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SUSTAINABILITY OF THE BIOSPHERE * 

'- L. Kairiukst.is 

International Institute for 
Applied Systems Analysis, IIASA 
Laxenburg, Austria 

INTRODUCTION 
Acceleration of scienlific and technological progress and of industrial, 

metropolit.an and. agricultural development leads t.o man's confrontation with 
natare. The influence of man on nature changes the equilibrium of its laws and 
established processes which leads to unpredictable consequences. Generally, these 
are negative, such as desertification, wat.er and almospheric pollution, increase in 
soil acidity or salinity, dest.ruction of forests and severe exhaustion of natural 
resources, lmpacts on human health and genet.ie mut.ations in plants and animals. 
Thls primarily occurs at t.he local and regional levels, leads t.o unpredict.able 
negat.ive consequences for the separate regions, and gradually also leads to 
negative consequences for the entire biosphere. 

The increasing scale and significance of man's role as an agent. of global 
change was forcefully articulated between the two World Wars by a remarkable 
group of scholars. These included the French t.heologian and paleontologist., 
Pierre Teilhard de Chardln, the Austrian-born American biophysicist, Alfred J. 
Lotka, and above all, the Russian mineraloglst, Vladimir Ivanovich Vernadsky. 
Vernadsky {1926) first formulated the concept of the biosphere as the only 
ter-rest.rial envelope in which life can exisl. ln Vernadsky's opinion the most 
signtficant aspect. of man's develoj:)ment. was not his technology per se but. ralber 
the sense of global knowledge and communication engendered by that technology. 
He portrayed this "noosphere" or realm of t.hought as a new geological 
phenomenon on our planet.. Vernadsky's main concept. was st.rongly developed by 
Soviet Academician Vladimir Nikolajevich Suckachev (1964) as a complet.e science 
of biogeocenology or the science of ecosystems. 

Man's role as an agent of globai change is associated wit.h the emergence of an 
tncreasingiy int.erdependent. world economic system {Richards, 1985). Following 
the second World War, expanding industrial and agricult.ural development. 

* revised version of the paper, as of June 1985 feds.). 
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increasingly intensified the global economic interdependerice among nations. Ił. 

also began to introduce issues of ecological and geophysical interdependence 
between countries. This has led to some significant achievements in monitoring, in 
defining t.he issues in scientific and t.echnical terms, in raising public awareness, 
and in inst.it.ut.ional and policy action, on the national and international level. At 
t.he same time, research on the biosphere is charact.erized by an increasing scale 
and complexily of problems. Examples are the SCOPE program on the major 
physical cycles, t.he ICSU exploration of an internaiional geosphere-biosphere 
program, NASA's work on global habitabilily, the WMO's World Glimale Programme, 
UNESCO's Man and the Biosphere Programme, and UNEP's report on the World 
Environment 1972-82. Furlhennore, lhere is the work of high-level comJ1>jssions on 
prospects up to the year 2000, IUCN's World Conservation Slrategy, the OECD's 
werk on economic and ecological interdependence, and the WRI's new program on 
The Global Possible. 

Al the International Institute for Applied Systems Analysis (HASA) ihere are 
many subjecls under investigalion, such as Acid Rain, Climat.e lmpacts, Design of 
Resource and Environment.al Policies, Populaiion Aging and Changing Lifestyles 
which are deeply concerned wit.h the suslainabilit.y of regional development and 
developmenl of the biosphere as a whole*. Most. of this investigalion is 
characterized by a considerable uncerlaint.y in inilial empirical informat.ion, a 
large number of input variables which are collect.ad in dUferent ways (official 
statistics, experls' est.imał.es, indirect. observat.ion, etc.) and have different 
structures (qualilat.ive, quantitalive) and most. of which can hardly be forecast. 
Nevert.heless, the preliminary analysis of Lhe invest.igat.ions on the biosphere 
shows that.: 

the cumulalive impacl of industrial, agricultural, and social development on 
the environment has approached a level where il is dangerous for parlicular 
regions and can be dangerous for the biosphere as a whole; 

bet.ter integrat.ive underst.anding by international organizations, governments, 
and the scienlific community is new urgenlly required to plan effect.ive 
inlervent.ions lhal will bring the above sit.uat.ion under control; 

the demand for help in crealing such integrative understanding is high but. il 
is not being met by presenl isolated research activit.ies around the world; 

Il is therefore very import.ant in the biosphere studies at IIASA to integrate 
subjects already being invesligated and to focus new invest.igalion on an 
interconnect.ed, manageable number of key issues which cover the processes that. 
affecl life on our planet and the role of life ił.self in the evolulion of our presenl 
environment. 

The standard agenda of investigat.ions, as il concerns the sust.ainabilily of 
development, includes . al least. three int.errelat.ed groups of issues: nat.ural 
resources, environment.al pollution and .human set.tie.meni issaes. 

Key natur-al resources issues include: 

1. Depletion of forest.s, part.iculariy t.ropical forest.s; 

2. Loss of genet.ie resources; 

3. Loss of cropland, scil erosion, and desertificat.ion; 

4. Depletion and degradalion of groundwater resources; 

"'In early 1985 wit.hln the Environment.al Pollcies Program at. IIASA a spectal "Ecologically 
Sust.e.inable Development. or the Biosphere" project. was creatod. 
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5. Energy, including fuelwood. 

Key environment.al pollution issues include: 

1. C02 , 0 3, lrace gases, et.c. and climaLic change; 

2. Air pollut.ion, including acid rain; 

3. Wat.er pollut.ion, including coast.al and marine wat.ers; 

4. Soil pollution; 

5. Hazard_ous wast.es. 

Key human set.t.lement.s issues include: 

1. Land use and t.enure; 

2. Sheller; 

3. Wat.er suppl}", sanit.aLion, and r:ecreat.ion; 

4. Social, educat.ion, and ot.her services; 

5. Management. of very rapid urban growth. 

THE HIERARCHY OF PROBLE:M:S TO BE SOLVED AND THE SCALE OF SYSTEllS 
IN WHICH THEY INTERACT 

The problems t.o be solved can be divided int.o groups of environment.al 
development. concerns, as suggest.ed by Clark and Helling (19B5). Nevertheless, 
each group of problems inleract.s on a different space and t.ime scale, and is 
invo) · ~ in different. syst.ems. Therefore, I suggest lhat the problems t.hat. concern 
each generation should be analyzed wił.bin the syst.ems in which t.hey int.eract, as 
follows: 

The first. group comprises small-scale problems concerning locaJ, 
Em.vi.ronmentcu systems on the la.nd.sca.pe level. Such problems are: local air 
or wat.er pollut.ion, soil erosion by wat.er or wind, sust.ainabilit.y of 
agricult.urai crops, forest. or .fish die-off due t.o pollution, et.c. These 
problems most.Ly affect t.he social well being of people and involve only certain 
branches of the economy and same management. bodies. They have proved t.o 
be largely cont.rollable. Moreover, t.hey can be analyzed easiiy wit.h tlie u.se 
of quant.it.ative models. 

The second group includes t.he larger-scale problems of economic­
environmentcu systems on the regioncu or na.tioncu level. The problems 
are: regional resources utilizalion, industrial and agricultural development, 
assessment of the ,impact of human act.ivities on t.he environment, 
environment.ally balanced sust.ainable regional development. st.rat.egies. These 
deeply concern t.he socio-economic development and living condit.ions of 
human populations- ethnic groups in cert.ain regions or nat.ions. Despite t.he 
complexity, t.hese problems can be solved on the basis of syst.ems analysis by 
using complete and incomplet.e models and choosing appropriat.e . regional 
development. st.rat.egies. 

The t.hird group includes large-scale problems of macro-systems on the 
tra.nsregioncu, zonal or continental level. The problems are: long-dist.ance 
t.ransportat.ion of air pollut.ant.s, acid rain, long-dislance wat.er transfer 
(bet.ween basins), large int.ernat.ional rivers, deplet.ion of tropical forest.s, 
loss of genet.ie resources, desertificat.ion, shift.s of agricult.ural and forest. 
product.ivit.y onlo marginal areas due t.o climat.ic changes, deplet.ion of living 
marine resources, et.c. These problems have shown lhemselves t.o be mora 
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The fourth group consists of even larger-scale problems directly concerned 
with the development of the biosphere on a. globa.l sca.le. Such problems are: 
climat.ic background fiuctuations due to sun-earth relations, biogeochemical 
cycles and evolution leading to a dynamie exchange of chemical const.ituents 
among the oceans, the atmosphere and t.errestrial biosphere, biogeochemical 
cycles of soils, global _ economic-industrial growth, energy consumpt.ion and 
emissions into the at.mosphere of stgnificant. amounts of act.ive consltt.uents, 
C02, 0 3, t.race gases, etc., ant.hropogenic changes in the at.mosphere, t.heir 
climat.ic and economic consequences, pollulion levels in t.he oceans and lheir 
ecological consequences, ant.hropogenically induced global biospheric change 
and transilion to the noosphere. lf t.hese ·extremely complex problems can be 
managed at all, il is only wit.h a commit.ment. of resources, and a consist.ency of 
purpose that. t.ranscends normal cycles and boundaries of scieritiflc research 
and political action. Nevert.heless, t.here is no ot.her alt.ernat.ive but. tot.ryto 
fonnulat.e the approach and find tools (a system of models) with which il would 
be possible to describe the basie propert.ies of the dynamlcs of the biosphere 
which could serve as a point. of depart.ure in the efforts made t.o underst.and 
evolutionary t.rends and biogeocenot.ic processes in the world and to react. to 
them eit.her by adapt.at.ion or confront.ation. 

APPROACH TO THE SUSTAINABILITY OF THE BIOSPHERE 

When seeking the sust.ainabilit.y of the biosphere, the problems discussed 
above, from our point. of view and in terms of t.he ,current possibilities for UASA, 
can be solved on tour levels - global, zonal (cont.inent.al), regional and local 
(Figure 1). 

An Analysis of Issu.es on a Global l.e9el 
An analysis of the problems t.hat. ;arise and change course on lhe global scale 

can be made out.side HASA in highly specialized inst.it.ut.ions in both East.em and 
West.em countries. The charact.erist.ics of the issues of glÓbal change can include: 

climatic background fluctuations due to sun-eart.h relations; 
analysts of changes occuITing in differenl geophysical media and t.heir impacl 
on biosphere sust.ainability; 

analysis of anthropogenic changes in the at.mosphere and t.heir ecological 
consequences; 

analysis of pollulion levels in the oceans and their ecological consequences; 

analysis of possible ant.hropogenic changes in climale and lheir impacls on 
the sust.ainable developmenl of the biosphere; and 

modeling the· nat.ural.ly and ant.hropogenicaUy lnduced changes in the 
biosphere and possible t.ransilions. to t.he noosphere. 

0ur underst.anding of global changes can be inlegraled on lhe basis of the 
above-menlioned analysis and simulalion of generał laws govern.ing t.he biosphere 
(Moiseev el al, 1984). The revealed aggregale impact. of global changes will be 
t.aken as an input. for proposals of regional and local act.ion t.o redevelop the 
biosphere. 
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.Ana.lysis of Issues on the Zonal or Continental Level 
Some issues which charact.erize environmental changes on the zonal or 

continental level are already being studied at HASA (e.g., Acid Rain, Climale 
lmpacts) and appropriat.e models and software are being prepared (Alcamo el al, 
1984) (Parry, Cart.er, 1984). Ot.her problems musi be solved using a collaborative 
network of organizaiions. The environmental changes on the zonal and continental 
level which have an impact on the biosphere as well as on regional and local 
systems, can be charact.erized as follows: 

analysis of long-distance t.ransportation of air pollut.ant.s and acid rain; 

analysis of wat.er transfer.; from one basin to anot.her; int.ernalional rivers; 

analysis of deplet.ion of tropical forests and desertificalion wit.h att.endant. 
climat.ic changes; 

analysis of depletion of living marine resources. 
The revealed negat.ive impacl of the facLors ment.ioned above must. be 

t.ransformed to sysiems of a lower level in order thai count.eract.ive policies may 
be worked out. t.o deal wit.h them. 

Analysis of Issues on the Regional Level 
The research on Sust.ainable Regional Environment.al Balanced Development. 

St.rat.egies (SREBDS) concent.rates on the alternat.ives of regional resource 
ut.ilizat.ion, industrial and agricult.ural development., as well as the development. of 
ot.her economic branches, · and the assessment. of the impact of human act.ivities on 
the enviromnent.. The main goals of the research are the development. of concept.s, 
tools, met.hods, and software for regional. economic and environment.al development. 
analysis and seiect.ion of bet.ter management. strat.egies while taking int.o 
considerat.ion the sust.ainabilit.y of the regional system in long-range dynamics. 
Such a st.rat.egy hast.o be worked oot. on a mult.idisciplinary basis and musl invol.ve 
the experience and joint effort.s of economists, biologist.s, ecologist.s, 
mathemalicians, st.at.isticians, hydrologist.s, and specialist.s in agriculture, 
forestry, demography, and heallh. In ot.her words, the problems to be solved 
belong to t.he sphere of applied syst.ems analysis. 

To achieve the goals ment.ioned above, the activities should include the 
preparat.ion of strategie concepts ·and the core of the model system, including 
support.ing modal.s Lo describe the Unks bet.ween industrial and agricult.ural 
development., utilization of nat.ural resources, changes in the environment, Lhe 
influence of t.hese changes on recipient.s,-!ncluding man, and t.he adverse influences 
on the socioeconomic development." of society. There are some int.egrat.ed regional 
mod.eis which have already been developed (Brouwer, Het.t.ling, Hordijk, 1983). The 
cycle is modeled as follows: economy changes the environment. (air and wat.er 
pollut.ion, scil erosion, destruction of forest ecosyst.ems, etc.), the changed 
environment. influences nat.ural resources, production means and people, and 
through t.his by the reversible link it. influences t.he economy. The model system 
(Figure 2) consists of the following blocks: information data bank, economy, 
calegorization of t.errit.ories int.o influenced zones, ecological evatuat.ion models, 
det.erminat.ion of changes in recipient.s' state, economic evaluat.ion of damage, and 
environmental quality regulat.ion. 

The informal.iem is st.ored in a data bank from whence the primary informat.ion 
for modelling is drawn. The territory of the region chosen is divided into squares 
of 10 x 10 kms. For every square, t.he dat.a regarding it.s geographic position, 
st.ruct.ure of the farm lands, environment. and economic act.ivit.y are det.ermined. 
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The main ilems of lhe economic błock are: 

to balance the produclion and utilization between branches; 

t.o delermine t.he indices of economic act.ivit.y for t.he region as a whole and 
separat.ely for t.he main land users; 

t.o charact.erize the act.ivily of natura! resources reproduct.ton; 

t.o det.ermine the influence of economic activity on the environment; and, 

t.o ba.lance the utllization of natura! resources. 

The following kinds of influence on the environment are inciuded in the 
economic błock: 

emissions of t.oxic subslances int.o the at.mosphere tncluding lhose from. 
industrial act.ivilies and mot.orized vehicles; 

wat.er pollut.ion; and 

soil pollut.ion. 

In the błock of cat.egorization of lerrit.ories int.o influe.nced district.s, the 
following zones are dist.inguished: 

air pollut.ion by industrial emissions and molorized vehicles; 

wat.er pollulion; and 
ut.ilizat.ion of pollut.ed wat.er. 

The błock of ecological evaluat.ion of the influence of economic act.ivity on the 
environment. is determined t.o charact.erize the level of air, wat.er, soil and 
veget.at.ion pollut.ion and t.he level of soil erosion. Il is worked out on the basis of 
the following models: model for evaluat.ion of chemical runoff and soil erosion in 
agricult.ural farmland (Knisel et. al, 1980} which is affect.ed by various management. 
systems (CREAMS); model of environmental faclor dynamics (Krutko et. al, 1982); 
model of acid rain (Alcamo et. al, 1984) and soil acidlt.y (AR). 

In the błock of recipient.s t.heir stale is delermined und.er t.he influence of 
environment.al chru:_ ~~- The main kinds of recipient.s are as follows: quality of food 
st.uffs, genet.ie changes in animals, stale of heallh for humans, crop oapacity, 
product.ivit.y of nat.ural resources (forest.s, we.ter basins), condition of 
recreat.ional resources, and main i:,roduclivity funds. 

On the basis of the changes of recipient.s, t.he economic evaluation ·of damage 
is made, which is caused by environment.al pollution and which int.urn affect.s t.he 
nat.ional economy. By the reversible link t.his damage influences the economy and 
negat.ively affect.s it.s future development.. 

The błock of environment.al quality regulalion deals wit.h t.he simulat.ion or 
means t.o improve environment.al quality. The main means are as follows: changes in 
t.he slruct.ure of t.he industry; changes in the structure of land ut.ilizat.ion, air and 
wat.er purificalion; and int.rod.uct.ion of t.echnologies wit.h less wast.e mat.erials. 
Besides, the negat.ive influence on some :recipients can be decreased by means of 
physical planning and runct.ional redist.ribut.ion of t.he regional t.errit.ory, for 
example, by relocat.ing food crops, recrealtonal ereas, set.Uements, etc., away 
from slrongly polluled zones (Kairiukstis, 1982). 

The model system provides t.he ·management. bodies (planning) of t.he zone or 
t.he region wit.h t.he oplimal scenario of nat.ural resources ut.Uizalion and 
environment fonnation of a region, and · also wit.h various alt.erneUves. This 
scenario forwards t.he decisions taken t.o t.he management. bodies {ministries, 
depart.ment.s or complexes). By means of t.heir economic systems the lat.ter 
influence the nat.ural resources and environment. on t.he specific lerrit.ory. The 
annual or five-year results of such act.ivit.y toget.her wit.h the volume of industrial 
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product.ion are received lhrough informat.ion channels and comprised in t.he models 
system. This makes il possible to correct. the annual and five-year scenarios of 
natural resources ulilization and environment. fonnalion. 

Analysi:s of Issue:s on the Loca.I Level 

The aclivit.ies on SREBDS are supporled by delailed local studies on the 
landscape level. As mentioned above, re~ional economic-environment.al models 
evaluate the ecological consequences of economic development and facililate a 
det.ennination of landscape redist.ribution according to funclion; (e.g., exploit.able 
forests, agricullural, recreational, wat.er-soil prolected zones, urbanized 
terrilories, elc.). For the main branches experiencing the most dangerous 
envk-onmental impacts from the other economic branches of the region, the 
following t.asks are to be solved: 

agrtcultural problems regarding suslainability, pollution impact, and 
agricullural praclices that lhreaten ot.her objeclives in land use: What are 
their causes, which count.eractive policies are possible, how can their 
effectiveness be conlinuously monit.ored? 

forest. die-off due to pollut.ants: What are ils causes, which counteract.ive 
policies are available, how can t.heir effect.iveness be conlinuously monitored? 

"'-at.er management problems regarding sustainabilily of use, and pollution 
impact.s t.hat. threat.en ot.her object.ives in land use: Whal are their causes, 
which counteractive policies -are possible, how can t.heir effect.iveness be 
cont.inuously monitored? 

recreational areas and genet.ie resources, in terms of sustainability of use, 
pollulion impact.s: Which count.eract.ive policies are possible, how can their 
effect.iveness be continuously monilored? 

urbanized t.errit.ories, in terms of pollution impact.s that threalen huinan 
health and ot.her object.ives in land use: Whal are their causes, which 
count.eractive policies are possible, how can lheir effect.iveness be 
cont.inuously monilored? 

For the analysis of the above-mentioned separate branches of the regional 
economy adequat.e models should be used. They should include a simplified regional 
int.erbranch economic developmenl model and a mare det.ailed territ.orial model. 
For example, in the det.a.Ued model of the forest sect.or, as a branch of the economy 
the forest. resources are analyzed with demand; when lhere is a shortage of foresls 
to cover demand measures must. be t.aken to meet. lhis dernand. When t.here is no 
opporlunily t.o sat.isty the requirement.s. the st.ructure of produclion in the 
int.erbranch model is alt.ered. The following submodels are used in the forest. 
sector model: • 

1. the submodcl of forest. biocenose (for the analysis of the sustainability of the 
forest syst.~m and the forest. front. of influence upon the environment); 

2. the snbmodel for · analyzing the specialized seclors of forest. growt.h: 
Industrial, agroprotective, recreallonal etc. (Kairiukstis, 1981). 

3. t.łie submodel for analyzlng the renewal of foresl resources; 

4; the submodel for analyzing forest. ulllizat.ion (Deltuvas, 1982); 
5. the submodel for lhe analysis of demand for foresl producls; and, 

6. the wood processing submodel. 
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In addilion, forest. die-off is current.ly being analyzed at. HASA wlt.h t.he ·help of a 
model (POLLAPSE) on pollut.ion and foresl collapse (Grossmann, 1984) . . 

For t.he above-ment.ioned speclfic branches of t.he regional economy, t.he 
ant.icipaled result.s (when t.hese problems are solved) will be as fellows: 

an indicalion as lo which count.eractive policies for agricult.ural crops, forest. 
die-off, wat.er quality, recreat.ional areas, and urbanized lerrit.ories are best 
in a specific area, as far as concerns sust.ainability of the separate branches 
and sustainability of regional development.; 

informat.ion on which count.eractive policies are effect.ive and which will lead 
lo financial loss; 

a new teol for much bet.ter management. of agricultural and forest land use, 
wat.er basins, recreat.ional areas, urbanized t.errilories, ot.her resources, etc. 

help to direct. and synt.hesize research on the above-menlioned problems 
concerning the sust.ainabilily of local and regional syst.ems development.; 

assist.ance in eslablishing a dala bank and an environmenlal monit.oring system 
on the regional level. 

GENERAL APPROACH TO fflE VETHODOLOGY 

The complexit.y of the above-menlioned problems and syst.ems in which they 
commonly int.eract. const.itut.es the subject of investigalion on sustainable regional 
development. as well as sust.ainable development of the biosphere as a whole. 

The syst.ems comprising the global biosphere differ greatly in space, time and 
complexit.y. They are open, and essenlially int.eract. with the ecological and 
socioeconomic environment.. The hierarchical nat.ure of syst.ems is very 
complicaled, wit.h cooperalion and conflicls bet.ween different. subsyst.erns. 
Possibilities to control the subject.s under investigation, on large-scale systems in 
particular, are very limited. The higher the level of the hierarchy, the fewer the 
possibilities to experiment. wit.h the subsystem. Therefore, it. is necessary to usc 
an inlegralive approach t.o elaborat.a a st.rategy of systems management. (control) 
in a unit.ed, hierarchical st.ruct.ure during the process of receiving and collecting 
dala. 

The syst.ems under considerat.ion have many facels, each of which can most. 
adequat.ely be addressed wit.h a different. set. of t.ools. That. is t.he reason why a 
"mult.ifacet.ed" hierarchical approach can be used. Al HASA this approach has 
been suggesLed and wideiy used by w.n. Grossmann (1984) for small-scale local 
syst.ems analysis, in cont.rast. to large-scale models which were slrongly criticized 
previously (Lee, 1973). We developed the former approach for the analysis of 
problems and syst.ems related to the sustainability of the biosphere. 
Gomplement.arily, the main scheme was ext.end.ad t.o four levels of problems and 
fact.ors lo be analyzed, met.hods to be adopt.ed, as well as syslems to be covered. 
Using this approach, we int.end to invest.igate int.errelated local, regional, zonal 
and global systems, according to the slrenglh of the impact. felt. on each ot.her. The 
zonal system among them is the t.urning point.. ll is expressed in a maximum of 
out.sicie environment.al cross-action and a minimum of management cross-action 
(Figure 3). For most of the problems discussed above this approach pennitled the 
use of dynamie models in combination wit.h a geographical informalion system and 
the generation of a time series of highly prec~se geographic maps. 

Nevertheless, in many cases (particularly in analyzing complex regional 
socio-economic and environment.al syst.ems) il is not. realislic to use formal melhods 
and mathematical models. Such models are usually based on the assumpt.ion lhat. 
the models describe t.hese systems exaclly and sufficiently. However, il is not 
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always possible to build mat.hemat.ical models wit.h the required properties and the 
user musl spend a lot. of efforl in· verifying the praclical applicabilit.y of the 
solut.ions obt.ained in husbandry schemes. For t.hese cases more practical 
environment.al impact. assessment.s and socio-economic met.hods, developed by R.E. 
Munn (1979) as well as incomplet.e models, can be used. 

Using bot.h approaches, an analysis of the main const.ituent.s of the global 
biosphere and verificat.ion of t.he lheoret.ical hypot.hesis about. possible changes 
will illust.rat.e whal the most. serious const.raint.s are for the future sust.ainable 
development. of lower scale, Le., zonal, regional and local syst.ems. On t.he ot.her 
hand, analysis of local and highly aggregat.ed regional syst.ems will reveal the 
fact.ors which have negalive or posit.ive impacts · on the sust.ainabilit.y of the 
syst.erns of a higher level. 

Let us consider an approach t.o environmentally bala:nced regional 
development. using the example of the Lit.huanian SSR. 

THE APPROACH TO SUSTAINABLE REGIONAL DEVELOPKENT IN THE 
LITHUANIAN SSR 

The Lit.huanian SSR is one of 15 republics of the Soviet. Union wit.h 3.5 million 
inhabit.ant.s livin~ in an area of 6.5 million hect.ares,. Le., t.he average populat.ion 
densit.y is 53 km . In the last. few decades industry as well as agricult.ure has been 
highly developed. The average yearly crop production of cereals for the last. five 
years was bet.ween 2.5 - 3.0 t.ons/ha., for meat. 0.13 t.ons/ha., and dairy product.s 
3.6 t.ons/animal. 

The Lit.huanian Republic is a highly cult.ivat.ed part of the USSR. Land 
reclamat.ion by closed drainage was carried out. on 60% of t.he area of collect.ive 
fanns. Ext.ensive road net.works (0.5 km per A:m 2) were est.abUshed. Two large 
(approx. 400-500,000 inhabit.ant.s) and 12 small t.owns (about. 100,000 inhabit.ants) 
were developed. 

In Lithuania, traditionally developed complex silvicult.ure is pract.iced (the 
average area of forest preserve is 3,000 ha., forest husbandry - 30,000 ha., with 
one highly educated specialist. each per 1,000 ha.). The forest.s const.it.ute 1.8 
million ha. (27.6%) of the tot.al land surface. This means t.hat. approximat.ely 75% of 
the demand for wood is met.. There is a well organized nat.ure conservat.ion service 
in Lithuania. In addit.ion, Lithuania is well-known for sport hunting and t.ourism. 

Despit.e great. efforls by t.he St.ale for nat.ure conservat.ion, natura! resource 
utilization and t.echnogenic use of the land have a negative impact on the 
environment.. 

Negative Consequences of Humnn Activities During T~ogenic 
Reconstruction of the Landscape. 

Industrial growt.h, increased moLorization, land reclamat.ion, and int.ense 
agricult.ural act.ivit.ies have destroyed t.he natura! landscape.' Extensive land use 
has caused deleriorat.ion of the soil and wat.er. lnvest.igat.ions show t.hat land 
reciamation and cult.ivat.ion, as well as the' intensiva use of peslicides sharply 
diminish Lhe variety of soil fauna {At.lavinyt.e, 1978 and Eit.manaviciut.e, 1982). 
Hycirophilic species of worms disappear, and ot.her species have diminished 
fivefold. The variety of ornilhofauna also suffers great.ly. lnsect.ivorous birds 
{e.g, thrushes and finches) have been great.ly declmat.ed because t.hey use small 
field bushes for reproduct.ion rat.her t.han forests. The disappearance of forest.s 
and bushes inside arabie lands reveals t.he negat.ive consequence of surface wat.er 
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runoff. The arable lands in t.he Aukst.aiciu and Zemaiciu uplands especially suffer 
from erosion. Using lhe CREAMS model (which was adapt.ed at. HASA), model 
calculations of runoff, amount. of wat.er evaporat.ion and deep percolation were 
carried out for the hilly Utena region with regard to ·soil t.ypes, variety of forms of 
landscape. Model calculations show that in 1972-1980 runoff and deep percolation 
correspond to about one-lhird or 204 mm precipit.at.ion per annum. This 
determines soil erosion processes which in conformit.y with the degree of 
st.eepncss, mechanical part.icles specification and crops grown t.here can form 100 
t.ons/ha. of drift.s in the nine-year period (Kairiukstis and Golubev, 1982). The 
aforementioned erosion processes do not. happen on slopes wit.h belt.s of forest. 
cover. 

The increase of the plain field area causes wind erosion and deplet.ion of soil 
fertility. · 1t is· a special charact.erist.ic of the light. soils. For - example, in 
Lilhuania. such areas cover about 190,000 ha. The investigat.ions carried out 
{Pauliukevicius, 1982) show that the annual runoff washes away from every ha. of 
arable land 50-250 kg of chemicals dissolved in the wat.er. Every year the · 
Nemunas river carries away about. 0.5 million t.ons of drifts int.o the Kursiu Marios 
Lagoon. It is part.ially for t.his reason, as well as due to a scarcit.y of sewage 
treatment plants in large towos and industrial cent.res, that. wat.er pollution has not 
been· sufficient.ly reduced. 

The west. point winds being predominant., the industrial pollut.ant.s from 
Western Europe, England and Scandinavia are transport.ed to Lithuania. Acid rain, 
oxidized deposit.s, harmful gases, and carcinogenie subst.ances reach the 
Lithuanian territory in 1-2 days. They cause acidification of soils, wat.er pollution 
and det.erioration of the forest ecosystems. Against. the background of the whole · 
atmospheric pollution, the zones of high local pollut.ion around industrial cent.res 
like Jonava, Mazeikiai and Keadainiai prove to be dangerous to the forest 
veget.at.ion, which in it.s tum is the index of the conditions for human existence. 
Under the impact. of emission processes, lit.ter, soli and wat.er reservoirs 
accumulate large quant.ities Óf dust., fluorine, nilrates, ammonia, chlorite 
sulphat.es, phosphates, pot.assium and ot.her harmful compounds (Vaicys, 1982). 
Wit.hin a radius of 3-5 km from the source of pollution, as shown in t.he dat.a of the 
Lithuanian Institute of Forest.ry, coniferous forests wił.her. In the placel;l more 
remote from the pollut.ion sources under the influence of emissions, changes of 
mórphological, physiological, chemical and species composition of vegetat.ion t.ake 
place. In these areas, the increment of coniferous forests is 30-50% and 
deciduousness 20-30% less in comparison wit.h non- affect.ed areas. The white 
fungus disease which affect.s needles, leaves, branches and t.runks is widely 
prevalent.. Cancer of larch and pine-tree sprout.s is especially dangerous. 

lncreased environment.al poUut.ion increases mut.agenesis. lt. has become a 
characleristic of- modern civilizat.ion. Among some four million pollutant.s 
circulat.ing in the biosphere, in the Bałt.ie region alone we found about 300 
poUut.ant.s bearing mutagenie. effect.s. They expose t.he genet.ie stability of species 
to great danger. Geneticians of the Vilnius St.ale University (Lekevicius, 1980) 
det.ennined. t.hat in the 3-8 km radius of t.he Mazeikiai oil-refining plant t.he 
frequency of point mut.ations in field vale (Microt.us arvalis) increases 10 times. 
The same phenomena are observed on non-irrigated meadows with a high usage of 
minerał fert.ilizers. Il is notable that the field vole is an example of chemical 
pollut.ant.s on anima! species and possible impacts on man. In many count.ries lhere 
is now sufficient. dat.a to prove that. human beings who come in close cant.act wit.h 
chemicals such as mercury, and with plast.ics sucb as polyvinylchloride and who 
live in a polluted environment, suffer from chromosomal aberralions causing 
ret.arded or handicapped offspring. 
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At the same time, the environment transfonnation process was and still is an 
inevitable precondition and consequence of the further development of society. It 
gives an opportunity t.o create produclive agriculture, t.o develop industry and 
transportation networks, t.o create a good economic basis for higher materiał, 
cultural and social population welfare. 

The problem faced is how lo deal with these conflicts, and in particular: 

How to avoid situations in which certain economic branches and planning 
organizations disregard local environmental conditions and only salve 
problems of their own inter-est? 

How to avoid the creation of bordering territories wilh conlradict.ory 
funclional purposes, which increase the self-decay of economical branches, 
prevents the stable economic development of t.he whole region and has an 
adverse affect on the environment? · 

How to coordinate the interests of the separate economic branches and 
concerted development of the whole region? 

The traditional environment protection agencies are unable to deal with tbese 
shortcomings. It is necessary lo ralionalize natural resources utilizalion of the 
region, taking into account redeveloping measures for the suslainability of 
-regional development and the creation of betler environmenlal conditions. While 
undertaking regional physical planning of lhe terrilory, . one must not only 
consider the needs of each branch of the economy, but also the long-term 
perspeclives of socio-economic and environmental development of regional haman 
populations. In other words, sound environmental principles, mainlaining the 
balance between ecological systems and the socioeconomic development in a chain 
of natural resources utilization and reproduction to ensure long-term economic 
development. 

ln order to realize the above, we urgenlly need a reliable set of tools for 
economic-environmental situation analysis and scientific experts system for top­
level decisionmakers. Only in this case do possibilities really appear t.o select and 
implement Sustainable Regional Environmentally Balanced Development Strategies 
(SREBDS) for each region. 

Environment Formation as a Part of Natum.i Resources Utilization and 
Socio-Economic Development of the Region.. 

In the last few years, the oniversal process of man's intrusion into nature and 
the spontaneous destruction of ecological systems in Lithuania was met by the 
rational use and reproduction of nat.ural resources, in combination with t.he 
purposeful formation of an optimal environment. To support such an alternative, 
better inter-action bet.ween scientific experts and decisionmakers was achieved 
(Kairiukstis, 1985). The efforts of scientists at the Academy of Sciences, branch 
institutes and higher schools were uniled under t.he program, "Man and the 
Biosphere". The General Model System {GMS) was created, which made il possible 
to o::,limize the development and specialization of the main resource utilizing 
branches of the nalional economy on a terri~rial basis (Katriukstis, 1982). 

Keeping to the tasks of sustainable developmenl of the national economy. 
efforts have been already made for nalural medium optimization (quantity of main 
landscapes determining its state), t.o determine the fonclional deslination of t.he 
landscapes. An evaluation of separate territories was carried out. For example, 
the Department of Geography of t.he Academy of Sciences revealed the 
anthropoclimatic resources of Lithuania (Figure 4). It appeared that regions 
favorable from the point of view of the anthropoclimate such as the continental 
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sea-shore of t.he Kursiu Marios lagoon, west. and middle Suval.kija, t.he central part. 
of Norlh Lit.huania have hardly been used for t.he development. of recreat.ion and 
healt.h resorts. The Inslit.ules of Const.ruction and Archit.ect.ure of t.he Lilhuanian 
SSR loget.her wit.h t.he Vilnius St.at.e Universit.y prepared a dist.ribut.ion scheme of 
recreat.ional regions (Figure 5). While undert.aking such an oplimizat.ion one has to 
t.ake int.o accounl t.he local anlhropoclimat.ic peculiarit.ies, air and wat.er pollution, 
so t.hat. the object.s dest.ined for recrealion are notable for the healt.hy climat.e. 

The joint. efforts of scientific research inst.it.ules and scient.ist.s of higher 
schools dislinguished lhose zones being protected for special purposes. They 
concentrat.e t.he nalural fund of flora and fauna, landscape variely as well as 
hislorical and elhnographical object.s. These zones include reser-valions of grassy 
and forest. veget.alion genofund and of separale animal species. Only t.he 
concentrat.ion of lhese terrilories and the legalizat.ion of lheir st.at.us can prolect. 
lhem from ever growing industrial pen.et.ration and from negat.ive con.sequences of 
agricullure and industry. Moreover, part of the protect.ed territories should at. 
least. salisfy t.he ut.Hit.ary needs of recreat.ion (berry plant.alians, fields of 
inlensive recreat.ional sport hunting, etc.). 

The Depart.menl of Geography of t.he Academy of Sciences of t.he Lithuanian 
SSR evaluat.ed t.he degree of erosion and denudat.ion in Lilhuania (Figure 6). 
Togelher with the Lithuanian Research lnst.it.ut.e of Forest.ry and the Institute of 
Bot.any, those regions were determined which are lacking in forest.s (Figure 7). 
Means for afforestat.ion were prepared to prot.act arable lands and waters 
(Kairiukst.is et. al., 1980). The invest.igat.ions of the Institute of Physics of the 
Academy of Sciences of t.he Lithuanian SSR have made il possible to discuss in 
broad terms the background almospheric pollution, fall-oul of sulphur, fluorine, 
nit.rogen and ot.her compounds, to make model calculat.ions and la reveal the 
influence of large industrial object.s and towns on lhe neighboring regions . Dat.a 
are stored on the int.ensive use of fert.ilize.rs and peslicides and t.heir influence on 
ecosyst.ems links in separat.e regions. All t.his is t.he basis for the monitoring and 
also the prognosis of inevit.able change. of forest.s and .arable lands. This also 
serves as a basis la obtain a sust.ainable environmentally balanced regional 
development. 

The st.at.e of t.he natural ecosyst.ems depends on climat.ic background situat.ions 
which have an impact. on all ecosyst.ems. Dendrochronological invest.igat.ions 
carried out. in the Lit.huanian Research Inst.it.ut.e of Forest.ry and int.he .Institute of 
Bot.any reveal the long-term rhythm of the forest.s' growt.h. Approximat.ely every 
11 and 22 years the maximum and minimum i.n the growt.h of t.rees repeat.s ił.self. 
The long-t.erm (about. 50 years) fluct.uat.ions of favorable and unfavorable 
ecological condit.ions are det.ermined (Figure 8). For example, favourable 
condit.ions in 1904, 1915, 1925, 1945, 1957 and 1968, in areas wit.h high humidily 
the growth of trees was 20-301 above average. Vice versa, in 1908, 1930, 1952, 
1963 and 1978 t.he grówt.h of trees was 20-301 below average. The fluct.uations 
ment.ioned are in good correlat.ion wit.h crop capacit.y of agricult.ural lands. For 
example, the yield of cereals in that. year is higher in which the marsh veget.at.ion 
increment. increases. lt. is thus possible to forecast. foresl growth and the growt.h 
of ac.her vegetation for at. least. lh.e next. decade. Fluctuat.ions of climatic 
condit.ions also bear an influence on t.he gerreral economic situaUon in t.he region. 
This phenomena can perhaps be explained lhrough the "flucluat.ion faclor of 
ent.repreneurship" developed by W. Krelle (1983). Il must. be taken int.o acco\llll 
while modelling the ecological sit.uat.ion and socio-economic development.. 

The successful use of t.he ecological sit.uat.ion, forecast. for t.he coming decade, 
and it.s adjust.menl to man's economic acllvit.y, make it. possible to enlarge the 
ecosyst.ems suitabillt.y and to grow mare stable yields. For example, in Lit.hU8Jlla, 
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during the drier and wann period, mare produclive crops should be sown as in the 
regions to the south (Ukraine, Byelorussia), giving preference to irrigation and 
moisture accumulation. On the other hand, for the period of coid and wet weather· 
forecast for the end of this decade, one should be provided with sowing grain 
produced in the same district or in neighboring northern and western regions, 
widen the grassy fields and repair and maint.a.in the drainage equipment. An 
analysis of the cereal yield during the last decades shows that a strategy of 
adaplive agriculture such as that outlined above might prove valuable. 

The accumulated dat.a basad on the investigalions of various branches of 
science (Gvishiani, 1977) as well as on dat.a banks using the above mentiol)ed 
approaches (see section on Analysis of lssues on the Regional Level) enabled the 
creation of the General Model System (GMS) of the optimal use of natura! 
resources and environment fonnation based on socio-economic regional 
development scenarios (Kairiukstis, 1982). 

Economic models (Buracas, Rajackas, 1982) simulating the development of the 
main branches of the national economy influencing the environment (agriculture, 
forestry, water management) and also of the industrial complexes (chemical, 
energy, etc.) through the Models of Interbranch Reproduction of Public Products 
and Land Use (Rutkauskas, 1978) give an opportunity to forecast and optimize the 
(regional) resources utilization. · 

The ecological consequences caused by the industrial processes in the course 
of public product reproduction are evaluated in the typified geographical 
landscapes. Besicies, the model of environment factor dynamics suggested by the All 
Union Scienlific Research Institute of Systems Analysis (Krutko, Pegov et al., 
1982) and the CREAMS (Knisel, 1980) are also used. The adapted models are based 
on the suggeslion that separate branches of the national economy, depending upon 
the management. systems and technologies dominating in them, bear a different 
influence on the separate landscapes (farm lands, waters, urbanized territ.ories, 
etc.). This influence is revealed in the changes of hydrological, erosive and 
chemical processes and parameters in soil, water and atmosphere. By simulating 
possible changes of farm lands and technologies, the desirable and undesirable 
t.endencies of the economic influence on the environment are revealed. Those 
tendencies are evaluated according to the dynamie concept of the environment. · 

. Analogously, the model adopted evaluates the ecological influence of the 
atmosphere on flora, fauna and man. In accordance with the functional destination 
of lanciscapes according to separate pollution sources (chemical plants, power 
stations, t.ransportalion networks, etc.), the necessary t.ecbnological changes are 
made. 

The results of economic development integrally detennine the welfare of the 
populat.ion. The ecological•conse_quences of economic development are determined 
and evaiuated for each landscape with functional destination. These consequences 
determine productivit.y and genelic st.abillty conditions of vegetation and animals, 
including man. 

The decisionmaking (plaMing) bodies of the Republic select the opt.imal 
scenarios of natural resources utilization and regional environment formalion. 
They analyze the alternatives and pass their decisions on to leaciing bodies­
minist.ries, depart.ments and industrial-agricultural complexes. The departments 
and complex:es, carrying out the orders of the leading bodies through their 
economic systems influence the natural resources and environment. on the specific 
Lerritory. The annual and five-year results of this influence in the areas 
monitored, t.ogether with the amount. of Gross National Product through the 
information channels (stalistical) are returned to the GMS of the State Planning 
Committee. The informalion, bearing in mind t.he dendroclimat.ic prognoses of 
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natural change of ecological condilions wit.h the help of t.he menlioned models, 
makes it. possible t.o correct. t.he previously est.abltshed annual and five-year 
scenarios for t.he oplimal use of nalural resources and environment. format.ion. 

For example, a preliminary opt.imization of farm lands shows t.hat. in t.he 
Lit.huanian SSR t.he agrarian t.errit.ories should occupy no more t.han 55-57% of t.he 
t.errit.ory including about. 17t of meadows stable t.o erosion. Forest areas should be 
widened up t.o about. 31-33% of t.he count.ry's terrlt.ory. In regions wit.h a small 
percent.age of forest.s, as well as near highways and industrial complexes, it. is 
advisable t.o grow ant.ierosion proleclive forests. To keep a stable moist.ure 
regime, boggy area~ and· inner water reservoirs must occupy about. 5-6%. The 
remaining t.errit.ory (about. 7%) will be inevit.ably urbanized. Conservat.ion areas of 
variom, kinds, nat.ional and nat.ural parks, recreat.ional t.errit.ories and t.errit.ories 
under sanit.ary protect.ion according t.o specificity, should occupy t.he most wooded 
areas, piaces of sandy dunes and wit.h the great.er number of l.akes. Because t.hese 
places in some cases are adjacent t.o farming and indust.rial-urban territ.ories, t.he 
necessity for interst.it.ial or buffer t.erritories are needed. A. special management. 
of these t.errit.ories is t.hen determined. Therefore, the farming or forest.ry 
aclivit.y on specific t.errit.ories are det.ennined not only by the soil and climatic 
peculiaritles, but also by tłie functional landscape destinatlon. For example, 
forest.ry, in accordance with the dominat.ing landscape dest.ination specializes in: 

1. Industrial wood growth - exploit.able forests subsector; 

2. Soil and wat.er protection - agroprotect.ional forest.s subsect.or; 

3. Recreation and rehabililat.ion needs - recreational forests subsector; 

4. Conservation of flora, fauna and genofund - conservation forest.s subsect.or; 
5. For sclentific and hunting fauna needs - recreational hunting forest.s 

subsect.or. 

For all these forestry subsect.ors, modules and programs are prepared for 
spe_cialized economy management (Kairiukst.is et. al., 1983). 

Opt.imizing landscape farm land will also show it.s specificity. Highly 
specialized industrial agricult.ure is ret.ained in the main agricultural regions. In 
recreational and conservational areas, agriculture must be specialized t.o grow the 
so-called "bioproduction", unpollut.ed by chemicals. 

On tł"te ot.her hand, in suburbs or lands adjacent to industrial centers as well 
as in ot.her areas st.rongly polluted by industrial waste materials and 
t.ransport.ation networking, st.at.e fanns should not grow food (veget.ables, cereals, 
etc.) but "technical" cultures necessary for industry, as well as flowers. As t.hese 
t.erritories are present.ly, and will be even more polluted in the future, t.heir 
production, especially of veget.ables and fruit.s, will be less suit.able for food. 

The division of the t.erritory int.o zones according t.o t.heir .funct.ional 
des.tinat.ion and economic regime will affect industries and the development. of some 
t.owns. As we know, previously the growt.h of t.owns was detennined by demographic 
structure, the availability of fresh wat.er sources and ot.her natural resources. 
Dat.a on the state of atmospheric pollution, soil and wat.er, also on the 
anthropoclimatic resources, prove t.hat it. is not. advisable to evenly develop all the 
regions or a small state. Il would compl'icat.e t.he st.ruggle against. industrial 
pollution, and would make the use of purlfication equiprnent and industrial waste 
mat.erials more costly. · In generał, wit.h the uniform development. of indastrial 
urbanizat.ion, t.he nat.ural medium of pollut.ion of the region is greater. All the 
more so as the even dist.ribution of large t.owns and indust.rial plant.s in the region 
or st.ale make il lmposslble to preserve non-pollut.ed conservat.ional and 
recreational t.errit.ories which are distinguished by t.he most. suit.able condit.ions 
for health recreation, 
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In conclusion, it should be stressed that. in t.he future , when the nature 
· prot.ect.ion scheme of t.he Republic has been completed, t.he territ.ory dist.ribut.ion 
has been carried out. according to it.s functional destinat.ion, t.he economic activit.y 
in nat.ure has been specified, a reasor.able combination of branch and territory 
management. fulfilled, only t.hen will it be possible t.o escape t.he det.riment.al 
consequences in nature caused by branch management. It will promot.e a more 
rational use of nat.ural resources, a stable development. of agriculture, specialized · 
wat.er and forest husbandry with less expense in funcls and labour force , to achieve 
~ higher production; it will also help t.o lessen food cult.ivat.ion pollution by 
industrial waste mat.erials, to widen the urbanized areas and at the same time to 
ret.ain clean recreat.ional zones to ensure genofund and conservation zones for 
many years. Mit.igat.ion of · the negative impact. of human act.ivities on t.he 
environment. at. a regional level will help t.o achieve a more sust.ainable 
devel.opment of systems of a higher level, including the biosphere as a whole. 

CONCLUSIONS 

The cum.ulative impact of industrial, agricultural and social development. on 
the environment. has approached a level where it. is dangerous for part.icular 
regions and can be dangerous to t.he biosphere as a whole. At. the same time, the 
environment.al t.ransfonnat.ion process is stili an inevit.able precondit.ion and 
consequence of the development. of t.he materiał, cult.ural and social welfare of 
mankind . 

In the process of generał penet.rat.ion of man int.o nalure and the spont.aneous 
destruct.ion of ecological systerns an alt.ernat.ive is made-the rat.ional use of 
nat.ural resources and reproduct.ion unit.ed with an optimal and purposeful 
environment.al format.ion. To realize t.his Łask, system approaches to large-scale 
global, zonal, regional and local problems to be solved were developed. Using the 
mult.i-facet.ed approach to resources and environment. management., the sit.ualion in 
Llthuania was analyzed (regional level) : Enlist.ing the rich herit.age of scient.ific 
research and in collaborat.i.on wit.h lIASA, the General Models System (GMS) was 
prepared on an interbranch basis. GMS should be of great. use for the management. 
and regional development. planning agencies of the Republic. Il consist.s of t.hree 
blocks of models: economic models, models for the ecological evaluat.ion of a 
m~dium, and models for the evaluat.ion of social consequences of economic 
development. and ecological changes. The cycle is modeled as fellows: economy 
changes the envir:onment. (air and wat.er pollut.ion, dest.ruct.ion of nat.ural 
ecosyst.ems, etc.); the alt.ered environment. influences the biot.a including man, and 
t.hrough t.his by inverse link il influences the economic and social development. of 
societ.y (micropopulat.ion). 

According t.o t.he GMS, the t.errit.ory dislribut.ion opt.imizat.ion of the Republic 
confonning wit.h the main landscapes was carried out. beforehand, the specificit.y of 
'the main landscapes' funct.ional dest.inat.ion was revealed, the buffer zones between 
t.he landscapes of cont.radict.ory dest.inat.ion was point.ad out., and t.asks for the 
specificit.y of economical management. {agricult.ural, forest.ry, etc.) were defined. 

The use of the above-ment.ioned syst.ems approach and the mult.i-facet.ed . 
analysis of t.he rat.ional use. of nat.ural resources and. environment. fonnat.ion, when 
complet.ed, will help to avoid det.riment.al act.ions in nat.ure, t.o achieve the 
sust.ainabilit.y of regional systems and mitigat.e biospheric collisions. 
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DISCUSSIONS 

Paper by L. Kairiukstis 

Discussion participants: A. Straszak, J. OWsiński, K. Polenske, 

R • . Espejo, L. Kairiuk~tis. 

Most of the questions were asked in order to obtain extra ex­

planation as to the notions and structures .used throughout the 

paper. These questio~s, related e.g. to the place of regions 

in the systemie structure_ outlined or to implementation and 

application of the comprehensive view presen~ed, are satis­

factorily answered in the text at hand. 

Apart from that a question was asked in what way it is intended 

to influence policy makers ~ i.e. national and local governmehts 

- in order to increase the understanding of problems at hand. 

The answer pointed out that the only practicable means was to 

provide information to these who are . resposible for activities 

influencing the biosphere, to make them aware of reasonable 

constraints connected with such activities. 

Paper by s. Ikeda 

Discussion participants: A. Kochetkov, K. Polenske, L. Kairiuk-

stis, s. Ikeda. 

Several explanations were asked for. First: the empirical basis 

for the input/output model - at the national level according to 

the international standard breakdown, i.e. approx. 200 catego­

ries, and at the regional level more aggregate tables synthesi­

zed. from otherwise available informa~ion. Some activities, like 

fish processing industry, were left"out because of lock of ade­

quate data. Some other ones, like private sector investments, 

are treated through aggregates .• 

As to the formal side of the model development, it is · provided . 

by the three-year contx:act from the Ministry of Science and 

Education, and the model developers hope for an extension of 

another three year period in order to complete ~h~ work. 
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Paper by P. Holnicki and A. Żochowski 

Discussion participants: T. Vasko, K.P. Moeller, D. Boekemenn, 

A. Straszak, R. Bolton, P. Holnicki. 

In response to questions one of the co-authors expla.ined that: 

the control variable of the model was production level df a 

given factory, the sources ·located outside of the ·area consi­

dered had not been accounted for because of lack of appropria-:­

te data, and: location and · time variables had not been used as 

c~ntrol ones in the model, although this could be done within 

the same model structure. Many of the model features resulted 

directly from specifications made ·when accepting the contract. 

On the policy side, in view of the preliminary nature of the 

model no experience could as of then be gained on the enter­

prises' reactions. In fact, the model builders were responsi­

ble solely for model developrnent. 












