
 

 

Social Ecology 
S o c i a l  E c o l o g y  W o r k i n g  P a p e r  9 4  

i f f  S o c i a l  E c o l o g y  |  S c h o t t e n f e l d g a s s e  2 9  |  A - 1 0 7 0  V i e n n a |  w w w . i f f . a c . a t / s o c e c /

 

 

 
 

The Work of Konstantin G. Gofman and   
colleagues: 

An early example of Material Flow Analysis 
from the Soviet Union  

 
An English translation of  

“The Economics of Nature Management”  
by K. G. Gofman (1974), with introductions by  

Marina Fischer-Kowalski and Elena V. Ryumina 
 
 
 
 
 
 

Marina Fischer-Kowalski (editor) 
 

Vienna, January 2007 
 
 

ISSN 1726-3816 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Marina Fischer-Kowalski (editor), 2007:  
The Work of Konstantin G. Gofman and   colleagues: An early example of Material Flow Analysis from the Soviet 
Union;  
An English translation of  “The Economics of Nature Management” by K. G. Gofman (1974), with introductions by  
Marina Fischer-Kowalski and Elena V. Ryumina “The Economics of Nature Management” Materials Flow Analysis 
for the Soviet Union. Konstantin G. Gofman and colleagues (1974); Social Ecology Working Paper  94. Vienna. 
 
Social Ecology Working Paper 94 
Vienna, Jänner 2007 
 
ISSN 1726-3816 
 
Institute of Social Ecology 
IFF - Faculty for Interdisciplinary Studies (Klagenfurt, Graz, Vienna) 
Klagenfurt University 
Schottenfeldgasse 29 
A-1070 Vienna 
+43-(0)1-522 40 00-401 
www.iff.ac.at/socec 
iff.socec@uni-klu.ac.at 
 
© 2007 by IFF – Social Ecology 



Contents 
 
Some editorial considerations concerning the Gofman publication 
Foreword  by Marina Fischer-Kowalski…....................................................................6 
 
On the role of Konstantin G. Gofman in establishing ‘economics of nature 
management’ in Russia; an introductory comment by Elena V. Ryumina ………….9 
 
The Economics of Nature Management, Objectives of a New Science, Konstantin 
G. Gofman, Mikhail Y. Lemeshev, and Nikolai F. Reimers, Translated from the  
Russian original  and commented by S. E. Shmelev………….……………......…...…13 
       The birth of a new science……………………………………………………………13 
       The Structure of a new  science……………………………………………………..14 
       The material cycle in a bio-economic system………………………………………16 
       New Phase and New  Restrictions  …………………………………..………….…18 
       Economic Valuation of Natural Resources is necessary……………………….…19 
 
Faksimile of the Original Article in Russian by Konstantin G. Gofman (1974)..…23 
 
 



 



 

 

 

 

The Work of Konstantin G. Gofman and colleagues (1974) 

“The Economics of Nature Management” 

 

An early example of Material Flow Analysis from the Soviet Union 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Marina Fischer-Kowalski (editor) 

2007 
 

 

                                               5



 



Foreword: Some editorial considerations concerning the Gofman 
publication 

By Marina Fischer-Kowalski 
 
 
The most fascinating aspect of this publication, and of the economist Gofman, is that 
there obviously had been around 1968 a simultaneous kickoff of fundamental 
criticism of the economy and mainstream economics in the name of its environmental 
consequences, both with reference to Western capitalist market economies 
(Boulding, Ayres & Kneese, Georgescu-Roegen, to name just a few) and to Eastern 
state planned economies, as personalized in Gofman. It appears that the two 
streams of criticism are completely unaware of one another, but they use 
extraordinarily similar arguments and arrive at astonishingly similar conclusions, that 
sometimes hide behind a different terminology. It is also interesting to note that both 
share the same fate up to the present date: they have been ignored by mainstream 
economics, and by and large also by economic policies.  
 
This, to my opinion, does not only point towards the existence of some kind of 
“Zeitgeist” that wavers around ubiquitously, particularly in periods of global cultural 
revolutions as happened in 1968. It also points in the direction that the misconception 
of nature, its resources and their relevance for human ‘householding’ on earth, is an 
inbuilt core feature of economies and economics born in and past the age of the 
industrial revolution, that is modern economics, irrespective whether focused on and 
applied to capitalist markets or state planning.  
 
With editing a first English translation of a piece of Gofman’s work, I wish to make the 
Ecological Economics and Industrial Ecology communities aware of these striking 
parallels. I also wish to support a true internationalisation of these emerging 
disciplines. For this it seems very important that they do not appear as intellectual 
imperialism of some parts of the world over others, but that their local roots, in fact in 
many regions of the world, be properly recognized. This is particularly relevant for 
regions that for reasons of language as well as cultural and political segregation have 
had little chance to join the international science stage. This is why I, also in my 
function as president to the International Society of Industrial Ecology, wish to lend 
my hand to the young Russian Society for Ecological Economics, whose secretary. 
Stanislav Shmelev, has accomplished the English translation of this article.  
 
In editing such a historical piece of writing, one is confronted with some issues of 
possible cultural imperialism, nevertheless. This may simply refer to issues of style: 
In Russian publications, people do not write out their first names (I do not know why: 
would this be too intimate?), so you do often not even know their gender. On the 
other hand, they like to add all kinds of titles and functions to the names. By Western 
standards of casualty and egalitarianism, this looks strange. As I am trying to bring 
this work closer to colleagues in the West, I am inclined to rather use their standards, 
and face the effort to find out what the first names really are. Other style issues refer 
to wording: while native English speakers will tend to say they assume such and such 
(however firmly convinced they may be of the truth of the statement they make), 
Russian speakers will rather say “I have proven the fact that…”. Should I intervene in 
these practices editorially, level them out? There are also issues beyond style: As the 
Russian community of (ecological) economists was secluded for quite a few decades, 
it has developed its own terminology, and some items theoretically perfectly common 
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to both traditions now bear different names. Should these different terms be 
maintained, at the expense of comprehensibility, or should in the English translation 
these items be renamed in the way it has established itself in the Western tradition? 
These are difficult decisions, and I am not sure they were all taken very consistently. 
They were played back several times between the Russian scholars of Gofman we 
involved, the translator and me, and ended in various compromises the reader will 
have to judge.  
 
Before I comment on the substance of the paper presented here, I will tell the tale of 
its discovery. Back in 1994, when I had been asked to contribute a review article on 
“Society’s Metabolism” to the International Handbook of Environmental Sociology 
edited by M.Redclift and G.Woodgate (Fischer-Kowalski, 1997a), I started chasing all 
kinds of unusual literature and asked various colleagues for advice (it was still the 
age before a convenient use of the Internet, mind you!). One of them, Martin Jänicke 
in Berlin, made me aware of a Russian publication by Gofman et al. (1974) that had 
been quoted by one of his former students who came from the GDR. I found the 
citation, and learned a little about the contents of the publication, but no more. For 
consecutive publications of what became an increasingly broad review (then 
expanded and published in two parts in the Journal of Industrial Ecology, (Fischer-
Kowalski, 1998; Fischer-Kowalski and Hüttler, 1998), I kept hunting after the Russian 
paper. In 2001, more or less out of the blue, my colleague Giorgio Nebbia from Rome 
(to whom I wish to express my deepest gratitude) sent me a facsimile from a Russian 
journal: This is what you now find in the second part of this Working Paper. Over the 
years, I made various attempts at having this paper translated. People knew Russian, 
but not economics, people promised but did not deliver, I had money to pay for a 
translation and then I had not…Finally I met Stanislav Shmelev while I was 
contributing to a Marie Curie Course in Ecological Economics at the Autonomous 
University of Barcelona organized by Joan Martinez Alier. Stanislav Shmelev told me 
he was secretary to the Ecological Economics organization in Russia, and he spoke 
English fluently – that was the solution to my decade-old problem! He immediately 
agreed to translate, and helped me with finding scholars of Gofman who could 
comment on his role in Russian economics. I have told this story so extensively not 
only to express my gratitude to the persons involved, but also to demonstrate how 
interwoven scientific traditions are, and how far their reconstruction is ruled by 
chance, nevertheless. 
 
What attracted me to the Gofman paper from the start was that he seemingly had 
attempted a comprehensive material flow analysis of the Russian economy, including 
raw materials, air and water flows. In the period after the Second World War, he was 
among the very pioneers worldwide who attempted that (Ayres and Kneese, 1969; 
Boyden et al., 1981; Newcombe, 1977; Wolman, 1965), and as I tried to check, he 
arrived at very plausible numbers. At the same time, apparently without any 
knowledge of similar approaches in the US, he came up with a theoretical solution to 
economics that was later known as “internalising externalities”. This still is the key 
recipe to sensitise the economy to environmental concerns, and basically I have the 
impression that the theoretical solutions found for this are no better nowadays than 
they were with Gofman’s writings, and the practical solutions, to say it frankly, hardly 
happen. So Gofman and his co-authors are still pioneers of a much needed program 
to adjust the economy to environmental concerns, a program that still has to be taken 
to practice. 
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I hope this humble publication will contribute to knitting the net in a wider international 
community of those who strive to adjust economics, or more broadly, the social 
metabolism on this planet, to the requirements of more sustainable solutions. 
 
 
Vienna, December 2006 
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On the role of Konstantin G. Gofman in establishing ‘economics of 
nature management’ in Russia. 

 
An introductory comment by Elena V. Ryumina, one of his colleagues, professor of 

Economics at the Market Economy Institute of the Russian Academy of Science 
 
 
 

Konstantin G. Gofman (1934-1994) should be considered the founder of ‘the economics 
of nature management’, the new scientific approach to analysing economic-ecological 
systems in Russia. His first publication on this was already in 1968 (Petrakov, Gofman 
1968).  
 
Gofman and colleagues’ paper presented here in an English translation offers a first 
general description of the then so novel area of economics – the economics of nature 
management. Today, thirty years after publication, it is interesting to analyse how far 
science in Russia has progressed in this direction since, how well the tasks posed so 
long ago were solved in the meantime. 
 
The first thing that attracts one’s attention is that this publication captures already then 
important principles of what emerged much later under the concept of ‘sustainable 
development’: the combination of scientific-technical progress and environmental 
protection, and the need to preserve the natural environment for the next generations. 
For solving these problems, in the 1970s a new science named ‘economics of nature 
management’ was proposed. This article is devoted to the description of this field. 
 
Gofman, being a professional economist, clearly understood the place of economics in 
studying ecological-economic systems. Monetary estimates make sense only inside the 
economic system, and overestimation of their capabilities would lead to economic 
imperialism – a phenomenon that we often see today both in the analysis of social and 
environmental processes. 
 
The socialist economy, during the times when this paper was written, was conceived in 
the same way as the market economy in the West: nothing enters the economic system 
from the outside. Monetary estimates of natural resources or damages are simply 
derived from already existing values. So we have to derive the natural rent from the 
profit of the rent-receiver, and the damage caused by the polluter and not compensated 
for by him from his profit. 
 
The works of Professor Gofman have always distinguished themselves by the clarity 
and accuracy of statement. According to his reasoning, the ‘damage’ from 
environmental offences is caused to the economy, and its extent is to be determined by 
economic losses. Gofman foresaw the possibility of a confusion since the harm caused 
to the environment in the Russian language often is also called ‘damage’. Unfortunately, 
the latter meaning of the term became mainstream: instead of following Gofman in 
understanding ‘damage’ as additional economic costs and losses as a consequence of 
previous environmental offences, nowadays ‘damage’ is usually defined as an 
economic estimate of the changes in the properties of the environment itself. 
 
The article argues that the damage from environmental offences is the sum of the 
estimated damages along the whole chain of negative consequences of such offences 
inside the economy. This can be seen from the forestry example cited in the paper 
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where all environmental consequences are considered as already transformed into 
economic consequences, and not as changed properties of the natural environment. 
The real economic losses and additional costs are evaluated. 
 
In 1986 the results of research on the valuation of damage from pollution carried out 
under the guidance of Gofman were published as ‘Temporary typical methodology for 
the evaluation of economic effectiveness of the environmental protection activities and 
valuation of economic damage, caused to the national economy by environmental 
pollution’. Afterwards, the colleagues of Konstantin G. Gofman in the Market Economy 
Institute (Gusev A.A. and Ryumina E.V.) suggested ways to introduce the estimates of 
damage from environmental offences into macroeconomic indicators, into the system of 
national accounts, into the estimation of effectiveness of investment projects, etc. 
 
In Russia the hopes of the paper’s authors for the re-use and recycling of all the 
production and consumption wastes have not materialised. The economic effectiveness 
of systems of secondary use of wastes becomes obvious only when the damage from 
environmental pollution is adequately accounted for and the respective indicators are 
introduced into economic practice. 
 
Since the beginning of the 1970s, Gofman worked on the problem of pollution fees as a 
compensation of the damage caused. And only in 1992 in Russia such fees were 
introduced, but quantitatively they are many times lower than the size of the damage, 
and therefore do not perform their main function of stimulating the nature protection 
activities. Thus, until now, a green light for the fundamental reorganisation of the 
material balance in the bio-economic system – a reorganisation, aimed at protection of 
the biosphere and an increase in efficiency of production at the national scale - still has 
not been lit. So long is the way from the scientific idea to its implementation in practical 
life! 
 
A similar destiny awaited the results of the research of Gofman’s research on the 
problem of economic valuation of natural resources, the main area of his work in the 
economics of nature management, one could say. The basic ideas of the methodology 
for economic valuation of natural resources were developed under his guidance in 
1970. The marginal costs for the production of nature-using industries, defined as dual 
estimates in optimization models, were considered as the basis for valuation of natural 
resources. In 1985 the ’Methodology of the Economic Valuation of The Most Important 
Natural Resources in the COMECON Member States’ was published. The last work of 
K. G. Gofman published when he was still alive was the paper ‘The Transition to the 
Market and Ecologization of the Tax System of Russia’ (Gofman 1994). In this paper he 
developed the ideas of Henry George (1879) on socialisation of rental incomes in 
application to the Russian economy in transition and showed the practical significance 
of the economic estimates of natural resources. 
 
In the paper presented here, the authors devoted considerable attention to the 
circulation of matter in the bio-economic system of Russia and even developed an inter-
sectoral balance, measuring the flows of matter in billion tonnes. Several years ago we 
gave an economic interpretation to this balance, considering the financial flows 
accompanying the cycle from natural resources to wastes: the use of natural resources 
is accompanied by a receipt of rental incomes, and the utilization and disposal of 
wastes – with environmental protection costs and damage. It turned out that the rent 
received at the nature’s expense is quantitatively comparable with the damage from 
environmental offences and nature protection costs, which inevitably accompany the 
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processes of use of natural resources (Ryumina 2001). Thus the natural rent should be 
considered as an advance payment for all the consecutive costs, caused by the 
production and consumption wastes of the goods that were created from the natural 
resources. 
 
The problem of optimisation of the interrelationships between the economic system and 
nature is posed in the paper with reference to the economic accounting of 
environmental constraints. Already at that early time Professor K. G. Gofman suggested 
to study protected natural territories for the evaluation of the rigidity of such constraints. 
This was what today has become a research tradition in studying economic aspects of 
the threats to biodiversity. 
 
The relevance of an article published more than 30 years ago is underlined by the 
growing demand for economics of nature management in economic science and 
especially in practical economics. Unfortunately, in those 30 years economists have 
largely ignored the need to solve the problems outlined in this article proposing a new 
economics of nature management. The urgency of practical solutions has grown many 
times since, so let us hope for an additional push towards the necessary scientific 
research, in Russia and elsewhere in the world. 
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The Economics of Nature Management 
Objectives of a New Science 

 
Konstantin G. Gofman, Mikhail Y. Lemeshev, and Nikolai F. Reimers 

(Translated from the  Russian original1  and commented by Stanislav. E. Shmelev) 
 
 

 
 
The fundamental principles of the socialist nature management are sharply defined in the 
decisions of the XXIV congress of the [communist] party 2 : “Taking measures for 
accelerating the scientific and technological progress”, the Summary Report of the Central 
Committee of the CPSU states, “it is necessary to do our best to harmonize it with an 
economic attitude to natural resources, and not to allow it to be the cause of the 
dangerous pollution of air and water and exhaustion of the soil… Not only we, but the 
coming generations should have an opportunity to use all the goods that the wonderful 
nature of our homeland gives us”. The plan of the party congress is a guiding line for the 
development of our society, and at the same time, the economics of nature management; 
in other words, the  economics of the ’gifts’ of the Earth serves as a basis for nature 
conservation measures. 
 
 
The birth of a new science 
The alarm bells of ecological crisis, though heard by emotionally sensitive biologists and 
geographers, have often left rational economists indifferent and apathetic. They continued 
to think that natural resources were inexhaustible. Forests? And there was a ready reply 
with the words of A. P. Chekhov3: “If … the people … came to an agreement to destroy 
the taiga and for this purpose to use an axe and fire, then the old story would be repeated 
of the blue-tit that wanted to set the sea on fire”. Fish? The expanse of the oceans is 
immense, and there’s no end to the fish stocks. Water? “it is a rare bird that flies out to the 
Dnieper’s Midstream”, wrote N. V. Gogol4. 
 
Under the current rates and methods of exploitation it appears that the inexhaustibility of 
fish resources, even in the oceans, is no more than a legend itself. 
 
There is plenty of fresh water, but it is not where it is needed, and its delivery costs 
money. Moreover, if we borrow from the regions abounding in water, we suddenly find out 
that almost all water wealth consists of ’fixed capital’, and that there are not many ‘floating 
assets’ that can be freely invested in other regions. At the moment, the expenses for the 
preservation, recovery, improvement, and transformation of nature have reached such 
magnitudes that direct labour and labour invested and materialized in natural resources, 
becomes very noticeable. 
                                                 
1 This article appeared first in the Russian Journal Nauka i Zhisn, (Science and Life). Monthly Popular 
Science Journal of the All-USSR  society ‘Znanie’ (‘Knowledge’), no 6, June 1974, pp12-17. 
2 For more information on central planning and economic policy of the USSR see: 
http://en.wikipedia.org/wiki/Economy_of_the_Soviet_Union (Editor’s comment) 
3 Anton Pavlovich Chekhov (1860-1904), Russian writer. The author of plays “The Seagull”, “Uncle Vanya”, 
“Three Sisters”, “The Cherry Orchid”. The quoted piece is from the essay  “From Siberia” (1890-1895), 
where Chekhov describes the life of inhabitants of Siberia and the conditions of the Russian prison system in 
the end of the XIX century. Quoted from Anton Chekhov, A Journey to Sakhalin, Translated by Brian Reeve, 
Ian Faulkner Publishing, England, 1993, p. 60. 
4 Nikolai Vasilevich Gogol (1809-1952), Russian writer. The quoted piece is “Village Evenings Near Dikanka” 
(1829-1832), Translated and edited by Christopher English, Oxford University Press, 1994. 
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In our country the preservation and management of nature, planned at the national scale, 
has become a special type of economic activity. Economics of nature management has 
been born, and the respective departments in scientific research organisations have 
emerged, including the Central Economic-Mathematic Institute of the Academy of 
Sciences, where the authors of this article work. The economics of nature management is 
still in its formation stage, and we would like to share some (by no means indisputable) 
concerns regarding the objectives of this science. 
 
This new science emerged at the juncture of several sciences: above all economics, 
ecology and several Earth sciences (therefore various synonyms of the economics of 
nature management – bio-economics, economic ecology, ecological economics etc.). It 
studies the interaction and interdependence among socio-economic and ecological 
systems. To be more precise, it investigates a new class of systems – bio-economic 
systems. 
 
Both ‘ecology’ and ’economics’ have the same root – ’oikos’ (household). It appears not to 
be a coincidence that the names of the two sciences seemingly so far apart from one 
another have the same root. Indeed it is only at the juncture of these sciences that one 
can today find an answer on how to preserve ’our common household‘ – the Earth – 
suitable for life and make it more ’comfortable‘. The deep interrelations between society 
and nature, their mutual interdependence, is the main meaning conferred to the new, 
perhaps not very apt term ‘bioeconomics’. Just as there is no nature without a human 
being, there is no human being without nature. 
 
The essence of the socialist system is such that we have to consider each economic 
activity taking into account the fact that damage to nature will bring both economic losses 
and a reduction in the quality of the human environment. Such a feedback loop between 
nature and economy creates a bio-economic system (see Figure 1). The economy cannot 
help using natural resources, and mankind has always developed at the expense of 
nature. But economic activity can destroy the surrounding environment without allowing it 
to maintain a balance; or else it can organise exploitation in accordance with natural laws 
and at a rate compatible with natural restoration processes. In principle, it is even possible 
to improve the natural environment and increase its productivity, and thereby to create 
more favourable conditions for future economic activity. 
 
 
The structure of a new science 
The economics of nature management has three divisions. First, the economics of the 
protection of the environment from pollution. If this pollution did not have a persistent 
impact, the problem of environmental protection wouldn’t arise. But the wastes of one 
enterprise can undermine the health of large numbers of people, considerably increase 
the costs of other enterprises, cause the migration of people, etc. 
 
Second, the ecological-economic division itself. Industry cannot function in isolation from 
the natural environment. It has to consume natural resources. And the extraction of any 
resource leads to a change in the environmental equilibrium. Up to a certain limit, nature 
itself restores its equilibrium after being disturbed. For the time being, we cannot precisely 
measure these limits, but this much we know: they are not very far away, and we are 
already ’robbing Peter to pay Paul’. 
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Figure 1.: Model of bio-economic system management 
 

 

 
 
The model reflects the processes that go on simultaneously in economic and ecological 
ecosystems. This allows us to take decisions which secure the maximum economic effect 
in production and do not allow for a destructive impact on nature. 
 
On the other hand, resources can be used by one industry or another, with the social-
economic significance being different. Which should take precedence? It is here that the 
problem arises of the optimisation of interrelationships between production and nature on 
the one hand, and resource intensive economic industries on the other. 
 
The situation becomes more complex because the users of nature sometimes compete 
with each other for the resources of the biosphere. Forestry for instance competes with 
agriculture in the forest-steppe and other low forest regions for which ‘optimal forest cover’ 
is necessary. Forestry impacts on the water cycle, with a negative side effect on 
hydropower generation, because it reduces the water volume in creeks and rivers. And the 
problems with the game industry go without saying. So it turns out that the timber has a 
great value, but today in the forest-steppe its removal has too great a cost. The forests will 
take many decades to recover, and during that time in a piecemeal way they will not be 
providing us with food, water, pollution reduction, furs and other non-timber forest 
products, and so on in a long chain of ecological losses. We will have lost, bit by bit, all of 
the benefits we once received from timber. 
 
The third is a valuation division. Natural resources have prices: this has now been proven 
beyond controversy. But how to derive them? They are different in different places and for 
resources of different quality; their interrelations with the general state of the market, the 
processes of provision of labour resources and other socio-economic phenomena are 
complex. Resources are also linked to each other. 
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The material cycle in a bio-economic system 
Modern statistics doesn’t contain the information necessary for a reliable determination of 
the mass of different kinds of matter entering the national economy from the biosphere, 
and returning back into the environment as emissions of matter and energy. 
 
The key parameters of the material cycle in a bio-economic system can be described as 
an inter-sectoral balance of matter, similar to the input-output balance of production and 
distribution  well known to economists5 . The input-output balance of the matter in the form 
shown in Table 1 possesses the following formal properties: first, the sum total of rows 
and columns in this balance (as in any other ‘chess’ balance) are equal; second, in our 
balance the totals of a column or a row of production are equal, and the difference 
between the total of the row and a total of the column of the biosphere is equal to the sum 
of the differences of the totals of the columns and rows for the savings and consumption. 
In other words, in the input-output balance the decrease in the mass of the biosphere is 
equal to the sum of the growth of the matter in the spheres of consumption and savings. 
Without taking the risk of tiring the reader by describing the formal properties of the input-
output balance, let’s move to the analysis of the information it contains. Figure 2 depicts a 
simplified scheme of the material circulation in a bio-economic system, formed by the part 
of the biosphere and the modern economy of our country. Here the movement of the total 
flows (by mass) of water, atmospheric oxygen used for fuel burning, mineral resources 
and biomass, derived from the exploitation of the agricultural and forest estates are 
shown. Using a similar scheme it is possible to analyse the cycles of individual types of 
matter (compounds) in a bio-economic system at the national scale as well as within 
separate environmental-economic zones. 
The figures shown are expert estimates, the very first approximations of what are still 
unknown quantities. 
The astronomical scale of the turnover of the matter in the bio-economic system is striking: 
the total input of the matter in all sectors of the bio-economic system of our country 
amounts to 637-667 billion tonnes per year. 
 
 
 
 
Table .: 1 Input-Output Balance of Matter in the Bio-Economic System of the USSR 
(billion tonnes per year – expert estimates) 
 

“Consuming” sector 
“Supplying” sector Biosphere Production Savings Consumption Total 

Biosphere - 290-300 - 8 298-308 
Production 288-297 40-50 2-3 Less than 1 331-335 

Savings (less than 0,5) (less than 0,5) - - - 
Consumption 7 Less than 1 - - 8 

Total 295-304 331-351 2-3 9 637-667 
 
 
 
 
 
 
 
                                                 
5 see “Nauka I Zhisn”, (Science and Life), №№ 8 and 9, 1970, “The large model of the economy” 
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Figure 2.: The material cycle in the bio-economic system of the USSR (simplified scheme) 
 

 
 
 
The numbers adjacent to the arrows show the magnitudes of the annual flows of matter in 
billion tonnes for the territory of our country. 
For each rouble of national income created today one tonne of natural material is used, 
and almost the same amount of emissions to the environment is generated. On average, 
each hectare of the territory of our country directly or indirectly provides for the input of 
around 150 tonnes of natural materials per year and accepts approximately the same 
amount of “waste” of the society’s production per year. Of course, any ’balance’ is out of 
the question, because the biological and physical-chemical properties of the wastes are 
often qualitatively different from those of the initial natural material. 
 
Preliminary calculations show that the weight of the final products amounts to only one per 
cent of the weight of the matter supplied as an ‘input’ to the national economy. In this 
sense a bio-economic system is not very different from the ecosystem. It is known that, for 
instance, carnivores – predators – assimilate only one per cent of the energy contained in 
the biomass of plants, passed on to them via their prey, the herbivores… 
 
It is here, however, where the analogy between a bio-economic system and an ecosystem 
ends. In the process of the functioning of an ecosystem, as a rule, no wastes and 
emissions that threaten its existence are created. In the modern bio-economic systems, 
those billions of tonnes of matter that come into the biosphere ‘from the economy’ are to a 
large extent those ‘harmful emissions’ that become more and more dangerous for the 
biosphere. What can we do in this situation? 
 
We can, of course, follow the beaten track of purification treatment (often very expensive) 
and neutralisation (frequently quite relative) of emissions to the biosphere. But there is 
another, far more promising way, suggested by the analysis of the bio-economic system. 
The wastes of production and consumption are poorly assimilated by the biosphere, but 
they can be returned to the production for secondary use! According to many scholars of 
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authority, already today there are no fundamental technical barriers to the process of 
industrial material recovery of most types of emissions into the environment. In other 
words, it is technically possible to fundamentally reorganise the material balance in the 
bio-economic system: by reducing the material throughput from the biosphere into 
production, and to increase the return of the matter from the production, consumption and 
savings spheres, back into the production process. 
 
However, here the economic difficulties start. Secondary use of materials often appears to 
be unprofitable: it raises the costs of production, because the content of the useful 
components in wastes is usually considerably lower than in the raw materials. Here it is 
again useful to return to the consideration of the bio-economic system as a whole. 
 
In the traditional analysis of national economic systems the degradation of the state of the 
biosphere due to pollution goes almost unnoticed in economic terms. The situation 
changes considerably when we move to the level of the bio-economic analysis. Now we 
have to deal with a new component of national economic costs – damage from pollution of 
the biosphere by various sectors and industries of the economy. Such a component still 
doesn’t exist in the industrial cost calculations. But these costs exist in the real world. 
 
The increase in concentration of harmful substances in the air leads to the accelerated 
corrosion of the fixed capital stock and materials in the polluted region, decreases in crop 
harvest, and a drop in their nutritive and feeding value, deterioration of the quality of 
forests, etc. 
 
Contamination of water reservoirs leads to great additional costs in providing the 
necessary quality of drinking and industrial water, decrease in fishery production, 
decreased quality of irrigated agriculture, etc. Ultimately, the main thing is the damage 
caused to health, which cannot be measured in any units. An increased sickness rate of 
the people in the zones of intensive pollution leads to a loss of working time and increases 
in expenses for medical services and social security payments. 
 
The enterprises polluting the environment are the causes for these costs. These costs 
should be calculated and accounted for as part of the industrial costs of enterprises, 
responsible for polluting the environment. Their inclusion into the industrial costs (for 
example in the form of pollution fees) would lead to a radical change in the traditional 
notion of the expedient boundaries of the utilisation of material and energy flows in 
modern production. There will be a green light for the fundamental reorganisation of the 
material balance in the bio-economic system – a reorganisation, aimed at the protection of 
the biosphere and an increase in the efficiency of production at the national scale at the 
same time. 
 
New phase and new restrictions 
The exploitation of natural resources ‘at full stretch‘ is coming to an end. It is economically 
unprofitable. Scientific-technical revolution not only gave rise to the ecological crisis as a 
biosphere phenomenon, it also caused a radical revolution in the character of nature 
management. The time for carefully cultivating the Earth’s natural resources has come. So 
many new tasks have emerged that it is expedient to formulate several general principles 
of the economics of nature management. 
 
Industrial-anthropogenic systems are economically more profitable than natural ones. It is 
beyond any doubt. But their creation is acceptable only when certain ecological and social 
conditions are met. 
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The first set of conditions is related to the complex problem of the reliability of ecological 
systems at different levels – from the elementary (ecosystem) to the global (biosphere). 
This includes the calculation of the optimal combination of natural and anthropogenic 
systems of living things, and the difficulty in creating a system of protected territories of 
different kinds: national parks, strict nature reserves, nature reserves, natural monuments.  
 
The second set of conditions is social. They come from the consumer himself – the human 
being. Socio-economic aspirations of the human being change relatively quickly, but a 
certain psychological atavism always remains. Flowers in the windows, dogs and cats in 
the houses, trips to collect mushrooms and berries, gardening, the ‘passion’ for hunting 
and fishing ‘– all this seems is intrinsic to for the inhabitants of the concrete monstrosities 
that fill our cities 6 . The speed of transformation of nature cannot exceed a certain 
adjustment norm of human reaction, accepted by his or her nervous system. Beyond this 
norm lie nervous illnesses. 
 
There is also another condition – ecological-evolutionary. In economics, it is transformed 
through the prism of the notion of renewability of resources. The speed of the search for 
mineral resources usually exceeds the rates of their exploitation. Although mineral 
resources are non-renewable in the evolutionary sense, they can be classified as 
‘economically renewable’. The recreational places and remarkable landscapes, though 
ecologically renewable, are economically non-renewable – they take too long to restore 
themselves. On the other hand, the loss of plant or animal species, the loss of their 
genetic code - is irreplaceable in both a biological and an economic sense. The faster the 
transformation of nature goes, the larger the gap between the speed of natural processes 
and planned developments. A contradiction arises which leads to large economic losses: 
the damage from the accompanying chain reactions can become greater than the gains 
from the achievement of the set goal. It is dangerous to push nature! 
And finally, it is necessary to remember that the Earth is a whole planet. Something 
borrowed in one place is borrowed from the whole Earth, or in any case, the large 
ecosystem that represents a major part of the Earth. One has to pay one’s debts. At times, 
’borrowing’ is carried out at a high interest rate. It is this high interest rate that should be 
avoided. The turnaround of Siberian Rivers from North to South, for example, promises a 
large effect from such a ’loan’. There is no doubt that an ecological balance together with 
economic costs in the long run will finally lead to ’paying back the debt‘. But this will be 
gradual paying back in instalments. It will be worse if the above mentioned ’fixed capital‘ is 
affected: the water that is ecologically necessary in the basins of the Siberian Rivers 
themselves and in the Arctic Ocean. 
 
Economic valuation of natural resources is necessary 
It is known that in our national economy there is a diverse system for estimating the 
economic value of production resources, which covers wholesale prices, the standards of 
the fees for fixed assets and the money lent and so on. With the help of this system, the 
comparison of the costs and benefits of the performance of different industries and 
individual enterprises is carried out; the project and planning decisions at all levels of 
management of the national economy starting from the enterprise to the State Planning 
Committee (Gosplan7) of the USSR are thus justified. But what value is placed on the 
land, the mineral resources, waters and forests of our country (or more precisely, what is 
the monetary equivalent of their national economic value)? In the past years this question 
                                                 
6 Standardised mass architecture of the 1960-s and 1970-s (S. Shmelev) 
 
7 For more information on Gosplan of the USSR see: http://en.wikipedia.org/wiki/Gosplan 
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was being posed more and more often, and not out of idle curiosity. According to a whole 
range of objective and sometimes subjective reasons, the natural resources mostly 
appeared outside the sphere of operation of the system of economic estimates. Without 
the knowledge of the economic value of natural resources it is very difficult to justify 
economically the amount of investment of public funds into the reproduction, protection 
and rational use of natural resources. We are against the application of such economic 
measures to all projects aimed at the protection and reproduction of natural goods. There 
is no need to try to estimate in roubles and kopecks the value of rare animal species - they 
are invaluable. Also, the liquidation of pollution, harmful to the health of human population, 
is beyond any discussion from the point of view of economic benefit. The role of an 
economist here is modest: he or she only needs to suggest how to carry out this project 
with minimal costs. Such situations with all their special significance are rather exceptions 
from the usual economic rule. Different issues take priority here. 
 
Usual economic practice puts the managers of various ranks in a position of having to 
choose which of various natural resources to spend, or trading off the costs of the 
conservation of natural goods against the economic effect of such conservation. How can 
such dillemas be resolved? Perhaps we should calculate the answers, in advance, for 
every nature management conflict that could be created by each new enterprise? 
Unfortunately, no such route is open to us: no such computer exists, and it is hard to 
conceive of one which could work out the optimum economic solution for every situation 
which could arise in real life.  
 
Economic theory and the practice of economic reform in our country suggest a radically 
new method of solving the problem. An economic value of natural resources needs to be 
centrally determined. But what is the economic value of a natural resource? 
 
In the broadest sense, it is the socially justified cost limit on conservation of a given natural 
good and, at the same time, the minimum possible norm of efficiency from its use from the 
national economy point of view. 
Let, for instance, the economic value of 1 tonne of the stocks of coal in a given field be 3 
roubles. This means that from the national economy point of view, the costs of 
minimization of losses in mining not greater than 3 roubles on the saved tonne of stocks 
can be justified. If the economic value of a given forest reserve is set at, for example, 100 
thousand roubles per year, the revenue from harvesting timber and the income from non-
timber by-products at this reserve (less the costs on logging and non-timber product 
collection) should amount to not less than 100 thousand roubles per year. This is a 
minimum acceptable norm of the efficient use of a given forest reserve. 
 
The development of such norms of national economic value of a hectare of land, a tonne 
of mineral resources, the m3 of clean water in the reservoir and so on are necessary. 
Then it would not be so hard (complying, of course, with the special rules and methods of 
economic calculations) to find the correct solution regarding the method of exploitation of a 
given natural resource from the national economy point of view. If the respected norms of 
costs of nature management – the basic price of forest, water in the reservoir, etc.- are 
developed on the basis of such economic values of natural goods, then the decisions 
taken will not only be correct, but also economically profitable. 
 
Such a system of economic values does not exist anywhere in the world. This is not 
surprising: we are talking about a system of state norms, reflecting long-term national 
economic interests in the sphere of nature management. 
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However in our socialist conditions, given the modern level of development of economic 
science and mathematical methods of optimisation computations, designing a national 
system of economic values of natural resources becomes quite feasible. 
 
Creation of such a system will be, it seems, a rather long and complicated process. The 
norms of economic estimates will likely be introduced gradually and initially for restricted 
purposes (e.g. for use in planning-project calculations only). The methods of calculation of 
these estimates will have to be continuously improved and their monetary values will be 
periodically reconsidered. But the first step in the creation of such a system has already 
been made. A December resolution of the Central Committee of the CPSU and the 
Council of Ministers of the USSR “On the strengthening of the protection of nature and 
improvement of the natural resource management” (1972) - commissioned the Academy 
of Sciences, together with the scientific research organisations of the ministries and 
departments involved, to develop a method of economic valuation of the use of the most 
important kinds of natural resources. 
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Schandl, H. (2003), 28 S., EUR 4,- 
 
 
 

Band 70+ 
Long Term Industrial Transformation: A Comparative Study 
on the Development of Social Metabolism and Land Use in 
Austria and the United Kingdom 1830-2000,  Krausmann, F.; 
Schandl, H.; Schulz, N. B.  (2003), 69 S., EUR 12,- 
 
Band 73+ 
Handbook of Physical Accounting Measuring bio-physical 
dimensions of socio-economic activities MFA – EFA – 
HANPP, Schandl, H.; Grünbühel, C. M.; Haberl, H.; Weisz, H. 
(2004), 79 S.,  EUR 11,- 
 
Band 74+ 
Materialflüsse in den USA, Saudi Arabien und der Schweiz, 
Eisenmenger, N.; Kratochvil, R.; Krausmann, F.; Baart, I.; 
Colard, A.; Ehgartner, Ch.; Eichinger, M.; Hempel, G.; Lehr-
ner, A.; Müllauer, R.; Nourbakhch-Sabet, R.; Paler, M.; 
Patsch, B.; Rieder, F.; Schembera, E.; Schieder, W.; 
Schmiedl, C.; Schwarzlmüller, E.; Stadler, W.; Wirl, C.; Zandl, 
S.; Zika, M. (2005), 63 S., EUR 20,- 
 
Band 75+ 
Towards a model predicting freight transport from material 
flows. Fischer-Kowalski, M. (2004), 13 S., EUR 2,- 
 
Band 76+ 
The physical economy of the European Union: Cross-country 
comparison and determinants of material consumption, 
Weisz, H.; Krausmann, F.; Amann, Ch.; Eisenmenger, 
N.;Erb, K.H.; Hubacek, K.; Fischer-Kowalski, M. (2005), 60 
S., EUR 8,50 
 
Band 77+ 
Arbeitszeit und Nachhaltige Entwicklung in Europa: Ausgleich 
von Produktivitätsgewinn in Zeit statt Geld? Proinger, J. 
(2005), 83 S., EUR 18,- 
 
Band 78+ 
Sozial-Ökologische Charakteristika von Agrarsystemen. Ein 
globaler Überblick und Vergleich, Lauk, Ch. (2005), 116 S., 
EUR 16,- 
 
Band 79+ 
Verbrauchsorientierte Abrechnung von Wasser als Water-
Demand-Management-Strategie. Eine Analyse anhand eines 
Vergleichs zwischen Wien und Barcelona, Machold, P. 
(2005), 112 S., EUR 20,- 
 
Band 80+ 
Ecology, Rituals and System-Dynamics. An attempt to model 
the Socio-Ecological System of Trinket Island, Wildenberg, 
M. (2005), 185 S., EUR 29,- 
 
Band 83+ 
HANPP-relevante Charakteristika von Wanderfeldbau und 
anderen Langbrachesystemen, Lauk, Ch. (2006), 59 S., EUR 
6,- 
 
Band 84+ 
Management unternehmerischer Nachhaltigkeit mit Hilfe der 
Sustainability Balanced Scorecard. Zeitlhofer, M. (2006), 39 
S. EUR 4,- 
 
Band 85+ 
Nicht-nachhaltige Trends in Österreich: Maßnahmenvor-
schläge zum Ressourceneinsatz. Haberl, H.; Jasch, Ch.; 
Adensam, H.; Gaube, V. (2006), 56 S. EUR 7,- 
 
Band 87+ 
Accounting for raw material equivalents of traded goods. A 
comparison of input-output approaches in physical, monetary, 
and mixed units. Weisz, H. (2006), 29 S. EUR 3,- 
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Band 88+ 
Vom Materialfluss zum Gütertransport. Eine Analyse 
anhand der EU15 – Länder (1970-2000). 
Rainer, G. (2006); 80 S., EUR 14,- 
 
 
Band 89+ 
Nutzen der MFA für das Treibhausgas-Monitoring im Rah-
men eines Full Carbon Accounting-Ansatzes; Feasibilitystu-
die;Endbericht zum Projekt BMLFUW-UW.1.4.18/0046-
V/10/2005;  
 
Band 90+ 
Auswirkungen des thailändischen logging ban auf die Wälder 
von Laos; Hirsch, H. (2006) 
 
 
Band 91+ 
Human appropriation of net primary produktion (HANPP) in 
the Philippines 1910-2003: a socio-ecological analysis; 
Kastner, Th. (2007); 
 
 
Band 92+ 
Landnutzung und landwirtschaftliche Entscheidungsstruktu-
ren. Partizipative Entwicklung von Szenarien für das Traisen-
tal mit Hilfe eines agentenbasierten Modells.  
Adensam, H., V. Gaube, H. Haberl, J. Lutz, H. Reisinger, J. 
Breinesberger, A. Colard, B. Aigner, R. Maier, W. Punz 
(2007); 
 
 
Band 93+ 
The Economics of Nature Management” Materials Flow 
Analysis for the Soviet Union. Konstantin G. Gofman and 
colleagues’ (1974); Fischer-Kowalski, M. (editor); 
 
 
 

                                               36



 

                                               37




