. therefore. another approach was chosen. Deflated m u a l  growth rates for 
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the Soviet macroeconomic aggregates reported in table 3.3 were used to recalculate al1 parameters 

reported by Steinberg back taking 1970 as a base year. Steinberg chose 1973 year's prices as 

constant pnces and we follow the same path. According to this, real growth rates of major 

macroeconornic aggregates are presenred in table 3.5 below. 

Table 3.5. Growth rates uf Soviet macroeconornic aggregates during 1950- 1970 

Y ear 

1951 

1952 

1953 

1954 
- 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 .. 
1965 

1966 

1967 

1968 

Investment 

1.105 

1 .O74 

1.013 

1.142 

1 .O84 

1.108 

1 .O86 

1.122 

1 .O92 

1 .O45 

1 .O09 

1.015 

1.017 

1 .O54 

1.050 

1 .O36 

1 .O49 

1 .O45 

Consumption 
I 

1 .O22 

1.034 

1 .O95 

1 .O57 

0.969 

1.019 

1 .O43 

1.019 

0.978 

1 .O24 

1 .O72 

1 .O37 

1.016 

1 .O36 

I .O8 1 

1 .O42 

1 .O45 

1 .O79 

Gross output 

1 .O80 

1 .O64 

1 .O58 

f .O73 
- 

1 .O76 

1 .O64 

1 .O42 

1 .O57 

1 .O49 

1 .O36 

1 .O37 

1 .O39 

1.012 

1 .O40 

1 .O29 

1.045 

1 .O60 

1 .O65 

GNP 

1 .O83 

1 .O69 

1 .O55 

1 .O82 

1 .O79 

1 .O73 

1,030 

1 .O84 

1.035 

1 .O37 

1 .O34 

1 .O23 

1 .O06 

1 .O59 

1 .O35 

1 .O47 

1 .O52 

1 .O49 



Appendix 3A presents numerical values of GNP, investment and persona1 consumption in 

constant 1973 prices for the penod fiom 1950 to 1985 or before the Chemobyl accident. Diagram 

3.1 shows these variables as time series. 

Deriving the complete set of macroeconomic aggregates for 1950- 1985 for the Soviet economy 

in constant 1973 pnces allows us to study the dynamics of the Soviet economv. In order to remove 

common tirne trend fiom macroeconomic series. we work with relative values. For this purpose in 

chapter two we divided the output senes by the value of capital stock K, . Another reason for this is: 

the ratio of real GNP Y,  to capital stock K, in the Soviet economic analysis was known as eflciency 

of economy. and there existed a set of normative values of the ratio for each industry and economy 

as a whole. The ratio is a good measure of Soviet economy's productivity because it reflects the 

value of national product with respect to existing potential in terms of capital stock. The values of 

capital stock in respective years were denved fiom the yearbook of Soviet statistics Nurodnoye 

Khozyaisnto. Using defiators reported in table 3.4 for period 1950- 1969 and deflators reported by 

Steinberg ( 1990. p.3 16) for period 1970- 1985. the values of capital stock Kt in constant 1973 prices 

were calculated. Appendix 3B presents numencal values of the derived series K, . Diagram 3.2 

shows capital stock Kt as time senes. 



Diagrnm 3.1. GDP, investment and personal consumption 
series, 1950-1985 



Diagnrn 3.2. Capital stock series, 1950-1985 



3.2. Cornparison of exhting and derived indicators of the Soviet economy 's dynamics 

In order to justifj the derived macroeconomic data used in this study. analysis of some existing 

estimates of the Soviet economy's dynamics was undertaken. In the beginning it is necessary to 

define major macroeconomic indicatos that reflect economic growth in the Soviet Union. According 

to tradition and the Marxist approach. the Soviet system of accounting has been based on calculation 

of material product. particularly its net component that has been reported as national income (NI). 

In the late 1980s Soviet statisticians began to calculate the so-called Gross Social Product (GSP) in 

addition to NI. Let us present the structure of both indicators: 

Gross Social Product = net output of rnaterial production (the value added in the branches of material 

production) + depreciation of fixed assets in the rnaterial and nonmaterial spheres + incomes 

received in the nonmatenal sphere + incomes received !Yom foreign activities (Spulber, 199 1). 

National Income or Net Material Product at the production stage = gross output of material goods - 

intermediate consumption in the matenal sphere including depreciation (Spulber. 1991). 

It appears that GSP exceeds NI by the cost of intemediate and capital goods. According to 

Steinberg (1990) the cost of capital goods is equal to capital depreciation plus the unamortized value 

of liquidated capital. Therefore. if the Marxist approach is accepted. then the GSP can be written as 

follows (see Steinberg. IWO) :  

G S P = c + v + m  

where c is cost of intermediate and capital goods defined above: v is labour income fiom material 

production sector: rn is revenues of enterprises employing the labour. In tum. NI is 

N I = v + m  

Steinberg (1990) fairly States that no division of national income into v and m components is 
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performed in GNP accounts. Moreover, Volkonskii. Poduzov, Pavlov and Solov'ev (199 1) stated 

that Soviet NI differs fiom world-wide accepted GNP by non-productive services and depreciation 

of fixed capital or 

GNP = !VI + non-productive services + depreciation of/led capital 

The same conclusion was made by the CIA who stated: "ln accordance with Manist concepts, the 

Soviets have used net materid prodzrct - a meusure that excludes most services und capital stock 

depreciation " (CU. 199 1. p. 10). The above mentioned Soviet economists also noted that because 

of the higher growth rates of non-productive services and depreciation of fixed capital, the annual 

rates of GNP growth in the former Soviet Union have surpassed rates of NI growth during 1950- 

1985 by 0.5%. In fact the first attempt to calculate Soviet GNP was made as early as 1953 by 

Amencan economist Abram Bergson (1 953). He suggested computing the Soviet GNP in alternative 

prices which he called factor cost prices. They included a uniform charge in place of the officially 

determined profits and turnover taxes. Bergson ( 1953) developed defiators to convert current pnce 

values of each component of the Soviet GNP. Eventually this approach became known as the 

A-ed Faclor C m  SrnnclarJ, and it has been used for years by the CIA to compute the Soviet 

GNP. Thus, analysis is presented below of al1 three indicatos which reflect dynamics of the Soviet 

economy. 

Having made the above introduction, it is possible to analyse different estirnates of the Soviet 

economic growth during 1950- 1985 and to compare them with derived estimates in the previous 

section. First of all. it is necessary to present the major tendencies in the Soviet economic growth. 

Khanin and Selyunin (1987) emphasize the following distinguishing feature of the Soviet economy: 

during al1 periods in the interval fiom 1928 to 1985 growth in utilization of natural resources and 
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increase in capital stock have exceeded incrase in NI. Their conclusion is: " I f  is possible to develop 

economy this way only ifyou have plenty of natural resources ". According to their cdculations, 

which are presented later in this section, the Soviet economy has developed rapidly only in 1950s. 

They write: "According to Our estimates this period is the most successfid in the Soviet economy. For 

the first time econornic growth ivas achieved noi only by increase in volume of all material 

resources, but also by their more efficient utilizalion [For exampie], Iabour productivity increased 

by 62% or almost by 5% per year " (Khanin and Selyunint 1987. p. 193). 

The fact that in 1950s the Soviet economy has experienced its best times is supported by the 

majonty of Soviet economists as well as CIA (1 982. 1988, 199 1 ) specidists. Data denved in section 

3.1 of this study completely confirms this conclusion. 

The fkst signs of slowdown in the Soviet economy can be found in the late 1950s. Let us quote 

Khanin and Sel yunin ( 1 98 7) once again: " DSzralIy appearance of negative tendencies in the Soviet 

economy is dated by the mi& 19 70s. According to our estimates. this happened 15 years eurlier " 

(Khanin and Se&zrnin. I 4 W .  p. 194). The derived data reflect the same trend: during 1960s 

economic growth has decreased in cornparison with 1950s. however. remaining high enough. 

Moreover, there was an economic reform in 1965 associated with new Soviet leadership which 

caused even slight increase in economic growth in 1966- 1970. This increase is supported by Soviet 

official data, CIA's estimates and estimates derived fiom Steinberg (1990). Khanin and Selyunin 

(1987) question this fact. In their opinion, econornic growth in terms of NI growth in 1966-1970 has 

been 22% while it had been 24% in 196 1-1965. This conclusion is due to high rates of hidden 

inflation assumed by the authon. For example, Khanin ( 1990) reports 4.6% annual intlation for this 

penod. In turn, CIA ( 1 982. 1 988, 1 99 1 ) estimated inflation for this penod as 2.4%, Khachahuov 
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(1 979) as 2.6%, and Steinberg (1 989. 1990) as 3.4%. Therefore, Khanin's 4.6% inflation for the 

period 1966- 1970 may be overestimation. 

On the other hand ail estimates (Soviet official, CIA's, Khanin and Selyunin's, Steinberg's) 

reflect almost the sarne dynamics during 1971 -1 985 differing only in absolute values. This fact is 

appreciated in conclusion made by Spulber (1 99 1 ). He writes: 

" ... What is important is that no motter what series one considers, the Soviet economy h m  been 

mmistakenly losiag its àynarnism since the end of the IgjOs. that is, in relation to the reconstruction 

years and the high investment rates of the lare 1940s and 1950s. The slowdown deepened afier a 

spurt in 1966-1970, but &y then the contractions had become increusingly alarming, reaching 

bottorn in the early 1 980s.. . " (Nicolas Spulber. 1991. p. 159) 

In this shidy exclusive reliance on extensive economic growth is viewed as one of the most 

important facton which has contributed to the slowdown of the Soviet economy since late 1950s - 

early 1960s. Even analysis of the Soviet officiai data revealed that the facton of extensive economic 

growth have been the major source of the NI growth during 1960-1985. According to the Soviet 

statistics (see. for exarnple, Loginov and Novitskii, 1985). NI increased by 225% in 196 1 - 1980 or 

by 4.1% annually. Of these 225% the factors of extensive growth accounted for 169.7%. By the 

factors of extensive economic growth we mean the following : 

- involvement of additionai natural resources ( 148 -3%); 

- increase in capital stock without technological improvements (1 6%); 

- growth of labour force (5.4%). 

Factors of intensive economic growth such as increase of labour productivity due to technological 

progress accounted for 55.3% out of 225% or only for 24.6% in total economic growth. This is 
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according to the Soviet official data However, Michael Hodges (1996) shows that growth of labour 

productivity has been declining since 1950. It was 3% in 1950s, 2.5% in 1960s. 2% in 1970s and 1% 

in 1980s. Contribution of technological progress in economic growth over penod 196 1-1 980 

calculated by Loginov and Novitskii (1 985) was being equal <O 16.8% or less than 0.8% mually. 

Aiso it is helpful to present the increasing share of al1 naturd resources in the structure of GSP: 

1960 - 52.3%, 1970 - 54.9%. 1980 - 57.1%, 1983 - 57.6 (Fatelman. 1985. p.51). E v e n W y  

exhaustion of non-renewable resources as the major input in aggregate production function and 

extensive economic deveiopment led to decreasing economic growth. Marginal cost of extraction 

increased which resulted in decrease of eEciency in mining sector as well as in the economy as a 

whole. According to Fatelman (1 985) productivity of rnining sector in terms of profit to capital ratio 

has been 0.5 in 1960.0.33 in 1 970,0.25 in 1980 and 0.1 6-0.20 in 1 98 1 - 1 985. According to derived 

data, productivity of the Soviet economy as a whole in terms of GNP to capital ratio has been 0.36 

in 1960, 0.28 in 1970. 0.22 in 1980 and 0.18-0.21 in 198 1-1985. Therefore. decrease in the 

productivity of the natural resources has been one of the major contributors to the slowdown in the 

Soviet economy. For exarnple. Spulber (1991), based on his analysis of the Soviet economic data 

during period 1 96 1 - 1 985. concludes: 

"The continuou conhacrion in the pace of growth  vas accompanied by increasingly deteriorathg 

results in respect to actual volumes of investable resources, outputs, constmc~ion. andproductntip " 

(Nicolas Spulber, 1991, p. 159) 

In 1985 the new secretary generd of the Communist Party of the Soviet Union Mikhail Gorbachev 

accused previous Soviet leaders in failure "to properly msess the changes in the O bjective conditions 

of the development ofproduction. ... to shifl in time fiom extensive to intensive uses of material and 



equipment, to hitch onto ahancing technologies, and tu discard ineflcient methods of management" 

(Pravda, April23. 1985 and Febniary 26, 1986). 

Estirnates presented in this analysis c o n f m  both conclusions. A review of economic literature 

suggests three main sources of assessrnent of the Soviet economy's dynarnics: Khanin and Selyunin 

(1987) and Khanin (1  990) as the first source; CIA (1982. 1988, 199 1) as the second source; 

Steinberg (1 989. 1990) as the third source. 

Khanin ( 1990) and Khanin and Selyunin ( 1 987) estimated dynarnics of two macroeconomic 

indicatoa - GSP and NI. Table 3.6 represents comparison between official gowth rates of GSP and 

growth rates of GSP calculated by Khanin (1 990). 

Table 3.6. Annuul growth rates of the Soviet GSP during 1950-1 985 

Subperiod Officiai growth rate, % Growth rate calculated by 

Khanin, % 

I I I 1 

Sources: Nurodnoye Kho-yaistvo SSSR za 70 let. Moscow: Finansy IStatistiku, 1987, p. 7; Khanin, 
G.I. Determining the dynarnics of wholesale prices in the Soviet economy fiom 1929 to 1985. 

TEKON, Summer 1990, p. 65 

In tum, table 3.7 presents comparison between official growth rate of NI and growth rate of M 

caiculated by Khanin and Selyunin ( 1987). 



Table 3.7. Annual growth rates of the Soviet NI during 1950- 1985 

However, as it was already noted. the two macroeconomic indicaton GSP and NI differ fiom GNP. 

Using the conclusion of Vokonskii. Poduzov, Pavlov and Solov'ev (1991). that there is about 0.5% 

difference between the growth rates of M and GNP, it is possible to convert Khanin and Selyunids 

estimates presented in table 3.7 into GNP g r o w ~  rates by adding 0.5%. 

Here it is necessary to admit different degrees of precision of al1 three sources. Khanin (1 990) 

Growth rate calculated by 

Khanin and Selyunin, % 

5.7 

4.4 

4.1 

3.2 

1 .O 

0.6 

Subperiod 

1950- 1960 

1961-1965 

1966- 1970 

1971-1975 

1976- 1980 

1981-1985 

adrni ts: 

Sources: Narodnoye Khozyaistvo SSR m 70 let. Moscow: Finansy I Statistika, 1987, p. 7; Khanin, 
G. And Selyunin, V. Lukmsye tsifj: Novyy Mir, 2, 1 98 7, p. 1 9.5 

Official growth rate. % 

10.7 

6.5 

7.8 

5.7 

4.3 

3.6 

"Macroeconornic estimates of ihe dynamics of GSP and NI were computed by three methods. 

Computation of these rrsed the previously ob~ainedjinul estimates of the dynamics of output of 

industry, construction. roud transport, trade. public dining, suppliers and sales, and procurement 

as well as traditional estimates of the àynamics of ouîput of those branches of material production 

which experience no or only weak influence of the hiciden growth of wholesale prices and 0 t h  

factors of distortion of economic information ... The calculations we have made make no claim to 
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precision, and they should rather serve as a point of deporture for more thorough and detailed 

estimates" (Georgii Khanin. 1 990. pp. 60 and 6 7) 

in tum, CIA (1 982. 1988. 199 1) used a duai approach to estimating the Soviet economic growth: 

( 1 )  estimation of total GNP growth by sector of origin, and (2) estimation of total GNP growth by 

end-use category for most. but not d l ,  end use components. The actual estimation goes as follows: 

"The CL4 estimates Soviet GAP in several steps. First. if estimates the ruble value of GNP for a base 

year by both end use und secfor of origin. The Agency initial& prepares the base p a r  estimate in 

Soviet established prices. It then recalculates the estimates in aqusted factor cosf prices that, the 

CL4 believes. better reflect the resource costs of Soviet production. After estirnating base year GNP. 

the CIA calculates GiVP for any given subseqzient year by estirnating the rate at which GNP has 

grown since the hase year ... The CIA therefore converts established prices into "ac&uted factor 

cost " prices by (1) subtracting the value of indirect tmces and reported profirs: (2) a d h g  the value 

of subsidies. and 13) adding a retzirn to capital - generully calculated at a uniform rate of 12% -for 

capital productiviiy " (CIA. 1 991. pp. 10 and 12). Michael Boretsky ( 1 987) comments on the 1 982 

CIA methodology: 

"The first method is rhe hasis for CIA estimates of total Soviet GNP growth ... The essence ofthe 

CIA 's sector-of-origin approach amounts to multiplying the estirnated index of each sector S real 

growth by its weight in 1970''. Mosl of its estimates of growth indexes of industriai and 

transportation sectors are hased on physical output data ... Physical output data for an indushy or 

a group of industries can rare ly be comprehensive. Published Soviet dutu are very selective.. . The 

l 5  In larer venions ( 1 988, 1 99 1 ) the base year is 1982 



CIA '.Y somple of "indz(stria1 observations" included on& 312 products. More than 30% of this 

sample is conrtituted by 68 dzfferent models of automobiles and trucks. 9 excavators with dzfferent 

sizes of buckets, and 19 models of various locomotives. For service sectors other than irade, CL4 

uses essentially simple indexes of man-hours to measure their growth " (Michael Boretsh 1987, 

p.518) 

Table 3.8 represents al1 three sets of estimates of the Soviet economic growth made by CIA. 

Table 3.8. Annuol growth rute of the Soviet real GNP during 1950-1 98j dculated by CL1 

Subperiod 

1950- 1960 

1961-1965 

1966- I 970 

1971-1975 

1976-1980 

Cornmittee of the US Congress. Washington D. C.. December 8. 1982; Revisifing Soviet economic 
performance under glnsrnost: Indicators of CLA estimates. Washington. D. C. : Directorate of 
Intelligence, September 1988; Soviet economy: Assessrnent of how well the CIA has estirnated the 
size of the economy. Report to the Honorable Daniel Patrick Moynihan, US Senaie. September 1991 

1981-1985 

Here it is necessary to present some conclusions made by US Senate Commission (1 99 1) with 

1982 estirnates, % 

6.7 

5.1 

5 .O 

3 .O 

2.3 

respect to the CIA's estimates of the Soviet econornic growth. In its report it was stated: 

Sources: USSR: Measures of economic growth and development. 1950- 1 980. Joint Economic 
n/a 

"The widely recognized ineflciency of the Soviet economy may result in overstated CU estimates 

1988 estimates, % 

6.7 

4.9 

5 -3 

3 -3 

2.2 

of Soviet growth ... I f  the Soviet rconomy becomes 

199 1 estimates, % 

6.7 

5-0 

5.0 

2.4 

2 -4 

1.7 

intermediate products to produce Jnal output'", the 

l6 And this study proves that it was the case 

2.0 

increasingly wasteful or inefficient in using 

CIA 's use of intermediate production data in 



ifs proxies for value udded couid result in overstated gro w th es fimutes " (p. 22) 

The following quotation from the report cited above shows the precision of the CIA's estirnates even 

better: 

" Earlier this year [ I  9911 the CIA evidently concluded that for the first time its long-standing method 

for estimating Soviet p-owth hadproduced resulfs that it did not cornider credible. Afrerfinding that 

ifs estimate of'Soviet growth in 1990 was very similar tu the official Soviet estimate. the CU made 

an ad hoc a&rstment to ifs estimate - cutting it fiorn about minus 2% to minus 4 or 5%. It rearoned 

that its original estimate wus too high. .. " (p. 23) 

The above presented quotations characterize the precision of Khanin and Selyunin's estirnates 

and UA's  estimates. In tum. as it was stated in section 3.1. Dmitri Steinberg (1990) compiied an 

extensive data base on output for 165 industrial, 35 agricultural, 15 construction and 10 other 

production sectors of the Soviet economy. Therefore. his data set is the rnost comprehensive among 

al1 three. In order to compare al1 existing estimates of economic growth in the former USSR which 

are described in this section. the resulting table 3.9 was created in terms of GNP growth rates. 

Tub le 3.9. Annuai g o  wth rutes of the Soviet GlVP during 1 950- i 985: comparative anabsis 

Subperiod 

1950- 1960 

1961-1965 

1966- 1970 

1971-1975 

1976- 1980 

1981-1985 

OfTicial 

10.3 

6.6 

9.3 

5.3 

5.2 

4.8 

CIA 

6.7 

4.9 

5.3 

3.3 

2.2 

1.7 

Selyunin & 
Khanin 

6.3 

4.9 

4.6 

3.7 

1.5 

1.1 

Steinberg 

6.3 

3.2 

4.3 

2.7 

2.3 

1.2 



The officia1 GNP growth rates were derived based on Steinberg's tabies ( 1990, pp. 1 70- 1 71) plus our 

calculation for period 1950-1964. The CIA7s estimates are averages derived from table 3.8. Khanin 

and Selyunin's estimates were obtained by adding 0.5% to the values in table 3.7. Steinberg's 

estimates are based on his calculation for period 1965- 1985 and our additions for period 1950- 1964. 

Table 3.9 allows us to make the following conclusions: 

- data set used in this snidy (the iast column in table 3.12) consistentiy reflects dynarnics of the 

Soviet economy which is confirmed by facts; 

- real slowdown of the Soviet economic growth has begun since late 1950s- early 1960s with period 

of siight increase in 1966- 1970; 

- period of 1976-1 985 can be characterized as a penod of stagnation in the Soviet economy because 

economic growth was almost equal to population growth: 

- by 1986 the Soviet economy has faced a deep economic crisis in ternis of economic growth; 

- the data set used in this study reflects a slower overall economic growth during 1950-1985 in 

comparison with d l  other estimates presented in table 3.9: cumulative growth index is 3.616 in 

comparison with 4.488 of CIA's estimates and 3.96 1 of Khanin and Selyunin's estimates; 

- the size of the Soviet economy was significantly overestimated by CIA which follows from 

analysis presented in this study and conclusions made by US Senate Commission (1991). 

3.3. Anaiysis of c~k t ing  statisticul approaches to the ntodeïiing of STE 

Diequilibriurn econornefric rnodels 

The disequilibrium econometric models of STE are diverse in nature and c m  be subdivided into 

two big groups according to their methods: 



- chronic (known) excess demand (or disequilibriurn indicator) models 

- testable excess demand models 

The direquilibriurn indicator rnodelling approach assumes the existence of excess demand and 

seeks to represent it by an observable synthetic indicator. An early application of this idea was made 

in the West by Green and Higgins (1 977) in the consurnption block of their econometric model of 

the Soviet Union. However. most work d e r  that was carried out in Eastern Europe. The models 

were adapted from Fair and Jaffee (1972) and in their simpiest form they consisted of supply, 

demand, and excess demand plus the minimum condition. This generated a condensed form mode1 

with observable variables that could be estimated using standard econometric techniques. The first 

example of such a model was Charemza and Gienisz (1978). The theory of disequilibrium indicator 

modelling was simultaneously developed in Welfe (1 978) and Charernza (1 98 1 ) and applied for 

example, by Welfe ( 1 985). Romanski and Wel fe ( 1 986), and Charemza and Gronicki (1 988). 

The testable excess iiemund models are derived from the theoretical work of Barro and Grossman 

( 1976) and the econometrics of Maddala and Nelson (1975), and Goldfeld and Quandt (1975). niese 

models make use of demand and supply equations plus the minimum condition, but without 

assurnption conceming excess demand. The first application of these models to the analysis of STE 

was made by Portes ( 1978. 1979) and by Portes and Winter ( 1980) in their study of consumption 

markets in Eastern Europe. In subsequent years Portes and his colleagues refined their econometric 

models and analysed a variety of issues in STE (see , for exarnple. Portes 1987). Several testable 

excess demand models were also developed and applied in Czechoslovakia (Dlouhy, 198 1). Finally, 

the model was revised and the minimum condition was replaced by the assumption that the quantity 

transacted is lower than the minimum of demand and supply due to the existence of unsaleable 



supplies. 

There are also a lot of models that do not fdl  into either of the hvo presented categories. These 

models were obtained in the East and West using a combination of the described methods and 

equilibrium properties of S E .  It is also necessary to mention works by Soviet economists. Articles 

of a hi& theoretical standard were produced by Braverrnan (1972). Polterovich (1980. 1982, 1983, 

1986) and Movshovich (1988). Braverrnan and Levin (1981) wrote the first Soviet book on 

disequilibrium models which was very mathematical in nature. 

Other studies identified the existing investment process as a major source of disequilibnum in 

STE. Bauer ( 1  978. 198 l ) offered nurnerous insights into the causes and consequences of investment 

cycles in socialist economies. Additional important disequilibrium related examinations of 

investment were Soos ( 1976). Simon (1 980), Winiecki ( l982), and Podkaminer ( 1985). The role 

played by central authorities and planners in the generation of disequilibria in STE was examined 

by a nurnber of economists as well. Ellmm (1979) provided a comprehensive, comparative 

assessment of the contribution of economic planning deficiencies to imbalances and instability in 

STE and Podkaminer (1986) analysed planners' responsibility for causing disequilibrium by 

establishing incorrect relative pices and for exacerbating their effects through inappropriate policies. 

In the case of consumption. Collier (1 985. 1986) estimated the gap between notional and effective 

purchashg power of households in a quantity constrained economy. 

Structural verszis time series modeling 

It appears that the majority of the above econometric models is based upon the so-called 

sectorial approach or modelling a macroeconornic system as an interaction of different sectors. In 

econometric Iiterature such models are known as structural models. Mathematically they represent 
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systems of simultaneous equations. Econometric techniques to estirnate these models are well 

known. Mainly two-stage and three-stage least squares as well as limited and full information 

maximum likelihood methods are employed. 

However, the major drawback of ail structural models is a necessity of explicit specification of 

endogenous and exogenous variables as well as error tems. In order to estimate a structural model 

we have to solve the identification problem first. Usually order and rank conditions are applied to 

identie each equation in the system. The application of these conditions requires exact division of 

al1 variables into endogenous. predetermined or exogenous types. However. sometimes it is not 

possible to divide macroeconomic variables into the previousiy mentioned three categories, a priori. 

On the other hand. in order to understand dynamic properties of STE. it is necessary to consider 

macroeconomic variables as time series. 

Fortunately there is a way around these problems: time series analysis in general, and Vector 

Autoregression (VAR) analysis in particular. For exarnple. Simonovits' ( 1992) dynamic (growth) 

mode1 of STE consists of a set of first order difference equations. The equations incorporate a 

nurnber of very important interdependent variables. On the other hand. i t is well known that usually 

economic data are measured with errors. and therefore. the error t e m s  have to be incorporated in 

an econometric model to descnbe a reai Data Generating Process (DGP). Therefore. the Sirnonovits' 

model is rather a set (vector) of stochastic difference equations. The basic dynarnic equation (47) 

derived in chapter two is also a stochastic difference equation which stands behind the dynarnics of 

the Soviet economy or which describes the real DGP. 



Box-Jenkins versus Sims cipproaches 

In general, there are two competing approaches to study tirne series behaviour. The fmt one is 

associated with the Box-Jenkins ( 1976) methodology. the other one is Sims' ( 1980) methodology. 

Box and Jenkins popularized a three-stage method aimed at selecting an appropriate model for the 

purpose of estimating and forecasting a univariate time series. A Fundamental idea in the Box and 

Jenkins approach is the principle of parsimorry. Box and Jenkins claim that parsimonious models 

produce better forecasts than overpararnetrized models. The aim is to approximate the rnie DGP but 

not to pin down the exact process. As a result ARMA or AMMA models. which are based on the 

Box-Jenkins methodology. produce fairly accurate short-term forecasts. The ultimate objective of 

making accurate short-term forecasts is best served by purging insignificant parameter estimates 

fiom the model. According to this methodology. a time series has to be made stationary before 

estimation. Usually it is done by differencing the non-stationary senes. 

Sims' ( 1980) cnticism of the pnnciple of parsimony resulted in a different methodology. Its main 

idea is to find important long-run interrelationships among variables and not rnake short-term 

forecasts. In doing so the methodology recommends agains differencing even if a series is non- 

stationary. The main argument against differencing is that it "throws away" some valuable long-nin 

information. The sarne is said about detrending. 

In conclusion. the Box-Jenkins approach is appropriate for short-run models while the Sims' 

methodology is better for long-nin models to capture long-nin behaviour of an economic system. 

If a time series is non-stationary. it is said to exhibit some long-nin persistence. and, therefore, it is 

necessary to understand economic forces behind this persistence. Technically general solution to a 

h e a r  stochastic difference equation consists of the following three cornponents (see Enders, 1995): 



y, = trend + seasonal + irregiilar 

In thk regard, ARMA or A R M A  models . based on Box-Jenkins methodology. are used to model 

the irregdar and seasonal components. Sims' rnethodology helps to model trending variables. The 

key feature of the trend is that it has a permanent effect on a time series. 

Advantages of the VAR approach 

In this study Sims' ideas are used to understand dynamics of the Soviet economy. This choice 

cornes from observation of the behaviour of the productivity senes y, in the Soviet economy over 

1950-1 985 (see diagmm 3.3). The senes exhibit an obvious trend which is later explained by some 

crucial economic features of the Soviet economy. Moreover. the Sims methodology led to the 

Vector Autoregression analysis which is used in this study as well. 

A set of macroeconomic variables must be regarded as a vector of interdependent variables in a 

mathematical sense. The VAR approach is designed specifically for these cases. A distinguishing 

feature of the VAR approach is that it treats each variable symmeû-ically. In practice. it is not always 

known if the time path of a series designated to be the "independent" variable has been unafFected 

by the time path of the "dependent" variable. The most basic form of VAR does not make reference 

to the issue of dependence versus independence. 

The concept of Granger causality fits well with the VAR approach. It helps to understand whether 

lags of one variable enter into the equation for another variable. In this regard. VAR representation 

of a model allows for a block exogeneity test as well. The test detects whether or not to incorporate 

a specific variable into VAR. which ,in fact, is a multivariate generalization of the Granger causality 

test. 



Diagram 3. 3. Productivity of the Soviet economy, 1950-1985 



The next advantageous feature of VAR analysis is associated with the concept of cointegration. 

Cointegration helps us ro find long nin relationships among several economic variables as well as 

deviations around these relationships in the short nui. The Johansen methodology (1988, 1991) 

based upon VAR representation is usually employed to find the so-called cointegrating vector. An 

Error Correction Mode1 (ECM) is employed to find the short run deviations and speed of adjustment 

to the long run values (see. for example, Davidson and MacKinnon, 1993). 

VAR analysis also considers error ternis as being pure innovations or shocks. This is a very 

miiâul idea particularly for this research because it produces a moving average representation of 

VAR. In the literature (see Enders. 1995) it is called a Vector Moving Average (VMA). Such a 

representation of a dynamic system leads us to the most important concept for this research - the 

concept of the Impulse Response Function (IRF), which is based on VMA . It helps us to investigate 

the nature and consequences of shocks imposed on dynamic systems. The IRF takes into account the 

interdependent nature of shocks in the system: a shock to one variable in the system affects al1 other 

variables in the system. and IRF gives the magnitudes of al1 these variables after shock over time. 

Of course, the VAR approach has its drawbacks as well. One of them is associated with the 

identification problem or the problem of ''extraction" of the structurai (initiai) model fkom a standard 

VAR model. There are at least seven econometrk techniques to deal with the problem; however, ail 

these techniques are based on some decornpositions of VAR and require explicit assumptions for the 

dynamic system under consideration. For example, the Choleski decomposition (see Enders, 1995) 

is associated with a triangle matrix representation of coefficients in VAR which requires one to set 

some coefficients equal to zero. in order to apply such a decomposition it is necessary to understand 
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the nature of the dynamic economic system first. Therefore, one has to apply economic theory 

combined, however. with element of subjectiveness. 

In conclusion. time series analysis based on Sims methodology is the major tool for this study 

because it could give us answers to alrnost al1 questions associated with the macroeconomic 

consequences of the Chemobyl accident. 

3.4. Estimation of basic dynamic equafion 

In chapter 2 the basic equation which describes dynarnics of the Soviet econorny in ternis of 

productivity was derived in general form as follows: 

However, the basic dynamic equation in form (67) does not explicitly explain fluctuations in 

productivity in the Soviet economy. In order to do so, it is necessary to perform econometric time 

senes analysis. Stationarity of econometric time series and stability conditions of a difference 

equation are closely related. Furthemore. the stability condition of a difference equation is a 

necessary condition for a time series to be stationary. 

In chapter two the difierence equation (67) in general fom was approximated by the first-order 

Taylor's expansion around potential steady state values. After some mathematical manipulations 

we ended up with the following stochastic linear difference equation 



In econometric sense the denved equation (68) presents fust-order autoregressive process AR(1) for 

series y, with disturbance et. It was noted that in case of the Soviet economy the disturbance et is 

driven by shocks to the depletion rate d, which produces fluctuations in the productivity y,  It is 

obvious that d, is supply disturbance because it directly affects productivity y ,  It can be shown 

algebraically as well. 

We consider supply side only. The aggregate production function for two consecutive periods is: 

Dividing (69) by (70) 

y * ,  - ~ S , - , ~ ~ ~ , . ~ ~ L ,  .l=' s,-, ai K t * ,  L,+I cc, -- =(-) (-1 (-) 
4 C4 CJS~~~K,  L, , Lt 

Dividing by K,, 



Yt - 1 a, Y[ %-l % - ( 1  r d )  --  g, 
Kt - * Kt K, 

and finally 

which irnplies: if d, increases. then productivity y,, decreases. 

Furthemore, in chapter two it was stated that there is specific value of aggregate shortage li 

associated with specific price level which is fixed and set below equilibrium level. Relative shortage 

h, is a gap between required level of productivity to satisQ aggregate demand and actual 

productivity. The latter is subject to fluctuations due to changes in depletion rate d, which is s h o w  

above. It implies that any change in d, affects productivityy, with following change in the value of 

the relative shortage Il,. The outstanding role of the depletion rate d, for dynamics of the Soviet 

economy can be shown with the help from the following analysis. 

It is necessary to present one controversy which arises from analysis of the literature on Soviet 

economic growth. CIA analysts (1982, 1988. 1991) as we11 as Komai and Simonovits (1985) claim 

that the Soviet economy experienced a kind of regime change in early 1970s dong with other 

socialist economies. For instance. Komai and Simonovits describe this change as follows: 

"(0 The intensiiy of shortage in some of the above countries is not decreasing significantly, and in 

a few of them has rnarkedly increased; (ii) The efficiency of both production and investment in 

several countries has sharply deteriorated; (iii) The growth of investment, production, and 



consumption haî slowed down o lot, and in some cases ceased oltogether: (iv) Some sociafist 

countries sirive ro maintuin the rate of growth of capaciiy by continuously raising the investment 

ratio - whether this is ut the cost of restricting consumption or of intenszfiing shortage " ( K o m i  and 

Simonovits, 1  985, p. 3) 

They cal1 this state in a socialist economy a chronic shortage state. Furthemore, Simonovits (1 992) 

claims that socialist economies have experienced constant structure in 1 960- 1 972, period of 

slowdown in 1973- 1978 and stagnation in 1979- 1988'' . 

On the other hand. a few prominent Soviet economists (Khanin. Selyunin. Aganbegyan, and 

others) admitted in late 1980s that the period of slowdown with further stagnation in the Soviet 

economy had begun since late 1 950s - early 1960s. Spulber ( 199 1 ) summarizes this opinion as 

follows: "What is importrrnt. however, is that no matter ivhat series one considers, the Soviet 

economy has bren irnmistakenly losing its dynamism since the end of the IgjOs" (Spulber, 1991, 

p. 158). 

Analysis of the Soviet economic growth presented and used in this study supports the latter 

viewpoint. Extensive economic growth causes envolvement of more and more natural resources and 

other factors of production. Extensive extraction and utilization of naturai resources is crucial 

because economic theory states that given assumption of constant technology it is possible to 

increase inputs of production function in order to achieve increase in output only up to a point. 

Beyond such a point fùrther increase in inputs results in diminishing returns. In case of natural 

resources such a statement is a reflection of reality: (i) extensive utilization o f  nonrenewable 

" In econometric sense Simonovits' claim can be interpreted as follows: constant structure implies a 
stationary process around weII defined steady state; slowdown and stagnation represent a trending process which 
results in persistent tirne series 
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resources causes necessity for extraction of low-grade deposits with higher marginal extraction cost; 

(ii) extensive harvesting of renewable resources decreases their natural regeneration. Furthemiore, 

increase of investment in rneans of production (or capital goods). as  a distinguishing feature of the 

Soviet economy. also leads to increased extraction of natural resources because these two factors of 

production are complements. 

Therefore, eventually extensive economic growth leads to increase in depletion rate d, with 

decrease in productivity y,. Ir, terms of equation (68) we can expect increase in disturbance e, due 

to the change in d,. However. as it was shown in chapter two. change in the depletion rate d, affects 

productivity y, in two ways: (1) through disturbance term e,; (2) through change in the value of 

coefficient a,. The laiter implies change in dynamics of the equation (68). 

Therefore. in econometric sense diminishing marginal r e m  on resource stock as a factor of 

production leads to a parameter change in our basic dynamic equation and that is why we expect 

a structural break in an economy with extensive economic growth. The above discussion of the 

controversy on Soviet econornic growth points at the period of late 1950s - early 1960s as a period 

of potential stnicnirai break. This period was associated with the end of the sixth five-year plan with 

some dramatic changes for the structure of the Soviet economy. For exarnple. Weitpnan (1970) 

argues that decline in the Soviet post-War productivity lies in the dificulty of substituting capital 

for labour. Desai (1976) concludes that decline in productivity was not due to substitutional 

dificulties but rather to a declining growth rate of the unexplained productivity residuals. Appendix 

3C represents some findings based on anaiysis of Soviet statistical materials. In order to support 

the above theoretical discussion. it is necessary to test our hypothesis econometncally. 

In generai our workable hypothesis is: since late 1950s-early 1 960s the extensive economic 
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growth of the Soviet economy has begun to pay off through decrease in eficiency of resource 

utilization (see Appendix 3 0 .  Such a decrease was due to overutilization of natural resource stock 

S, which led to its exhaustion. Mathematically it rneans that the depletion rate d, has significantly 

increased affecting both. stochastic disturbance e, and coefficient a, which we consider to be a 

stmctural break. Eventually upward trending d, senes led to downward trending y, series. 

Sirnonovits (1 992). descnbing the period of slowdown in a socialist economy. writes: "The period 

of slowdown is characterized by tirne variant structure of an econorny ... When the srructure of the 

econorny is tirne variani. the concept of normal [shortage] path cannot be defned " Therefore, there 

has not existed the normal shortage path in the Soviet economy as it is defined by Komai (1982) 

since the structural change. 

So, the structural change in the Soviet econorny which led to severe (chronic) shortages later on 

is associated with extensive growth. The extensive growth resulted in diminishing productivity of 

the resource stock due to its overdepletion under relatively constant technology (q = const). 

Resource stock is an input in the Soviet aggregate production function. According to microeconomic 

theory, if equal iocrcments of an input me added, the resiilting increments of product will decreuse 

beyond some point under the asszrmption of constant technology which is the law of diminishing 

marginal retums. Therefore. extensive economic growth inevitably leads to diminishing marginal 

r e m  on resource stock utilization as a factor of production. This is a very important feature of the 

Soviet economy. Even Simonovits ( 1992) admits: &Note that the neglect of resources in these models 

prevents us from analysing an important feature of the extensive gro wth: the increasing relative 

utilization of resources " (p. 81). This study does take this important feature into account through 

depletion rate d, . Moreover, it appears that it is this feature that is in the heart of the break in the 
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Soviet economy's growth in the late 1950s-early 1960s. The structural change caused the appearance 

of a negative trend in the productivity series y, (dirninishing marginal retums) due to increasing d, 

which explains supply disturbances with long-run permanent effects (see diagram 3.3). 

Equation (68) was written for next period productivity y,,. We can use the same form of 

equation in order to test for the structural change. In this regard equation (68) lagged once is 

However, before testing for structural change, let us pre-test the productivity senes y, for a unit 

root over the period from 1950 to 1985. or before the Chemobyl accident. with Dickey-Fuller 

( 1979) test (DF)'' . Our test mode1 i s  

where a = a, - I .  We do not include time trend component in the test because series y, represent 

the ratio Y,/Kl ,. It means that the series y, is already adjusted for the time trend since the ratio 

YJK, may be viewed as removal of a common time trend fiom senes Y ,  and K,. Appendix 3 0  and 

diagram 3.3 present numerical values of the productivity series y, over the period From 1950 to 1985. 

The resuit of two-tail DF-test is 

y, = - 0.014067 + O.O31My,-, 

with r, - statistic = 1.704 and critical values of 3.629, 2.947 and 2.612 at 1%. 5% and 10% 

'' The use of  DF instead of augrnented DF or ADF is based on econometric testing. Application of ADF 
rejected al1 lags of  the term ay based on Akaike and Schwartz criteria as weii as t-statistic and maximum Iiklihood 
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significance levels respectively. Therefore, we cannot reject the unit-root hypothesis at any 

significance level. 

Furthemore, it looks like the senes y, is dnven by a random walk with drift process during 

penod of 1950- 1 985. However. positive t, - statistic is a good indicator of a possiblity that the 

mode1 (77) is not correct. Moreover. our theoretical discussion suggests a structural change in the 

Soviet economy in the late 1950s-early 1960s. According to this discussion. our hypothesis can be 

re-formulated as follows: the structural change Ni the Soviet economy which occurred in the Iate 

1950s-emiy 1960s led to a regirne switch from a stationary process to a non-stationary process in 

productiviiy series y, . 

Therefore, the nul1 hypothesis is a random walk with drift that excludes any structural change. 

The alternative hypothesis is a stationary process before the structurai change at some unknown 

point and random waik with drift aftenvards. Moreover. we expect the drift to be negative as a 

consequence of increasing depletion rate d,. 

Several works in the econometric literature consider the problem of testing for structural change 

with unknown changepoint. The most cited ones are Zivot and Andrews ( 1 992). Ploberger, Kramer 

and Kontms (1989), Andrews (1989). Chu (1989) and Hansen (1992). The problem which is 

considered in this study is more complex than those of the above rnentioned works. Nonetheless, it 

is possible to make use of the existing methodologies with some adjustments. In this regad, the test 

strategy descnbed by Zivot and Andrews (1 992) was chosen for this study. 

Zivot and Andrews revise Perron's (1989) findings associated with the Great Crash of 1929 and 

the Oil-Price Shock of 1973. In their opinion. Perron's conclusions are biased because they are based 

on pre-specified breakpoints. Instead, Zivot and Andrews propose a test strategy for endogenous 
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breakpoint. Estimation procedure represented below makes use of some attractive features of this 

strategy . 

Zivot and Andrews choose the following mode1 for the nul1 hypothesis 

which completely suits our nul1 hypothesis described earlier - random walk with drift that excludes 

any structural change. We also accept their assumption that the breakpoint is the point that gives the 

least favourable result for the nul1 hypothesis. According to Zivot and Andrews. the minimum value 

of t, - statiktic where a = I - a2 is associated with the breakpoint in the following modelI9 

where DL is a level dumrny which takes on value 1 if r > TB and O othenvise: TB is a break-year. TB 

varies fiom TB = 2 up to TB = T - I where T is sample size. 

However. model (79) is not useful for our alternative hypothesis. Thus instead we introduce the 

following model as the alternative: 

Moreover. according to our alternative hypothesis the sum of coefficients a? and a, shouid be equd 

to unity which transfomis the alternative into 

H,: y, = a, + al& + a, y,-, + (1 - a9 Dryt_, + e, (81) 

l9 Once again we omit time trend because of the reasons described earlier 
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According to H,, and HI . the testing strategy should be: test Hf, : a, = O and a2 = 1 which gives us 

model (78). in order to be able to use DF-test statistic to test H, . we transform our model (8 1) mder 

H, as follows. 

Subtracting y, fiom both sides 

Y ,  -Y/- /  = ai + a/Di + a$[-I -y,/ + (1 - a 3) D 1- Yr-/ + er 

where ~ y ,  =yr -y,-,. Introducing a = a, - I ,  we end up with the following mode1 for our alternative 

hypothesis: 

Testing Hf, : a, = O und a = O is the sarne as the nul1 hypothesis specified above. 

Following Zivot and Andrews. it is possible to run a sequence of regressions (84) each of which 

is associated with specific Tg. However. their cntenon of minimum ta - statrktic is necessary but not 

suffkient for a break point to exist. According to Our specification of the Hl,  the suficiency 

condition is 1 ta, 1 > 2. 

Therefore, if we apply the necessary and suficient condition which is minimum t, plus 

1 ta, 1 > 2 to a sequence of regressions (84), we will be able to test our hypothesis - structural break 

at some unknown point with stationary AR(1) process before the break and randorn wdk with drift 

afterwards. 

Table 3.10 represents the estimation resuits of the model (82) with OLS for different break-years. 



The table indicates 1960 as the break-year according to Our ~riterion'~. The DF - statistic ta = 

-2.754 means: we reject Hf, at 10% significance level because the critical value at this level is -2.612. 

'O As Far as stationarity is concemed, positive values of t ,  - stathtic can be excluded from consideration. 
NonetfieIess, it is necessary to admit that t, = -2,754 in 1960 represents the highest absolute value within 1952- 1984 
interval which indicates the year of 1960 as the break-year even if two-tail DF-test is employed 
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Thepvalue fort, -statistic is 0.0788 which means that we accept our hypothesis at 92% confidence 

intervai which is a very good result taking into account small sample size and precision of the Soviet 

data. 

The above estimation procedure leads to the selection of the following model (with t-values in 

parenthesis): 

where a, + a3 = I and DL = I if t > 1960 and O otherwise. In order to support mode1 (85), we test 

the restriction 0, + a, = 1. nie restricted model is (85) with sum of squared residuals equal to 

0.000808 and unrestricted model is 

with sum of squared residuals equal to 0.UOO7?7. F - statistic" is equal to 1.2 77 and critical value 

of ~ t =  18.493 at 5% significance level. It means that we accept restriction a, + a, = I. Estimation 

of mode1 (85) shows that al1 parameters are significant which supports our hypothesis re-stated 

below: 

The productivity series y, in the Soviet economy had followed a starionary AR(1) process 
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during 1950-1 960. The stnrcturnl break which occurred in 1960 Ied to random walk with negutive 

drift process for the period of 1961 - 1 985 which iS-' 

However, there is a necessity to test senes y, for a unit root over penod of 196 1 - 1 985. The resuits 

of this estimation using augmented Dickey-Fuller test (1 979) are presented below: 

with Augrnented Dickey-Fuller (ADF) test statistic -1.37792 and critical values of -3.7204, 

-2.9850, -2.63 18 at 1 %. 5% and 10% significance levels respectively. Therefore. we cannot reject 

the hypothesis of a unit-root process during 196 1 - 1985 at any significance level. 

In order to be precise about random walk with drift process over 1 96 1 - 1 985. it is necessary to 

test series y, in first differences over this period. This senes should be stationary which implies that 

the original senes y, is I(1) or integnted of order one. The ADF unit-root test for ny, series for 1961 - 

1985 penod gives the following results: 

n'y, y, - 0.008658 - 1.-J8833ayb, + 0.1061 0 8 ~ ' ~ ~ - ,  (90) 

with ADF test statistic -3. 921 094. It means that the hypothesis of a unit-root in series ay, for period 

196 1 - 1985 must be rejected. Thus, the productivity senes y, for 196 1-1 985 penod is driven by 

" In fact equation (88) was estimated. Estimation showed that Z-statistic of the trend is -7.68 andp-value 
is 0.008804 which indicates significance of the drift 



random walk with drift process represented by (88). 

Con clusion 

The period of 1950-1 960 in the Soviet economy is characterized by steady econornic growth with 

time invariant steady state which is associated with path of normal shortage. In turn, the penod of 

1961-1985 is chmcterized by non-stationary process, in particula. random walk with drift. In 

economic and econometnc sense random walk with drift represents two non-stationary components: 

1. Deterministic trend -0.006935t which is long-run effect on productivity due to diminishing 

productivity of the resource stock. The trend explains supply disturbances and results in appearance 

of the chronic shortage where chronic shortage is dehed as deviation of productivity senes y, fiom 

its steady state value y in period 1 950- 1960. 

2. Stochastic trend Er,. which is also long-nin effect on productivity. presents intensifying 

fluctuations as a result of supply disturbances because of increasing depletion rate. 

However. the main implication of the structural chage is: the Soviet economy has become 

unstable since 1960 hecuzm ifs dynamics has been characterized by non-st~tionary process in 

productivi~ series y, . 



Appendix 3A 

Soviet m~croeconomic vuriables by end use in constant 1973 prices for I9.W I 9 70 period (billion 

Y ear 1 Gross output 1 GNP 1 Investment 1 Consumption 
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Soviet macroeconornic var iahies by end use in constant 1 9 73 prices for 1 9 71- 1 985 period (billion 

ru bles) 

1 Year 1 Gross output 1 GNP 1 Investment 1 Consumption 



Appendiv 3B 

Capital stock in constant 1 9 73 prices for 1 9jO-198j period (billion rubles) 





Appendix 3C 

Based on Soviet statistical material. in particular Narodnoye Khozyaistvo SSSR 1922-1972. 

Moscow: Stalistika, 1972 and Narodnoye Khozyaistvo SSSR m 70 let. Moscow: Finans> i Statistika, 

1987, the following table was derived: 

Annual 
increase of 
labour 
force,% 

Years Annual 
increase of 
extraction of 
non- 
renewable 
resources, % 

h u a 1  
increase of 
arable land,% 

Annuai 
increase of 
livestock, % 

Annual 
increase of 
timber stock, 
Y0 

The table shows declining growth rates of some inputs of the aggregate production function - first 

of al1 in terrns of utilization of the natural environrnent. Such a situation leads to decrease in 

productivity of the natural environment as well as the economy as a whole. This result is due to 

intensifying depletion of natural resource stock during rapid extensive economic growth of the 

1950s and zero prices of the naniral resources which eventually led to overutilization of the stock. 

By 1960 low marginal extraction cost deposits of non-renewable resources have been developed, 

new arable land has been brought under production. deforestation has resulted in decrease of the 

naturai growth rate of timber biomass, etc. This points at the period of the late 1950s - early 1960s 

as a possible structural change in the Soviet extensive economic growth. 



Appendir 3 0  

Productivity series y, over the periodfrom l9jO to 1985 





C W T E R  FOUR 
MODELLING THE ENVIROWNTAL SHOCK 

The chapter presents a theoreticai and economeûic analysis of the Chernobyl accident as an 

adverse supply shock in the Soviet economy. based on the previously derived dynamic structure of 

this econorny at the time of the accident. The major attributes of the Chemobyl shock are identified. 

These attributes are used to set up an econometric mode1 to study the consequences of the shock The 

direct impact of the Chernobyl accident in 1986 is estirnated using Vector Autoregression analysis. 

The simulated time path of the productivity series over 1986- 1990. based on the estimated Vector 

Autoregression. is compared with actual time path over the same period. 

Partial Impulse Response Functions (IRF) are obtained by imposing the derived direct impact on 

the Vector Autoregression. and inverting it into Vector Moving Average fom. Based on the partial 

IRF for productivity of the Soviet economy. the consequences of the shock are presented as 

deviations fiom potential time path of the productivity series without shock. 

The major conclusion reached in this chapter is: the Chernobyl adverse supply shock has a 

permanent impact on the economy's productivity because the structure of the Soviet economy at the 

time of accident was characterized by a dynamic process with long memory. Le. random walk with 

drift, which generated nonstationary productivity series. The conclusion is supported by explosive 

cyclical pattern of the IRF of productivity. 



4.1. The large environmental impact os adveme supply shock 

Previously it was noted that the large environmental impact has imrnediate negative effect on the 

naturd environment with long-lasting consequences. In this study the depletion rate d, was 

introduced to reflect changes in the natural envuonment by incorporating resource flow R, and 

resource stock S, at the same tirne. It is assumed that the large environmental impact is expressed 

through one-time increase in the value of 4 which immediately decreases the resource stock 

available for production in the period r with some changes in resource flow as well. Therefore, the 

direct impact of the Chemobyl accident was a one-time increase in the value of  d,. In chapter three 

it was shown that in general d, series are responsible for supply disturbances in productivity series 

y, of the Soviet economy. Thus, any large environmental impact in general, and the Chemobyl 

accident in particular is an adverse supply shock. 

In explaining fluctuations in productivity, the RBC proponents have ernphasized shifls of the r d  

aggregate supply curve due to tec hnological shocks (Kydland and Prescott, 1 982; Plosser, 1 989). 

Recently Hansen and Prescott ( 1993) have widened the interpretation of tectmologicd shocks so that 

'' any changes in the production fùnction or, more generaily, the production possibility sets of the 

profit centres" can be regarded as a potential supply shock. The work of the RBC school and critique 

of this approach by other schools of econornic thought (first of dl by New-Keynesians) led to the 

following four stylized facts (for more see Snowdon, Vane and Wynarczyk, 1995): 

1. Fluctuations in aggregate output are temporary deviations around a trend which underlies the 

natural rate of growth 

2. Technological progress is the detenninant of the trend. 

3. Aggregate instability from business cycles is sociaily undesirable. 



4. Monetary factors are an important factor when it cornes to explaining the business cycles. 

How do these stylized facts fit into the Soviet economy? 

First, it was shown that extensive economic growth is the determinant of the negative trend in the 

Soviet economy over 196 1 - 1985 due to diminishing productivity of the natural resource stock. 

Second, fluctuations in productivity of the Soviet economy around the trend are permanent- 

According to these two statements, the following question arises: What reaily hr?pened in the Soviet 

economy in 1960- 196 1 that resulted in regime change? The answer to this question is important to 

leam some lessons needed for the analysis of the Chemobyl accident as adverse supply shock. 

In this regard it is possible to identifj at least three macroeconomic aspects of the change: 

1. The extensive economic growth used itself up by 1960. Almost al1 deposits of non-renewable 

resources with low marginal extraction cost as well as new available arable land were brought under 

productionu. The diminishing productivity of the natural resource stock given constant technology 

has begun to dominate. It resulted in downward trend in the economy 's productivity. Was it supply 

shock? According to the definition presented at the beginning of this section the answer is yes, if the 

supply shock is regarded as increase in cost of raw materials associated with higher extraction cost. 

2. Monetary reform of 196 1 mentioned in chapter 3 can be considered as demand shock which, to 

some degree. reflects the fourth stylized fact. The reform. which was actuaily a confiscation of cash 

holdings, negatively affected the desired level of personal consumption and resulted in change of 

the aggregate shortage value. From econometnc viewpoint it might cause changes in pattern of 

deviations of productivity series y, fiom steady state. As a result. both shocks combined have 

'3 In the 1950s even marginal land in Kazakstan, the so-called "tselina" was recultivated 



produced the chronic shortages in the Soviet economy since 196 1. 

3. Also it is necessary to bring in one more aspect. The end of the "Khmschev's ~ p r i n g ' ' ~ ~  by 1960 

and rnonetary reform of 196 1 resulted in the formation of pessirnistic expectations in Soviet society. 

Since 1961 the majority of the Soviet population has given up their beliefs in ability of the Soviet 

govemment to provide -'bright fbture" through the movement towards cornmunism. Per capita 

consumption has begun to decline. Even though such a psychological aspect is difficult to meanire, 

nonetheless it should be mentioned. However, we leave this aspect aside in this study. 

Therefore, the structural change in 1960- 196 1 was due to two shocks - supply and demand, which 

is expressed in two non-stationary trends of random walk with dnfi process over period of i 961- 

1985: drift or deteministic trend and stochastic trend of error terms or fluctuations around drift. It 

gives us the required h e w o r k  for the analysis of the Chernobyl accident as the supply shock. 

Frisch (1933) subdivided al1 supply shocks as being driven by either impulse or propagation 

mechanisms. However. propagation mechanism aiso includes impulse as initial source. An impulse 

initiates a shock to cause a variable (say productivity) to deviate from its steady state value. If the 

deviations vanish over tirne. the initial shock is ternporary. Propagation mechanism consists of those 

forces which carry the effects of the initial shock forward through tirne and cause the deviations fkom 

the steady state to penist. In such a case it said that the series carry long memory (see Peters, 1994). 

Therefore, in an economic sense the decreasing deterministic trend in the productivity series y, 

describes long-nin properties of the mode1 while the stochastic trend (fluctuations arouiid the 

deterministic trend) describes short-run properties. Both have permanent negative effect on 

'4 The t e n  b'Khruschev's spring" relates to a significant decrease in stare control over such tields of 
human activity as arts and science after fmous 20th Congres of the Communist Party of the Soviet Union in 1956 



productivity which means presence of a long memory in the economic dynamic system. 

The other feature of a persistent time series is long-run correlation between current events and 

fiihire events which means autoregressive nature of a system characterized by such persistent series. 

It justifies extending the process of long memory into the friture to generate potential time path of 

the Soviet economy without the Chemobyl accident. It is a kind of counterfactual approach of the 

new economic historians (see. for example, McClosky, 1972) because it is characterized by a 

statement "what would be if...". 

Two points follow from the above discussion: (i) it is possible to predict potential tirne path of 

a system driven by dynamic process with long memory; (ii) any shock to such a system is 

permanent. In this regard. the Chemobyl accident being adverse supply shock in the Soviet economy 

should affect the deterministic trend (one-time increase in the value of depletion rate d,) with 

secondas, effect on stochastic trend because of the change in the value of net aggregate shortage h,. 

We cal1 this secondary effect a spillover effecr. As noted earlier, fiorn econometric viewpoint both 

trends (drift and stochastic trend ze, ), contained in a randorn walk with drift process of 

productivity series y, of the Soviet economy, are non-stationary and. therefore, it is expected that 

the Chernobyl accident has had permanent effect for the structure of the Soviet economy. 

The general effect of an environmental shock like the Chemobyl accident in the Soviet economy 

is explained below using the simple static diagram 4.1. 
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Diagram 4.1. After shock adjustment in Soviet economy 

The Chemobyl accident irnrnediately affected natural resource stock S, in period t with following 

change in resource flow R ,  It resulted in one-tirne increase in the value of depletion rate d, which, 

in turn, decreased productivity y,. Graphically the Chernobyl shock caused l e b a r d  shift of the 

aggregate supply A S  to AS" (afier-shock aggregate supply). Frorn diagrarn 4.1. it is obvious that 

the value of net aggregate shortage H, (distance SL) increased to Hfm = AD, - Y,- (distance PL). 

Point S" on diagram 4.1 presents new equilibrium of the Soviet macroeconomic system after the 

Chemobyl shock. 

This is the general adjustment mechanism after a supply shock in the Soviet economy. However, 

the dynamic consequences of the environmental shock are more complicated. In general it appears 
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that the dynamics of the environmental shock is more complicated than the dynarnics of the pure 

technological shock. This statement follows fiom the analysis of the genenl macroeconornic 

consequences of the Chemobyl accident in the Soviet economy presented below. 

The accident irnmediately affected the natural resource stock available for production through 

direct contamination of soil. water resources and air as components of the ecological and economic 

systems. It also afTected humans in two ways: (i) the accident caused reallocation of victims as well 

as reallocation of labour force to fight the immediate consequences: (ii) the accident caused some 

immediate deaths and deterioration of health conditions of many people aftenvards. There was 

another macroeconomic consequence which was associated with a necessity to redistribute and 

increase investment required for liquidation of the direct consequences of the accident. 

Futhermore. by its nature the Chemobyl accident has had accumuIative character since then 

because of physical properties of radioactive contaminants. Hence. the negative effects enurnerated 

above have been carried forward through tirne. This analysis gives us the following attributes of the 

Chemobyl supply shock: 

(1) immediate negative impact on resource stock as an environmentai input in aggregate production 

function; 

(2) imrnediate spillover effect on other inputs of the aggregate production function - labour and 

capital; 

(3) long-lasting autoregressive effect on the entire macroeconomic system cax-ried by interdependent 

macroeconomic variables. 

Some of these attributes are unique for the Soviet economy in cornparison with a market one. 

Chapter five compares consequences of the large environmental shock in Soviet economy with 
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those of a market economy. The above enumerated attributes suggest to constnict Vector 

Autoregression for macroeconomic variables of interest first impose the direct environmental impact 

second, and trace the effects of the impact (shock) over time afterwards. Therefore, it is necessary 

to derive the direct impact of the Chemobyl accident in 1986. 

4.2. The direct impact of the Chernobyl accident 

In this section direct darnage to the naturd resource stock Sr with M e r  effect on resource 80w 

Rt is viewed as the direct impact of the Chernobyl accident. It results in a one-time increase in the 

depletion rate d,. In order to derive this value, two approaches can be applied. 

A. Direct Approach 

By definition depletion rate d, is 

where Rt is annual level of resource utilization; Sr is resource stock. Adverse environmental shock 

results in one-time increase in depletion rate d, which in case of the Chernobyl accident is explained 

as follows. 

According to (9 1). change in depletion rate or adt is 

where aRt is change in resource utilization due to adverse environmental shock; AS, is decrease in 

resource stock due to adverse environmental shock. Our analysis of the environmental consequences 



119 

of the Chemoby l accident presented in section 1.1 suggests that AR, consists of two components: 

- increase in extraction of non-renewable resources to make up for the loss of one billion kwt-hours 

of nuclear electricity : 

- decrease in harvesting of renewable resources (loss of agricultural production as well as production 

of forestry and fisheries). 

In tum. AS, consists of at least four components: 

- loss of arable land: 

- loss of Iivestock: 

- loss of fish stock: 

- loss of timber biomass. 

The overail effect of the Chemobyl shock is obviously an increase in the value of d, or ad, > O in 

1986. In principle. it is possible to estimate al1 direct consequences of the Chemobyl accident 

specified above in order to obtain the value of ad, according to (92). 

However, such a process requires additional information on direct consequences of the Chernobyl 

accident for the natural environment, An extensive literature review reveais that the exact 

consequences for the natural environment are re-estimated each year with unfoiding of new 

information. For example. the OECD (1995) emphasizes that "nine years afier the Chernobyl 

disaster. scient@ duta for remedial and recovety programmes still need to be ossernbled and 

rvaluated". In RADNET (1 996) we fmd the following: "'A reci>miderution of the accident ten years 

later can oniy conclude that accurate information is sr il2 unavaikble about actuai deposition levels 

over vast a m . .  . ". And finally, Sich (1 996) brings in one more argument for inaccuracy of the data 

on the Chemobyl accident: "The rnanner in which some international organizatiom have dealf with 
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the accident over past ten years has strengthened in me the comtiction that. sadly. scientific inquiry 

and politics are inextricably linked.. . ". 

Therefore, there does not exist the exact set of such estimates at the present moment. Moreover, 

discrepancies among existing estimates are large which makes them unreliable in general. While 

the framework described above c m  be applied when more accurate data become available, another 

approach was chosen in this study. 

B. Simulation Approuch 

In the previous section three major attributes of the Chernobyl shock were identified: 

(i) an imediate  negative impact on the natural resource stock which is environmental 

macroeconomic .miable; 

(ii) an immediate spillover effect on macroeconomic inputs of  the aggregate production function - 

capital and labour: 

(iii) an autoregressive effect on the economic system of interdependent macroeconomic variables. 

The direct impact on the naturai resource stock S, with the following change in resource flow R, is 

captured by a one-time increase in the value of d, in 1986. The spillover effect results in changes in 

growth rate of labour force g, and growth rate of capital g Eventually al1 the above affects 

productivity of the Soviet economy y,. The autoregressive effect is carried by d l  enurnerated 

variables over time. Therefore. it is possible to constmct the Vector Autoregression (VAR), impose 

the shock ad, on y, and trace the consequences of the shock over time with the help fiom the 

VAR. By assigning different values for ad,, it is possible to find time path that the best resembles 
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the real time path over 1 986-199O3 . The value of ad, associated with such a path is the value of 

the direct impact. However, in order to detect the Chernobyl shock through simulation approach, it 

is necessary to separate two impacts that occurred almost at the same time: (1) restructuring of the 

Soviet economy since 1985 (the so-called peresfroiku); (2) the Chemobyl accident of 1986. In this 

study the following approach was chosen to separate the two. 

According to Desai (1989), perestroika resulted in the fieeing of wages and loss of "ruble 

contrai". Eventually this caused dramatic levels of inflation in 1986- 1990. Therefore, we use GNP 

in established prices over penod 1986-1990 and extend infiation of early 1980s, cdculated by 

Steinberg (1990), to derive deflatoa for this period. Using these deflators we obtain new 

productivity series for period 1986-1990 which cary the environmental shock only. In such a case 

we remove only the so-called guamnteed inflation, and do not change the time path of red GNP. 

In other words, by extending only infiation that has aiready existed over 1980-1985 into 1986-1 990 

we artificially remove the economic impact which was caused by perestroika and which resulted in 

dramatic levels of inflation in 1 986- 1990. The extended guaranteed inflation captures the major 

dynamic features of the Soviet economy as they have been before Gorbachev's perestroika. 

Thus, we construct the following 3 x 1 column vector x, 

Once again it is necessary to emphask that we are restricted by only five years of real data afier the 
accident 
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Using the data over period of 1 050- 1 985. derived in section 3.1. it is possible to estimate the VAR 

in generai form as 

where A, and A, are matrixes of constant tcrms and coefficients respectively. For example, the fkt- 

order VAR is: 

where A. is 3 x  1 coluinn vector of constant terms, A, is 3 x 3  matrix of coefficients and Et is 3 x 1  

column vector of error terms. CIowver. because the VAR expresses the interdependent nature of a 

dynamic system. tlir error tcms in vector E, 

are composites of tliree denienian sboçks q,.,. qmmd qNl which is showvn rigorously later on. The 

supply shock ad, direçtly affects productivity y,, which is reflected in elementary shock q, with 

spillover effect on gh, and g., tlwougli r ,  and e,,. 

In econometric sense it means that constant term a,, in column vector 



decreases by value of ~ d ,  at the time of impact or 

where e,, is a funciion of ad,. Then the spillover effect of the shock is captured by e II, and e.,, 

which is discussed in the next section. Finally, the dynamic macroeconomic system carries these 

effects forward over time. 

Therefore. it is possible to assiçn different values for ad,, in order to simulate the t h e  path of 

the vector x, over 1986- 1990 or after the shock. The econometnc justification of the procedure as 

well as actual estimation are presented in the following section. 

4.3. Ecoir ometric nnalysis of the Chernobyi shock 

Estimation of equation (95) provides us with 3 x  1 column vector A, and 3 x 3  matrix A, as well 

as with 3 x 3  symrnetric correlation matrix of enor terms P which is 

P = 

Taking into account the matrix P. it is possible to decompose the 3 x 1 column vector Et as follows: 



where 

is 3 x  1 vector of independent and identicaily distributed error terrns. We treat these independent 

error terms as elemennry sliocks to eacli of tlie three macroeconomic variables y, g,, and g,, . An 

environmental shock is a one-tiiiie elementary shock q, = ad,,. Therefore. if we set q, = q, = O 

and q,., = ad, . then 

and e,., = ad,, e, = p,,orl,, and e., = p,, A&. 

The next step is to re-write tlie VAR in a form of Vector Moving Average (VMA) as follows: 



where M = (1- A, )-' x A, is a 3 x I column vector which stands for the unconditionai mean o f  the 

process (95). 

The VMA form in equation ( 1 01) has a very important interpretation: A f is an impulse response 

of the vector x, in period i to a one-unit change (impulse) in error ternis or when 

In econometric literature (see. fo e. Enders, 1995) such a fûnc :tion is known as Impulse 

Response Function (IRF). Hsre impulse implies a one-time shock. In an economic sense, IW 

represents a sequence of short-run impact multipliers after the shock. Let 9 (i) be the value o f  the 

IRF i periods after dit: sliock wiiicli ocçurrcd in period t .  Then the R F  in general can be written in 

a matix form as follows: 



which is the shock (impulse) to the vector x, in period t. 

Then one period ûfter the sliuck: 

and so on. 

As a result we end up wit li tlirce partial IRFs. in particular @,, #, and @, or responses of al1 

three macroeconomiç variables to the environmental shock as adverse suppl y shock. The impulse 

response function 4,. is of tlic most interest because it is the response of productivity on the 

environmental shock tliat takes into account al1 attributes of the environmental shock discussed 

earlier (direct impact. spillover e ffect and autoregressive long-run effect ). 

The above discussion suygcsts the following algorithm for derivation of the direct impact: 

1. Estimate matrixcs .-1, and A ,  of vector x, over 1950- 1985 period as well as matrix P. 

2. Assign value for ad,,, in 1986. 

3. Generate the time path of the wctor x, afier the shock as follows: 

- to start,  choose the value o h ,  in 1985 or 



- calculate the impact of the shock in 1986 as 

- generate the time path ofx, for 1987-1990 ihrough 

where t = 1986. 

4. Compare the genrntcd time path o f  j; with reai over penod of 1986-1990; make adjustment in 

the value of ad, and go back t o  stsp 3 .  

5 .  Chose the value of nrl,, using the following criterion: 

where y, is the real value of productivity; ):' is the simulated value of productivity associated with 

a specific value of ~ r f , ~ ,  and t = 1986. 1987. 1988, 1989, 1990. 

The following diagrms 4.2 and 4.3 prrsent elements of vector x, as time series. Appendk E 



reproduces nurnencnl values of the vector. 

Diagram 4.2. Elements of vector x, : y = productivity series; gk = growth rate 
of capital series; gn = growth rate of popuiation series 



Diagnm 4.3. Elements of vector x, 



ReaiUation of the described algorithm brought the following results. 

Step 1 .  Eviews prodiices these parameter estimates: 

A,, = 

The diagnostics are presented in table 4.1. 

Table 4. I .  Resulrs q f ~wimcrri17,y equuiion (95)  xr = A ,  + + E, 

Constant 



Step 2. The following values of A& were assigned: 0.0080, 0.0085. 0.0087, 0.0090. 0.0093, 0.0094, 

~ w - I )  

Adjusted - R2 
Log fikeiihoud 

0.0095, 0.0096, 0.0097, O. 0098. O. 0100 and 0.01 1P6 . 

Step 4. The initial value of the vector x, : 

- 0.71 1089 

(-0.78) 

0.98969 

130.0436 

According to step 1. the 3 1 çolumn vector E, becomes" : 

Here it is necessary to point at one peculiar aspect associated with estimation of Et . The vector 

- 0.341201 

(- f .85) 

0.972965 

1 86.1767 

'O The range o f  values for ad, was chosen on the basis o f  combined grid search and Newton's method to 
rninimize sum of squared rrron (SSE). Here we only present the interval associated wirh global minimum of SSE. 

0.660352 

(5 -94) 

0.963 576 

203 .9026 

" We change signs of al1 rlcments of the vector E, because according to ( 1  07) the environmental shock 
ad,, is an adverse shock 
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(1 14) shows that the environmental shock has negative impact on productivity y, and growth rate of 

labour gV . However, the impact increases the growth rate of capital g,. This result has consistent 

economic explmation. The environmental shock decreases productivity of the econorny because it 

is an adverse supply shock". Decrease in growth rate of labour can be explained by two reasons: (i) 

decrease due to reallocation of victims of the accident; (ii) decrease due to reallocation of labour 

force to fight direct consequences of the accident because, in fact, the labour force is diverted from 

participation in actual production process. Increase in growth rate of capital is due to increase in 

investment required for liquidation of the direct consequences of the accident. 

Now we are able to calculate values of vector x, in 1986 as follows: 

and iterate the vector x, over 1987- 1990 with 

assigning values for t = 1986, 1987, 1988, 1989. 

Step 4. Table 4.2 presents actual values of productivity and generated values over period of 1986- 

1990 according to different values of ad, fiom step 2 with the help from MTHCAD. 

Which implies downward shift of aggregate production function or leftward shifi of aggregate supply 



Table 4.2. Results of the simulation of the time path of productivity y, over 1986- 1990 

Note: SSE = x'y, - y," ;/l' is sum of squared errors 

Step 5. According to table 4.3. the value of ad, = 0.0095 is the estimated value of the direct 

impact From the Chemobyl accident. 

On the other hand. in order to find more precise value of ad, . i t is possible to n!.n the following 

regression" : 

' 9  The relationship SSE = f(&J is obviously quadratic which follows fiom the definition of the SSE 
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where SSE is s u m  of squarcd mon. From cnteno~ min SSE, the fmt order condition is: 

and 

Estimation of the regession ( 1 1 7) based on table 4.2 gives us the following adjusted value for ad,, 

Therefore, imposing (lie dcri\.cd value of = 0.009438. it is possible to generate the IRF as 

follows: 

where i = O in 1986. The vol~ics of the three partial IRF over fifieen years are represented in table 

4.3 below. 



Tabie 4.3. Values of the Partial Imptilse Response Functions overfijen years 

Period, i 

The following diagrarns 4.4. 4.5 and 4.6 show IRF for productivity as well as al1 three partial I R E  



Dingrÿm 4.4. I mpulsc rcsponse of productivity after 
cnvin~nmentrl shock (years) 



Dirigram 4.5. Partial impulse respoose functions (years) 



Diagram 4.6. ~Magnified impulse response of productivity 
over fiftcen years 
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As expected fiom our previous discussion, the function @,,O does not decay with passage of time 

which implies a permanent impact of the Chernobyl accident on productivity y, of the Soviet 

economy. Furthemore, according to the diagram 4.4, the partial impulse response function @Ji) 

exhibits an explosive cyciicai pattern. It is possible to approximate the pattern by an AR(3) process. 

The results of the estimation of such a process using gcnerated values of @,,(O over 150 periods are 

represented below 

45(i+3) = 2.64552 7&(i+2) - 2.2 781 12@,(i+ 1) + 0.6305 76@,,(i) (121) 

which gives us three roots: r, = 1.02 + 0.07i, r, = 1.02 - 0.07i and r, = 0.6. From (121) it is 

obvious that the process is non-stationary with two complex roots. Complex roots are responsible 

for the explosive cyclical pattern of the partial IRF because they have reai parts outside the unit 

circle. 

Conclusion 

The following conclusions are drawn, based on the econometnc analysis presented in this chapter: 

1. The Chemobyl accident was an adverse suppiy shock in the Soviet disequilibrium economy. 

2. The shock has three major attributes: 

(i) an immediate negative impact on productivity through direct damage to the n a d  resource stock 

with following change in resource flow which resulted in one-time increase in depletion rate d, ; 

(ii) an immediate spillover effect for rnacroeconomic variables expressed in one-time changes in 

growth rates of capital and labour, g, and g ,  respectively; 

(ci) a long-lasting autoregressive effect for the structure of the Soviet macroeconomic system carrîed 



by vector x, over time. 

3.  Because at the time of the accident the Soviet macroeconornic system was characterized by a 

dynamic process with long memory, i.e. random walk with drift , the Chernobyl accident has had 

permanent effect on the structure of this system. 

4. The Chemobyl accident started an explosive cyclical response of  the productivity series. 

5. The explosive cyclical character of the economy's response shows its loss of stability. 



Appertdix E 

Values of vector x, over period of 193 1-1 985 





CHAPTER FIVE 

MACROECONOMIC CONSEQUENCES 

OF THE CHERNOBYL ACCIDENT 

The chapter discusses theoretical and practical findings from the analysis of this thesis. First, 

unique features of the large environmental impact in the Soviet economy are identified and 

compared to impacts to be expected in a fiee market economy. 

Second. the macroeconomic consequences of the Chernobyl accident are derived quantitatively. 

In doing so an impact fiom perestroïka and the Chemobyl shock which occurred in 1985- 1986 are 

separated. As a resul t. aggregate impact fiom each of them is estimated in terms of real GNP loss. 

Six different scenarios of the Soviet economy's development since the Chernobyl accident are 

considered. 

FinaIl y, the chapter discusses strengthes and limitations of the realized approach.Some 

methodological findings of the study are identified. 



5.1. Generd consequences of the large environmentai 
impact in the Soviet econonty in cornparison with 
a free market economy 

The deep cnsis in the Soviet economy by 1991 was rnanifested in decreasing levels of production, 

disproportion between production and consumption, widening gap between population's incorne and 

availability of goods and services. disorder in money supply, destruction of existing ties between 

industrial branches. low productivity of agriculture, increasing inflation, accumulating extemal and 

intemal debt, etc. 

Many Soviet econornists have tried to understand major causes of the cnsis. It appears to be that 

its mots were in the structure of the Soviet economy. For example, Pervushin ( 199 1 ) wrote: 

" We think ihar one of'thc major causes of the destruction of the [Soviet] economy is irrationd 

structural policy that has bern ernployed for decades. It implied constant increase in the share of 

production of means of production, in particular production of al1 branches of heavy industry, al 

the expense of devefopmrnt of branches associated with production of consumer goods and 

services ". 

The last claim is supported by table 5.1 that was derived from the annual book of Soviet statistics 

Narodnoye Khozyastvo SSSR. As it was already noted, the total output in the Soviet economy has 

been divided into two groups: (i) group A - production of means OF production; (ii) group B - 

production of consumer goods. In this regard, table 5.1 represents shares of the two groups over 

1940- 1990. 



Table 5.1. Shares of groups A and B over 1940-1 990. % 

Y ears Group A Group B 
1 

The table indicates significantly higher share of group A's production that has been a trade mark of 

the Soviet economy for decades. Only Gorbachev '+Y perestroika ( 1  985-1990) brought about some 

change in the existing pattern. Nonetheless, the group A's share has remained high enough. 

On the other hand, as long as the major part of demand for means of production has been satisfied 

by extensive factors, i.e. by increase in extraction of natural resources in the first place, burden on 

the naniral environment has become more severe. Eventually such a burden began to affect the entire 

macroeconomic systern of the Soviet Union. Cost of extraction of natural resources increased which 

resulted in very high value of the ratio "cost of raw materials to national income" which in 2-3 limes 

exceeded similar indicator in the developed economies. Share of mining indus- also increased 

accounting for 8-9% of total production compared to just 5% in the developed economies (see 

Pervushin, 199 1 ). 
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However, the most important conclusion is: such an irrational structure of the Soviet economy 

eventually led to the desrmction of the environmental balance. Mining. processing and heavy 

industries have been the most destructive force in an environmental aspect during d l  times in the 

Soviet economy and especially during 1986- 1990. Lemeshev (1 990). a famous Soviet economist in 

the field of environmental econornics daims: "Extensive economic growth not only demoys the 

nature, but it also brings in huge economic and social losses. According to my calnrlation total 

economic darnage fiom environmental destruction reached 45-50 billion rubles per yem ". 

Given the crisis descnbed above and from the analysis presented in this study. it is obvious that 

the Chemobyl accident significantly contributed to the overall destruction of the natural environment 

in the Soviet Union. As it was s h o w  earlier, a distinguishing feature of the Soviet economic 

development over ail periods has been the extensive economic growth. Dmitri Steinberg (1 990) also 

attracts attention to this feature of the Soviet economic growth: "The Soviet economy came to an 

inevitable halt in the mi& 970s when Soviet planners los1 their abiliw tu maintain the extensive rype 

of economic growth. which was fuelled during the preceding decades primarily by the rapid 

expumion of production fnciIities, particulan'y in industries thai mine and process bmic materials ". 

In economic sense it implies: the natural resources stock was a major input in the Soviet aggregate 

production function. The Chemobyl accident dramatically decreased this input which caused 

productivity of the entire economy to decline even faster. As it was show earlier in this study, at 

the time of the accident the Soviet macroeconomic system was aiready unstable due to structural 

change of 1 960- 196 1. However. the Chemobyl shock, combined with restructuring of the Soviet 

economy that was going on at that time. was the last blow for the unstable macroeconomic system. 

As analysis in this study shows. the shock was irreversible in principle within the existing 
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macroeconomic system. The Soviet macroeconomic system being rigid could not react properly to 

exogenous adverse shocks. The only way to change the undesired pattern after the shock was by 

accelerating technologicai progress. However, the Soviet economy did not provide incentives to 

speed up technologicai progress. Therefore. it became necessary to replace the enûre system in order 

to create a set of required incentives. 

Thus, the break-up of the Soviet Union was the objective result of the sequence of events among 

which the most important were: 

1 . Structural change of 1960- 1 96 1 that started the Soviet macroeconomic system on an unstable path. 

2. Ad hoc restmcturing of the economy within old institutional framework since 1985. 

3. The Chemobyl supply shock of 1986. 

With respect to the structural change let us quote Dmitri Steinberg who discusses the slowdown 

of the late 1980s: 

"This slowdown must be irndoubtedly viewed as a sign of a prolonged Soviet economic slump. 

A more defailed unulysis of estimation resztlts further reveals that the current Soviet socio-economic 

crisis did not occzw szrddeniy; if evolved gradually over two decades and thus could have been 

predicted more than deccidr ago.. . 

Itssfirsrst signs were ulready rnnnifsted in the early 1970s which witnessed a notable slowdown 

in the growth of conszimption and fued investment. Sfurting in the mid-1970s the slowdown was 

replaced with a negative per cupitu growth which by the rnid-1980s evolved into negative absolute 

growth " (Dmitri Sfeinberg, 1990, p. 181) 

It is necessary to note IWO major conclusions that follow from the above quotation: (i) first signs 

of the slowdown were in early 1 970s; (ii) negative absolute economic growth since mid- 1980s. With 
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respect to the Iirst one this study showed that even though the first signs (consequences) of the 

slowdown in the Soviet economy were rnanifested in the early 1970s. its roots (causes) had been in 

1960-1 96 1 structural change. The second conclusion completely supports the analysis presented in 

this study: by 1985 Soviet economy was already unstable and the year of 1986 brought absolute 

negative economic growth. 

Therefore, according to the anaiysis realized in this study, the Chemobyl shock was irnposed on 

a system that was ready to break up and "was waiting" for any opportunity to do so. Has not the 

Chernobyl shock occurred. any other adverse exogenous shock would have resulted in the break-up 

of the system. 

On the other hand it is necessary to emphasize that the Chernobyl accident was also a result of 

the extensive economic growth. Increase in energy capacity a s  a major input for production through 

increase in nuclear energy capacity had been achieved at the expense of safety. As a result, the 

accident occurred causing disastrous macroeconornic consequences . In 1990 a prominent Soviet 

newspaper Inestiya admiîted that "... uccording ro recent data. liquidation of'the comequences 

of the Chernobyl accident will require not 6-8 billion mbles, as it was esrimared in 1986, but at l e m  

34 billion rubles of ivhich 18 billion &les in 1986-1990" (kvestiya, 26 March, 1 990, p.3). 

However, even this arnount is underestimation which is shown in this study. 

Hence, it appears to be that there are two unique features behind the consequences of the large 

environmental impact in the Soviet economy. They are: (i) price rigiditv: (ii) extensive economic 

growth. Both underlie specific dynamic properties of the Soviet econorny which caused explosive 

response of the economy to the Chemobyl shock. As a result, stability of the system was changed 

which was rnanifested in a growing chronic shortage. 
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For comparison. what would the likely consequences of the large environmental shock have been 

in a fiee market economy? First, such an economy would feel the sarne immediate impact on the 

resource stock. shifiing its production possibility frontier. After that the similarity with the Soviet 

economy disappears. In the latter. the large environmental impact immediateiy spills over the entire 

macroeconomic structure (represented by increase in growth rate of capital and decrease in growth 

rate of labour). In a fiee market economy the initial impact is offset by increase of the general pnce 

level in the short-run, then it resdts in increase of resource-saving investment in the long-m. One 

feature of the extensive growth of the Soviet economy is complementarity of environmental and 

economic variables. In a free market econorny such a complementarity is no longer present. Instead, 

it is assumed that rational agents solve a set of optimization problems in order to arrive at optimal 

combination of environmentai and economic variables. Therefore, the agents treat these variables 

as substitutes rather than cornplements. A support for the last claim is found in Stiglitz (1974) who 

introduced the following aggregate production function: 

where A = technological constant; K, = physical capital; L, = labour; R, = resource flow; s = rate of 

technological progress; a. P. y = shares of capital labour and resources respectively , and a + P + y 

= 1 and r > O. This Cobb-Douglas form of the aggregate production fùnction assumes substitutability 

between environmental and economic variables. [t implies that capital investment saves resources 

or decrease in resource stock (or fiow) increases capital investment. Therefore, the immediate 

decrease in resource stock and resource flow due to the large environmentai impact would eventually 

increase resource-saving investment. Therefore, in the long-run we would expect improvements 



associated with resource-saving technologies. 

Of course, there should be some adjustment process in both real aggregate supply and real 

aggregate demand. For example. f i e r  second oil shock in 1980 consumers switched to more 

economic vehicles as a result of dramatic increase of oil price. However, the overall effect of this 

adjustment process is ambiguous in generd because it depends on dynamic properties of a specific 

economy. On the other hand. there are strong incentives for technological progress which rnay offset 

some of the negative consequences of the large environmental impact in a Free market economy. 

Two outcomes are possible: (i) with passage of time adjustments in real aggregate supply and 

demand return rnacroeconomic system on the previous tirne path (temporary shock); (ii) a permanent 

change in the time path afler the shock. Theoretically the second outcome may lead to a more 

efficient time path if the impact fiom the environrnental shock is more than completely offset by 

technological improvements. On the other hand, an economy rnay end up along less efficient time 

path if the ecological consequences of the impact are stronger compared to technological 

improvements. 

Therefore, it appean that substitutability between environrnental and economic variables is a 

cmtial feature of a market economy because it creates a set of proper incentives to overcome the 

consequences of the large environrnental impact. Furthemore, the literature on sustainable 

development suggests some extra incentives in such a case in a fiee market economy. For instance, 

Peaey ( 1 992) argues: ". . . analysis shows that a proportional conservation subsidy [tu extractors] 

(subject to certain reslrictions on parameter values) can move the economy onto an optimal growth 

path by countering ail the depletion and utility effecïs: a higher subsidy will slow resowce depletion 

and raise the growth of titilis>". Solow (1974) also suggests a policy solution of resource 
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conservation subsidies as well as of severance (resource depletion) taxes that fa11 through tirne. 

Stnctly speaking, the negdve consequences of the large environmental impact in a free market 

economy might be offset through three channels: (i) increase in the rate of technological progress; 

(ii) decrease in the utility discount rate; (iii) implementation of conservation subsidies or depletion 

taxes. In this regard, the combination of internai forces (hunediate short-run increase in prices and 

resource-saving investment) and extemal forces (policy decisions) might help to evennially 

overcome the consequences of the large environmental impact in a free market economy. 

As it has already been show. the Soviet economy does not provide any incentives to use the 

above enurnerated opportunities because of pice rigidity and extensive economic growth. In a 

mathematical sense. the extensive economic growth is not associated with time path which is a 

result of the solution of a set of optimization problems. Therefore, the spillover effect as well as 

negative long-lasting autoregressive effect are unique features of the large environmental impact in 

the Soviet economy. Moreover, it appears to be that the large environmental impact in a socialist 

economy with extensive economic growth leads to permanent negative consequences unless the 

required set of incentives is found. However. the latter is associated with institutional or structural 

change. 

5.2. Derived estimates of the macroeconomic 
consequences of the Chernobyl accident 
in the Soviet economy 

Before presenting the derived estimates of the Chemobyl accident for the Soviet economy, it is 

necessary to justify the data used for simulation of the Soviet economy's performance over 1986- 
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1990. It appears that this penod in the Soviet economic development remains the most controversial. 

The complexity of the period is associated with two major events - the change in the Soviet 

leadership in 1985" and the Chemobyl accident. Therefore, both events have to be accounted for 

in order to separate the Chernoby 1 shock. 

Discussion represented below is dedicated to this issue first and to the cornparison of some 

existing estimates second. In this regard, different scenarios of the Soviet economic developrnent 

over 1986-1 990 are presented and analysed. As a result, the aggregate value of the shock is derived 

as well as the social costs of the Gorbachev's perestroika. 

Based on the literature review the following scenarios of the Soviet economic development over 

1 986- 1990 have been identified. 

I .  The moderate scenui-io 

This scenario is used in this study to derive the value of the Chernobyl accident through Impulse 

Response Function. It is based on the following estimates: 

- extension of Dmitri Steinberg's deflatos over period 1980- 1985 into period 1986- 1990 (Steinberg, 

1990, table 1 G, p.2 16): 

- Gross National Product denved by Dmitri Steinberg for period 1986- 1990 (Steinberg, 1 990, table 

Di ,  p.169). 

These estimates produce the following real GNP in constant 1973 prices. 

'O Gorbachev becarne the Secretary General o f  the Communist Party of the Soviet Union in Apnl 1985 



Table 5.2. The moderare scenario 

1 Years 1 GNP in established 1 Deflaton 1 GNP in constant 
prices, billion rubles 1973 prices, billion 

mbles 

2. The Goskomsrar 's scenario 

The scenario is derived based on publications by the Head of Goskomstat Victor Kirichenko 

(1 990, 199 1). According to these publications the level of inflation in the Soviet economy has been 

as follows: 7.2% in 1986- 1988; 7.5% in 1989 and 10% in 1990. Taking these levels of inflation and 

deflator of 1.46 in 1985" reported by Dmitri Steinberg (1990) the following table was constmcted: 

Table 5.3. The Goskomstul 3 scenario 

1 Years 1 GNP in established 1 Deflaton 1 GNP in constant 

" We use Steinberg's estirnates for 1985 as the b a i s  for cornparison of al1 scenarios represented in this 
chapter 

1986 

pnces, billion rubles 

798.5 1.49 

1973 pnces, billion 
rubles 

535.9 



3. Steinberg's reconstructed scenario 

Drnitri Steinberg also reports Kirichenko's inflation levels for period of 1986- 1988, however, he 

concludes: ".. . it c m  be kntcztiveiy concluded that Soviet GNP actually declined by 14.5% in 1989. 

This was a disastrous performance even in cornparison with the s t a g ~ i o n  of 1987-1 988 period 

when the Soviet GiVP grew by 1.3- 1.5% " (Steinberg, 1990. p. 181). Therefore. for this scenario GNP 

in 1986 is unchanged, however. GNP in 1987 and 1988 is assumed to increase by 1.3% with 1% 

decrease in 1989 and by 5.2% decrease in 1990 as it was in the previous scenario. Table 5.4 

summarizes these calculations. 

Table 5.4 Steinberg 's recon~rructed scenario 

I Years 1 GNP in constant 1973 prices. billion rubles 1 

Table 5.5 below combines al1 three scenarios discussed above. 



Table 55. Cornparison of the three scenmios 

Moderate scenario, 
GNP in billion rubles 

Goskomstat's 
scenario, GNP in 
billion rubles 

Steinberg's 
reconstructed 
scenario, GNP in 
billion rubles 

Diagram 5.1 below shows time paths of the Soviet GNP over 1986-1990 associated with each of 

these scenarios. The diagram indicates that the moderate scenario does not have drarnatic ups and 

downs like the other two. Furthemore, al1 three scenarîos show decrease in the reai GNP in 1986 

in cornparison with 1985. Even though the reconstructed Steinberg's and Goskomstat's scenarios 

seem to be more realistic. nonetheless the rnoderate scenario is more suitable for the purposes of this 

study because of the reasons described in chapter four. Two scenarios, second and third, contain 

disturbances other than those caused by the environmental shock. In the rnoderate scenario we have 

artificially removed the impact from perestroika. 



-- moderate scenario 
years 
-+ goskostat's scenario 

Diagrtim 5.1. Cornparison of three scenarios of the Soviet 
econorny's development, 1985-1990 
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A c W y  the period of 1986-1 990 was afïected by two exogenous shocks: (i) bad macroeconomic 

management since 1985 due to the change in the entire macroeconomic strategy (demand and supply 

side shock); (ii) the Chemobyl accident in 1986 (supply side shock). Bad macroeconomic 

management was associated with an attempt to restructure the Soviet economy within existing 

institutional fkmework through the so-called market socidism. Therefore. we hypothesize that the 

moderate scenario contains only the environmental shock whereas the other two scenarios contain 

both shocks. 

In this regard. it is possible to derive potential time path of the Soviet economy without either the 

Chemobyl accident or perestroika. The potential time path is obtained through the following 

calculations: 

where i = 1986. 1987. 1988. 1989. 1990; y, = simulated values of the productivity as result of the 

environrnental shock; @y (i) = absolute values of the IRF of productivity; K, = capital stock in Soviet 

economy. Table 5.6 summarizes the results of these calculations. 

Table 5.6. Derivation of the potential GNP over 1986-1 990 

Years 

1986 

1987 

1988 

1989 

1990 

Y ,  

O. 1 74863 

0.170806 

O. 166466 

0.162191 

0.158213 

GNP, billion 
rubles 

558.4 

566.7 

576.1 
* 

587.2 

599.3 

CI?" (0 

0.00943 8 

0.009355 

0.010143 

0.0 1 1473 

0.013 144 

K,, billion rubles 

3030.0 

3 145.3 

3262.0 

338 1.2 

3497.6 



The difference between the values of GNP under the moderate scenario (table 5.2) and derived 

potential GNP (table 5.6) gives us the aggregate value of the Chemobyl accident over 1986- 1990 

which is sumrnarized in table 5.7. 

Table 5.7. Aggregate value of the Chernobyl accident over 1986- 1990 

- - 

Relative value 
of 
environmental 
shock, % of 
potential GNP 

Potential GNP 
wi thout 
environmental 
shock. billion 
rubles 

GNP with 
environmental 
shock, billion 
rubles 

Value of the 
environmental 
shock, billion 
rubles 

Therefore, according to table 5.7, the agpgate value of the Chemobyl accident over 1986-1990 is 

178.3 billion rubles. 

4. The realistic scenario 

However, even though the Goskomstat's and Steinberg's reconstructed scenarios exhibit higher 

levels of inflation than our basic moderate scenario, the real inflation seems to have been even higher 

over 1986- 1990. In chapter 1 (section 1.2, table 1.3) the levels of inflation calculated by two Soviet 

research institutes were reported. Table 5.8 below reproduces these levels as well as levels of 

inflation associated with the Goskornstat's and Steinberg's reconstmcted scenarios. 



Table 5.8. Infation in the Soviet economy during 1986-1990, % 

1 years 1 GERI 1 CBRI Goskomstat 1 Steinberg 

Furthemore, Shmarov and N-Kirichenko ( 1990) present the following levels of inflation for 1 988- 

1989: 8.1% in 1988 and 1 1.0% in 1989. Isayev (1990) reports 14- 15% inflation in 1989. Levin 

( 1990) estimates inflation in 1989 as 10%. AI1 estimates presented above are significantly higher 

than those assumed in Goskomstat's and Steinberg's scenarios. Choosing averages of the estimates 

reported by the Soviet economists. the real GNP in constant 1973 prices over period of 1986-1990 

was calculated as follows: 

Table 5.9. Real G W  based on inflution lrvels calculated by the Soviet economists 

GNP in 
established 
prices, billion 
rubles 

Deflators GNP in constant 
1973 prices, 
billion mbles 
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We call this scenario realistic because it contains both impacts. The difference between the moderate 

scenario and the redistic scenario gives us the social cost of perestroika. Table 5.10 presents these 

calculations. 

Table 5.10. Social costs of perestroikn 

According to the calculation presented above, Gorbachev's perestroika has had even stronger impact 

than the Chemoby 1 accident. The aggregate value of the Chemobyl accident is 1 78.3 billion rubles 

over 1986- 1990 whereas the social costs of perestroika are 325.9 billion rubles or in 1 -8 times higher. 

It is also usefûl to present two more scenarios of the Soviet economic development over 1986- 

1990. We call them Soviet officia1 and CIA's. 

5. Soviet offcial scenario 

In 199 1 Soviet officiais submitted economic data to the Joint Cornmittee which consisted of 

specialists from the World Bank for Reconstruction and Development International Monetary Fund, 

Organization for Economic Cooperation and Development and European Bank for Reconstruction 

and Development. Growth rates of the Soviet national income over 1986-1990 were among these 

Year 

1986 

Moderate 
scenario, GNP 
in billion rubles 

528.8 

Realistic 
scenario, GNP 
in billion rubles 

5 12.2 

Difference, 
billion rubles 

16.6 

Relative value, 
% of potential 
GNP 

3 -0 



data. Table 5.1 1 reproduces these rates. 

Table 3. I f .  Growth rates of the Soviet national incorne 

1 Years 1 Growth rate, % 1 

1990 I -4.0 

Source: Ekonomika SSSR: Vyvody i recornendatsii. Voprosy Ekonomiki. 3. 1991. 6-72 

As it was already noted. growth rates of GNP surpass those of the national income by 0.5% for the 

Soviet economy. If this fact is taken into account dong with the value of GNP in 1955 as 552.2 

billion rubles derived by Steinberg ( 1  990), then the following scenario arises: 

Table 5-12. Soviet ofJiciai scenario 

6. CU scenario 

Y ears 

1985 

The scenario is derived fiom the Report to the Honorable Daniel Patrick Moynihan which has 

been prepared by US Senate in September 199 1.  The Report contains growth rates of the Soviet GNP 

GNP growth rate, % 

- 

GNP in constant 1973 prices, 
billion rubles 

552.2 



over 1986- l99O. Once again the value of GNP in 1985 or 552.2 billion rubles is used as the basis 

for cornparison. Table 5-13 represents the results of this scenario. 

Table 5.13. CIA scenario 

Years GNP growth rates, % GNP in constant 1973 prices, 
billion mbles 

From tables 5.12 and 5.13 it is obvious that the last two scenarios are very close to each other. 

However, we find in S pu1 ber ( 1 99 1 ): "Many Soviet economists - Abel Aganbegyan, for instance - 

no w consider CLA estimates too optimisfic ". Aslund ( 1 989) admits: *' We might never obtain an 

a c m t e  assessrnent of Soviet rconomic gro wth. but it appears to have ceased in 1 9 78 as A Iec Nove 

and Michael EZImrrn szrggesred as eariy as 1982': Furthemore, in June 1987 Gorbachev 

characterized situation in the Soviet economy as pre-crisis (see Aslund 1989). However, if we 

accept the last two scenarios. the performance of the Soviet economy c m  hardly be cited as 

evidence of a deep cnsis except for the year of 1990. We cal1 this scenarios as optimistic. Curiously 

enough but the derived potentiai pattern of the Soviet GNP over 1986- 1990 cornes very close to 

these two optimistic scenarios. Table 5.14 reflects this finding by comparing three scenarios. 



Tcble 5. I 4  Cornparison of the oprimistic scenarios and porential path of GAP 

So, based on the analysis realized in this study, the major consequences of the Chemobyl accident 

are: 

1. The Chernobyl accident significantly affected one of the ,p+21Xinputs of the Soviet aggregate 

production function - the stock of natural resources. 

2. The direct impact of the Chemobyl accident for the structure of the Soviet economy was 29.6 

billion rubles or 5.3% of the Soviet GNP. 

3. The aggregate cumulative impact of the Chernobyl accident over 1986-1990 was 178.3 billion 

rubles. 

4. Al1 the above characterizes the Chemobyl shock as a large adverse supply shock. 

5.  The Chemobyl accident is a permanent shock for the structure of the Soviet economy. 

6. The main dynarnic consequence of the accident is the cyclical explosive response of the 

productivity, implying loss of stability of the Soviet economy as dynamic system. 

With respect to shortages as an indicator of the socialist disequilibriurn economy, it appears that 

the two significant shocks in 1985- 1986 increased already existing chronic shortage in the Soviet 

Years 

1986 

1987 

1988 

1989 

1 1990 1 599.3 1 604.3 1 575.8 1 

Soviet official GNP, 
billion rubles 

567.7 

579.6 

608.0 

626.2 

Potential GNP, 
billion rubles 

558.4 

566.7 

576.1 

587.2 

CIA GNP, billion 
rubles 

574.3 

58 1.8 

594.0 

602.9 
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economy. It was shown earlier that the pex-iod of 1950-1960 was characterized by a stationary 

process wiîh a well-defined steady state. In this regard, increase in shortage c m  be measured by 

increase in deviations with respect to the steady state value of producnivity. The shortage has 

increased by 2.8% annually on average over 196 1 - 1 990. On the other hand. it has increased by 3.4% 

annually over 1986-1 990. It means that the two shocks - perestroika and the Chemobyl accident - 

made the unstable path of the Soviet economy irrevesible in principle. If the potential time path (or 

path without both shocks) over 1986-1990 is taken into consideration, it exhibits just 1.8% annual 

increase in shortage which is less than reported above 3.4% during the same period. The 1.8%- 

increase is due to extensive economic growth or trending depletion rate. The difference between 

3.4% and 1.8% gives us the consequence of two shocks in terms of shortages. 

Therefore, as potential time path shows, the process of stagnation in the Soviet economy could 

have been slowed down. It does not mean that the process could have been stopped. However, the 

point is: &er the two significant shocks it was just impossible. 

5.3. Limitations of the study 

The first and the most important limitation of any study on Soviet economic growth is the Soviet 

data. Steinberg (1 990) fairly admits: ".. . ir was demonstrated that reiiabie estimates of Soviet 

economic growth depend to a largc extent on the miuilability of data in current establishedprices ". 

On the other hand conclusions which are made in this study seem to be consistent enough with what 

has been observed in reality by the Soviet people including the author of this study. The derived data 

allowed us to answer the question about the major causes of the disintegration of the Soviet 

economy more completely than in other studies. 
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There were many optimistic forecasts of the Soviet economy's fiiture. Surpnsingly enough, these 

assessments were made by highly qualified experts who, unfomuiately. did not recognize the red 

causes of the slowdown. Once again it is helpful to quote Dmitri Steinberg (1990): 

"lt is now recognized thot the ropid disintegrarion of the Soviet economy in the late 1980s has 

caughi most e-rperts by surprise ... T o d q  when many leading Soviet economists echo Cassandrus ' 

wurnings about rhe imminent collapse of the Soviet socio-economic order, their worak are accepted 

as un unconditiona( rnith. Soon. the past optimistic assessment will be forgotten as are other 

umuccessful forecusts " lDrnitri Steinberg, 1 990. p. 1 99) 

Even though this study does not pretend to be a precise description of the Soviet econornic 

growth, nonetheless it does reflect its most important tendencies and trends. Moreover, it does 

capture the overall dynarnics of the Soviet economy according to recent opinions of the leading 

Soviet economists who have had access to the detailed information. 

In this regard. the extensive econornic growth as the major cause of the disintegration of the 

Soviet macroeconomic system is admitted by al1 experts on Soviet economic growth. This study 

captures this feature through direct introduction of the natural resource stock into Soviet aggregate 

production function. Of course. one-sector one-good mode1 cannot convey details of the importance 

of the natural resources in the Soviet economy. Therefore, it would be more helpful to disaggregate 

the growth model into at least two-sector model or even into multiple-sector model. However, the 

error associated with such disaggregation now would increase as well. On the other hand, as soon 

as the detailed, ûue disaggregated data become available, this limitation may be overcome. 

The next limitation is directly associated with derivation of the consequences of the Chemobyl 

accident. A researcher who wants to analyse this accident as supply shock faces a problem of 
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separation of the impact of this shock fiom other exogenous disturbances. This study attempts to 

remove such disturbances by extending existing time path of the Soviet GNP by the t h e  of the 

accident into the future. This is a kind of counterfactual approach, and it is associated with dl 

controversies that surround the dispute between traditional economic historians and representatives 

of the so-called new economic history. New economic historians introduce a new branch within their 

field known as cliornerrics (see, for example, McCloskey, 1987). Cliometrics combines economic 

history, economic theory and econometrics. This study is exactly of this nature. On the other hand, 

in this particular case the choice of the counterfactual approach is prompted by the impossibility of 

applying conventional econometric tools to estimate the Chemobyl shock. However, one possible 

application of a rigorous econometric analysis is mentioned at the end of the chapter 3 for an 

environrnental shock when a long time series is available after the shock. 

The application of the counterfactual approach points at another limitation of this study. The 

consequences of the Chernobyl accident are more simulated than detected through time series 

analysis. Therefore. some degree of bias is brought in by the researcher. On the other hand, a series 

of five years is not enough to detect the shock and its consequences through, for instance, Perron's 

(1 989) test. Thus, simulation appears to be an appropriate way to analyse the consequences and the 

nature of the Chernobyl shock. 

Three main features or attributes of the environrnental shock were identified in this snidy. It is 

obvious that deterioration in health conditions of the Soviet population, especially Ukrauiians, 

Byelonissians and Russians, was a very important consequence of the Chemobyl accident. This 

feature of the accident is not explicitly incorporated in the model. Instead it is assurned that the 

deterioration of health conditions was manifested in decrease in labour or rather growth rate of 
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labour. Also the accident caused an increase in subsidies to industry and agriculture which is not 

taken into account explicitly either. With respect to the long-run consequences. the model tries to 

capture them through the firs~-order Vector Autoregression which is approximation. However, in 

econometric sense the first-order autoregressive process which is used in this study c m  be inverted 

into an W t e  moving average process. It implies that the AR(1) process does carry a long memory 

(long-nin consequences) over time. Therefore, it is not a bad approximation. 

Measurement of  the Soviet GNP through expenditures (consumption 2nd investment) in 1986 

may be misleading. From personal experience the author knows that consumption of alcoholic 

beverages has increased dramatically since the Chemobyl accident. It is a well-known fact that 

revenues fkom the sale of alcoholic beverages have been one of the major sources of national income 

during entire Soviet history. For example, Dmiui Steinberg ( 1990) adrnits: "The bnef review of the 

Goskomstat report for 1989 indicutes that alcoholic beveruge and consumer electronics were star 

performers in the Soviet economy ". Therefore, increased consumption of alcohol could shade the 

real decrease in productivity in 1986. It is rather a negative consequence of the accident, and it 

should be added to the social costs of the Chernobyl accident. However. once again it requires 

detailed sectoral analy sis. 

On the other hand. increase in alcohol consumption points at another limitation of this study. The 

Chernobyl accident has fonned extremely pessimistic expectations withi..i Soviet society, and 

increase in alcohol consumption may be viewed as a reflection of this fact. It seems that these 

expectations have played a very important role in the M e r  development of the Soviet economy. 

Impact of these expectations is not accounted for in this study, however, the author believes that 

such an impact has to be thoroughly analysed which requires extension of the model. 



5.4. Concluding Remarks 

It was shown that the penod of 1986-1990 in the Soviet economy is characterized by several 

impacts each of which contributed to the break-up of the Soviet Union. Separation and analysis of 

different impacts require disaggregated data which were not available at the time of current analysis. 

Therefore, the results which were obtained in this study are rather guidelines for M e r  analysis. 

If reliable disaggregated data were available, then it would have been possible to use microeconomic 

underpinnings to betîer describe dynamics of the Soviet economy. Such underpinning are essential 

part of theoretical work by Desai (1987). Weitzman (1986), Desai and Martin (1983), Encson 

(1 983), Thomton ( 197 1 ) and some other economists who have analyzed the Soviet economy. 

On the other hand. it is useful to present the following two quotations: 

" Noihing can be qrrun~ijîed absoiuîely (except by God). for everyrhing is relative " (Fromm and 

Klein, 1971) 

and 

"As our kno wledge und understanding of the cornpiex world in which we [ive increases, so must 

our toois becorne more refined and our description more detailed" (Kerrnif Gordon, 1968) 

In this regard, the snidy shows that. in pnnciple, it is possible to detect the consequences of the large 

environmental impacts through dynamic macroeconornic analysis which is the answer to the 

question stated at the very beginning. Furthemore. the study provides tools for such an analysis and 

shows a practical way to estimate aggregate damage from the large environmental impacts 

quantitatively . 

It is also necessary to present some strong features of this study. The snidy is dedicated to 

macroeconomic analysis of the consequences of a large environmentai impact as oposite to 
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microeconornic consideration accepted by majority in the field of environmental economics. Based 

upon macroeconomic malysis, dynarnic properties of the Soviet economy were analysed through 

CO-movements of interdependent macroeconomic variables. The study explicitiy incorporates two 

unique features of the Soviet economy - constant pices set below equilibriurn levei and extensive 

economic growth - which is reflected in designed disequilibrium rnodel. In order to convey the 

extensive character of rconomic growth, natural resources were introduced as a complement to 

conventional factors of production into aggregate producticn hc t ion .  

The disequilibriurn growth rnodel allowed us to study dynamic properties of the Soviet economy. 

As a result, we came up with stability conditions, and economic and econometric justification of the 

structurai change in the Soviet economy that was a source of instability at the time of the Chernobyl 

accident. 

Theoretically designed Framework helped m to identie attributes of the Chemobyl accident in 

the Soviet economy on the one hand, and to set up a proper way to estimate the consequences of the 

accident quantitative1 y on the other. 

Summarizing the above, it is necessary to admit that this type of analysis is the first attempt to 

study Soviet economy using existing macroeconomic theory and modem econometnc tools. It 

became possible due to the author's background obtained in three countries - former USSR, USA 

and Canada. 
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