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improvements a relatively reliable instrument for technology assessment in agri-
culture will be available.

Despite these reservations we feel that several of the assessments of this
preliminary application of the instrument are certisinly valid, even though they
do not deviate fro results being discussed now in other agricultural policy stu-
dies. In particular, the instrument sllows the testing of many current assump-
tions and speculations. In this regar, basing the assessment on material flows is a
crucial and essential feature.

The system study based on material flows is augmented by the comprehensive
evalmuonn with respeact to the essential criteria of the development of the agri-
cultural system. This means that crucial problem areas are easily identified.

The instrument was applied Lo three development scenarios of agricultural
production:

In scenario A ‘intensification” the essential element is the reduction of
trade restrictions and market distortions which would lead to a stronger intensif-
ication of agricultural production in particular regions for economic conditions
are taken out of agricultural production.

In seenario B ‘businexw-as-nsual’ the major theme is the assurance of con-
tinued operation of the most productive farms in their current form. This means
that markets cannot be liberalized in the way planned in scenario A. For this
reason, a similar intensification and concentration of production cannot take
place.

In scenario C ‘ecologization’ the major impulse is a more conscicus orien-
tation of agricultural production towards decreasing ecological impacts and sup-
porting natural nutrient cycles, coupled with an attempt to support the tradi-
tional small family farm structurs.

9. Preliminary Results

Despite the preliminary nature of the study, we present here some important
results, which we feel to have some general validity. Pigure 6 shows the trends of
agricultural land use in the three scenarios for all of the Federal Republic of
Gsrmany.

1. Food consumption in the Federal Republic of Germany will drop by some 201
in the next decades, mainly as a result of demographic development.

2. Demand reduction for animal products has disproportional effect on agricul-
ture, since this affects the grain production (for feedstock) significantly.

3. It is not possible to secure the operation of the current numbers of farms
under the conditions of free agricultural market, with increasing yields and
decreasing demand.

4. There are only a few possibilities to alleviate this dilemma: to reduce the
acreage for plant production and the number of farms significantly, or to
intensify production, or tc subsidize production and its subsequent destruc-
tion, or to subsidize food exports, or to decouple the internal market prices
for agricultural products form the world market, bringing them to a level
high enough which would guarantee the continual existence of a greater
number of extensively producing farms.

5. The scenario ‘intensification’ which assures survival only for ihe most pro-
ductive farms using intensive production, while large unproductive areas
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would be taken out of production, certainly has the mosl severe social and
ecological impacts. On the other hand, this is a scenario which under the
currenl conditions seems to have the best economical and political chances.
Here, a problem with high decision pressure becomes obvious if the develop-
ment of socially unacceptable conditions is to be avoided.

6. The scenario 'business-as-usual’' which assumes only incremental policy
changes to avoid the most obvious negative impacts also must be assessed as
having overwhelmingly negative consequences. In this case, subsidized pro-
duction of agricultural products continues to be a necessity.

7. The scenario 'ecologization’ in which an attempt is made to preserve the
current small farm production pattern as much as possible by exentsivation
does not show the most favourable ecological and social impacts, but it also
has to deal with difficult problems of economic and political acceptance. The
technology assessment for this scenario again shows the necessity for timely
decision and action in order to favour desirable developments by switching
policies, and by blocking unwanted developments in time.

The results of the comprehensive impact assessment for the three scenarios,
using 16 relevant orientors, are show in Figure 7.
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4.11 MANAGEMENT OF FOREST RESOURCES IN LITHUANIA*

V. Antanaitis and R Deltavas
~Lithuanian Academy of Agriculture
Raunas, Girionys, Lithuanian SSK, USSR

Forest rssources. The forest land in Lithuania amounts to 2134 thousand ha,
including 1882 thousand ha of forested area. About 69% of the forest land is
managed by state forest enterprises under the supervision of the Ministry for Sil-
viculture and Forest Industry; 191 of the forest land {s in the charge of collective
farms and the rest is run by state farms and various ministries. The forest land
comprises 27,82 of the Lithvanian territory. It is Lo be extended to 30% by the
year 2005 at the expense of land unsuitable for farming.

The most widely distributed tree species are the conifers (pine and spruce)
amounting to 571 of the forest area; 40% is occupied by birch, alder and aspen,
and 3% by hardwood tree species (oak and ash).

A characteristic feature of Lithuanian forests is the inadequate distribution
of age-olass. The average age of Lithuvanian forests is 40 years, with only 4.9% of
mature stands, an extremely low percentage. The surplus of younger stands is a
result of post World War ]l reforestations of huge clear-cuttings. However, .
today’s premature stands are growing and after 20 years, there will be no lack of
mature stands. The Limber volume per ha is also increasing. ln 1856 it consisted
of just 78 m?/ha but in 1983 it had already reached 164 m®/ha. The average
volume of the mature stands in the state forest enterprises is equal to 218 m3/ha.
but in the collective farm foresis 111 m%/ha only. The mean annual volume growth
iz 3,6 m3/ha and the current annual growth is 6,8 m3/ha. The mean sile class is
2.1 (by the M. Orlov system) and the mean stock density is 0,7.

Site classification. Site evaluations in Lithuania have been developing in
two ways. S. Karazija (1877) in the Lith ian Forest R ch Inslitule has
worked out a sile classification based on forest types, based on the concept of a
forest stand type by Sukatshev and the ecogenetic forest vegetation development
principle of Kolesnikov. The following three methodological approaches have
been used:

a) estimation of the most essential and obvious indices of the forest Lypes;
b) study of the ecological and economic atiributes of the forest types;
e) slaboration of the silvicoltural systems on the basis of forsst type.

Using soil charactieristics at measuring sites, two other scientists, M.
Vaitshys and B. Labanauskas (1866), modified and expanded the edaphic net by P.
Pogrebnjak. So, a second site classification scheme based on soil characteristics
has been worked out. It is known as the soil typological classification.

=in: Ecotogtcal Sustainabdtiity of Regiongl Development, Proceedings of 8 Workshop held in Vil-
nius, Lithvsaie, USSR, 22-26 June 1987. L. Katriukstis, A. Buracas, and A. Straszak (Eds.), 1988,
Systsms Research Institute, Polish Acadamy of Sciences, Warsaw, Poland.
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Since 1966 forest inventory and silvicultural planning have been carried out
on the basis of soil tvpology. Both site classifications mentioned above - that of
the forest types and that of the soil types — are complementary and they consti-
Llute a united ecological-geochemical classification of Lithuanian forests. The sil-
vicultural systems worked out on the basis of that classification take into account
the leading forest function for the given area and contribute to forest manage-
ment improvement.

Multiple-use organization. Society desires many goods, services and quali-
ties (timber, water and soil protection, game, recreation, berries, mushrooms,
etc ) produced simultaneously by forests. Because of the ability of the forest to
provide multiple services, management activities can be implemented to produce
more or less any particular product. Multiple use is intended to produce a set of
forest services. All goods and services produced by the forests are called func-
tional forest resources (FFR) to separate them from the forest resources as a
whole Forest resources as a whole are considered as a territorial totality. All
the forest qualities are considered to be natural factors with and without social
use The natural factors with social use are called functional forest resources
because they result from the forest functions. The number of the FFR on a given
territory and at a given time determines the quantity of the silvicultural targets
and the quantity of forest-use types.

The various uses made of forest land reflect the relative importance that
society attaches to alternative purposes for which forests can be protected and
managed The forests in Lithuania are divided into two groups according to their
functions. the first group, which involves many specific categories, serves
mainly recreational and protection purposes whilst the second one is intended for
timber production. It should be mentioned that these forest groups are charac-
terized by different tree species, rotation and silvicultural treatment systems.
The area of the first group of forests is 36,3% or 575 thousand ha; the rest of the
forest land is occupied by forests of the second group. Among the categories of
the first group, one can mention so-called green belts surrounding our towns and
cities (357 thousand ha), parks, health resort forests, forests for water protec-
tion (BO700 ha), forest belts along roads and railways (63700 ha), etc.

There is an important trend in the use of forest land in Lithuvania. Reserva-
tion of forest land for noncommodily purposes is gradually increasing. Examples
of such actions include Lthe creation of the Lithuanian National Park (1974) on an
area of 291 kmz, and various reserves. 70X of the National Park territory is
covered by forests. There are three total reserves, 35 landscape, 27 landscape-
historical, 15 geological, 6 ornithological, 10 botanical-zoological, 24 botanical,
13 ichtyological, 2 entomological, 4 hydrological, and 32 cranberry partial
reserves in Lithuania. The total area of reserves is more than 2000 km?. In all
types of reserves, forests play an important role.

The forests of Lithuania are managed on the basis of the sustained yield
principle. We consider this principle from the biological viewpoint of a produc-
tivity process in forestry, for it is always necessary to have a certain growing
stock present to promote the renewable, multiple use of the forest (timber,
recreation, soil and water protection). In certain periods of human life, one or
another forest product, or function, may prevail, but all the changing demands
can be met only when there is a continuously producing stand complex.

The least unit for mulliple-use management on the sustained yield principle
in Lithuvania is a foresl enterprise, the mean size of which is 30000 ha. Each
forest enterprise consists of B-10 forest districts, which have an average area
of 3000 ha. A compartment is the smallest permanent subdivizion of a forest. As
a rule it is rectangular and has an area of 40-50 ha. The smallest unit of
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inventory, planning and treatment is a subcompartment (a stand; Teilflaeche) As
a result of intensive and silvicultural activities, the mean size of a stand in our
forests has decreased to 2,0 ha. This is considered to be a negative phenomenon

Introduction of the sustained yield principle into practical forestry is the
main task of the special forest survey and planning service (Forsteinrichtung),
which is responsible for carrying out inventories on a stand basis, preparing
forest treatment plans and drawing maps at the level of each forest enterprise at
ten-year intervals. During stand inventories, forest soils have been described
and characterized since 1966 in order to acquire more foundations for silvicul-
tural planning. After the inventory has been performed, a special soil map is
prepared. Naturally, many of the stand foundations do not coincide with the dif-
ferent soil types.

Sustained yield on the multiple-use basis is a perfectly regulated state. The
concept of a target forest is an expansion of the normal forest concept. The tar-
get forest is an object of interdepartmental and intradepartmental regulation. it
should be mentioned that such a system is more suitable under a centrally planned
economy. The target forest must be composed of target stands and a target stand
must meet the requirements of the corresponding forest group or category.

The functional structure of the target forest depicts the territorial integra-
tion of forest husbandry purposes worked out on the FFR study basis. Theory and
research suggest that forest husbandry purposes can be independent, comple-
mentary or competitive. These relationships are important guides to decision
making.

The main feature of the forest spatial division to meetl the requirements of
the multiple-use husbandry is the timber volume level. There are three timber
volume levels in the target forest: maximal, reduced, and ’other.” Maximal
timber volome is intended for timber production, water and =soil protection. In
forests intended for recreational services, game, berries, and mushrooms, timber
volume should be reduced as a result of the lowered stand density. Other timber
volume levels may be appropriate in forests intended for scientific and cultural
purposes (reserves, national parks, forests of historical imporiance, etc.)
Scales have been developed to evaluate forest land and growing stands according
to their suitability for timber production, game, berries, recreation, etc. in
Lithvania.

For final yield regulation, some area methods are used. They are based on
rotation and age—class distribution of the management classes. These are com-
bined on the level of a forest enterprise after the stand analysis has been car-
ried out and they are characterized by the dominant tree species, rotation and
areas of age—classes in Lten-year intervals. When estimating the allowable cut for
such a management class, we seek a normal age—class distribution to ensure a sus-
tained yield. The rotations of the main tree species are given in Table 1.

Problems. For many years the smrall size of the stands and administrative
units has been considered to be of benefit. The sequence and distribution of
stands and administrative units have been exclusively determined on the basis of
biological requirements. The main problems facing our forestry today
are: decreasing labor resources in forest enterprises on the one hand, and
growing demands for timber on the other. Such a situation has made it necessary
to introduce industrial production methods into forest husbandry, to change
management forms and units, and to revise the principles of timber production

planning.
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Table 1. Tree species rotation (years).

Forest group

Tree species Group ! Group H
Protection forests Exploitation forests

Pine, ash 120 120

Spruce 120 . 100

Oak 160 ) : 160

Aspen 80 S50

Alder, birch 80 B 70

Maps of our forests depict a mosaic of small stands due to the variety of soil
types and intensive silvicuitural activities. In many cases, they show erratic
forms. Such a structure makes the introduction of modern logging machinery
both difficult and uneconomic. There are two approaches where effort should be
concentrated in order to solve this problem: enlarge the clear felling areas and
minimize the distance between them.

The first method gives us the opportunity Lo improve the form of the stands
by making them right-angled. The optimal form of a stand is considered to be a
rectangle, the long side of length of about 1000 m, facing the direction of prevail-
ing gale winds {(west) in Lithuania. One realizes that, in such a case, the nonobli-
gatary clear felling follows the boundaries of an existing mature stand. Slight
differences between soil types have no importance and, therefore, rather than
cullivate mature stands characterized by different tree species, as is the case
with some mature stands, we aim to regenerate a pure stand. The width of a clear
felling area, i.e., that of a future regenerated stand, is limited. The width of a
felling strip depends on the soil type, tree species being regenerated, and the
group of forests; the width is usually 150~200 m. One of the decisive factors lim-
iting the width of the stands is the threal of windblow, the damages from which
are greater, the broader an even-aged stand is. This problem is especially acute
in spruce forests siluated in the western part of Lithuania and bordering the Bal-
tic Sea. This is why the clear felling strips are commonly aligned from east to
west, i.e., against the main wind direction, because it is known that younger and
lower stands have a greater resistance to wind and, therefore, should shieid the
older and higher trees. Investigations carried out in the areas of severe wind-
blow have proved that the most effective protection against frontal wind altack
can be afforded by having a 5 m height difference bstween two neighboring
stands. This is especially important when stands exceed an age of 40-50 years.
Subsequently, adjacent clear felling sirips must have an age separation of, at
least, 6—-10 years. The goal is, therefore, to create a stepped stand series from
the first age-class stand until the oulting age stand and to force the wind to
travel up these steps, thereby gradually losing strength. We would like to point
out that when concentrating the logging operations, increasing the felling areas
and the stands to make the most of the particular machines introduced, we do not
forget that the forest is a hiological entity, the structure of which should be
brought into accordance with the new economic situation in forestry.

The second step in the logging concentration process is a correct placing of
the felling strips in the area of a forest enterprise. This serves to minimize Lhe
distance harvesters have to move among those stands which are scheduled for
cutting in the same year and to maintain the average annual timber hauling dis-
tance as a constant during the planning period. This is a complicated task due to
the many limitations to be taken into account in each forest enterprise:
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- position of mature stands according to the dominant tree species;
- position of worker settiements;

- road network intensity and qualily;

- terrain type of the felling sirips;

- annual yield (allowable cut) from each lree species management class
(constant for sach ten-year period).

Thanks to such a methodology, in recent years we could increase the aver-
age clear felling size to 3,5~4,0 ha. This is a basis for increasing the average
area of future stands.

A new problem we are facing nowadays in Lithuania is the worsening environ-
ment. Weslerly winds bring acid rain and sulphur dioxide while some of our own
factories and traffic are heavy sources of air pollution. In some places dying or
dead trees, and even dying stands, can be seen. To get a real picture of the
situation, we are going to implement a forest monitoring system on the whole ter-
ritory of Lithuania. In fact there will be three forest monitoring systems, each
designed to meet special goals.

Forest inventory based on the compiete stands survey makes available a wide
range of data-based information on stock volume, volume increment, damages.
health of the stands, cutting quantity, reforestation, site quality, nelwork of
roads, silvicultural measures, stc. Each inventory takes one decade.

Forest resources monitoring is concentrated on the main tree species of
Lithuania. Stands are selected along a 4 km grid. Ninety trees of dominant
species and predominant importance will be numbered and permanently marked
Defoliation and timber quality will be assessed by a specially trained team every
year. The survey in the sampling stands will include the assessment of the
vegetative cover, insects, diseases, anthills, birds of prey, and damage by game
Chemical needle-analysis of identical trees will be carried out. In such a way
indicators of the latest situation, Lrends and regional distribution of air pollution
will be gathered.

Silviculture quality monitoring’s objectives are to evalvate the silvicvltural
measures carried out in the forest enterprises by the local foresters. A special
control system has been worked out aimed at comparing the characteristics of
planned and actual stands.

For example, the plantation quality can be estimated on the basis of the fol-
lowing characteristics (Table 2).

Table 2. Plantation quality control.

Quality mark
Index 1 1§ 11 v

good satisfactory bad dead
1. Quantity of dead 30 ’
plant seedlings, X 25 25-50 51-80
2. Quantity of unpromising
seedlings among the 25 25-50 51-80 80

viable seedlings, 1
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Modeling and forecasting. All decisions on resource management involve
some form of forecasts. The main tool for forecasts is modeling. The forest is a
complex biological entity. So it is quite difficult to model all processes taking
place in the forest. The importance of modeling can be summarized as foliows:

1. Models clearly demonstrate characteristies and regularities of the
phenomena investigated.
2. Models contribule to the optimal strategy of forest management.

3. Models help us detsrmine those parts of the system which need further
investigation.

Quite considerable success has been achieved in ‘Lithvania in modeling
volume increment, growth and stand productivity characteristics, taking into
account anthropogenic impacts. Some models have been developed for final and
intermediate yield regulation. All models are based on the lessons learned from
past forest productivity experience, based on regularities of volume increment,
growth and stand productivity, and descriptions of these processes in mathemati-
cal form. This work is summarized in a monograph by V. Antanaitis, G. Wenk, and
S. Smelko, which is to be published in Russian, German and Slovak (USSR, GDR.
CSSR). The most essential models are collected in a book The Laws and Regular-
ilies of Stand Crowth and Structure (by V. Antanaitis, A. Tebera, and J.
Skepetiene, 1986). .

Modern models intended for the stand growth and productivity description
take into account the following factors:

Climatic conditions.

Site types.

Level of environmental pollution.
Calendar year.

Tree species composition.

Age.

Density.

Tree species’ genetic characteristics.

©® NP U AW

Provenance of the stands.
Silvicultural measures.

.
°

However, existing models are incomplete from the following points of view:

- models are insufficiently coordinaled with the environment;

- various tree species are subjected to research of different intensity;

- models are empirical and do not reveal the causal relationships;

- anthropogenic impacts are insufficiently reflected;

- the total biomass dynamics of the trees is not reflected;

- models are not linked to dendrochronology;

-  accuracy of the models is not known.

If we are seeking to define the stability of forest ecosystems and to establish
forest monitoring systems, we cannot be satisfied with the models based on an

equilibrium concept (as generally assumed). Models have to include irreversible
processes and have to be linked to dendrochronological rhythms since these
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rhythms influence both the process of biomass formation and the duration of suc-

cession,

Main development goals.

1.
2.

3.

An increase of the land forested by 2-3%.

An increase of stand productivity and quality through tree species
optimization.

An increase of small-sized wood production by 300 thousand m? for the
furniture industry.

An increase of the labor force by 1000 in the silvicultural sector.

Keeping the forest sector supplied with highly productive tools and
machinery.
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4.12 ANALYSIS OF THE FOREST SECTOR IN REGIONAL DEVELOPHMENT
(ON THE PATTERN OF LITHUANIA, USSR)*

L. Kairiukstis
1IASA, A-2361 Lazenburg, Austria
and

8. Mizaras, L. Balcevic & A V. Rutkanskas
Lithuanian Research Institute of Forestry
Kaunas, Girtonys, Lithuanian SSK, USSR

1. Introduction

The forest should be considered as a basic component of the regional system
where forestry consists of regional economic sectors. Air pollution, water and
soi] contamination having an adverse influence on the growth and productivity of
forests are concomitant of intensive regional economic development. In turn, the
state forests in many respects determine the volume of timber harvesting and the
development of the forest sector as a whole. Therefore, the maximum annual
allowable timber cutting must be analyzed in close interrelationship belween the
development of the environment and national economy as a whole.

Let us consider management of the forest sector in the framework of
regional development on the pattern of the Lithuanian SSR.

The optimal variants of development of different regional economic sectors

(including those of the forest sector) have been established according Lo
accepted criteria. A system of models for regional development analysis has been
used (Figure 1).
In the analysis of regional productivity (the model), these variants are based on
different scenarios. Simultaneously, the volume of possible emissions into the
environment (an ecological block) are assessed depending on the volume of
production and on non-produclive activity. Expenses for air and water
purification and for damage due to environmental contamination are ascertained
in this block too. The model describes regional economics and its interrelation
with the environment. The anthropogenic impact on single recipients is analyzed
more profoundly on the basis of models at the following levels. They enable
greater detail of the characteristics according to single recipients to be
obtained and the model of regional productivity specified. Some of the indices
from model 1 of the higher aggregation level are used to assess Lhe
characteristics of air pollution causing deterioration of foreslL growth. Some
forests are even killed. The reduction of increment and the killing of forests
changes the magnitude of timber harvested.

Feedback occurs through the infloence of the changed volume of timber
harvested in the model of regional reproduction. Firstly, the volumes of
production and the valves related to them in the wood-processing economic

=In: Proceedings of the Workshop on Ecelagical Sustainabflity of Regional Development,
Viinius, Lithvenis, USSR (22-28 Juna, 1987), L. Ksiriukstis, A. Buracas and A. Straszak (Eds.),
1988, Systems Reseerch Institute, Polish Academy of Sciences, Warsaw, Polend.
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Figure 1. Modelling scheme of the forest sector in the framework of regional
reproduction.

sector vary immediately. Secondly, a change in the volume of wood processed
affects the production process within the sactor and wood consumers. Thirdly,
information on changes in wood processing under the influence of this or that
amount of pollution ailows us Lo estimate economic forest damage due to air
pollution according to one kind of recipient (wood). The same approach is
feasible to estimate the impact on other recipients too. Thus, ecological
consequences of the previous variant may be considered in the subsequent step of
the iterative calculations.

2. Regional Produrtivity-Model of the Litkuanian SSR

2.1 Major principles of model construction

An integral characteristic of an economic activity in a region over a certain
period is the total sum of indices representing the processes of creation and
distribulion of gross national product (GNP) (Buracas and Rutkauskas, 1884). A
production phase of the given processes in the sconomy sector may be described
by the following balance equation:
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Xp(t) =Mt —Z,(t) =B((t) ~IL4(t)=0 , t=12,..7 ., i=12,..n
where:
Xy(t) = grossoutput of i produced in a region in year t;
Mi(t) = volume of expenses of product i for productive consumption of

all sectors of the regional economy in year L;
Zy(t) = volume of expenses of production i for produclive capital investments
’ in all sectors of the regional economy (the increment of
the main productive funds, that of unaccomplished construction
and other productive capital investments);
B;(t) = expenses of production i for reproducing all kinds of
ecological resources and for eliminating .the consequences of
environmental changes;
Ny(t) = other kinds of consumption of product i and its losses.

The correlations of reproduction are given in the system of '"submodels”
characterizing the items of the balance equation. We will briefly describe each
item.

1. Establishment of the volumes of gross outputl depending on the factors of
production.

The volumes of production and their determining factors are compared on
the basis of linear production functions:

X (L) = @y + ayF (L) + a,Dy(L) + agt

where
l'—‘l(t.) = mean annual volume of the main productive funds in sector i
in year t;
D,(t) = average annual number of workers in sector i;
ag, . . . , a3 =paramelers of the variables.

2. Assessment of the overall volume of production consumptiion in a seclor.

In order to determine the necessary flow of production from sector i to
sector j, the coefficients of direct material expenses ayy being predicted in an
exogenous way are applied. Then the flow will be:

X,y () = ay; - X,()

The overall volume of production sector necessary for the productive
consumption in all sectors will be the following:

n
Mi(t) = LX) . 1j=12,..n
i=

8. Determination of the volumes of productive capital invesiments.

The volumes of the requirement of the productive capital investments in
sectors are calculated by the models describing the process of productivity
funds. The models are based on the following assumptions:

a) the funds assigned for the start of a year change towards the end of it
proportionally to coefficient 8, =1-a,, where a is the coefficient of

elimination of the main productive funds in year t;
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c)
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the volume of fund input is a result of the produclive capital investments of
the given year and previous years 1. Besides, each unit of fund input in year
t contains a certain part of UP(L), p =1,1-1,...,1,0 which is a result of the
capital investments of year t-p, where

TU) =1;

input of the main productive funds is carried out yearly in conformity with
the coefficient of uniformity of fund input. The coefficient is accepted for a
sector in an exogenous way. The average annual funds are assessed
according to the formula:
Fooletfin
S

-
1

F, = mean annual funds in year t;
F, = volume of funds for the start of year t;
S, = coefficient of uniformity of fund input.

Lel At be the volume of input of the main productive funds in year t. Il is

then possible to calculate the mean annual values with the aid of the fund
elimination (a,) value and the known fund value for the end of base year (F,). The

following scheme is then used:

= (1+84)F, + 8,
1~ 51

_ B1(1+F)F, + (1+82)41 + 4,
= s,

Fy

k-1 k-1 k-1
(L BDW+AIF, + (146,) 5 (1 )ap=1 + (14800 3 + &

Fy = —BZ :
k S)(
T-1 T-1
_ (UB4BnE, + L +BD( T B8y + 1+B)r s + b7
r-r = — =

St

The annual values of the necessary volumes of main funds (?,_) are established

from the productive fgnc!.ions. Th_e annual incremant values of fund (4,) are
calculated by applying f, instead of F,. For the first year of the period predicted

8, =5,f; = (1+ByF,

The values for subsequent years are ascertained according to the same

principle.
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Further, the volume of capital investments in the main productive funds is
determined allowing for condition (b). These funds are necessary Lo provide a
desirable level of the average annual funds:

1
1 -
Zo= ¥ Upn ) [Seer foox + (1 #8400
k=0 t +k

tek-1 -
X B (1P Spep foonp + (=DM (148 0F]
p=l

t=12,...T .

The value of the demand of the corresponding products are assessed on the
basis of the calculated values of the demand for the capital investments and on
the matrices of material structures:

for all j). The formula is the following:

- n .2
4y = ,}_:1 ¥iiZp -

4. Assessment of the expenses for reproduction of the ecological resources and
damage caused by air polluiion.

The given calculation is based on the following scheme:
- determination of emissions

- establishment of the level of expenses for reproducing (purifying) natura!
resources (air, water);

- ascertaining the level of damage as a function of the non-reproductive part
of the resources exploited;

- assessment of the total level of ecological costs.
Emission volumes are determined by means of statistical evaluation

according to the results of observations of X, and P” the parameters of function
P are estimated:

Py =pyXyp)

where
Pu = emission volume j in sector i;
Py = emission § in sector i per unit of activity intensity;
X; = index of activily intensity in sector i.

The emission strength is divided into a purified (Pﬁ) and an unpurified (Pf’})
rert.
Py =P +Pj
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The expenser for purification of ecological resources (B,‘:‘) consist of capital

investments in the funds for nature protection and exploitation expenses for
these funds (31"):

BG=Z,'J+3," .

The volume of funds necessary for purification (P,‘) are ascertained as a
function of fund capacity (f, J). which is established according Lo the standard or
statistically:

!’ﬁ = f(Pl';) .
The volume of capital invesitments necessary for the funds of naturﬁ
protection are determined in the same way as those for productive funds:
Z“, = z(!‘ﬁ) .
The volume of expenses for exploftation are assessed by the volumes of funds
for exploitation:
35 = 2@y .

Damage induced by emission (Q“) is expressed by abatement costs of the
consequences of emission activity in environment deterioration:

Q= Q(Pﬂ) .

The total value of ecological expenses (B, ,) is obtained by the formula:
B,y =25+35+Q, .

Minimizing ecological costs is an optimization criterion of the development of
the regional economy.

5. The value of other kinds of consumptiion in Lthe given modificalion of a
model established as the final item.

When necessary, it is possibie to differentiate the given valve. The task of
optimizing regional development on the basis of the correlations described is set
forth below.

Indices:

i= i.ﬁ = index of sector-producer;

j=1.n = index of sector-consumer;

T =1,4 = index of period calculated (five-year periods);
X, = volume of production of i in period T;
aﬁ = coefficient of direct expenses of production ssctor i to

produce a product unit in sector j;
C = volume of an intermediale product of sector i;
Ff = mean annual volume of main funds in sactor i;
D = number of working population in sectar i;
t = time;
yy = final product in sector i;
2Tl 275

ai*,...,a; > = parameters of production function;
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b” = parameters of funds for production;
Z{ = volume of capital invesiments in sector i over period 7;
w{, = coefficient of a matrix of material strueture of

capital investments:; .

volume of production of capital investments in fund-
creating sectors;

i," volume of net final product in sector i;

=
-
"

=
d = labor productivity in sector i;
#f = funds for labor in sectors i;
my = valuve set for labor productivity;
S = values set for the funds for labor;
K{ = limitation set for volume of capital investments;
¥ = structure of net final product;
P/ = volume of emission in sector i;

af™. ....aP™ = parameters of the function determining emission strength;

P:" = quantity of poliutants purified;

PF7 = quantity of unpurified pollutants;

!‘f' = volume of funds for nature protection allocated for pollutant

purification; )

a,’ﬂ. R a.f's = parameters of the function determining the quantity of funds
for nature protection;

Z," = volume of capital investments in funds for nature protection;

b®” = parameters of nature protection fund productivity;

Vlﬁ = coefficient of a matrix of material structure of capital investments

in funds for nature protection;

volume of production of capital investments in funds for purification;

exploitation expenses for natural protection funds;

a,”", cey al"s = parameters of the function determining the volume of
exploitation expenses;

Q" = economic losses for the regional economy due to unpurified

emissions into the environment;

alQﬂ. e aiq = parameaters of the function determining the volume of

economic losses.

|2

~e

4
un

A model:

Interrelation between the volume of production and its determining factors:
X =aX P+ af?D + af ™ + af™ .

Correlation between the gross output, intermediate and final product:
[,]
Y aj Xy -C =0
)=1
X," -cJ —yl" =0 .

Equations of dependence of the capital investments on production volumes and
productivity fund parameters as well as on the dynamics of capital investments:
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Z7 =z(X:y)
TWyZy =v .

Equations forming net final production in the set structure:

yy =vy =3y .
2y =5
1

Limitation for production, labor funds and volume of capital investments:
T T . hd *
dJ z mJ. H OJ b3 SJ '

Zr K[ .

Dependence on the volume of pollutants on that of production and other factors:
al ™% + af ™D + afF] + af ™M + af P =P .

Correlation between the purified and unpurified part of pollution:
Plf = Plof + Pln" 3

Dependence on the volume of nature protection funds on the quantity of pollutants
purified:
a,PﬂP,o' + alP‘th + a!l'ﬁi = Pl" .

Dependence of capital investments in nature protection funds on the volume of
productivity conditions of thase funds as well as on the dynamics of capital
investments:

ZPT = WESTRST
&  § [ 24 ar
Y Wizl =
121

Equations of expenses for exploitation, nature protection and economic losses:
al' F +at™ +aP =38,

alPPT + oL+ 2P =gy
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Overall volume of net final product maximized in the set structore without
ecological expenses:

4 n — 4 4 n é [
T Ei-3 32 -3 L3 - L Dol emax
rel s r=i {=1 r=l =i r=1 i

In the above case, the scological expenses are estimated for one kind of
pollutant. Calculation of several kinds entails no difficulties.

In the first step of the iterative calculations, the volume of economic losses
induced by emission (Q,") may not be included in the criterion. Subsequently, il is
established in other models and entered into the criterion of optimization of the
following iterations.

Inpu? data qf the model

1) quantity of economic sectors presented in the model;

2) volume of main productive funds for the start of the period predicted;
3) lag of capital investments;

4) coefficients of safe keeping of main productive funds;

S5) lag coefficients;

6) coefficients of uniformity of fund input;

7) coefficients of capital investment distribution in five-year periods;

8) wvalves of parameters a of functions linking endogenous values in the model;
for each sector of the regional economy, 2-8 values are set; values 2-7 are,
non-production fund parameters;

8) matrix of coefficients of direct material expenses:
(ﬂu§ i.j=12,..n) ;

10) matrix of coefficients of material structure of capital investments:
Wy ij =1,2,....n) ;

The matrix must meet the condition:

n -
Tw,=1, j=15.
i1=1

One matrix is entered into each five-year peried;

11) wvector of the final product structure; one vector is entered into each five-
year period predicted.

Information obtained as a result of a decision (according to the sectors of
the regional economy): )
-  wvolume of gross pulput (million roubles);
- number of working people, (thousand people);
- intermediate product, {million roubles);
—  final product, (million roubles);



-212-

- volume of capital investments in the main productive funds, (million roubles);

- material elemenis of capital investments, (miilion roubles);

- volume of the main productive funds, (million roubles);

- net final product; (million roubles);

- volume of emission in the air (or in the soil, in the water) dve to production
(thousangd tons/year);

-  purified emission (Lhousand tons/year);

- funds for nature protection (for protection of air, water, etc.) (million
roubles);

- capital investments in the funds for nature protection, (million roubles);

-  material structure of the capital investments in nature protection funds
(million roubles);

-  exploitation expenses for nature protection funds (million roubles);

- damage induced by air pollution (million roubles);

Because of different settings of the task, changes are possible in indices
obtained. :

A scenario on the development of sectors in the forest sector has been
created and the tendencies of the effects of management activities on the
environment determined. The scenario is based on the aforementioned model.

2.2 An intersector analysis of the development of the forest sector

A variant of calculations for predicting regional economic-environmental
development has been applied by singling out 30 economic sectors (products). Of
these, 5 relate to the production of the wood-processing industry:

1) the production of the wood-processing industry;

2) the production of wood sawing;

3) furniture;

4) other kinds of production of wood-processing Industry;
S) the production of the pulp and paper industry.

The development of single sectors in the system of the whole economy of a
region may be analyzed along these lines:

1) assessment of the variants of production volumes for sectors in the forest
sector. They must balance with Lthe development of all other seclors in the
period predictled;

2) establishment of the resources, volumes necessary for production (capital
investments, the number of working population, the volumes of productive
consumption, etc.);

3) evaloation of the effects of regional sconomic development (different
variants) on the rate and proportion of the development of sectors in the
forest sector.

The analysis of sector functioning tendencies in the forest sector and the
necessity of achieving a certain situation in prospects, enabled the dynamic
variants of the sector to be worked out. The necessity of an essential increase in
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gross output and significant limitation of the resources were considered in the
analysis. For instance, the number of working people must not increase due to
augmentation of labour productivity etc.

Some characteristics of the dynamics of sectors (one variant obtained as a
model output) are presented in Figure 2.

The given variant of the development of five sectors is balanced with the
development of the whole regional economy and with necessary resources for a
long period in the future. As zshown in the diagrams, the increment of gross
output in the wood-processing sectors is mainly achieved due to an increase in
labour. productivity and in-the volumes of major productive funds. The latter
tendency is typical of the development of the regional economy currently in
Lithuania, USSR. However, it is not dispensable for a long period in the future.
Other correlations between the reproduction funds allows variants with
decreasing fund capacity to be obtained.

The main value of the model lies in the feasjbility of multivariant analysis of
different tendencies. :

2.3 The analysis of the impact of anthropogenic activities on the
environment.

Source emissions depend on the intensity of productive and unproductive
activity of people. Prevention of air pollution requires certain expenses. In the
model of prediction of regional productivity, the expenses for purificalion of the
ecological resources are considered as a sum of capital investments in the funds
for nature protection and expenses for their exploitation (B°). The remaining
unpurified pollutants cause adverse consequences. Apart from the ecological
costs (B®)., economic damage (Q) due to these consequences (B®°+ Q) is another
component.

The two compeonents of ecological costs are interdependent: the greatler the
one, the lesser the other. Hence, a question of optimal correlation between the
two parts arises. The dependence between the expenses for nature protection
(B®), damage due to pollution (Q) and the level of environmental contamination
calculated according to the model is presented graphically in Figure 3. A minimal
value of the total ecological costs (B° + Q) is achieved at a certain level of
environmental contamination P.® In the model of regional productivity
minimizing ecological costs under other conditions is one of the crileria of
optimal socio-economic development of a region.

One of the possible dynamic variants of atmospheric pollution under
concrete conditions of economic development of the region is shown in Figure 4.
The upper diagram characterizes the dynamics of the cost for air protection,
while the lower one indicates changes in the volumes of noxious emission, in Lheir
purified part and in air pollution depending on the magnitude of production and
the presence of funds for air protection.

3. Establishment of the Indices of Environmental Contamination

The indices of environmental contamination were calculated according to the
model for ecological productivity which was elaborated at the All-Union Research
Institute of System Investigations of the State Committee of Science and Technics
at the Academy of Science of the USSR (Krutko et al, 1982; Pegov el al, 1985).
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Figure 2. Scenarios of forest sector development tendencies.
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The parameters -7 redistribution and transformation of pollulants with the aid of
auxiliary variabies, such as the coefficients of pollutant transformation were
allowed for in the model. The transformation coefficients establish the part of
pollutants of the given type processed as a result of absorption, precipitation,
decomposition, etc. 1In general, pcliutant transformation is described in the
following way. Industrial emissions enter the air and water. In the water the
pollutants, together with agricultural fertilizers, are partly deposited in the
process of flow. Part of them decompose under the influence of micro-organisms.
Air pollutants are carried away by the wind beyond the boundaries of a region.
Within the air shed of a given territory, the remaining pollutants partly
decompose under the influence of ultra-violet radiation. During the process of
decomposition the pollutants are absorbed by vegetation. The remainder get into
soil where they accumulate. Additionally, pollutants' get into the soil together
with leaf fall and needle shedding. Some of the pollutants are carried away with
the harvest.

The model provides three ways of setting the region being simulated: direct,
automatic and standard. We have adapted the model with automatic setling of the
region. The following indices characterizing Lithuania, USSR are entered into
the model:

1) Geographical belt - moderate

2) Geographical zone - mixed forests

3) Relief - a plain

4) Soil - sandy loam

5) Swamp formation - moderate

6) Fiitration from transit rivers - 1.5 mm/km
7) Farming lands - 571 of the area of a region.

One of the scenarios of the model permits the determination of the
environmental contamination due to air pollution, on the amount of pollutants in
water, and on the quantity of fertilizers applied. We have realized the following
scenario of pollutants and fertilizers: in the air, the pollutants comprise SOZ -
0.075 tons/ha, NO, - 0.014 tons/ba, C_ H_ - 0.032 tons/ha; in farmlands soil, nitric
fertilizers amounl to 0.062 tons/ha) while phospheric fertlilizers and manure
amount to 0.032 tons/ha and 5.7 tons/ha respectively. Some resuits of the

scenario are presented in Figure 5.

4. The Analysis of Changes of the State of Art Forests Atiribuled to

Eavironmental Changes

For the analysis of the dynamics of forests, taking into account
environmental changes, two models were applied: "Pollution and Forest Damage
(POLLAPSE)" elaborated by Grossmann (1885) and '"Determination of the volume
of allowable cut according to long-term dendroclimatic fluctuations and
pollution”.

The POLLAPSE model which depends on the quantity of pollutants in the
atmosphere predicts the indices of air pollution and soil contamination, evaluates
changes in the biomass of wood, in leaves (needles), and in soil organisms, etc.
The following input data (constants) were entered into the model while adapting it:

bn = 2.1 x10°
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x, = 4.2x10°

wn = 1.46 x 10*

Ibi = 6.3 x10°

wf = 18.2 x10°

nel = 24.3 x 10°

bei = 5.8 x10°

¥y = 22.4%x10°

sf = 47.1 x10°

x; = 12.4 x10°

In = 12.7 x10°

bn = initial soil contamination, tons;

X, = normai valuve of repeated contaminalion, tons;
wn = normal biomass of wood per area unit, tons/km 2;
ibi = initial air polluuog. tons;

wf = forested area, km“;

nel = initia] quantity of needles (leaves), tons;

bci = soil contamination by unstable pollutants, tons;
¥ = stable pollutants ovarg 20-year period, tons;
sf = non-forested area, km™;

Xy = level of air pollution, tons;

In = normal air pollution, tons.

The following indices of air pollution were used in the scenario (million tons):

1950 =0.0; 1955 = 0.8; 1860 = 18
1865 —/—— — 3.1; 1970 ———— 5.0; 18975 ——— 7.0
1880 ———— 9.0; 1885 115

According to the POLLAPSE model, there is a possibility to reach different
hypotheses on air pollution impact on forest dieback. From Lthe point of view of
quantity. this is expressed by entering different values of indices P,P, and P,
P, = the importance of air pollution by non-phytooxidants for the damage: F, =
importance of soil contamination; and P3 = importance of photooxidants. The
results of the calculations according to different hypotheses on forest damage
are presented in Figure 6 (according to the indices of change in the biomass)
Figure 7 shows the dala of change in the characteristic of forests (soil
contamination, quantity of soil organisms, mass of needles, volume of stands) in
conformity with the hypothesis of the forests damage, characterized by indices
P;=3, P,=8, Py=2.

Currently, there are not enough monitoring data on forest ecosystems to
snable an evaluation of the durability of single hypotheses of the POLLAPSE
model. Obviously, according Lo some of these, the exlent of forest decline is
increased.

For the evaluation of forest productivity dynamics depending on climatic
fluctuvations, the dendrochronological method is applied (Kairiuvkstis and
Dubinskaite, 1986; Kairiukstis et al., 1986). It is assumed that long-term cycles
are more significant for the magnitude of thz volume of mature stands and amount
of allowable cutting.

To assess the total impact of several long-term dendrochroaological cycles
on stand volume, the following formula is used:
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e 1~1940
=g Apos( 22 4 vy

where y(l) = indices of supplementary inflvence of long-term cycles on the
growth of trees; Ay = cycle amplitude; TJ = cycle duration; YJ = cycle variation
phase; t = one year.

Table 1 gives parameters of the cycles. The diagrams of single cycles and
their total value are shown in Figure B.

Table 1. Description of long-term dendroclimatic cycles.

Supplementary
Cycle influence of Cycle
number cycle indices Phase duration
(amplitvde), 2 years
1 0.76 -2.578 39
2 1.08 - -2.054 52
3 1.18 -3.037 60
4 1.60 -3.625 78
5 1.82 -0.478 a2
6 2.06 -2.149 114
7 2.42 -0.918 171

The dendroclimatic indices over the period of stand growth reflect the
change in foresl productivity. Hence, the timber volume increment is nol
constanl in time. Therefore, an average index for the cutting rate should be
estimated. To achieve this goal, a series of dendroclimatic indices have been
formed:

An(t) = ay,a3z, . . . 8y,

a; =y(ty) by = t=-10(Nn-1) ,

ap = y(tp) t, =t=10(Nn-2) ,

ay =y(ty). ty =L—=10(Nn-Nn) ,

where:
n = Ltree species;
Nn = number of age classes (10 years) in rotation period;
t = calendar year of felling of stands.

The average (within the rotation period) index of change in foresti
productivily is calculated as:

l‘
L aya(t) - by,
11

4,(t) i e
3 by

1=l



‘SUOJIRNION] ) [LD130I0U0IYDo.IpULp wany-Juor)

B aundi4

0012 OHO? 090¢ 0¥0¢ 000, 000, bl 0Lt Ov6L 00 Guel Rt | A
T T T T T T T ]
_ _ _ _ , [
| T-
21240 [[® JO jue[NSIA T | | 21040 sa1wak -9, - — - —°
aoho gawak [ N~ _ a|040 gs1wdd 0D—0G
—-——— - *-

aoho sawak ) TT-0TT
aja4o sa1wak £g—-08

- 223 -

21240 sawdf 3G—0G

ajokd s1wad Op—GE

|
.

\

(x) se12£2 Buo; jo aduanpjutl Lawjuawajddng



- 224 -

where i is the index of an age class.

The allowable cut is estimated using the average real volume of mature
stands in Lithvania (forest inventory, 1880). It is affected by climatic
fluctvations and therefore the eycle impact on the volume must be eliminated:

vE s Van,1980

n
Ay, 1980

+
1 100

where:
V, =base volume of stands;
» =productivity change as a result of the climatic impact on the
stand volume, Z;

V, =volume of mature stands in year 1980.

The average volume to be cut in mature stands (m3/ha) is estimated as
follows:

... C AWML

Valt) =V, (1 + 100) '
where C is the coefficient; to estimate the exact value of the coefficient, a
special study is necessary; we assume that C = 1.

Table 2 gives the results of estimation of timber volume in the mature stands
taking into consideration long-term dendrochronological fluctuations. These data
indicate that long-term climatic fluctuations have no essential influence on timber
volume of the mature stands. The productivily of stands decreases due to the
impact of air pollution. The influence is still greater in periods of short-term
fluctuations. Such periods are unfavorable for tree growth. If one assumes a
reduction of 30% of normal increment, the mean timber volumes of the mature
stands will be at the level presented under the last ecolumn of Table 2.

5. Asyessment of Timber Harvesting

To determine the rates of allowable cut as one of the main kinds of timber
harvesting, the model OPTINA (Deltuvas, 1882; Kairiukstis =t al., 1986) was
applied. The input to the model is the following- 1) Areas of age classes; 2)
Number of age ciasses in the rotation period; 3) Average volume of mature
stands; 4) Timber prices.

The mode] runs in the following way: for each species, an allowable cut is
determined and the minimal one is selected:

f 4+ +af
f=minfl+afz.%,...,
f 40+ - - +af, f, 40,4 - - +af,
n—1 ' n '

where:
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Table 2. Comparison of scenarios of timber volume dynamics in mature siands.

Volume of mature stands, ma/ha
Scenario 1 Scenario 2 Scenario 3
(allowing for cycles
Years (cycles and (allowing for and decrease in
air pollution cycles) forest productlivity
arse not taken by 302 induced by air
into account) ' pollution
1985 221 . 220
1985 217 216
2005 219 . 218
2015 224 221
2025 223 220 154
2035 223 ' 219 153
2045 223 218 153
2055 223 . 218 153
2065 223 219 153
2075 223 220 154
2085 223 - 221 . 155
2095 223 222 156
2105 ’ 223 224 157
2115 223 225 157
2125 223 225 . 157
2135 223 225 158

f = possible area yield for a 10-year period;

fy = area of the iast age class in the rotation period (beginning from mature
stands);

f, = area of the last but one (premature) age class in the rotation period,
and so on;

n = rotation period (number of decades);

a = coefficient.

Further input data (age classes) for the subsequent 10-year period is formed
and the allowable cut is determined for this 10-year period.

Supplementary limitations are: the allowable cut for each subsequent
decade must not be lower than that of the previous one and it must nol exceed Lhe
normal cut. The volume to be felled (M) is set by multiplying the allowable cut
grea (f) by the volume of the mature stands (V).

The oté tput is: the dynamics of the age class areas and allowable cut (ha,
u;onsand m*, million roubles) in prospects.
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Environmental changes are considered in the model by transforming the
input data on the age classes and on the volume of mature stands. Changes in the
magnitude of allowable cul depending on the impact of air pollution, on the state
of forests and allowing for the two hypotheses (section 4) are illustrated in
Figure 9:

1. damage of Lthe forests according to the model;

2. decrease in forest productivity up to 302 taking into account long-term,
dendrochronological cycles; )

Both scenarios indicate more or less significant reductions in the magnitude
of timber harvested under condiltions of environmental contamination. An
application of these data for repeated calculations according to the model of
regional productivity enables the optimal variants of production to be found.
They minimize the total expenses for nature protection and for the losses due to 2
decrease in magnitude of timber harvested as well as for other kinds of damage
induced by environmental contamination.

6. Conclusions

The method presented enables some ecological consequences of the
development of the national economy for timber harvesting to be considered. It
is based on an intersectoral analysis of regional development. Special methods
are applied to determine the state of the environment which impacts on {orests as
well as timber harvesting.

The method suggesied may be improved along the following lines:

1 improvement of the information basis for modeling; and

specification of input scenarios for analysis of questions such as rate and

proportion of national economy development, scientific and Llechnical

advance in forest enterprises and in other sectors, and so on.
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4.13 BECREATIONAL FOREST USE IN LITHUANIA, USSR*

E.A. Riepshas

Lithuanian Research Instifute of Forestry
Kaunas, Girionys

Lithuanian SSR, USSSR

1. The Basic Factors of Recreational Forest Use

The basic factors of recreational forest use are biological, humanitarian and
socioceconomic. Oplimizing recreational forest use is not only an important part
of the problem of nature protection but it is also a problem of human life on the
Earth as a whole. The Program adopted at the 27th Congress of the Communis!
Party of the Soviet Union enunciates: "Everything for man's sake.”

The human requirements embrace not only physical requirements necessary
to sustain life, but also physiological ones, including sanitation, the requirements
for pure food, water, air and space. Man strives for an ecologically pure recrea-
tional environment.

The humanitarian requirements are the following: to know the environment
to enjoy the beauty, the sounds and the odor of nature, to develop one’s personal-
ity and to strive for intellectual, ideological satisfaction of one's personality.

The demand of the population of the Lithuanian SSR for forest recreation
was determined by sociometric methods [2]. The investigations were conducted by
us in 1876, 1980 and 1984 with the help of questionnaires {nearly 16,000 question-
naires). They resulted in elucidation of the main tendencies of recreational
forest use and in the establishment of the dependence of recreational require-
ments on the most important natural, socioeconomic and demographic indices of
the Republic. These requirements were assessed taking into account the theoret-
ical fundamentals of recreational geography and practical requirements for
recreational landscape formation [16, 20]. The observance of these principles is
an indispensable condition of interdisciplinary integration of the findings in solv-
ing the problem of optimizing recrsasational nature utilization at large and recrea-
tiona! forest use In particular.

In 1985, the recreational load on a forest in the Republic comprised 14.7
million visitor-days. By the year 2000, it will increase to nearly 23 million
visitor-days per year.

*in: Ecologtcal Sustiatnability of Regional Development, Procesalngs of » Workshop held 1n \i)-
nius, Lithuanie, USSR, 22-26 June 1987. L. Kefriukstis, A. Buracas, and A. Straszak (Eds.), 1988,
Systems Research Institute, Polish Academy of Sclences, Warasaw, Poland.
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2. Factors Resiricting Recreational Forest Use

The sitvation with respect to forest use is mainly determined by the require-
ments of the national economy, the community and population for forest resources
and products (wood, berries, mushrooms, game, resin, etc.) and by forest protec-
tive peculiarities (in the broad sense). The intensity of forest management is of
importance toc.

Currently, 702 of the demand of the national economy of the Lithuanian SSR
for wood is met locally [1, 6], It is impossible to meet the requirements for wood
completely due to lack of mature stands (4.2%) [5]. However, the age structure in
forests in the very near future (at the beginning of the 21st century, mature
stands will increase by 20%) will improve and their productivity will increase (the
mean annual volume increment "-ill increase by 0.046 m3/ha). By the year 2000,
the requirements for wood will be met fully from local resources [8, 9].

The demand for byproducts increases. The annual yield of mushrooms in the
ferests of the Republic comprises on average 54 thousand tons, whilst that of
verries 30. Only 151 of the producticn of mushrooms and 202 of berries are used.
However, the intensification of forest management and the increasing recrea-
tional load, reduce the yield of mushrooms since the conditions of their habitats
will deteriorate. Over the last 20 years the area of berry plantations decreased
by 251 [2, 18]. Only 307 of the demand of the national economy for berries and
the requirements of the population for herbs are met [1, 2]. Currently, the
number of large game (particularly elks) slightly exceeds the allowable rate [11].
The requirements of industry for resin are insufficiently met.

The situation with respect to forest use is rather critical on the whole.
Therefore, the increasing recreational requirements will be mainly met through
intensification of foresl management for recreation. According to our calcula-
tions, the area attribuled to recreational forests in the Lithuanian SSR will sta-
bilize by the beginning of the 21st century.

The legislative basis for development of recreational forest use is confirmed
in the Constitutions of the USSR and the Lithuanian SSR, and in the Program of
the Communist Party of the USSR and in a number of Unjon and republic leveis.

Material-technical possibilities for development of recreational forest use
are characterized by the following:

1) manpower levels (training of specialists — engineers, technicians angd skilled
workers),;

2) the provision of materials and techniques (with techniques adjusted to the
work in forest parks and in other particularly valuable recreational forests,
with materials, with means of information and with tools),

3) the provision of technology (specialized regulation of the management of a
district, elaboration of projects and techniques for singling out recreational
areas for a short period, for designing forest parks, zones of recreation in
national and natural parks, in resaervations and in other territories with a
special function);

4) the provision of workers (the number of permanent and seasonal workers).
Specialists in recreational forest use are not trained in the Republic.

Engineers and technicians (of a2 general nature) in forest management as well as

technicians for planting of trees and shrubs in towns and settlements mainly work

in these forests.

Provision of materials entails no difficulties. Lack of special techniques and
workers has the most restrictive influvence on the development of recreational
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forest use. Special small-scale techniques and microtractors are also needed.
Large-scale planting is insufficiently mechanized.

The level of provision of technology is rather high. Recreational forests
are established by a special division of the Lithvanian forest enterprise of A-U/C
"Lesprojekt.” The designs of forest parks, short-term recreational sites, sanita-
tion, etc. are elaborated by the experimental project-construction - technologi-
cal bureau of the Ministry of Forest Management and Timber Industry of the
Lithuanian SSR. :

Nalural conditions in the territory of the Republic are rather favorable for
the development of recrsation. In summer, 441 of the days are sunny, whilst 781
of the days are without precipitation. A normally dressed person feels comfort-
able on sunny days in May and September and on cloudy days in July and August.
Forest cover constitutes 27.92. There are 2543 lakes with areas of more than 0.5
ha. 725 rivers are longer than 10 km. The length of the shore of the Baltic Sea
in the Republic is 99 km. In winter, conditions are less favorable for the
development of recrealion since mild winters prevail with insufficient snow and
partial thawing. Winters without any stable snow cover also occur.

Forest managemenl for recreation contributes to the deyelopment of the
road network (514 km/1000 kmz). Recreation centers provide accommodation for
nearly 760 thousand people [7]. In 13 of 44 regions, the development of recrea-
tional forest use is hindered by environmental contamination induced by indus-
trial enterprises, farming and transport {3].

The recreational capacity of the forests of the Republic was assessed using
a method created by us [12). The results demonstrate that from the standpoint of
recreation, the most valuable forests are at Neringa, in the regions of Ignalina
and Shvenchioniai (Figure 2). The forests of the Moletzi, Lazdijai and Varena
regions also have significant recreational valve, whilst those of the Birzhai,
Akmene, Mazheikiai, Skuodas, Kedainiai, Jonava, Pakruojis, and Kapsukas regions
are of less value.

In order to preserve the forests valuable for recreation, it is necessary to
use them rationally _and to optimize their ecological and recreational capacity.
The latter was evaluated for all forests of the Republic according to our methods
and standards. The grealest recreational capacity was found in the forests of the
Varena and Shvenchioniai regions. The forests of Vilnius, Trakai, Plunge, Shiau-
liai, Shalchininkai, Panevezhys, and Jurbarkas regions also have great recrea-
Ltional capacity. .

The potential ecological recreation capacity for all forests of the Republic
comprises 133 million visitor-days per year (conditionally assuming that all visits
are attributed Lo recreation).

Ecological education of the population is of importance in developing
recreation. People unaware of ecological faclors are nol careful enough while
making fires in the forest. They litter the ground, damage the vegetation and
anthijlls, destroy forest litter, make noise, contaminate water and soil, and van-
dalize campground furniture and other objects. The forest loses its attraction
and new visilors go Lo other forest terrilories. Low ecological education res-
tricts the utilization of protected forest landscapes for recreation and especially
those which are valuable and can be readily damaged [4, 14].
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Pig. 2. Assessment of recreational (a) and ecologicel (b) caracity
of forests of the Lithuanian SSR according to admirisira=-
+t*ive regions. Recrestional capacity, pcirnisi I - >.C;

2 = 15.1-20.05 3 - 10,1-15.0;7 4 = 5.I-T0.0; 5 - 5.
Ecolegical caparity, rmillion visitor-deys per year: I - >8;
2 = 6.I-8,0} 3 = 4,7=5.05 4 = 2,I-3.0} 65 -~ €¢
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3. The Factors Determiﬁ.ing Recreational Forest Use

. It is necessary to create an organizational structure for recreational forest
use on different hierarchical levels of forest management and planning as well as
allocation of funds for organizational-economic measures to remove conflict
sitvations. Conflicts arise between the increasing requiremenis of the population
for forest recreation and the degree to which these requirements are met.
Simultaneously, the corresponding status for each link regulating their activity
in time and space must be worked out.

Special funds for fores!; management for recreation so far, are insufficient
{13, 19).

The funds allocated for constructing and repairing roads and for implement-
ing fire-prevention measures a. = also used to provide recreational amenities and
services.

The most important task of forestry research institutes is to elaborate a sys-
tem of organizational-economic measures. They should include the selection of
recreational forests, their assessme:-t and projection, forest management (start-
ing with forest plantations and ending with felling) and recreational services and
amenities on the territory. Organizational-economic measures must differentiate
according to the prevailing recreational activities, according to the intensity of
recreational utilization of the territory and according to natural and anthropo-
genic conditions [13, 15, 18). ‘

4. Elaboration of a System of Organizational-Economic Heasures

A system of organizational-economic measures for recreational forests is an
interactive complex of forest management, service, amenity and organizational
measures. Optimization of recreational forest use means purposeful actions lead-
ing to the best combination of existing processes in the forest ecosystems which
maximally meet recreational requirements of the population. The cost of protec-
tion and development of these forests must be minimized. Two groups of local
anthropogenic factors influencing biological mass exchanges, energy flow and the
quality of the biota in recreational forests have been singled out (Figure 3): 1)
consumption factors (the impact of the recreational load) and 2) economic factors
(the effect of economic measures).

Consumption factors affect succession processes adversely. They cause
deterioration of the ecosystems with respect to both ecology and socioeconomics.
Economic factors conditionally stimulate positive succession processes stabiliz-
ing the behavior of ecosystems. They also favor positive successional processes
which optimize their utilization for recreation, i.e., with respect to socioeconom-
ies.

Thus, the measures included in an organizational-economic system must regu-
late recreational load, ensure environmental protection and improve forest
recreational conditions (Figure 4).

Organizational measures embrace the creation and development of organiza-
tional structures on all ievels of forest management. They are also related to the
organization of the territory and recreation on the All-Union, regional and local
scale.

The major questions of organizing the territory in the Republic and in a
region are tackled in a Complez Scheme of Nature Protection in the Lithuanian
SSR [17}. Methods of mathematical modeling are provided for organizing the
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terrilory on a local scale. Optimizing of spatial structure, species composition
and functional zoning of a recreational forest in a complex way is feasible with
the aid of the model, which is based on the integration of medico-biological and
aesthetic-emotional requirements of tourists and on the resistance of forest
ecosystems at minimal cost.

Organizing recreation belongs to the nonproductive sphere of man's activi-
ties. Effective functioning of this sphere is possible only within the framework of
an organized, planned and managed branch [10). Many problems of organizing
recreation remain to be solved.

The most important measures of forest management are planting, felling,
amelioration and forest protection. The building of roads and paths, recreational
campsite construction, the development of a rational information system and
facilities for Lourists are needed to provide amenities and services. These prob-
lems most be solved vsing modern forest biology applying the newest techniques.

5. Conclusion

The process of optimizing recrestional forest use is conditioned by a com-
plex of natural and sociceconomic factors. It is also relaled to measures embrac-
ing the development of balanced and specialized forest management, the improve-
ment of the material-technical basis for management, a decrease in the adverse
anthropogenic impact.on the environment, the ecological education of people, as
well as refinements in the legislative basis for recreational forest use.
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4.14 CONTROL OF A FOREST POLICY SYSTEK AND ITS OPTDAIZING
SIMULATION®

Takuro Kishine

Kyoto University,
Faculty of Agriculture
Sakyo, XKyoto 606, Jupan

1. Control of a Forest Policy System as a Social System

Forest policy is a method of artificial control which pursues supreme spiri-
tual as well as material values through optimal forest utilization for public ser-
vice and economy (i.e., timber products) on the assumption thatl the forest is an
indispensable spiritual as well as material resource for Lhe support of human
beings. This is because a forest policy system is a social system and the principle
of its control is almost the same as the automatic control of an engineering system
except for the existence of human beings themselves in the control system. From
this point of view, the control theory of the general social system including the
forest system is presented in Figure 1.

2. Development of an Optimal Allocation Syxtem Model of a Forest Area
— OA Model —~

Figure 2 shows the contents of a simulation model of the social system in Fig-
ure 1 with respect to the forest system. This mathematical model consists of twc
types of forest system. This mathematical model consists of two types of sub-
mathematical models; one is that of a technical system for the optimal zone alloca-
tion and oplimal working division of forests through principal component
analysis: P.C.A. (cluster analysis is also used if it is needed), and the other is
that of a political system for the optimal allocation of a forest area for economic
and public service use Lo maximize the combined total forest revenue of the
aconomic forest and the public service forest through econometric analysis

2.1 Optimal allocation aystem model of forest area by principal
component analysis — OA model : —

To attain the optimal allocation of forests of a country, it is useful to make
meshes of the total forest area and estimate the general characteristic value, i.e.
principal component of sach mesh by principal component analysis (P.C.A.}, and
then arrange the optimal zone and optimal working division according to those

®In: Ecological Sustainabilily of Regional Developmen!, Proceedings of # Workshop held in Vil-
nius, Lithuenie, USSR, 22-26 June 1987. L. Keiriukstis, A. Burales, and A. Stras2ek (Eds.), 1988,
Systems Resesrch Institute, Polish Acedemy of Sclences, Warsaw, Polend.
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principal components with the highest value. From this point of view, this model
may be called Optimal Allocation System model: type I, i.e. 0A model: I in short. In
this way, the total forests of Lhe couniry are classified into the forest Lypes of
the mountainous interior, the middle zone, an¢ the suburbs; furthermore, each of
them is divided, in to the working Lype, of the economic forest and the public ser-
vice forests. The details are as follows.

Optimal zoning system model of forest area

By P.C.A., forests may be classified into the forest types of the mountainouvs
interior, the middle zone, and the suburbs according to each mesh which has the
indexes based on natural conditions i.e., environmental factors such as tempera-
ture, precipitation, altitude, nature of land, vegetation, rivers, lakes, scenery,
etc.

Optimal working division system model of forest area

We also set up the working division design of forest vtilization about each
forest type classified by the allocation of forest according to P.C.A. In concrete
terms, we divide the forests of the mountainous interior, the middle zone, and the
suburbs into economic forest, public service forests i.e., water reservoir forest.
national land maintenance forest, recreation forest, etc., according to each mech
which has the indexes based on economic conditions such as proprietary situa-
tion, uvtilization forms of forests, site condition, etc., and social condition such as
village construction, depopulation, urbanization, and historic and noteworthy
spots, etc.

In the following, the theory and method of principal component analysis on
the "optimal allocation planning of forests”, particularly on the "optimal working
division planning of forests” is clarified, taking the example of forests of Osaka
prefecture in Japan.

Here, the principal component analysis is defined as "theory to reduce vari-
ous kinds of correlated characteristics to a mutually unrelated small number of
general characteristics”. Forests have so many kinds of individual characteris-
tics such as geography, soil, vegetation, rivers, landscape and so on, and econom-
ical or social conditions like proprietary situation, utilization forms of forest,
economic location conditions and historical sites etc. These individual charac-
teristics represent a very complicated ecological and social system, maintzinirg
mutual relations among them. Therefore, it is impossible to grasp the general
characteristics of a forest as a whole if we examine each characteristic one by
one.

In such a case, if we can summarize these various individual characteristics
into 2 few mutually independent general characteristics or general indexes
(which is called a principal component), with these, we may understand the
overall or general characteristics of the forest precisely and clearly. This is
the reason why we adopt in this study the principal component analysis for the
optimal allocation planning of forests. Namely, by the principal component
analysis, {f we can clarify the peculiar general characleristics of respective
forests divided into meshes, through such working division as displaying the
peculiar general characteristics of each forest in a mesh, as a whole, we can
determine the "optimal working planning” of the concerned forests, that is, in this
case, of the whole forests in Osaka prefecture.
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Next, let us apply principal component analysis on the forest in Osaka pre-
fecture. The general characteristics i.e. the principal components of the forests
of Osaka prefecture are as shown in Table 1. At this point, it is important to clar-
ify which original individual characteristics are represented by the newly deter-
mined general characteristic through principal component analysis, because
without Lhis check, we cannot understand the content or the meaning of the gen-
eral characteristics. To achieve this, in the principal component analysis, we
should measure the factor loading. Here, the factor loading is defined as "the
simple correlation coefficient between cerlain general characteristics (principal
component) and its original individual characteristics”, and by measuring this
factor loading, we can know which principal component has high correlation with
which individual characteristics, and therefore, it is possible Lo decide precisely
the contents of the concerned principal component. Concretely, we can name
sach principal component.

Table 1: Determination coefficient

[ Principal Determination Cumulative 1

| component coefficient determination i
(P.C.) coefficient i
First P.C. 2, 20.3 ' 20.3 !
Second P.C. Z, 158 36.1 ;
Third P.C. Z, 135 : 49.6 |
Fourth P.C. Z, 8.6 59.2 j

From the point of view in this paper, the factor loading is estimated to each
principal component in Table 1 which have high coefficients of determination.
Here, the principal component with high determination coefficient means the gen-
eral characteristics with a high degree of explanation. In the case of forests in
Osaka prefecture, in the order of first, second, third, and fourth principal com-
ponent, the determination coefficient is high.

Figure 3 visualizes the results. the factor loading is the simple correlation
coefficient between the general characteristic and its original individual charac-
teristics as mentioned above, so that all of them are within the circle with radius
1.0, and the more their positions come near the circle the stronger the correla-
tion between the original individual characteristics and the summarized charac-
teristic i.e. principal component. Therefore, we can give the meaning to each
principal component respectively as follows.

Firstly observing Figure 3.1, we can see that Z; of the first principal com-
ponent has strong positive correlation with original individual characteristics
No. 3, No. 4, and No. 5. Further, No. 3, No. 4, and No. 5 represent the first stra-
tum factor i.e. water reservoir function, the second stratum factor i.e. soil con-
servation funclion, and soil compositior factor i.e. water reservoir and soil con-
servation function respectively. As a result, we can explain the content of the
first principal component Z, as & summary of various factors of the forest like
flood and mountainous disaster prevention functions. For this reason, this kind of
principal component may be called "the component of national land conservation
function™.
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Figure 3-1 7Z,-7: factor loading

~

@

Figure 3-2 71-7. factor loading

Figure 3-3 7.-7Z¢ factor loading

Figure 3. Factor Loading
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Next, the second principal component Z, has a strong positive correlation
with original individual characteristics No. 1. and No. 2. No. 1 and No. 2 are the
faclors of soil cc;mposition and soil productivity respectively; vitimately, the con-
tent of the second principal component Z; represenis those factors such as good
soil condition and high productivity which directly effect the timber production.
Thus, this principal component Z, may be named as "the component of timber pro-
duction function”.

On the other hand, individual characteristics of No. 10 which are located
very close to the original point of the coordinate of No. 6, No. 7, No. 8, No. 8, and
No. 11, which are so near the original point, that individual characteristics have
little or no correlation with the first and second principal components 2y, Z,.
Some of these individual characteristics, however, have very strong or quite
strong correlation with other principal components as is shown in Figure 3-2 and
Pigure 3-3. That is,.from Figure 3-2, the individual characteristics No. 6, No. 7,
No. 8, No. 9, and No. 10 have quite strong correlation with the third principal
component Z4; these five individual characteristics are rivers and lakes, con-
venience of movement, mixed forest construction, and famous sites; so that the
third principal component Z, summarizes those various factors of rivers and
lakes where people enjoy health and rest in good condition, where it is easy to
walk along well arranged hiking routes and the like, and also to see beawtiful
forest construction and famous sites. Therefore the third principal component Z 4
represents the suitable forest recreation function. For this reason, we may call
these kind of principal componeni as "the component of forest recreation func-
tion".

Similarly, from Figure 3-3, seeing that the individual characteristics No. 11
has very strong correlation with the fourth principal component Z,, and since No.
11 is degree of vegetation, the fourth component Z, represenis the characteris-
tics indispensable for the maintenance of the ecosystem of the concerned forest.
Therefore, we can call this principal component, "the component of ecosystem
preservation function”.

At this stage, the above four principal componenis are summarized in Table
2.

Table 2: Naming of the principal eomponent

Principat . W Name '
component
First P.C. Z, National land conservation function
Second P.C. z, . Timber production function
Third P.C. Z,4 Forest recreation function
Fourth P.C. Z; Ecosystem preservation function

The following is the computation of the “general characteristic valve” so
called "score” of every principal component of each mesh of whole forests in
Osaka prefecture. Here, the general characteristic value is the estimated value
by substituting each argument on Lhe rightside of the regression equation of the
principal component for a respective datum (in this example, evaluated vaive of
the forest function obtained through the mesh investigation). The reason why we
calculate the general characteristic values is that, to the respective principal
component of each mesh, the value are Lhe respective principal component of
each mesh, the higher its computed value, Lthe more precisely the principal
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component represents the individval characteristic of lhe forest in the con-
cerned mesh; so ii we carry out the forest utilization plan aiming at the principal
component with highest value, we can optimize the functioning division i.e. work-
ing division of the whole forest. The detail is as follows:

First of all, compute the s€ores of the principal components with high deter-
mination coefficient, and plot the value in the plane decided by two principal com-
ponents (this figure is called the scattering chart of scores). In Lhis example, as
the principal components with high determination coefficient are Z4, Z,, Z4, and
Z,. we are to make three meaningful charts with the combinations of Z,-Z,,
Z,~Z,, and Zy ~Z,;. Figure 4 shows the chart of Z; -Z, plane as an example.

2

-2.0 Rl -1 -0.5 0.0 (] [ 1A I

Figure 4. Scattering chart of scores

Nexti step is the choice of the principal component which represents the con-
cerned mesh, by comparing the scores in three kinds of scattering charts simul-
taneously. Here, ] propose the choice selection procedure shown in Figure 5.

This figure shows a procedure for selecling the representative principal
component of each mesh by the scatiering chart of scores. The method starts
with the division of the coordinates axes of each scattering chart of scores into
three equal parts between maximum and minimum values, naming them H (high), M
(middle), and L (low) from the top. Then, for example, if Lhe score of a certain
mesh falls in the "a” zone, both the first and the second principal components Z,,
Z,, have strong effects on the mesh, so that the "optimal allocation planning of
forest” is either the public service usage as required by the first principal com-
ponent Z, or the economic usage as given by the tlimber production function
represented by the second principal component Z,. Of course, the principal com-
ponent with the higher score should be chosen prior to the other principal com-
ponent in the same mesh. In another case, if the score of a certain mesh is plot-
ted in the "b” zone, this means that the first principal component 2, is too strong
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Figure S. Choice selection procedure of representative principal component.

while the second Z; is not so strong; therefore, it is the '-‘optimal working division
planning of forest” lo choose the public service usage; and vice versa in the case
of the "¢" zone. If the score falls in the "d” zone, we know that both the first and
second principal components Z,, Z, are weak, and therefore these meshes are
unsuitable for national land conservation or timber production.

The selection procedure mentioned above holds good in the scattering chart
with the axes Z,-Z;; however, the procedure differs according to the combina-
tions of the principal components on the axes. As a result, we have Lo examine all
combinations of principal components on the axes in this way. But practically, it
is almost impossible to fulfill this kind of operation (2BBO meshes in the case of
the forests in Osaka prefecture). For this reason, I have developed a substitute
method as follow.

In the new method, scores of each principal component of all meshes are
first calculated, and then, classified (by color-code) as high, middle, low as shown
in Table 3. A color-coded map is then drawn of the concerned forest area by
each principal component, and finally on the bases of this map, the principal com-
ponent is selected with highest score in each mesh to represent the principal
component of the concerned mesh.
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Table §: Color-coding of the Principal Component

Principal component Zy Z, Zy Z, .
Score :
High H blue ocher pink green |
Middie M purple purple purple purple !
Low L orange orange orange orange '

The "optimal allocation planning of forest” of the concerned area can be
attained by selecting the principal component with the highest score. Figure €
show this process.

2.2 Optimal allocation xystem model of forest area by econometric
analysis — OA model: I —

Prototype of OA model II In this mathematical model, the optimal area
arrangement of the economic forest and public service forest is selected to max-
imize the combined total of economic net revenue and public service net revenue
by manipulating the forest age "L" of each growth function of economic and public
service forests, that is:

Growth function of economic forest: i.e.
QA =Qa(t)
QA = KA/ (1+exp(ald +bAL))

Growth function of the public service forest such as the water reservoir
forest: i.e.

Qr =Q7 (L)
Qs =KJ/ (1 +exp(af +b5 (L)
Growth function of the public service forest such as a recreation forest i.e
Qz =Qz (L)
Q2 =Kz / (1+exp(a; +b3 1))

Since the working standard of forest differs among the economic and the
public service forests, those growth functions Qa4, Q;. Q;, too, form respectively
different curves according to variation of the parameter "t", as shown in Figure
7.

Therefore, in so far as the growth function of each kind of forest is
estimated, the optimal allocation of the economic forest area and the public ser-
vice forest area which realizes the maximal total net revenue of economic and
public service revenue is attained by manipulating the forest age "t” in the fol-
lowing mathematical model. From this point of view, this model may be called
Optimal Allocation System model: type Il, i.e. OA model: Il in short. Here, only the
patterns of water reservoirs and of forest recreation are given as an example.
See Table 4.

In concrete terms, this mathematical model is such that, with regard to the
economic net revenue model, the growing stock per unit area of economic forest
QA4 is determined so as to each "t” through the growth function QA =QA(t); the
economic net revenue of the whole economic forest area VA is, in fact, the
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Figure 6. Optimal working division of forest area in Osaka prefecture
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funclion of the economic forest area BA. Similarly, as to the public service reve-
nue, the growing stocks per unit area of public service forests Q;, Q; are fixed
according Lo every “t” by the growth functions Q; =Q,' (t). Qz' =Q, (t). This time,
too, public service net revenues of the whole public service forest areas Vj, V,
are funclions of the public service forest areas B;. B;. respectively. This
mathematical model, therefore, is the t-determining model which maximizes the
total revenue V as the objective function under the lolal forest area in B as the
restriction; and those types of economic forest and of public service forest areas
BA, By, B determined under the "t” are the optimal allocated area. In short, the
maximal economic-public service net revenue is atlained by utilizing the total
farest areas in this ratio of economic forest and public service forest area.

¢,T _
Growth Function
K .
\ @ = K/{1-capiad-bd1)
-
& |k
7
-]
§ \ Q" = Ki"/Q-erpia’-b"t))
] e
S
QT = A2 Urexplax’-br L
t

Age

Figure 7. Growth functions of the economic and public service forests
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TABLE 4 Prototype of OA model: &

Economic net revenve model

(Q' - RY 1-e1prat+bit
1 {s -¢ -B
VoophSa - 1wt
[ . Public service net revenue model
Water reservoir net revenue model
Q" =k l-erpiay’-b" b

(
|

2 1} b =k Q]l-Bwi
¢

—

=Pk -Gl -
Recreation net revenue model
@ = A" l-exp a2’ -b>"t
3 J N n @B
l\'j' PN Y -
Total public service net revenue
-4 | R P 2
F . Objective function
5 Vst LV~ mm
N . Restrictions

(B = B - B - B

5§ =28
6 _
¥ 2
AN o=z N

Explanation of letters

Economic forest land area

. Log price

Qf . Growing stock per unit area of economic forest
&= © Upper limit of growving stock of economic forest
{ : Forest age

.; - Log supply

p
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V3 : Revenue of economic forest

1 Ratio of added value of forestry

Q" - Groving stock of water reservoir forest

Khy" : Upper 1limit of groving stock per unit area of water reservior
forest

C* : Production cost of economic forest

r  Interest rate

b . Amount of water reservoir of forest

k : Coefficient of wvater reservoir of forest
(i.e.. amount of precipitation storage per unit stock of forest

B* : Water reservoir forest land area

Vi" : Revenue of wvater reservoir forest

Pi* : Unit price of water (wvater rates:

Ci” : Production cost of water reservoir forest

Q" : Groving stock per unit area of recreation forest

K-* : Upper limit of growing stock per unit area of recreation forest

N : Total number of visitors in forest

n .. Number of visitors per unit stock of forest

B~" : Recreation forest land area

P>" © Unit price of recreation in forest 1i.e.. rate of visiting
forest :

»" . Production cost of recreation forest

\>* . Revenue of recreation forest

V" Total revenue of public service forests

V' ! Sum of economic revenue and public service revenue

B : Total forest land area

S : Minimum log supply of forest necessitated

W @ Minimum vater reservoir of forest necessitated

N

: Minimum number of visitors in forest necessitated

Unknown numbers:

AR K. @l oo oa. bEobyt, b BY, By B

Given variables:

Technical variables : k. n, B. S, W. N
Economical variables: P*. Py". P2". (0. C1'. =" ¢

Instrumental variable:
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4.15 FUTURE POLICIES AND INTERNATIONAL COOPERATION IN REDUCING
FOREST DAMAGE*

Lennart Schotte
Royal Swedish Academy of Engineering Sciences
Laensstyrelsen, 79184 Falun, Sweden

Let me begin by stressing the importance of IIASA as an organization of
international scientific cooperation and as an organizer together with academies
in other countries of meetings such as this one. IIASA serves as a catalyst of
international cooperation on the scientific level and, for a project like the
Forest Study of the Biosphere Project, also as a link Lo commercial life, forestry
and the forest industry. 1 believe we need that wide approach.

Lel me then try to name a few future policies which ] consider to be of signi-
ficance for the future.

1. The nature of biological science is no doubt such that links and mechan-
isms of the kinds involved here can scarcely be clarified with 1002 certainty.
Research and countermeasures in the shape of emission control and forest
management must therefore proceed in parallel. International cooperation must
take place and responsibility must be accepted on an international basis, with
active involvement on the part of forestry and the forest-products sector. On
such huge issues as these, our watchword should be to think globally and act
locally.

2. We need to establish an overall picture encompassing the entire chain of
events from chemistry and ecology to economics and market effects. We have to
analyze the economic consequences of emissions — in the case of forestry and the
forest-products sector - of each country affected, how air pollutants affect
timber supplies and markets for forest producls. There will be different effects,
of course, in the short and long term. Only a year or two has in fact passed since
researchers and international bodies fully realized the significance of this
aspect, to the effects of air pollution on vegetation.

3. Funds for basic research about effects of natural stress factors on vital-
ity of trees and stands must be increased. 1 think we should know more about the
nitrogen effects, nitrogen leakage from soil and more about the ozone mechan-
isms. In that sense it was very stimulating to hear about the environmental pro-
gram of the Lithuanian Republic and its financing through various sources.

The better understanding and the ability to manage the consequences of
forest decline must deal with complete ecosystems with biological, technical,
social, economic, and psychological points of view.

*In: Ecological Sustainabdiiity of Regional Development, Proceedings of a Workshop held tn ViI-
nius, Lithuania, USSR, 22-26 June 1987. L. Kalriukstis, A. Buracas, and A. Straszak (Eds.), 1988,
Systems Research Institule, Polish Academy of Sclences, Warsaw, Poland
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4. Ongoing monitoring of damage to forests by air pollutants must of course
continue. Data should be compared annually. Results must be updated; this is a
necessity. However, there is z strong need to get an international harmonjzation
of the monitoring. Relevant comparisons due to different or changed monitoring
or sampling are to some extent impossible. Funds for basic research must be
raised for developing improved large-scale monitoring methods. The use of
infrared photography technique and intensive research to improve and complete
the method with satellite images should be favored.

IIASA can play an important role here, too, as catalyst and facilitator of
development of such improved methods of remote sensing and internationally
accepted protocols for ground and remote-sensing data collection for decline
estimation.

5. It is important to encourage and make use of the two information centers
located in Bratislava and Hamburg. Their unique possibility to take the lead in
the process of data communication should be well taken care of. We need early
warning systems from ecological as well as from economic standpoints.

6. I would like to underline the importance of a functioning process of
knowledge transfer between representatives from science, industry, forestry,
ancd politics. Messages are not always understood and made use of in a proper
way. Demands and questions are not always phrased precisely enough. Important
results should be communicated until receipt is confirmed. The process musl be
intensive, open and correct. We have something to learn here. To my mind this is
z future policy also in general understanding. International agreements - such
as emission control programs - have to be locally accepted. In a sitvation where
the local strategies are not effective or significant, even the best international
intentions are not likely to function.

7. Basic risk-management thinking should be adopted also to environmental
matters. Forestry and industry must deal with forest decline as a potential risk
or threat and not just something that might interfere some time on the markets,
something only for environmentalists, politicians and scientists.

1 think we have to be more pragmatic. 1 have already stated that resear-h
and action must run parallel. Let us set both targets simultaneously: precise and
deep knowledge for scientific understanding and explanation on one side, and a
pragmatic utilization of available knowledge and current techniques on the other,
as early-warning systems for industry to plan according to and for the policy
decisionmakers, the politicians, to react upon after a critical evaluvation. Let us
aim at both targets.

Also on this pollution matter, it must be accepted in society that action needs
to be taken without knowing in advance every detail of the eventual truth.

8. More atitention has to be paid to the role of managing or not managing the
forests as well as proper management of pollution-damaged forest tracts.
Healthy and thriving forests can cope better with stress factors. Through clean-
ing and thinning operations, unnecessary competition is avoided. Selection of the
right kind of seedlings improves resistance. 1 am aware of the productivity plan
for the Lithuanian forests. It represents an important measure for the future.

The foresi-damage threat calls for intensified silviculture, better forest
hygiene and good soil care, as well as a ground management adapted Lo local
prerequisites.
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9. The discussions, observations and policy decisions taken about forest
damages should aiways be linked to the matter of energy supply, raw material.
costs and methods used. The energy balance is in fact a part of the total picture
All political behavior does not seem Lo be aware of such a linkage or willing to
accept it.

10. I think scenarios of different kinds ~ such as economic ones, harvest
ones, or ones Lo establish, in terms of mean values, what threshold level of injuri-
ous effects in different regions would in fact disrupt world trade - should be
strongly recommended and encouraged, being asked for by potential users in
commercial life. The results, though, must be interpreted in a critical, realistic
and professional way! Sensitivity analyses have, e.g., shown that a long-term
decrease in forest growth — even at the rate as low as 10X ~ will as a conse-
quence have reduced production of roundwood and sawn goods. And, a long-term
reduction of growth in the forests will decrease the mechanical conversion of
wood in western Europe whereas the chemical processing will be rather
unchanged. It is also shown that a short-term increase of wood supply through
sanitary fellings on the continent would make investments in mechanical wood
conversion industries attractive due to lower prices for the raw material. For
instance, an increase of the wood supply by 33X would lead to a 201 increase in
the production of sawn goods in the region. The primary effect is likely to be
more interest for export of timber, thereafter the increased production of con-
verted products after necessary investments. Finally there will develop a shor-
tage situvation, when lack of raw material supply appears after finished sanitary
fellings and before the positive effect of reforestation.

11. The importance of the current work of the UN Economic Commission for
Europe (UN-ECE) should be underlined. That goes for activities concerning emis-
sion control, developing an industrial protocol for monitoring, as well as for fol-
lowing the trade in forest products (mainly lumber) with the notion that a freel:
operating marketplace might result in serious supply and price disturbances in
the future. The continuation work of the special market committee of the UN-ECE
should be seriously considered. The aim of this committee is to try to identify in
an international cooperation possible market disturbances of increased wood sup-
ply due to sanitary fellings upon markets for roundwood and converted industrial
products, mainly lumber. Twelve countries are at present involved in the commit-
tee work. New additional country members are most welcome to take part in the
efforts to eliminate possible market problems. Disturbances have not been found
to any extent at present - with the exception of some regions — but to my mind
the: are unavoidable with the present rate of forest damage in Europe uniess
sariy precautions are taken.

12. 1 think with such a background it is important to find methods to
increase the consumer's use of wood for different purposes, and to regain market
shares lost Lo alternative raw materials. Thal would contribule Lo a more bal-
anced market situation. Open relations and contacts between the Forest Study of
the Biosphere Project and representlatives of international forest industry and
trade should be recommended. For the lumber industry the road to success
involves production of value added products for the end consumer. And, a change
of management philosophy into a more integrated view is requested. Start at the
consumer, convert the market demand to not only the mechanical processing but
also to the wood supply. An optimal use of the entire commercial line from the
forest and timber production via the sawmill, right to the final customer means an
improved rate of use compared to alternative materials.
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18. Irrespective of the importance of all these policies and aspects for the
futvre, and irrespective of what rate different kinds of pollutants take in the
combined negative effect of stress factors on forests, the main target is emission
reduction and the subsequent long-term conversion of damaged forests by
advanced planting. Efforts just have to be intensified to reduce emissions by
investing in further emission controi programs.

It is excellent that we have the inlternational agreements on the reduction of
emissions, and more are to be expected. But, | have to say honestly that I am per-
sonally very concerned about the rate of improvements of the environment.

Indications from the dose-response investigations in the Nordic countries
tell us about too slow a process in the reduction of depositions, and about the
unacceptably long period of soil restoration. Five Figures show our results for
different parts of Sweden with 2 comparison between present depositions and
critical loads (Figures 1-5) of sulphur dioxide, nitrogen oxides and ozone.

1ln my personal view, the present situation has to be changed all over Europe
and, presumably, North America as well. Something more than today just has to
be done!

Again we have Lo look upon the situation pragmatically. Countries have dif-
ferent financial possibilities to take aclion fast enough. Priorilies taken are, for
various reasons not the same. Nevertheless, the threat is there.

With a personal view again, I suggest that an international responsibility of
some kind, a financial plan on a large scale with the objective to make intensive
emission reduction investments possible at proper places, might have to be esta-
blished! That is basic risk-management thinking on a high national level! Some
countries might consider such a contribution a sort of an insurance to protect
threatened resources of their own. -

14. It is true that at present, in general only slight effects have been
noticed in the marketplaces for roundwood and lumber due to pollulant damages.
Some regional effects are, however, quite serious. And with time, an overall con-
siderable risk cannot be ruled out.

I am convinced thal another important fulure policy will be to make the com-
mercial representatives of the forest industry, mainly sawmills, more aware of
the threat in terms of volumes and prices for raw material and converted pro-
ducts. The ECE-committee mentioned earlier asked Professor Sten Nilsson at the
Swedish Unjversity of Agriculture and Forestry - also active part-time at 11AS4 -
to make a study of the extent of forest damage in Europe attributed to air pollu-
tants. An updated report for the situation 1986 has been approved by the com-
mittee and will be presented to the Timber Commititee at its annual meeting in
October 1867. It may be extracted from the report that volumes up to 1500-1700
million m? are to some extent damaged in Central Europe, corresponding to 6-7
average yearly harvests. That shouid be information enough to make the state-
ment that the rate of consciousness today is much too low!

Our decline problem should be taken into account in the future planning of
forest enterprises. Very few have done that so far. Too often a comment like
"it's just the weather” corresponds to the attitude of today! Even marginal chem-
ical influence, with mainly other stress factors weakening a stand, may have
dramatic negalive effects. And, in my country there is the fear of the lingering,
nonvisible effect on the trees, eventually leading to a possible reduction in
growth rate as a conseguence! Assuming a 101 decrease in annual growth would
mean some 10 million m” less wood supply per year. That corresponds to 6 sul-
phate pulp mills of modern size. With the present dollar rate to Swedish crowns
and the price for bleached sulphate pulp the economic effect would be a reduced
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export earnings of about 6,5 billion crowns. And, of course, consequences in the
forests and for the regional employment. Economy considerations are truly a part
of the air pollution problems. — And, in addition, how does one interpretl the
dramatic negative development for deciduous species in the last years?

Beyond doubt, we have warning signals enough to be commercially very care-
ful!

Consciousness of the problem should be our watchword!

18. To conclude — whether we are talking about emission reductions, ecol-
ogy or economics in relation to this complex issue of forest decline, the road to
success truly involves international cooperation at a variety of levels. The key-
word to achieve results is confidence among individuals and nations! Conferences
with worldwide reprasentation like this one in Vilnius serve that objeclive.
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4.16 LITHUANIA: AN EXAMPLE OF A REGIONAL SYSTEM®

B. Zaikauskas

Chairman, Lithuanian State Planning Committee
Deputy Chairman, Council of Ministers

Lenino 8, WBlnius, Lithuanian SSR, USSK

Nature protection or, as we call it, "ecological equilibrium in human activi-
ties” is, at present, an important problem of any developed region. To preserve
ecological equilibrivm, it appears sometimes necessary to invest large amounts of
money, pariicularly where natural resources are already overused and nature
preservation problems have been neglected for a long time.

Lithuania, as a region, is the westernmost Union Republic of the USSR, itr
territory - 64300 km? and population - 3.6 million (56 per kmz). As a
socioeconomic syslem, the Republic still has a comparatively short history of
intense industrial and agricultural development. Nevertheless, after World War
11, the rate of economic and industrial development in Lithuania was higher than
that of other republics in the Soviet Union. Therefore, Lithuanian SSP har
become an industrialized region with highly developed agriculture: 671 of its
population are living in towns, 4B are working in industry and transport. Food
and metal manufacturing industry, engine building, production of mineral fertiliz-
ers, oil refining, etc. became important industrial activities. There are largc
power stations, including a nuclear power station in Ignalina. Production of
cement, arlificial fibre, excavation of construction materials and peat are
developed as well.

The high level of agricultural development (an annuval average yield of 2 &
t/ha of cereals) is maintained by soil reclamation, application of mineral fertiliz-
ers (197 kg/ha annually) and pesticides. Animal husbandry (about 2.5 million cat-
tle and 2.7 million pigs, etc.) is specialized and concentrated in dairy production
vnits (with no less than 400 cows) and pig-raising units for 12—-54 thousand pigs 2
year.

The network of railways (3100 km) and highways (23700 km) is considered
highly developed; passenger turnover is estimated at more than 10 billion
passenger-km per year.

Lithvanian nature and its resources can be characlerized as follows:

. the climate is transitional between maritime and continental; cyclones and
anticyclones are active, on average, during 95 and 117 days, respectively;
precipitation: 540-830 mm; temperature: 6.1° C; the length of growing sea-
son: 169-202 days;

. the river network represents, on average, 1 km of riverbeds and canals per
kmZ; there are 2830 lakes larger than 0.5 ha which occupy 1.5% of Lerritory:
all cities are supplied with groundwater;

*in: Ecologtical Sustatnabdtitty qf Regtional Development, Proceedln‘u of a Workshop held {n Vil-
nius, Lithusnis, USSR, 22-26 June 1987. L. Kairiukstis, A. Burscss, and A. Straszak (Eds.), 1988,
Systems Resesrch Ingt{tute, Polish Academy of Sciences, Warsaw, Poland.
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. the predominant typés of soils are soddy podzols ~ 351, podzol gley soils —
26%, carbonate soddy gley soils ~ 181, soddy carbonate soils - 7%;

. there are over 2000 species of higher plants (including 1450 growing by
themselves); 436 species of vertebrates: 26 of mammals, 292 of birds, elc ;
28.61 of the territory is under forests (18000 plols), with young stands mak-
ing up 421 of them; roughly 171 of the territory is taken up by natural
grasslands; more than half of the wetlands (6.57 of the territory in the early
20th century) have been drained; '

. the nature conservation area amounts to 4.3%7 of the Republic's territory,
including national parks, three nature reserves, 174 landscape and 74 hunt-
ing preserves; the state protection also covers 194 parks, 546 old trees, 116
geological sites, 250 species of rare plants, etc.

In recenl decades, the negative impact of industrial-agricultural develop-
ment on Lithuania's ecology has been increasing. Air and water basins become
more polluted, erosion, deflation and degradation of the organic layer of soils
has become remarkable. Transport of air pollutants, mainly the so-called "Acid
Rain" from the southwest, also aggravates the ecological situation in Lithuania.
Strong measures become, therefore, urgent for maintaining ecological equili-
brium in industrial-agricultural development. Some of the measures being imple-
mented are:

- planning adjustment of development and dislocation of productive forces,
with high priority assigned to restriction;

- regulation of landscape development aimed at increasing the surface of con-
served areas such as nature reserves, preserves, national parks; recultiva-
tion of excavated areas, afforestation, game regulation, vegetation protec-
tion, ete.;

- water protection and purification meant to increase by 1.6 times the degree
of purification of polluted water, elimination of heavy metals as a water pol-
lutant and planning that the whole body of polluted water flowing into the
Baltic Sea will be purified up to standards by 1990;

- transition of all power stations and other industrial pollution sources to gas,
reduction of the number of small ineffective heating stations; introduction of
lead-free fuel as well as installation of gas-fueled traffic vehicles;

- increase by, at least, a factor of 2 of investments in nature protection and
facilitation of implementation of measures which have been worked out in the
Complex Scheme of Nature Protection in the Lithuanian SSK to the Year
2000

We are looking with some optimism towards the future. We will do our best to
improve ecological equilibrium in Lithuania and to cooperate with other regions
for improvement of the ecological situation in the Baltic region and the rest of
the world.
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4.17 STRATEGY OF NATURAL RESOURCE UTILIZATION IN THE
LITHUANIAN SSR* ’

E. Rusa

Central Research Institute
of Town-Building Design

Moscow, USSR

The Complex Scheme of Nature Protection in the Lithuanian SSF to the
Year 2000 contains measures and provides a strategy for preservation of dynamic
ecological equilibrium and for prevention of the negative environmental trends
under conditions of intensive development of the national economy. Moreover,
the scheme provides for a favorable solution of existing regional, ecological
problems. The Complex Scheme of Nature Protection in the Lithuanian SSK
consists of 5 blocks:

. urban-ecological analysis;

. the study and prognosis of interaction between the natural and the
anthropogenic environment;

. identification and evaluation of ecological problems;

. determination of assumptions for optimization of natural resource utili-
zation;

. an environmental protection strategy.

Special scientific investigations on regional development issues as well as
wide-scale application of the general territorial investigation results contribute
essentially to each aforementioned block. Thus, for example, issues have beer
analyzed such as the location of Lithvania in the large-scale Baltic region, demo-
graphic capacity of the territory and also the geochemical activity and sustaina-
bility of landscapes. .

Geochemical sustainability of a landscape is characterized by the ability of
the territory to neutralize and utilize the harmful wastes of human activities. It
obviously depends vpon the rate of chemical transformations, the carry-over of
technogenic products from landscapes. On a larger scale sustainabilily is deter-
mined by the type and state of soil, vegetation, water, etc. The quantitative
evaluation of landscape, on the whole, amounts to identifying areas having similar
response to technogenic impacts as well as prognoses of the extent of possible
changes in geosystems.

The most significant indicators of prospective self-purification of landscapes
are environmental buffer territories defined by the intensity of carry-over and
scattering of technogenic products, the intensity of processing of technogenic
substances, and remaining poliuvtion levels caused by chemical substances.

Sln: Ecological Sustainabdility of Regional Development, Proceedings of a Workshop heid 1n Vi]-
nius, Lithuenia, USSR, 22-26 June 1987. L. Kairfukstis, A. B\”‘IEIS, and A. Straszak (Eds.), 1988,
Sysiems Research Institute, Poltsh Academy of Sclences, Warsaw, Poland
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Evaluation of geochemical activity is carried out on the basis of geochemical
inventory and prognoses of behavioral probability of macro- and microchemicai
elements (particuiarly heavy metals) in the given areas.

Composition and intensity of technogenic flows are controlled by areas of
contrasting migration conditions, the so-called buffer areas. On the territory of
the Republic, 25 buffers of territorial and 6 buffers of linear geochemical dif-
ferentiation and contrast are singled out. The most powerful geochemical buffer
is forest vegetation, which accumulates and assimilates a considerable part of the
technogenic substances Lransported by the wind and precipitation. In the forest,
through biochemical absorption of the plant root system, the decrease of toxi-
city, neutralization of alkali, decomposition and mineralization of organic pollu-
tants, transformation of a number of elements into immobile forms takes place.

Complex quantitative evaluation of the landscapes geochemical activily is
carried out taking into consideration the main factors conditioning their resis-
tance to chemical anthropogenic impacts: type and structure of predominant
landscape-geochemical systems, water-thermal regime, alkaline-acidic and oxida-
Live regeneration conditions, absc-ptive capacity of the soil, landscape-
geochemical buffers, primary content of soil- and biochemically-active chemical
substances, and content of organic substances in the water.

All the above-mentioned hydroclimatic, soil and geochemical indices are
reflected in the register presenting 400 areas of the Lithvanian nature complex
having different sizes and characteristics. They allow one to foresee the proba-
bility of self-purification or accumulative processes in the landscape. From the
practical point of view, the territories with favorable conditions for self-
purification and removal of technogenic substances serve as a basis for the for-
mation of an ecological balance.

Besides, the evaluation of landscape sustainability to physical impacts
occurring mainly on sizable areas was carried out with-respect to water-erosion
and wind-erosion of soils, recreational utilization of the territory, compaction of
soils by means of agricultural techniques.

The second block of the scheme mentioned above contains analyses of the
impact of economic development on aerial and water basins, soils, vegetation and
animals, landscapes and conservation lerritories of the Republic. For this,
account has been Laken of the main forms of economic activities such as agricul-
ture and forestry, technicai-engineering infrastructure, transport, system of
habitation and recreational utilization — which at present influence and will have
a great influence in the future upon the state and dynamics of landscape and
environmental components. It was asceriained that, in order to assess the eco-
logical situation in the Lithuanian SSR, the following had to be considered: the
large ecologically damaging branches of industry (particularly the chemical
industry and power production); extremely intensive agricultural use of
reclaimed landscapes and a concentration of animal husbandry; the uneven distri-
bution of forests; the highly developed system of transport and the dense network
of highways; intensive recreational uvtilization.

A detailed analysis of these factors made it possible to reveal the basic
nature protection problems that were dependent on and resulted from anthropo-
genic activities. More than 220 conflict situations in terms of nature protection
were determined. Most of them are associated with abnormal changes in air qual-
ity, biola and/or surface waters. It was admitted that the most critical situations
requiring immediate solutions are those in the Baltic coaslal region, in the cen-
tral part of the Republic, in the karstic area of the northern part of Lithuvania,
etc. By generalization of the present and forecast locations of conflict sitva-
tions, it appears that they are concentrated into 10 problem arear that have been
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singled out. Problem areas are ranked according to their importance and
requirement for immediate solutions. The areas of the Baltic Sea-shore, Kaunas
and Vilnius are acknowledged to be of vilal importance.

There is sufficient proof of the current urgency of these ecological prob-
lems; the annual economic losses inflicted on the national economy due to pollu-
tion and other environmental changes increase every year by 3-5X.

In the Scheme of Nature Proteciion, analyses of alternative natural resource
utilization are presented. These analyses include evaluation of current and
future forestry management policies, and the identification of a network of con-
servation territories, as well as territories which can serve as a skeleton for
nature protection and self-purification of geosystems.

In this connection, consideration was focused on' the ecological function of
forest vegetation. Forest influences on the environment were considered in
terms of the mechanical filler provided for precipilation, dust, smoke, etc., as
well as in terms of the release of energy and matter in photosynthesis, respira-
tion and transpiration.

On the basis of these observations, a quantitative/qualitative assessmenl war
carried out of forest impact on microclimatic regulation, protection of soil
water, air, fauna, and also on the creation of favorable conditions for the growth
of agricultural crops. The favorable ecological influence of forest vegetation on
the arable adjacent lands is revealed by the prevention of surface runoff, the
decrease in wind-speed, the establishment of thermal and water regimes contri-
buting to the growth of agricultural crops and the creation of favorable condi-
tions for fauna, particularly birds.

On these grounds, the following parameters of forest areas in agro-
landscapes were determined: maximum sites of open space, appropriate length of
shelterbelts (ecotones) and optimal spatial gaps.

A detailed analysis of the existing network of nature conservation terri-
tories was carried out and a system of nature conservalion territories consisling
of 6 reserves, 5 national parks, a number of regional nature parks and reserves
was worked out. The Complex Scheme of Nature Protection foresees a doubling of
the extent of the area of conservation territories to B2 of the Republic in the
year 2000.

Particular attention has been focused on the development of nature protec-
tion management system, taking into consideration regional and local environmen-
tal systems. When working out regional systems, the functional distribution of
eco-urbanized territories has been carried out as a means of ensuring ecological
equilibrium. Therefore, the following zones were distinguished:

. intensive economic activity — towns and settlements, areas with densely inha-
bited rural population and expanding agricultural development, communica-
tion network, allocation and quarries, etc., i.e., territories strongly
affected by human activities;

. ecological equilibrium, i.e., territories for productivity of major natural
resources (fresh water and oxygen primarily), with the strictest limits on
economic activity, including settlement growth in these territories; exten-
sion of the network of nature conservation areas, recreational and touristic
facilities, increase of forest cover up to 40-502, etc. are foreseen;

. buffer zones — expanding forest resources by increasing forest cover by up
to 30%, development of & network of conservation territories, etc.
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Therefore, an important role is allotted to ecological equilibrium zones
separating intensive economic activity zones. At present, the ratios of the
aforementioned zones are 1:3:6; however, these numerical valves will change to
1:4:5 by the end of this century.

The following zones are distinguished:

. preferable future urbanization;

. limited future urbanization;

. preferable development of forestry and agriculture;

. recreation, tourism and health treatment areas as well as the system of

nature conservation territories.

Functional zoning was considered as a specific planning tool to maintain a
designated level of ecological equilibrium. By identifying suitable sites for each
of the zones and by determining the appropriate regime of economic activity, the
decision-maker is able Lo maintain ecological equilibrium over the whole terri-
tory. -

The most specific measure in terms of nature protection is the establishment
of a land-use plan which can prevent negative anthropogenic impactis over the
territory of the Republic. Such a plan has been worked out, taking into account
the locations of existing natural resources (large forest areas, rivers, lakes,
recreational territories), special characteristics of regional and transregional
ecological strategy and future planning and management structure of the Repub-
lic. The plan is presented in the form of a surface grid of regional, national and
local importance. Nolable for their special ecological values are the Baltic Sea-
coastal and continental regional axes, consisting of well preserved large forest
areas. The basic ecological-architectural function of these grid squares lies in
the spatial division of areas with intensive economic activity. Forests are
characterized by high productivity and environmental protection capacity
(underground and surface runoff, oxygen, etc.).

Grid squares of nationa! importance are forming on the basis of small forest
area groups, landscape complexes of river-valleys, recreational areas, and
natural conservation territories. They provide ecological gaps and ensure eco-
logical stability between environmental grid squares of regional and transre-
gional importance.

Grid squares of a local character are meant to promote further allotment of
buffer zones and also Lo maintain ecological spatial relations between the
aforementioned grid squares, i.e., to promote the migration of animal species and
planis. Their role is even more important under conditions of intensive formation
of agrolandscapes.

Implementation of local nature protection measures is also foreseen,
including: technological, technical-engineering, biological, technical-
organizational, medical-hygienic, and architectural planning.

By these means, on the basis of considerable scientific data, the Complez
Scheme of Nature Protection in the Lithuanian SSKR has been worked out. It was
approved by the national government and became an important Lool for develop-
ing a strategy of natural resources utilization up to the year 2000.

In 1982, the State Planning Committee confirmed the program for realization
of the fundamentals of the Complex Scheme of Nature Protection for the
19B6—-1890-year period. This program serves as a starting point for
socioeconomic development in Lithuania. Realization of such a program is car-
ried out at two levels — national and local - which include:
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. large-: . =le measures to be applied on a national level;
. local measures taken by local government bodies.

The realization of the scheme is under the control of the State Nature Pro-
tection Committee of the Lithuanian SSR. The fundamental principles of the Com-
plex Scheme of Nature Protection are brought to the attention of ministries and
departments, local government bodies concerned with a view to raising their com-
petence and role in the process of realization of natural protection development
strategies.

It should be noted, for instance, that by 1990 the program of construction of
sewage treatment plants will be extended on a large scale.

Consequently, all the waler iransferred inlo the Ballic Sea (within the
Republic’s limils) will be provided with biological sewage treatment and will
improve to a target quality. This will meet the requirements set forth in the Con-
vention on Baltic Marine Environment Protection. Besides, special measures for
air quality protection, rational land use, protection of forests, vegetation and
animals will be worked out. It should be stressed that financing of natural pro-
tection measures has doubled in the current five-year period in comparison with
the previous one.

In conclusion, elaboration and implementation of the complex natural protec-
tion schemes on a regional level offers an opportunity of reducing negative
environmental impacts, improving ecological conditions, maintaining the ecolog:-
cal balance of natural complexes and social structures, and working towards eco-
logical sustainability of regional development.
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5.1 ECONONIC DEVELOPMENT AND ECOLOGICAL SUSTAINABILITY
METHODOLOGICAL FRAMEWORK FOR CONFLICTS AND COMPROMISES®

Peter Nijkamp and F. Soeteman
Economische Faculteit, Vrije Universiteit
1007 MC Amsterdam, Postbus 7161

THE NETHERLANDS

Framework

This study was initiated by the Dutch Ministry of Environmental Affairs
(VROM) with the purpose to outline those aspects of the interrelationship between
economic development and environment which deserve high priority for scientific
research. The present paper summarizes the first part of this research project.

The second part will consist of a summary of key environmental-economic
issues. The third part will describe, in terms of the model presented here, 2
priority list for economic-environmental analysis.

1. Introduction

The past years have exhibited Lthe need for a sound methodology for analvz-
ing inter- and multidisciplinary phenomena in a more coherent manner. This
holds in particular for environmental sciences in which concepts from economics,
ecology, demography, geography, ethics, planning and natural sciences have to
be incorporated. The pluriform nature of ecological and economic procesrses car
in general hardly be described by means of conventional measurement
approaches adopted in an isolated monodisciplinary analysis. Coupling of vari-
ables from such different disciplines is hampered by differences in precision of
observation, in spatial scale, in time prospective and in adjustment speed (sec
also Brouwer et al., 1985).

Integrated environmental models have only recently been developed. Such
models serve to analyze and evaluate changes in the (a-) biotic environment
caused by human activities (for instance, consumption, production of goods and
services, recreation, or environmenta! protection measures). First attempts in
this area can be found in the generalized (economic-ecological input-output
approaches developed among others by Isard and Leontief. These models were
static in nature and did not aim at depicting simultaneously a set of heterogene-
ous concepts on change processes, but served Lo provide a consistent accounting
system (based. on static equilibrium concepts). But the first generation of
integrated environmental models was not particularly suited for the analysis of
concrete environmental policy issues such as land use planning, land reclamation,

#In: Proceedings of the Workshop on Ecalagical Sustainabtiity of Regional Development, Vilatus=,
Lithuenia, USSR (22-26 June, 1987), L. Xelrfukstis, A. Bureces snd A. Stragzak (Bds.), 1988, Sys-
tems Research Institute, Polish Academy of Sciences, Warsaw, Poland.



-272 -

water resource planning, recreational planning or urban renewal.

From the late seventies onwards however, various attempts have been madc
to develop operational integrated environmental models in various fields or
resource, land use and infrastructure planning. The need for such analytical
tools emerged from the growing concern among local and regional authorities
about environmental qualilty (interpreted as a broad multidimensional concept).
Furthermore, the advance in the field of integrated systems modeling (based con
computer sciences, e.g. led also Lo an increase in the quality of suitable models
for multidisciplinary purposes. Despite this progress however, it has tc be
admitted that the rise in monodisciplinary environmental models (based on either
economic of ecological principles e.g.) is muoch higher than in the field of
integrated environmental models. Attempts at integrating different model types
are still unsatisfactory (Janssoi., 1984).

In particular it has to be mentioned that many formal attempts at linking
economics and ecology, neglect the long-term dynamics of both economic and eco-
logical systems. And it is especially the long-term perspective which determines
essentially local and current environ.aental problems. Therefore, in the present
paper, the attention will be focused on structural changes in such systems. This
means that in particular the changes in systems parameters will be analyzed,
which henceforth requires an analysis of the key factors of the ‘laws of motion' of
such systems (Bennett and Chorley, 197B). First however, the nature, range and
relevance of such structural changes will be described.

2. Global Trends — Local Impacts

The globalisation of environmental problems is one of the most surprising
events in the environmental field in the past decade. For instance, poor natural
resource management in Third World countries is not only threatening the physi-
cal basis of these countries, but destroys also part of the vulnerable ecosystem
of the earth to an unprecedented extent. In other cases, over-grazing and
deforestation may lead to soil erosion, sedimentation, flooding and salinization.
Thus the economy-ecology linkages embody a wide variety of externalities which
are pervasive, wide spread in both space and time, and inevitable in the light of a
given development level of the economy (Pearce, 1975).

Clearly, the urgency of these problems is increasingly recognized. but
economics fail to design an adequate methodology for reconciling economic and
ecological principles from a long-term perspective. Conventional approaches,
such as marginal opportunity cost principles or shadow cost approaches in alter-
native accounting systems neglect the qualitative changes in dynamic economic-
ecological systems. On the other hand, recent advances in the field of irreversi-
ble externalities (based inter alia on alternative discount rates for future gen-
erations) lack operationality, so that the actuzal causes of natural resource
degradalion cannot effectively be coped with. In view of the global nature of
these externalities, which affect essentially all 'commons’ of our planet, it
appears Lo be also extremely difficult to pursue policies that can effectively
tackle the real causes of environmental decay at a global scale (Repetto, 1986).

In this framework a major problem is formed by the local scale of environ-
mental impacts emerging from global.trends. Acid rain, erosion, desertification,
ozonization, eutrophication, ocean pollution and resource extraction are taking
place al a world-wide scale, bul their impacts can clearly be observed at a local
or regional scale. Thus the globalization of environmental problems confronts us
with qualitative (or structural) long-term changes at almost all places on earth
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(Bartelmus, 1986).

Various paradigms have been developed to take into consideration thesc
dynamic processes (such as systems dynamics, zero growth approach or the
steady state approach), but the linkage with actual deterioration of environmen-
tal conditions at a local or regional level has hardly been established. An
integrating framework is lacking so far, although the need for such a framework
has been recognized by many scholars (Myers, 1984).

The foregoing observations imply the necessity to seek for a coherent
framework in which ecological processes are analyzed in relation to economic
processes at a global-regional level. In the next section some key concepts, viz.
economic development and ecological sustainability, will be further discussed. It
is assumed that key factors of system developments (e.g., demography, technol-
ogy, agriculture) influence both economic and ecological variables via the struc-
tural components of economic developments and ecological sustainability. These
factors are partly external, and parily internai to both systems. However, for
clarity of presentation we will place them outside both systems.

3. Development and Sustainability

"In the context of this paper we will take for granted a formal welfare con-
cept. This means that all phenomena that - directly or indirectly - inflvence the
utility level (or utility perception) of individuals, groups or society as a whole
are regarded as arguments of a welfare function, in as far as they lead to need
satisfaction from scarce goods and services. Consequently, clean air, a silent.
environment, or a beautiful landscape are all contributing to somebody's welfare
position. Thus, it would be misleading to assume that environmental commodities
form a contrast with economic commodities. But it is evident that the production
and consumption of many commodities (including environmental commodilies)
affect the natural resource base of our economic-ecological system (thus causing
environmental degradation and vice versa).

Two observations are in order here. First, the ecological system has mor-
phogenetic properties, so that it is capable of regenerating itself within certain
limits. And second, various means to increase welfare exist, which do not neces-
sarily have a negative impact on the environment. Welfare can in general be sto-
died at three different (albeit complementary) levels:

- physical: here for the economic system the assumption is made that welfare
runs parallel to the physical level of production valved at normal marke!
prices. Environmental externalities occur here in both the production and
the consumption field. Thus, for the environmental system the ecological
opportunity costs of allocative efficiency has to be measured. We svuggest to
undertake this in physical entities.

- subjective: here the assumption is made that welfare is a psychological con-
cept related to needs satisfaction. In this case we are often facing environ-
mental distribution problems (interpersonal, intergenerational).

- ethical: here the assumption is made that welfare is co-determined by value
systems and norms of individuals, groups or society. Here we are facing
inter alia problems of justification of needs.

At all three levels of analysis however, welfare is implicitly regarded as a
latent variable, which can only be measured by means of observable indicators
In our paper we assume that both economic development and ecological sustaina-
bility are the underlying driving forces of welfare change. These two concepts
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will now briefly be described.

Economic development is a feature of an economic system. Any economic

system can essentially be characterized by 3 features.

- economic structure: the parameter structure of the economy

- economic process: the economic evolution in a given structure

-  economic foundation: the socio-political basis of the economy (Tinbergcen,

1958).

Economic development is mainly concerned with qualitative changes in the struc-
ture of the economy (or sometimes in changes in transition processes in an econ-
omy).

In conventional economics, economic growth (usually measured as the growth
in GNP per capita) refers essentially to efficiency increase in economic
processes and is not always the most suitable indicator to compare systems
changes. In the context of structural changes this welfare measure is prob-
lematic, as it neglects social costs emerging from environmental damage and as it
cannot provide a full representation of the processes behind resource dynamics
and the provision of environmental services (Gilbert and Hafkamp, 1986).

Thus, in a long-term perspective the global trends cause local impacts which
can hardly be incorporated in the usval market and price mechanism, so that
unbalanced decisions may result. For instance, the construction of a swimming
pool al a certain place (meant as a compensation of dirty surface water caused by
poliuting activities upstream) leads in our accounting system to a rise in GNP,
whereas this should from an environmental viewpoint be regarded as a cost com-
ponent.

In this context, it is interesting to observe that Janicke et al. (1987) found
-~ in a cross-comparative study among 31 countries — a positive relationship
between income on the one hand, and pollution and resource use on the other; a
negalive relationship between the growth on GNP and that of environmental decay
in economies with a well developed sector structure; and a positive relationship
between the growth of GNP and the growth of environmental degradation in coun-
tries with a poorly developed sector structure.

Now we have to consider the concept of ecological sustainabilily. Fcological
sustainability is regarded as a key factor in resource policy (Clark and Munn,
1987). In delineating this concept, four approaches can be followed:

- the intrinsic value of the environmental system itself
—  the emergence of environmental problems

- the need for environmental awareness and policy

—  the elements of 2 control strategy.

Th intrinsic value of the environmental system itself is hard to assess. There
ts however, one factor which exerts a decisive influence here, viz. scarcity of
time. There is no time left to experiment with the environmenial system via a
trial and error method. This leads to the need for due attention to be given to
environmental risk analysis from global to local levels, taking into account the
unexpected consequences of synergetic and cumulative effects in the environmen-
tal system.

The emergence of environmental problems is closely related to conflicting
preferences and objective in our society, in which environmental (i.e. unpriced)
considerations have received a low priority, while furthermore the direction «f
change of the economic system has been to the detriment of the environmentz!
system. In this context, economic aspects have to be dealt with carefully in order



-275 -

Lo prevent a situaiion in which in the long run environmental degradation lead= to
a structural decline in welfare.

The need for environmental awareness and policy is co-delermined by the
third (ethical) level of analysis discussed above. A major shortcoming here is the
difficulty to translate this level of analysis into operational objectives. There-
fore, it is sometimes necessary Lo choose here a pragmatic solution (as wili be
done in the sequel).

An environmental control strategy serves to assure continuity of the
environmental system, but it is evident that here we are hampered by lack of
insight. For instance, Clark (1986) states: "... we have learned just enough about
the planet and its workings to see how far we are from having either the blue-
prints or the operator’s manual that would let us turr that diffuse and stumbling
management into the confideni captaincy implied by "spaceship” school of
thought” (pg. 11).

In view of the abovementioned uncertainties a risk strategy with respect to
the environment might be based on sustainability. This concept refers to the
maintenance or improvement of a process or activity in the long run. This con-
cept is broader than that of stabilily. Stability as a main ecological objective
neglects the morphogenetic properties of an ecosystem, so that fluctvating pat-
terns which might in the long run be desirable for survival would otherwise be
excluded. Thus, any control sirategy should leave space for self-adjustment of
the system. Next to this, it might be necessary to actually improve the system in
some quantitative or qualitative aspects, to prevent it from a cataractal motion
The concept of ‘“elastic stability” is more close to our idea of sustainability. In
this we mean the ability of the system to recover its original state after some
external disturbance.

In the framework of our discussion on ecological sustainability it is interest-
ing to observe that in 1951 already Ciriacy-Wantrup made a plea for a safe
minimum standard of conservation: "... a safe minimum standard of conservalion is
achieved by avoiding the critical zone ~ that is those physical conditions brought
by human action, which would make it uneconomical to halt and reverse depletion”
(pg. 253). .

In essence, the sustainability objective may be regarded as an integrating
objective in which various arguments for environmental care and policy are
incorporated. It is a concept parallel to economic development as it is mainl)
concerned with qualitative or structural changes. Thus the direction of change is
especially important here, for instance, recycling (+) versus exhaustion (-},
diversification (+) versus monoculture (-), balanced growth (+) versus over-
grazing (-). All these phenomena have a global causal background, but manifest
themseives especially at a iocal or regional scale.

As mentioned before, ecological sustainability is a latent variable, but we
may use some indicators which may approximate the meaning and aspects of this
concept. Some of these proxies will briefly be described here.

—  sustainable yisld: this soncept is related to a control strategy for renew-
able resources in which sconomic benefit ohjeciives preclude an exhaustion
fn the long run. It is a weli-known strategy in forestry and fishery manage-
ment models.

- carrying capacity: this concept refers to the level of activities of a cer-
tain species that can in the long run be measintained given the regional
resources. Il iz a well-known concept in predator-prey models (see e.g..
Vincent, 1961).
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Figure 1

- resilience: this concepl refers to the vulnerability or the self adjust-
ment of an ecosystem; within certain limits a stable growth may occur,
but beyond a threshold level a bifurcation may emerge forcing the sys-
tem Lo move a qualitatively different level.

Ioan

dation

A coherenl framework of economy-ecology linkages.

assessment models may be helpful (Brooks, 1986).

The present section has shown that at a systems leve] economic development
and ecological sustainability have a parallel meaning, not only at a global level
but also at a regional level. The previous observations are briefly summarized in
Figure 1. In the next section, an attempt will be made Lo investigate how current
environmental problems - typified by means of a secloral angle - can be linked

Lo the previous methodological framework.

In this framework risk
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4. An Analysis Framework for Environmental Problems

In this section we will use a typological approach to environmental problems
and confront them with the above mentioned methodological framework.

In the past a great many models have been designed to describe the com-
pound relationship belween economic-ecological systems. However, despite the
elegance and sophistication of these models, they still exhibited various limita-
tions and flaws;

~ ithe global models from the 1970s appeared to be too less detailed to
describe policy-relevant developments at a national or regional scale, so
that their relevance was too low to support actual policy decisions;

- micro-analyses of individual behaviour of actor is interesting, but does not
provide sufficient insight into compound long-term societal reaction pat-
terns;

— the complicated and manifold long-term feed back relalionships from the
environmental to the economic system are often neglected;

- the majority of quantitative modelling efforts has an extremely weak data
base, so that their validity is still questionable;

- the coherence between economic and environmental systems Jeads to the
need for a compromise rather than a conflict analysis in environmentat
management (Nijkamp, 1981, Hafkamp, 1964).

In the light of all these limitations we observe increasingly a shift away from
both global and micro levels of analysis towards a meso level, particularly the
regional level at which the design of an effective and operational framework is
more promising, as here distributional and substitution effects can be analyzed in
more concrete terms.

5. Prospects

The purpose of our study (see Framework at the beginning) is to outline
thcse aspacts of the interrelationship bstween economic development and
environment which deserve high priority for scientific ressarch. An empirical
investigation into the most promising or serious subjects in view of the welfare
influence, is not our goal. However, for people interested in this research pro-
ject it will be difficult to propose a priority list of research projects to the Min-
istry of the Environment without some actual insights into the factual effects on
the welfare level. In addition, polcymakers will be interested in how economists
and ecologists trade off the several indicators of environmental sustainability
and econonic development.

For this reason we have chosen for a iterative selection process, in which in
docreasing level of abstraction the problems will be related to the indicators of
both systems (see Figure 2).

The first step of this iterative selection process has taken place in several
Delphi-type of meetings with experts on this field. The first-order selection cri-
teria are mandatory. For instance, the subject should have a relation with the
Netherlands, practicel possibility of inquiry, directed on the future, non overiap-
ping with existing research, the problem should exist because of the interrela-
tionship of both systems, and so on. In the first step several fields of investiga-
tion are identified. Among those are: environment and economic development in
the Netherlands in relation to Third World countries; technological development
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Figure 2 The iterative selection process.

and environmen!; policy priority for environmental problems in relation to
economic development; environmental risk assessment; etc.

The second step of this iterative process is in preparation. Disaggregation
on this step means for instance for the first of the abovementioned fields:

a. what is the role of Dutch development aid as a key factor for economic
development, and especially what are the impacts on the environment;

b. what is the meaning of trade flows between Third World countries and the
Netherlands for development of both systems, and so on.

On the welfare level we aim now at a qualitative judgement of the disaggregated
problem area. First of all we should know the key factors of the subjects. For b.
this will be the trade flows in qualitative and quantitative sense. On the physical
level we shculd know for the economic system the comparative and institutional
advaniages resulting into (among others) income and employment. For the
environmental system the questions are: how much are these flows related to
environmental goods, what about the sustainabililty of exploiting them, what about
the sustainability of the eco-systems in which these goods interfere.on the input
or outpul side, what do we know about risk assessment (the assimilative capacity,
the vulnerability) of the system.

On the subjective level we add the dimensions of space and time; leading to
questions like: what kind of development do we expect for our indicators in space
and time. At this level of analysis especially the resilience level of the
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environmental system and the dynamic interrelations of both systems are impor-
tant.

Finally we describe on the ethical level the value dimensions which we have
to relate to the first and second level of anaiysis. The ethicaj level is important
for defining the priorities of the problems mentioned so far. Problem fields with
relatively many open questions, which however ~ as we expect -~ have major
fmplications for both systems on the physical and subjective level of analysis,
have a high priority for research programs.

To do this in a coherent, we may use among others a qualitative multicriteria
method (see Nijkamp, 1888). The heart of the research is formed by the third
step.

Now we have to translate those fields with high' priority onto well defined
research projects on the suggested meso-level of analysis (see Section 4). To
continue with the abovementioned example, we now have to investigate at the
three levels of analysis for instance, ecological and economical consequences of
the trade flows between the Netherlands and Thailand of tapioca, the palm oil
from Malaysia; and so on. In this step, it will be necessary to have a clear view on
actual values of the systems variables to make a balanced decision for environ-
mental priority assessment.
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5.2 INTERACTION BETWEEN SCIENTIFIC EXPERTS AND MANAGERS ON
THE BASIS OF SYSTEMS FOR ANALYZING AND FORECASTING
PRODUCTIVITY

AV. Rutkauskas
Lithuenian Ressarch Institute of Foresiry
Kaunas, Girionys, Lithuanian SSR, USSR

) and
L. Kairiukstis
ITASA, A-2361 Lazenburyg, Austria

1. Information

The regional system is a muti-dimensional highly complex human activity
system intertwined with a natural system. The basic ecosystem components of a
regional system can be classified as land (soil), water, and biota. The basic
economic sectors are commonly subdivided into activity or market sectors, e.g.,
agricultural, forest, manufacturing. The boundaries of the regional system are
defined by human and natural geographic, ecological factors. Due to the
complexity and vagueness of regional systems, the environmental components
within it are still far from an optimal.

As the regional system itself is a human activily system producing economic,
environmental, demographic and other transformations that are perceived as
relevant to the survival of a specific (micro) population within a defined
geographical space over an undefined period of time (Kairiukstis & Espejo,
1986), it is most likely that sustainable resource and environmental management
can only be achieved on the basis of an interdisciplinary approach using
interactive scientific and manager expert systems and mathematical optimization
techniques. As one example of a management support system for regional socio-
economic and environmental development in a centrally-planned economy, we
shall discuss the experience gained in the Lithuanian SSR.

In a centrally-planned sconomy, the main stralegic objectives for regional
development are usually elaborated by scientific experts in cooperation with
managers and formulated in a long-term (15-20 years) program of scientific
technical progress (STP). The STP program of the Lithuanian SSR, as an example
of a regional system, gives a long-term perspective to the development of the
following important industrial complexes and economic sectors: natural
resources and protection of the environment; a fuel-energy complex; a machine
building complex; a chemical complex; a construction complex; an agricultural
complex; a forest industry complex; a transport complex; a commerciai-industrial
complex; a computer techniques and management systems compiex; etc. Taking
predictions of demographic and energy resources as a starting point for the

®In: Proceedings of the Workshop on Ecological Sustatnabdtlity of Regtonal Development, Vilinius,
Lithuanis, USSR (22-26 June, 1987), L. Katriukstis, A. Buracas and A. Streszek (Eds.), 1988, Sys-
tems Research lastitute, Palish Acsdemy of Sciences, Warsaw, Poland.
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development and distribution of productive forces of the region, the STP program
also serves in drawing up one- and five-year plans. The structure and
elaboration procedures of crucial decisions faced by scienlific experts and
decision makers on the above problems have been described in an earlier report
(Kairiukstis, 1984). In the current report. we shall discuss Lhe regional
productivity forecasting system: its purposes, forecasting objects, how to choose
the system of models applied to forecast social production processes for the
realization of a regional productivity forecasting system itself.

1t should be emphasized that in all stages of preparation and realization of
decisions concerning the interests of separate economic sectors and interests of
the regional system as a whole, the interaction of scientific experts and decision
makers causes many conflicts. This concerns not only the choice of construction
sites and the setting of the maximum capacity of large structures in the chemical
and power industry but also forms of waler transport which negatively affect the
escological equilibrium of the environment of a region. It is common knowledge
that a number of measures of accelerated technical progress which are being
effectively implemented in some sectors of the regional economy are only optimal
for that particular economic sector. At the same time, such measures have
usually led to a disproportionate exploitation of natural resources of a region.
This in turn leads to an adverse impact on the equilibrium between ecological and
economic productivity.

To rationalize the use of natural resources and to improve ecological
sustainability of regional development, we need a system to establish optimal
decisions and technical, technological, managerial, economic and political
measures with which to improve the living conditions and development of the
social infrastructure on a regional level. In order to realize such measures, it is
imperative to accumulate capital from the profits made by the enterprises of
each of the economic sectors situated on the territory of a region and direct
them to the local planning bodies. Additional finances must be obtained from the
centralized transregional economic sectors, which use the regional resources
and cause deterioration of the regional environment. Both conditions mentioned
above can facilitate solving problems relating to living conditions, purification of
water and air, regeneration of recreational zones, formation of an optimal
natural landscape following destruction by pollution. All this is indispensable for
the micro-population of those living on the territory.

In order to meet the aims above and to facilitate the interactions between
scientific experts and managers in solving regional problems, a system of models
is currently being used to analyze and forecast regional productivity with regard
to technological progress; in addition, environmental management has been
developed by the Institute of Economics of the Lithuanian Academy of Sciences
and the Lithuanian Committee of the UNESCO "Man and the Biosphere Program.”

2. Main Purposes aof the Sysiem Forecasting Regional Productivity

2.1 The necessity to achieve and support, in the future, the higher rates of
socio-economic development, requires the maximum mobilization of the whole
productive, scientific, intellectual and administrative potential. In order to solve
these strategic problems, a considerable contribution should be made by the
system (now formed in the State) forecasting the process of social productivity.

Due to a significant heterogeneity of social productivity conditions, the
requirements to forecast separate regional subsystems of social productivity are
considerably increased.
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The principies used to construct forecasts of regional subsystems are
predetermined by logic and the structure of the social production system of the
State at large since:

i) the character of interdependence between the development of productive
forces and the evolution of social relations is the same for all regions of the
USSR; and

2) the. aims and rate of development of regions, their scientific and
technological retooling growth factors, as well as growth resources for some
territorial omits, are predetermined by the location and tasks (in economic
development) which are allotted to a given region.

Due to the helerogeneity of soclal production conditions, however, the
development of systems providing the analysis and forecast of social production
in each region including Union republics, bears many characteristic features.
Subsystems which forecast regional production should form an integral system
forecasting the social production in the State.

2.2 With an increasing imbalance of resources - both for non-renewable and
renewable — as well as an objective broadening of demands to study the lines of
long-term development, it is necessary for the the regional forecasting effort to
seek to increase the efficiency of all resources utlilized in the region and to form
an optimum balance (of the whole social production) strategy for technological
progress management.

It is nocessary to provide such possibilities in order to increase the
purposafulness of the regional economy to solve its social problems.

2.3 The systems of the regional forecast should become an active tool used by
central pianning bodies in searching for the optimum variants used to distribute
existing resources - productive, material and financial - in order to provide and
maintain higher levels of socio—economic development of the State. Therefore,
the ranges of the indicators and variety of analytical forms of their
tnterdspendence should also be sufficient to make a choice for extreme variants
of development. :

2.4 In the study of the problems mentioned above (2.1-2.3), forecasting and
planning tools should be used which favor: a) the measuring of interdependence
among social, economic, ecological, technological and other processes which form
the basis for the development of a region; b) the determination of a region’s
specialization in order to provide the best conditions to reach the most important
economic goals; c¢) the search for optimal interdependence between creative
activities and consumptive behavior of the region's population; d) the search for
optimum variants of resource distribution — labor, material, finances, etc. -
among national economic sectors; e) the choice of balanced (of the whole
processes of social production) strategy of priorities in scientific and
technological measures (especially in organizing development of production
where a rather high economic effect can be obtained in the shortest time); and )
an interdependence study between esconomic activities and ecological conditions
of a region in order to develop measures providing a desirable state of the
enviroament. .

As a whole, it is necessary to have a set of tools favoring the choice of the
optimal version of development, from the standpoint of both the parameters
controlled within the region and the efficiency of the functioning of the State
economy at large.
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3. Cboosing the Forecasting Metbod when Constructing a System to Forecast
Regional Productivity

3.1 Each region of the State, including a Union republic, is considered as a
system of settlements, production units, manpower and natural conditions where
material, financial and information flows are integrated into the whole process of
social production. There is no single management centre, which controls all the
processes of socio-economic, scientific-technological and ecological
productivity. Meanwhile, in order to solve many sccial, ecological, scientific and
technological, production and organization problems and to choose the strategy
with an optimum distribution of existing resourcss, it is necessary to consider the
region as a single entity.

Noreover, the achievement of desirable shifis in social struclure, the
optimum distribution of active population among the national economic sectors,
the organization of complex measures providing the rational use and productivity
of nature resources, etc., make up a total complex of regional problems, and in
solving them, it is necessary to choose structures which could integrate these
tasks into an entity providing their commensurability.

8.2 For such a structure, a system of basic relations of the Integrated Process
of Social Productivity (IPSR) should be chosen as a system-forming nucleus. This
system is a complex of relations between the productivity of the population and
manpower, that of the gross national product (GNP) and capital funds, and that of
the natural environment.

On the one hand, the complex of indicators, processes and dependencies
included in the IPSR is only a minimum of indicators, well representing the socio-
economic, scientific, technological and ecological state of a region and a nucleus,
which is very important in integrating all the processes —social, ecological,
scientific, technological and economic — occurring in the republic into a single
entity. On the other hand, this complex reflects the cause-and-effect
relationship in forecasting social, economic and other processes forming, in
total, a self-organized system which provides a factor-by-factor balance of
forecast parameters for the processes under study.

3.8 Since, under conditions of the planned economy the socio-economic forecast
of regional development must represent an integral picture of possible variants
of productive forces' growth, changes in the ecological environment of a region
and the evolution of productivity relations, the spectrum of possible versions in
socio—economic development involved in the forecast analysis should be sufficient
to choose alternatives providing harmonious development of a region.

Forecasting studies should be carried out using categories and indicators
permitting comparison between gualitative and guantitative changes in social
relations, productive forces and the environment, as well as their
interdependencies when the results of scientific and technologiszi progress are
introduced. On the other hand, these indicators and catsgories should, in the
future, be used as planning and management objectives.

3.4 In the case of the smaller republics, on the basis of territorial autonomy

elements and several! other aspects, the following were singled out for each

subsysiem of the IPSR with regard to their interaction, vtz.:

A. The possibility to divide the total population of the Union republic into
several groups which are homogeneous according to life-style;

B the possibility to subdivide (independently of their subordination) all
production units located in the republic into several homogenscus industiry
groups (not only production items, but also the organization of production
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and its functional efficiency);

C. the possibility to quantify the interdependency of production activity and
consumption behavior of the population in the Union republic;

D. the possibility to measurs qualitatively the versions of socio-economic
development in the republic and the intensity levels of interregional
relations;

E. the passibility to evaluate the interdependency of production activity,
consumption behavior of the republic's population and the natural
environment; and

F. the presence of data allowing a detailed description of the above-mentioned
and other socio-economic dependencies.

The assumptions presented above (A-F) are somewhat conventional, although
they are present (explicitly or implicitly) in the construction of economic
forecasts. For a Union republic, they represent a minimum set of basic
forecasting dependencies ~ social, ecological and economical — and it is most
likely that they mutually single out the IPSR as an integrating and guiding nucleus
of the system, forecasting the development of a Union republic.

3.5 It is Inconceivable that one could make particular forecasts - especially
such as those with scientific and technological potential, interregional ties,
sector-to-sector distribution of manpower, dynamics of money income and
consumer expense — without making an IPSR forecast for the region as a whole
and, especially, without considering the region as a component of the national
economy of the State. Regional aims, development rates, scientific and
technological retooling in the repubiic, growth factors, as well as actual growth
resources for some territorial units, depend directly on the place and the tasks
of the republic allolted by the development plan worked out for the national
economy of the entire State.

4. Basic Principles for Realization of a Systems Forecasting the Regional
Productivity

4.1 The IPSR general system is designed to compile quantitative scenarios for
long-term development of a Union republic with regard to objective tendencies,
real limitations and subjective aspirations. The Dramatis personae of such a
scenario are as follows: objective regularities of socio—economic and scientific
end technological development, subjeclive aspirations, resource limitations and
specialists responsible for the forecast/plan projects.

Models of a system suilable for regional development analysis and forecast
are chosen on the basis of both the desire to include all basic dependencies of
separate components of the IPSR and their interrelations as well as the necessity
to link the IPSR parameters with forecast indices of the republic’s development

4.2 As a rule, the forecast indicator is considered to be a spectrum of possible
values of the parameter studied with a quantitative measure pointing out the
possibility of this spectrum occurrence. However, for large complex systems it
is almost impossible to provide a quantitative measure (probability) of the
spectrum. Therefore, as a rule in such a case, one should be satisfied with
qualitative results. Such a state thus gains the name "forecast state”.
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5. Choosing the System of Models Applied to Forecast the IPSR in a Region
{Republic)

5.1 The basis for a sysiem of models applied for the analysis and forecast of the
IPSR consists of equations describing the basic interdependencies for population
and manpower production, reproduction of the GNP and main funds, as well as
productivity of the environment.

5.2 The subsystem of demographical forecasts and manpower distribution
among the national economic sectors. Forecasts of this subsystem are both an
inpul and an output of socio-economic forecasting. The majority of demographic
processes are highly autonomous and therefore, it is possible to obtain
approximate indices of a demographic forecast before economic forecasling is
carried out.

The aim of demographic forecasts is to obtain indices showing the number of
people in a region and their distribution according to age, sex and place of
residence. The dynamics of the matrix

N=nl‘| .

where ny is the number of a region’s inhabitants having reached age i and
belonging to one of j groups: urban women, urban men, country women, country
men

is determined according to the following formula:
N =Np — N — NPH

where NP is the matrix (calculated) of the region’s inhabitants formed under the
natural conditions.
N?® is the matrix of migration and NY¥ {5 the matrix of immigration.

Data corresponding to the beginning of the period studied, as well as parameters
of longevity and birth age are used as basic initial data for the calculation of
matrix NP. The principles used in constructing the matrices N°, N®% may be
considerably changed depending on the peculiarities of a region. Hence,
adoption of these principles must be preceded by an analysis of conditions and
factors determining immigration and emigration of the regional population.

The detailed demographical forecast obtained serves as an initial basis for
determining the actual manpower. In the future, the demand of manpower for
economic Sectors should be coordinated with its availability according to the
criteria showing the increase of socio-economic efficiency of manpower
distribution among the sectors.

5.3 Subsystem to analyze and forecast productivity of the Gross National
Product (CNP) and capital funds for production. This subsystem, reflecting the
evolution of a real self-organized subsystem, is constructed on the basis of the
necessity to elucidate the levers which control the material productivity of
material production with the socio-economic and ecological subsystems. The
intermal productivity structure is elucidated by determining the dependence of
the GNP factors causing it, as well as by defining the principle, tendencies, and
sources forming these factors.

5.4 Choosing the aggregation level of forecasting indices. In temporal,
analytical and functional aspects, detailing the long-term calculations of GN}
productivity depends firstly on the aims set before the research is begun and, of
course, on the quantification of separate processes and correlations of regional
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productivity.

However, in order to reflect the internal structure of regional production,
it is necessary at lsast to detail the following description of the GNP among
trends of its utilization:

Xeg#hig =My =2y~ Ky g = Ay — Ry =V =By =By — My =0 (1)

whera:

X, = gross output (or other integral characteristic of economic
activities for non-productive sactors) obtained in a region by sector i;

Iy = volume of imported products (into sector i) necessary
for production purposes, as well as those of accumulation and
non-productive consumption;

Mt.l = output volums (in seclor i) spent on productive consumption
of all sectors of the national economy in the republic;

2,y = output volume (in sector i) spent on productive capital
investments into all sectors of the republic (accretion of the
capital funds of production, accretion of incompleted construction
works, other productive capital investments);

K, = output volume spent by sector i on capital investments
inlo non-productive capilal funds of all economic sectors in the
republic;

Ay = output volume spent by sector i on the accretion of
turnovers, reserves and stocks;
R,y = outpul volume spent by sector i on the capital repair of
capital funds;
Vi3 = output volume spent by seclor i on regional consumption;
E‘_'l = output volume spend by sector i on productivity of all
types of economic resources and slimination of consequences caused
by environmental changes;
By,1 = is the output volume of sector i exported from the republic;

I'lu = is the remaining types of product i consumed and its losses;
t =12,....T;and i = 1,2,...,n.

The complex of indices shown in equation (1) (or in the balance equation
which is more delailed) together with a detailed compiex of demographic indices
and those reflecting the state of the natural environment make up a rather large
set of indicalors suitable for quantifying different aspects of social productivity
in a Union republic.

541 Simulation of the GNP dependence on fauctors causing if. The
comparison of the GNP output volume obtained in the republic with the variables
causing it, is made on the basis of multifactor models. As a rule, the mathematical
form of the production function is chosen with regard to several initial
requirements based on conclusions made from ralevant economic assumptions
about dependence of production ocutput on growth factors.

For the material production sector, the output of sector i in year t is as a
rule, presented in the production function, as a functional (X) of the number of
workers (Dt.l) and the mean annual volume of capital funds (F ) with regard to
qualitative characteristics, as well as factors specific to a certain sector (0“)

Xy =20y Fry 0 1) 1C2)
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The analytical form of the function is to be chosen with regard to real
possibilities of further assessment. and forecasting of ils parameters, as well as
the possibilities to solve the whole system of mullisectoral models numerically.
In the case of a multi-dimensional forecast system, special attention should be
given to production functions favoring the linearization of a given system.

5.4.2 Models simulating the productivity factors and conditions of GNF
production and sources of their formulation. Each structural element of the
GNP shown in equation (1) plays a definite role in the production process and
satisfies different social requirements.

The regional forecast system described above includes models which
determine functional (and numerical as well, if the scenarios of long-term
development are realized) val: s of volumes for each structural element of the
GNP on the basis of calculations of demands in productive and non-productive
consumption and accumulation, as well as the passibilities of achieving them.

Very often, when forecasting the necessary output flow (XI-J) from sector i
into sector j, the endogenously forec st values of coafficient a;; reflecting direct
material expenses are used:

Xy =a, X, . 3)

Forecast levels of intersectoral flows should be worked out with regard to
the main trends and tendencies of scientific and technological progress, as well
as other conditions of production. In order Lo meet the requirements mentioned
above, a model of intersectoral interactions” can be effectively used; this model
is based on the following expression:

Xy =ad +afx +afx) +alixy +afx, . Gi=1m) “)

where:
a;,. af, = paramelers describing the influence in sector { and output volume
in j sector, respectively, on the value of ouiput fiow;
al’,k = parameter describing the influence of output volume i delivered to
the adjacent consumer (In k) sector taking part in a distribution of
this output;
aff = influence of the parallel output flow from sector e in the material
outlays of sector j.

The total volume of output (in sector 1) necessary for productive
consumption will be as follows:

"
Myg= XX . 5)
)=

5.4.8 The volume of capital investments at a level necessary for social
produclivity should be calculated using the models which describe the production
of funds and allow the linking of balsnces of capital with those of capital funds.
This can be done using the following assumptions:

15" the erticle on Modelling the Intersectoral Interections, pudblished in Moscow in 1984.
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—  the volume of capital funds available in the beginning of the year is changed
in proportion to the coefficient 8, =1 - a,. where a, is the coefficient of
the retirement of the capital funds of year t;

- newly introduced funds are the result of ‘capital investments of a given year
and previous year k. Moreover, in each unit of funds introduced in year t.
there is a certain share which is a result of capital investments of year t—p,
(p =k, k-1,...,0)

—~  the input (introduction) of capital funds of production proceeds every year
according to the accepted cosfficient of input uniformity S,; and

=  there is a yearly redistribution of funds. the sums of funds transferred and
received being the same for all sectors.

If a certain function of fund volume is f Y, i.e.. if the expression for
assessment of the necessary volume of mean annual funds depends on the volume
of gross yield and values of other production factors, the volumes of capital
investments can be determined according to the following formula (Rulkauskas
and Navickas, 1984):

- | 1 “14s t+s-1 p
=3 “tu,ur [S, +of +{1+B ) T (-1 S/ ro-p (®)
sx0 t+8 p=1

2 (VT (A4B L OF) . (L=12...T) .

On the basis of calculated functional values of sector demands in productive
capital investments and matrices of their material and substantial structure
(Cf',). the functional values of demand for the corresponding products are
determined as:

R
Zy = 'glc,:, LIV €]

As a rule, special methods applied for forecasting the matrices of material
and substantive structures of capital investments in separate sectors are based
on factor-to-factor correction of account coefficients; this correlation is based
on consideration of the main trends and tendencies of scientific and technological
progress. Of course this method, if used, should be supplemented with direct
count principles with regard Lo the conditions in a concrete case.

The problem concerning the forecast of metrices of material and substantive
structure occurs as well when structural elements of the GNP marked out in the
balance management are considered. In many cases, the solution of this problem
is based on the utilization of the above-mentioned principles for models of
intersectoral interactions.

When forecasting the volumes of production of sector i spent on capital
investmenls into non-productive capital funds (K'».l)' the same principle for
describing the production of funds should be used, as was the case for productive
funds. Therefore, the formulae (6) and (7) can be used if equivalents of F,:“ and
C,; are determined for the non-productive funds.

However, if the principles used in the studies on production of non-
productive and productive funds are identical, then in order to assess separate
parameters of production, e.g., fund retirement, and to determine {urther
demands in one or another type of funds, it is necessary Lo apply other principles
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as in the case of productive funds. In any case, it is necessary to include the
principle of direct count, since the behavior of these indicators in future can
differ significantly both from that in the accounting period and from their values,
for instance, in the USSR as a whole.

5.4.4 The output volumes obtained in sector i from the average material
turnover make up rather a small part of the distributed product. However, the
indicator showing the volume of the turnover funds and its ratio to the integral
characteristics are informative indicators of the sector’'s efficacy. This makes it
necessary Lo take into account the dynamics of turnover funds, when the
productivity of the GNP is being forecast.

The functional relationship between the accrelion of average material
turnover A,; and integral indicators defining the results of the sector's
functioning can be as follows:

Ay =, +3y AM'_'l + ‘ZAK\.,I . (8)
where:
Ay = aceretion of material outlays;
AK, ; = accretion of capital investments into sector i during year t.

On the basis of the functional values RU. and the matrix of material and
substantive structures of average turnover Cf",. the functional values of A, | can
be determined as:

Ay = ?CL’:, Zu . (9)

5.4.5 The outlput necessary for repair of capital funds in sectors consists of
products which are set aside for the repair of machines, eguipment and
construction producls. The volume of funds requiring capital repairs depends on
the total volume of funds and on their physical condition. The account data can
be well approximated by regression equations linking the volumes of the capital
repair fund (Ry;) with the mean annual volumes of funds (F,,;) and several
characteristics of their age structure 5“:

ﬁ]._] = r(Fg,_li Sg,,ji [N (10)

which allows application of these equations in determining the functional values
of capital repair funds in the future.

Further, on the basis of capital repair volumes (it.,i) determined for
separate seciors and matrices of repair product structure, the product volumes
allotted in these sectors for capital repairs are determined as:

Ryg = ?Csj ﬁu.,; . (11)

5.46 In contrast to the majority of the above-mentioned elements of
distribulted GNP aimed at increasing the intensity of production activities, the
volumes of products destined for non-renewable consumption (as well as the part
produced in a region) are direct characleristics showing the efficiency of
separate sectors and the national economy of the State. They should always have
maximization as a target. Products destined for non-renewable consumption are
heterogeneous, as regards their form providing their consumption and the
consumption forms themselves. These instances of consumption are well



described when L e finance and cost aspects of the GNP productivity are studied.
Consumption behavior of the republic’s population in the system proposed is
described by means of a differentiated balance of income and expenses system of
the republic’'s population.

5.4.7 1n the "Methodical Instructions” issued to assist in working outl State
plans of economic and social development of the USSR, there is a proposal Lo
considgr the export volume as a share of products made in the region. However,
the export volume for a concrete region is caused by several factors, including
the following: (a) obligations of a region towards the State; (b) possibilities of a
region (output volume X,); and (c) providing the region with resources from
exlernal sources (volume of Input I). Besides that, a sophisticated
interrelationship of these faclors causes a rather important analytical form of
equations applied for the description of changes in export volumes:

By=b (X, I.t) . (12)

The export structure differs among the regions and responds sensitively Lo
the changes in structure and roduction. Therefore, when the export structure is
chosen, it is necessary :c compare it directly with the expected changes in thc
production structure.

5.4.8 The volume of import determined by the balance equation is the last
item. Calculations basad on the whole system of models can be made with the aim
both to determine the volume of import for realization of one or another version
of regional development and also to assess the possibilities of regiona!
development under the given volumes of import.

On the basis of the formulated dependencies and calculated (as described in
section 3.4) volumes of ecological expenses, the material and substantial
interrelationship for the GNP reproduction is assessed.

5.4.9 The volume of expenses necessary for the productivity of resources
uvtilized and the elimination of consequences of their non-productive use is
calculated on the basis of the logic shown in Scheme 1. The estimation of
ecological expenses for separate products is a particular problem since the
components differ in realization type, and their conversion into a vector of
products obtained in the specific seclor is predetermined by conditions of the
concrete region.

A detajled account of the formulation of ecological expenses is given in the
following section.

8. Forecaating the Natural Environmental State in a Region Depending
opon Human Activity

8.1 General Provisions

6.1.1 The natural environment of any region is to be considered as an
integral ecological system serving as a medium for residence and vital activity of
the ragion's population as well as the space for placing productive forces and a
source of material wealth for their development.

6.1.2 Hence, considering the productivity conditions of the natural
environment, it is necessary to take into account both the productivity of its
particular subsystems (atmosphere, waler resources, soil/vegeta'ion cover.
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animal life, the upper part of the lithosphere, residential condilions - such as
acoustic, thermal, etc.), and their interaction and the productivity of functional
capacities mentioned in section 6.1.1.

6.1.5 Since the state of the natural envirorment is changed not only by
negative human impacts, but also by positive measures providing a certain
equilibrium in the environment’'s state, it is necessary to consider all links of
dependence (see Scheme 3):

Further, the term ’consumption/production of resources” comprises
pollution/ cleansing, production/destruction of potential poullutants,
consumption/production and loss/generation of some functional capacities of the
resources.

6.1.4 Ecological resources in a region are consumed due to human activities
in this region and outside it. Besides that, different types of human activities
require a different quality of the ecological resources utilized. Therefore, it is
necessary to take into account the following ilems: human activities, regulated
activities in the sectors of the national economy - such as, power industry,
produclive industries and other industrial sectors, as well as non-produclive
sectors and their separale Lypes, which are not regulated by the activities in
economic seclors, i.e., behavior of people in nature, measures providing defense,
ete.

6.2 Purposes of torecast ecological and economic calcnlations

6.2.1 The main purpose of calculations forecasting the changes in the state
of the natural environmenl (as for all types of social and ecological forecasts) is
Lo find situations which occur in practice on the basis of which one can choose
the best (according to certain assumptions) way of changing this state.

6.2.2 The desirable result of further development is such that the
concentration of harmful ingredients in some subsystem of the ecosystem does not
exceed Lhe maximum permissible concentration (MPC) level, which means that, the
environment of a region is practically ecologically undamaged.

6.2.8 Concentration levels of harmful ingredients sometimes depend on
natural sources as well as on human activities; it may then not be possible to
achieve Lthe standard MPCs practically unconstructive.

In such cases, it is more expedient to undertake the task of meeting the
maximum permissible discharges (MPD) which in practical terms leads to
ecologically unharmful human activities in the region.

To preserve ecological resources, choosing a strategy which favors meeting
the MPCs and MPDs, requires skill in calculating the outlay volumes necessary for
these purposes.

6.2.4 1L is obvious that in the near future it will not be possible to achieve
the standard MPC and MPD for all the natural environmental subsystems and all
pollutants under real conditions. Therefore, there is an urgent task to choose a
strategy for the sustainability of ecological resources which could minimize
ecological expenses (outlays for producing a part of utilized resources plus
damage obtained in the case when the resources were not regenerated).
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8.3 General scheme on how to choose basic relationships applied
to forecast calculations

6.8.1 Basic dependencies used to describe the interrelationship between
human activilies and the state of the natural envirohment should be chosen
according to the following logical succession (see Scheme 3)

- single ouwt the subjects of consumption and reproduction of ecological
resources;

- assess the rules and parameters suitable to describe the intensily of
resource consumption and level of outlays for production of ecological
resources; and

~  single oul homogeneous territorial zones, | e., ;udged by the human impact on
the environment.

6.5.1.1 An scological subject should comprise not only all types of human
activities in a region, with ecological resources utilized, changed or reproduced,
but also nalul processes favoring the change in state of the ecological
environment in a region. Such a consideration of the ecological subject is
dictated by the fact that, in a real case, il is practically impossible to distinguish:
the general consequences of human impacts on Lthe environment from the results
of natural evolution.

When practically considering the interrelationships among social, economic
angd ecological processes, il is necessary to consider the cases of rather complex
subjects, i.e., when a certain type of human activily requires an intensiv=
consumplion of ecological resources (e.g., in the case of an enterprise, ministry,
industiry, village, Ltown, a specific group of the population, etc.).

6.3.1.2 A territorial zone is a definite part of the territory in the
considered region. This part is relatively (corresponding to a certain function)
homogeneouvs with respect to formation (and hence, calculation) of ecological
expenses. For instance, a suburban belt, transport line zone, river basin, etc
are territorial zones.

6.3.1.3 Types of activities in the studied region comprise all sorts of human
activities expedient socially and economically and natural evolution processes
requiring ecological resources.

6.5.2 On the basis the of logic given in Scheme 1, it is convenient lo
concrately choose the subjects of consumption and productivity of ecological
resources, to single out the parameters predetermining the intensity of
ecological resource use (depending on the intensity of subject/consumer
funclioning) and the level of outlays for their reproduction.

6.85.2.1 When choosing the subjects/consumers of economic resources, it is
necessary to meet the following requirements:

- all types of human activities requiring the economic resources are to be
covered;

- it is necessary to find the possibilities to theoretically ground the
dependence of the resource consumption scale on the intensity of functioning
of the subjects/consumers and io statistically analyze the parameters of the
suggested dependencies;
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Scheme 3. Aggregated scheme of macro-economic management of ecological pro-
ductivity
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—  there should be the possibility to determine the addressee of withdrawal of
ecologically grounded expenditures for the defrayal of outlays used to
regenerate a pari of .the resources utilized and to eliminate the
consequences of non-productive utilization.

6.3.2.2 When distinguishing the territorial zones of negative impact caused
by nonregenerative utilization of ecological resources by subjects/consumers, il
is necessary t.a provide:

- completeness in evaluating the total (for the region) damage caused by the
nonregenerative utilization of all types of ecological resources;

~  the possibility to put the damage down to a definite addressee.

Of course, territorial zones can be superimposed, and as a result, they
cannot represent the whole Lerritory of the republic, {f there are areas which
are nol exposed Lo negative impact.

8.3.2.3 When assessing the volume of ecological expenses, it is permitted to
divide the resources used into two parts: the regenerative resource which
predetermines the level of outlays spent on production of the resources, and the
unregenerative (with regard to natural regeneration) part which predetermincs
the damage level.

1t is possible Lhat resources are regenerated in higher volume than they are
consumed.

6.3.2.4 The logic and succession of formation of quantitative indicators
necessary for decision making are also represented in Scheme 1.

The status of a forecast indicator is determined on the basis of a generalized
criterion for the whole system; and the requirement to minimize the ecological
expenses is neturally assumed as a component of this system.

6.4 Succession and Principles of Choowing the Basic Dependencies
for Forecast Calculations

6.4.1 In a simplified case, when there is a single subject with a single type of
activity, a single resource consumed and a single territorial zone having a single
recipient of damage, ihe succession of formation of dependencies mentioned
above is as follows:

- determination of the volume of resource (P) used, depending on the
functioning intensity of subject (A);

- _determination of the expenditure level (3) for production of the
regenerative part of the resource (Ph);

- determination of the damage level (Y) as a certain function y of the
unregenerative part af the resource utilized (PH);

- formation of qritoria suitable to estimate P, P"_anq_ P“_into F. }3", ?H. and
hence, the level of ecological expenses V into V =3 + Y (the bar over the
symbol means that the indicator corresponds to the status of "forecast”).

6.4.1.1 For many types of economic activities with a stable technology and
levels of ulilized power, there is a theoretical possibility to directly calculate
the volumes of consumed resources (volumes of utilized water, volumes of
pollutants formed, etc.). However, as a rule in practice, it is necessary to
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consider economically significanl subjects, such as large enterprises, entire
sectors, towns and even urban agglomerations, transport lines (highways), etc.,
where the method of direct counting is to be supplemented or even changed by
the statistical evalualion method, which evaluvates a certain theoretically based
function P (based on the results of observations of matched values A; and Py):

P = p(4)

6.4.1.2 The assessmenl of environmental protection expenses can be divided
into two stages: (a) determination of the environment protection fund volume
necessary to regenerate the reproductive part of the resource; and b)
determination of capital investments and operating outlays necessary to form and
operate the environmental protection fund.

6.4.1.2.1 The function expressing the fund volume of rescurce production (g)
can be estimated either by the rules of direct counting of the fund demand or by
statistical evaluation of parameters c the following function:

G’ = g’(P") .

6.4.1.2.2 Assuming that the resulling efficiency of each component of
capital investments (working oul new and reconstructing existing environment
protection funds, a modification of production technology with 2 single purpose to
decrease its unfavorable impact on the environment, modification of production
technology in that part which provides the achievement of environmental
protection purposes) is the same, the capital investments (E7) necessary for
environmental protection can be assessed according to the formula, analogous to
formula (6) as follows:

E' =" (G7) ,

where

Such an assumption can be made due to an analogous case of production of
funds for environmental protection and capital funds. Very often Ltheir
construction and operation coincide in space and lime.

Operating expenses for environmenta! protection purposes (E7) are
predetermined by the existence of funds for environmental protections and by
conditions of their operation:

E’=8G" .

8.4.1.3 The nonproductive utilization of ecological resources as a rule
exerts a negative influence on the regime of productivity for separate
subsystems and hence, for the whole ecosystem in a region; functional
characteristics become worse, i.e., the conditions for labor activities ang life-~
style of the region’s population worsen. 1In the ecological-economic literature,
there is no common methodological approach to the economic evaluation of
changes in the stale of the natural environment. However, we can say that the
following influences of change in the environment to be singled out, are generally
accepted:
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- direct influence on the factors, and hence on the results of malerial aclivity
of the population;

- influence on qualitative characieristics of functicning of society

6.4.1.3.1 Calculating material damage, the following methodological formul.
is Lo be accepted:

Yp =min3y 35 33 3423 -

31 =outlays necessary Lo achieve the previous state of the environment (m : ¢
exaclly, to reach the state where basic maLenal damage does not incre se
3, =real gross damage for all recipients;
3,5 =outlays necessary to fulfill previous functional capacities of
the environment;
34,2,3 =case with partial regeneration of changes in the state and, or
reproduction of functional capacities of the environment.

The main recipients should be assumes to be -he popuiaiien. o unang
public utilities, agriculture, areas covered witn forests and ]
fisheries, capital funds, recreational resources with Lhs fealures v -

Dt e

6.4.2 Under real conditions, we are dealing with complex territorial sunje
utilizing several types of ecological resources bearing an impact on
environment of numerous territorial zones in a region. Let us assume thal i
expedient to single out in the studied region ! subjects of consumers carrying

J types of aclivities, utilizing R types of ecological resources and exerl.-
ecological pressure on one or several Z territorial zones.

An alteration of succession in assessing the ecological expenses ¢
performed in the following way:

- the functions of the resource capacity are delermined for all specif.. -
subjects and for all types of resources utilized;

- outlays to reproduce the regenerative part of the resources utilized a:
daiarmined for each distinguished subjecl (or their group);
uamage caused by nonregenerative utilization of resources is determined frr
each territorial zone; and

- total ecological outlays are calculated for all types of regenerati
resources, as well as total levels of damage for all territorial zones in =
region and the resuliing levels of ecological expenses in a region are
calcuiated.

6.4.2.1 The logic of assessing the resource capacity, depending on intensity
of the subject’s functioning is analogous to that used in section 5.4.1.1:

Pl)r = Pl,r(A”;a) , iel, jel, reR

where
Pl.lr =volume of resource r utilized by subjeci i in case of Lype j of

its aclivities performed with intensity AlJ‘
a is a constant, reflecting the peculiarities of the subject's Ltechnology.

6.4.2.2 Functions determining the environmental protection outlays used for
production of the regenerative part of the resource vary in a similar way (as n
6.4.1):
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A
G =87 (P B)
7
El7jr = elJr Gyyr)
£], =& G,,,.6])
Jr retyr/ -

Often the resource is produced together by numerous subjects (e.g., water
purification, elimination of hazardous industrial wastes, etc.).

6.4.2.3 More characLerisLlc features are formed during the assessment of
material damage Yl Jra made in zone Z by nonreproductive utilization of resource r
used by subject i during the performance of aclivity type j - Rur Firstly,
damage greatly depends on the zone itself; secondly, it is very difficult,
methodologically, to calculate the resuiting damage in the territorial zone which
is under the impact of several subjects. The resuiting damage, as a rule, is a
certain complex of damage levels with values which vary significantly: from
maximum values of separate components to an arithmatical sum of these
components. 1n practice, however, cases which exceed this sum are possible.

6.4.2.4 If ecological expenses are assumed as a sum of material damage
caused by nonreproductive consumption of the ecological resource (y) and
outlays for reproduction of the regeneration part of the resource (3) being the
sum of capital investments into environment protection (E") and operating outlays
for the environment protection (ﬁ’), then:

3r=§:al}r=z,]£l7jr+zj:fl7jr '

317, = volume of outlays spent on reproduction of the part of resource r
utilized by subject i;
r= EYUrz '
PR 4

Y= damage caused by nonreproductive consumption of resource r by
subject i;
Upp =3y + Yy,

Uy, = ecological expenses spent on utilization and rep
roduction of resource r by subject i;

. 3’ =13, .
r

317 = total outlays spent on reproduction of the part of ecological |
resources utilized by subject i;

n=x Yy .
r

¥y = Llolal damage caused by nonreproductive consumption of ecological
resources utilized by subject i;

U =3 +y
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Uy = tolal ecological expenses connected with subject i;

3=Eyl .
r

3 = resulting scological outlays for the region;

Y=Ly .
r
y = resulling damage caused by the whole complex of human activities due
Lo unreproductive utilization of ecological resources;
u=3+y,

u = resulting ecological expenses for the region.

7. Peculiarities in Aszwcssing the Financial Axpects of the IPSR and
Evaluating the Influence of Technological Progress in the Regional
Production :

7.1 1In a great multitvde of processes and relations of social productivity,
several sub-populations joining the processes, attitudes and relations of the totai
population into one single entity can be singled out.

7.2 Subsystem of Financial Models. In order that, in making a forecast-
planned decision, it would be possible to take into account the sources of
economic growth (naturally having a substantial and financial character) and
results of social production determining a complex interaction, the main financial
relations of social productivity should also be taking into account in the forecast
system.

It is necessary, together with substantial, scientific and technological,
organization and other material and informational flows, to reflect also the
noncommitant financial relations. Besides financial balances or incomes and
expenses of the population, sectors (enterprise, collective farm and institutions),
the State (in the form of the State budget and other financial and credit
establishments in a republic) and balances of financial resources in a Union
republic, accumulation fund and external relations, etc., the financial flows
favoring the important regional programmes of development, technological
progress, nature protection, etc., should also be reflected.

7.3 The integrity of economic turnover, the realization of a social product and
national income as necessary conditions in order to realize the process of social
productivity require that material and substantial, financial/valve and
material/financial balances exist. Hence, the construction principles and
criteria for the realization of financial models are to be aimed at the search of
long-run development variants which provide the [fulfillment of these
requirements in a necessary measure.

Detailed financial balances of incomes and the State reflect the main
financial flows, hence, the main requirements for balanced social productivity
are provided. Among the above-mentioned economic subjects, the main economic
operations of production, distribution, exchange and consumption of social
products are performed. The subjects can make relatively independent decisions
and can exeri influence on the process of social productivity. Financial
participation of these subjects on one or another regional programme
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predetermines the financial resources of these programmes. Hence, detailed
financial balances of the population, sectors and State, have a significant part of
information for constructing the other balances listed in section 5.5.4.

However, not all functional balances can be obtained by means of detailing
the aforomentioned balances, since some regional programmes, partially or
entirely, do not lie within the range of interests of the corresponding subjects.

7.4 Describing the balances of incomes and expenses for sectors of material
production and the State budgel and describing the differentiated balance of
incomes and expenses of the population, the following methodological approach
can be uvsed: linking the income items of the balance with production results;
constructing the function of expenses; detailing the expense items of the balance
in accordance with the decisiun-making criteria and the existing limitations.
After taking into account the income/expenses balances for the population,
sectors and the State budget, we shall obtain a system of equations describing
financial flows concomitant to substantial elements of the GNP (refer to equation
in section 6.5.1) and other sources of ‘inancial flows.

7.5 As a result of the numerical realization of the model system as a whole, the
values of the GNP structural elements shown in the equation (in section §.5.1) and
concomitant financial flows are determined. Hence, a direct result obtained after
solving the system can be any indicator described by these parameters, as well as
indicators of capital and turnover funds, number of workers in the economic
sector, etc.

7.8 Peculiarities in asseawing the influence of technological progress on
forecasting social productivity in a region. A prototype for a category of
technological progress is the complex of changes in the processes and conditions
of social productivity due to human scientific and technological activities aimed
at generating and spreading new knowledge about laws reflecting the evolution of
natural and social phenomena, manifestation forms of these laws under concrele
conditions and possibilities to use them in practice. Such an interpretation of
technological progress, together with its obviously universal character, is
sufficiently constructive for many problems of analyzing and forecasling
scientific and technological progress.

7.7 Since, at the contemporary stage, the proportion and peculiarities of social
productivity are considerably predetermined by the intensity of processes in
technological progress and, on the contrarv, since choosing the scientifically
based straiegy for real management of technological progress (polential
possibilities of technological progress, e.g., in a State or the world, must be
strictly distinguished from real possibilities of its manifestation in a region) is
possible only in Lhe process of social productivity, constructing the forecast
system for regional productivity (as well as for scientific and technological
progress) is impossible without dealing with the supersystam "social productivity
- technological progress”.

A fragment of the analysis scheme to assess the interrelationship between
technological progress and other processes of social productivity is shown in
Scheme 2 worked out by the Institute of Economics (of the Academy of Sciences of
the Lithuanian SSR) to analyze and forecast processes of social productivity in a
Union republic.

7.8 The incompatibility of most systems forecasungh socio-economic development
with the scientific and technological forecast systems is revealed in the absance
of being able to single out general elements in macro-categories used to describe
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socio~economic processes and in the fact that categories of scientific and
technological progress are more particular.

A fragment shown in Scheme 2 (in particuvlar, the link “Carriers of
Scientific-Technological Progress”) and destined to study the relationship
between the technological progress and other processes of social productivity
deals with that part of the studied reality where socio-economic categories such
as secloral gross output, volume of capital funds and number of workers occupied
in a sector, ete., and such catagories of technological progress as the
introduction of progressive Llechnology, mechanisation and automation of
production, etc., are “reduced to the same denominator’. This favors the
overcoming of the above-mentioned incompatibility of the system forecasting
scientific and technological progress on the one hand, and socio-economic
development on the other. '

7.9 As mentioned earlier, a Union republic as a system of production units,
seitlements, manpower and nature conditions with material, financial and
informational flows integrating into the process of social productivity has no
single scientific or technological centre managing this process. In order for
variants of scientific and technological measure worked out by separate centers
to be coordinated in time, they should be coordinated with the basic scheme of
regional productivity.

7.10 The share of inflow-outflow of fund-forming production in the produced
volume considerably exceeds the analogous share of inflow-outflow, for instance
of industrial products and shows a tendency to increase. This also applies to
different projects. In short, the inflow-outfiow problem awaits solution. This is a
rather specific problem; however, its solution is closely related to the utilization
of the system for forecasting social productivity in a region.

B. Practical Realization of the Forecasting System

The procedure of using the proposed system of models for forecasting
calculations as decision support tools, is aimed at working out scenarios favoring
the description of different versions of regional development by using the
problems of forecasting the process of social productivity. The elements of
balance equations (section 8.5.1), together with other aforementioned indicators,
present some elemenlary units by means of which the problems of forecasting the
development of socio-economic processes are approximated by problems of
forecasting the integrated process of productivity of population and manpower,
GNP and capital funds and ecological resources.

The practical realization of the forecast caiculations consists of two stages;
in the first, the variation sphere of the parameters under study is singled out,
with forecast indicators not contradicting the known regularities and limitations;
when this iz done, the search for purposeful information versions of long-run
development procesds.
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5.3 OVERAL!L TRUCTURE OF DECISION MAKING WITH THE HELP OF
EXPERT SYSTEMS: A MODULAR APPROACH TO ECOLOGICAL
SUSTAINABLE DEVELOPMENT

Jan Morovice
Institute of Management
Bratislava, CSSR

Our goal is to build 2 modular-integrated system which is defined generally
and focused on that part of inputs and technologies which have impact (direct or
indirect) on ecological sustainable regional development. The solution is based
on concepis and artificial intelligence, applied systems analyses and operations
research. The complex analysis of the ecological territorial problem can be
treated as:

- geographically distributed
- functionally defined
- structurally described.

The idea of an integrated system is transformed to an integrated set of poli-
cies in all sectors and in environment over the natural resources (Figure 1).
Actually, the ecological territorial problem can be solved with multifactor system
analyses. .

1 am suggesting the construction of a system in generation languages (Prolog
or Lisp ...) utilizing other available software products for data and knowledge
bases for managing and coordinating such a regional development. The available
data and knowledge background are synthesized for the whole integrated prob-
lem. To create an interactive tool for different decision-making bodies through a
menu-driven system is at esach moment presenting the overall integrated system
and its expecled details, scenarios — solutions from the analyzed point of view

Users of the system are:

- policy makers

—  decision makers

-  planners

- managers, at the national, regional and ente: rise (farm) level.
Svuch an integrated system is used for:

- decision support, by means of
- interactive
- multi-objective optimization

=In: Proceedings of the Workshop on Ecological Sustainadil(ity of Regional Development, Vilatus,
Lithuania, USSR (22-26 June, 1987), L. Keiriukstis, A. Buracas and A. Straszek (Eds.), 1988, Sys-
tems Research Institute, Polish Academy of Sciences, Warsaw, Poland.
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Figure 1: Modular structure

- multi-objective optimization
- graphics

-  knowledge representation

-  knowledge acquisition

- simulations.

Sectoral interconnection is one of the bases where we can deal from the
managerial point of view with regional development. Th)'s interconnection is the
place where there are opportunities for collective decision making. The whole
process of collective decision making has its own practice and customs from the
points of views of the different decision groups.

Generally the interaction problem of two sectors can be presented as:

interface

sector i Lo' sector j
la
Investment
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To understand the whole regional decision problem, il is necessary to build
up a modular system. One of Lhe subsystems is maintaining the resource require-
ment for overall production within regions, another subsystem is gathering data
about environmental pollution. The social-economic effects are maintained in a
third subsystiem (Figure 1).

The parts of the syslem, which exist only in principle are:

- decision module
- ecological module
—  production module
- industrial
- agriculture

To my understanding, sustainability can function as some reference mirror
(picture or tool) for continuous comparison with real and expected development

Qur goal is Lo build up a system with wide knowledge bases for future dialo-
gue (decision support or expert or both over a given management information
system) capable of solving problems which arise. It is expected to begin with a
so-called shell which can be implemented in different regional conditions satisfy-
ing a wide range of demands. For gathering of knowledge of environmental
behavior, see Figure 2.

Gathering and classifying:
- questions
- decisions
- structures of control {management) decisions
- problems with which decision makers at different levels are tackling

- information about decision bodies and interfaces between decision makers
and decision interpreters.

Qur goals are as follows:
A. We would like Lo understand the system (knowledge maximization), e.g., map-
ping of the structure and dynamics of the interactions.

B. We would like to manage the problematic parts (minimizing and focusing on a
particular problem).

C. We would like to control or manage globally:

- on the several levels of decision makers

- with scme recommendations

- with specialized ways of synthesizing all activities.

We would like Lo oplimize the region’s interests (what they are?).
We would like a continuing picture about Lthe regional development.
We would like to estimate the limits of the regional development.
We would like to have a realistic overview of ecological limitations.

Ommy
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: Dynamic of environmental behavior
YVERSION
POSSIBLE TOOLS 1
-technologles
-human behaviour
-poticy strategles ENVIRONMENT
-research strategies OF FUTURE
. What to do
- for  conservation
LT
7 | ofF rutume | *°f reconstiruction
...... EN:'::A’:MENT T m today otatus
n
-------- ENVIRONMENT
of FUTURE |~
time

Figure 2: Dynamic of Environmental Behavior

for comparison
for management

The methods used are as follows:
Analysis of the problem

Goal-oriented analysis

for ecological effects
for economic consequences
for comprehensive forecast

for overall control and decision making

for studying the behavior of the overall system.

Studying inlernal and external struclures

internal - within region
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external — interregional or national

Finding macro- and microrelations

macro — relations with other sectoral authorities
micro — relations within one sector
Hierarchies of relations

weighting of the different level of decision bodies and their decisions.

2. Solution of the problem on different levels of interdependency (Figure 3).
On the sublevel

- regional

~ local

—  enterprise (farm)
global level

- national
- multinational

We would like to find alternative scenarios within two (ecological—regiona!
development) limitations.

impiicalions
blosphere:
-Acid rein
-CO

2

Figure 3: Structure of Independency
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A schematic of the decision process is shown in Figure 4.
The models used are of the following types:

- national model
- global model
-  multisectoral
-~  sectoral
- goal-oriented model
- detailed model

REGIONAL MANAGEMENT

DECISION
""" METHOoDS ../ N\ N\ N\ MODELS
-Macro
-Anatysh ‘Natlonal
-Evsluation ‘Micro
-Valldation -Sectorial
-Comparisons -Goal  offented
-Crop  producton
MACRO DATA MICRO DATA
-Population -Commodity data
Total use -Labor ‘Technologiss
-Enargy -Land ‘Wazte Detall Information
-Watar Total polsion -Pollution
-Land Total  production A
Joal  consumpon Industry -;V;'l"
-Agriculture :
Totl  wase -Forestry -Vegesation

Figure 4: Decision process

These are applied to the following sectors:

- agriculture
-  forestry
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- industries
- socio-economic area

Let us focus on the interface between agriculture and the rest of the econ-
omy.

Methodologies (acceptable or not for the special goal)

—  modeling methods
- methods of analysis and synthesis

Background data and knowledge bases. .

Data bases, historical data, monitored data, newly defined observed data, ...
(Figure 4).

Another important question is: Does a person or decision body exist to whom
the result should be directly (correctly) addressed?

(a) Out of the region:

Government
{b) Within the region:

Regional authorities competence.
—  Scientific body

As an example of interaction let's take agricultural development. If we are
focusing on the interface of the whole economy and agriculture. Let's see what is
the subject of our analyses. Generally it is an agroecological problem (neutrifi-
cation of groundwatar, soil compaction,...).

Some of the questions to be raised are:

(1) Is it possible to find or define the optimal or sustainable level of interaction
between the two studied subjects?

(2) With which tool or instruments is it possible to reach the appropriate level
of interactions? Are there some optimal, suboptimal, better ... policy instru-
ments?

(3) Are there some variants or boundaries for sets of scenarios which show us a
realistic picture about interactions on the environmental and regional side
at the same time? At what level must these policy instruments be set?

Searching and finding a precise answer Lo the first question is very difficull
and osually it is sought in the context of setting standards for policy instruments
and their levels.

Direct policy instruments act on a physical part of the system. Some of Lthem
ars: .

-  par hectare restrictions of runoffs,
~ restrictions on leaching of chemicals,
- water treatment,

-  restrictions on chemica! balance at:
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- farm level
- regional level.

Indirect policy instruments rely on economic incentives Lo achieve a certain
level of environmental quality. Among these instruments belong:

- excise taxes

effluent charges
- market rights for chemicals
- vocational training.

From the oversall system of criterion functions a cost damage function could
be used for such an analyses. Costs are expressed as losses in benefits and/or as
costs for removing pollutants.

Agricultural direct impacts on ecology are:

- livestock production (high concentration)
. = ploughing
- fertilizer applications

- pesticides.

Expert systems should be constructed for diagnostics and also for planning pur-
poses.

Special treatment should be offered to uncertainties.

1 would like to suggest two ways of implementing experi systems:

A.1. Build up expert systems for regional development in different
sectors: agriculture, forestry, separate exp. systems for different induvs-
trial sectors (electronic, heavy, light,...), social pari, human part (system of
weighting is not a simple question).

A.2. Build up expert system for ecology.

All these expert systems are part of the background for collective decision
making. confrontation goal-oriented solution.

B. Create only one expert system which contains only aggregated data and
knowledge for territorial management and has connections through networks
to other databases from different subjects.

C. Design a flexible architecture of the overall system (See Figure 5).

Possible solutions are set of sub-scenarios for a given problem. Each
sub-scenario from Es is described with the i-highest common (with other
experi systems Es where i # j) } possible policy variables. Highest level of
hierarchy (regional management) will have its own set of scenarios which
support different long-term development in different shapes.

After some period of time each of the Es will contain i data and
knowledge for a given problem area in a particular region. '

The decision body for regional management will communicate through
two interfaces. One interface i is created for interregional communication,
the second interface N for national communication (regional — government).

Through interface N it would be possible to communicate in both direc-
tions:



adects)

-313 -

in se. ﬂ(m
(...)

Figure 5. Dynamics of regional management for one problem.

- inward: (recommendations from national level)

- outward, to specify. needs and wishes to the government

Interface i is to serve as a solution of common problems,
has parts in different regions with labor for region i is migrating for job tc

region j.
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6.1 STAGES AND TRENDS IN THE INTERACTIONS BETWEEN HUMAN
SOCIETY AND THE ENVIRONMENT FROM NEOLITHIC TO
PRESENT TIMES

Klaus-Dieter Jager
Halle/Saale
German Democratic Republic

and

Arnd Bernhardt
Dresden, German Democratic Republic

The problem of ecological sustainability is closely connected with that of
environmental change. At present the increasing impact of human society on the
natural environment has placed the anthropogenic aspect of this change at the
center of public attention. This fact is also reflected by the topics covered in
this volume. However, from a geological point of view, environmental chango i
an essential feature of the Earth's history as a whole In early times, of course
change was due Lo natural causes only.

This'may be exemplified by the problem of climatic change. Scientists dis-
cuss the. influence of CO, from fossil fuel ‘on current and near-future climatic
development, assuming that climate was more or less stable in earlier times, espe-
cially during the last millenia before the industrial revolution. However, thir
supposition is not true. In this context, we do not intend to trace back the geo-
logical evidence of climatic change to the very beginning of the Earth’s history.
However two examples may elucidate the character of the evidence.

The first is taken from a brickyard at Dolni Vestonice in Southern Moravia,
Czechoslovakia, near the Austrian border where loess has been explored previ-
ously for the purpose of brickworks (Figure 1). The exposure is characterized
by repeated alternating colors in the vertical sequence: The yellow beds are
affected by aeolian deposition characterizing continental-type climate and locall~
open ground. The black layers represent buried humos horizons of previously
superficial soils. They could arise only tn {imes when loess deposition was inter-
rupted. Therefore, they reflect climatic amelioration, an increase of moisture
and a decrease of climatic continentality. Moreover, the position of the surface
in the time of humus aceumulation is shown. However, our main conclusion is that
this climatic change was independent of any human activity or even impact to
ecosystems, because the entire sequence is dated to the Upper Pleistocene when
man still had produced only paleolithic stone implements. Our conclusion is con-
firmed by an ecological analysis of paleontological objects, i.e. fossil mollusc
shells from the sequence investigated here

The next example is taken from a sequence of calcareous tufa deposits near
the town of Jena in Thruingia, GDR: Again we see alternating white and black
layers in the soil profile (Figure 2). The white ones represent freshwater lime
deposits that must be due to subaquatic sedimentation, i.e. at the bottom of super-
ficial waters. Morover, their deposition occurs only within a particular water

*In: Proceedings of the Workshop on E’cologtca'l' Sustatnadiiity of Regional Development, Vilniu:.
Lithuenia, USSR (22-26 June, 1987), L. Kairfukstis, A. Buracas and £. Straszek (Eds.), 1988, Sys-
tems Resesrch Institute, Polish Academy of Sciences, Warsaw, Polend.
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Figure 1. Dolni Vestonice (district of Breclav), Southern Moravia, CSSR
Brickyard exposure at the foot of Palava Mts.: The stratographic
sitvation is characterized by alternating yellow loess lavers and
dark coloured soils.

temperature range during summer season. On the other hand, the black humos
layers represent soil forming under terrestrial conditions, i.e. they reflect times
when the sile was dry and open to subaeric humus enrichment over a number of
years, enough for visible humus accumulation. If there were any doubt of this
conclusion, additional evidence is given by archeology, viz., sherds of prehis-
toric pottery (Figure 3) have been found in one the humous horizons (Figure 4).

They date this time-span to the younger Holecene, not more than about 3000
years ago. Similar observations are available from more than 60 sites with expo-
sure of Holocene fresh-water lime deposils in different parts of Central Europe.
Because the dry periods at such sites are practically the same in all parts of Cen-
tral Europe, we have confirmation that climatic change took place without human
intervention during the last millenia. Therefore, it cannot be excluded, and we
must test rather carefully, whether recent climatic change is of natural origin or
is due to human activities, technological processes, air pollution, so on. Other-
wise, we may be faced with another case of mismatches in the sense described by
U. Svedin (in the present volume).

Historical evidence of anthropogenic environmental impacts is given by stra-
tigraphy. Again two examples may be sufficient Lo démonstrate and evaluate this
type of field observations.
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Figure 2. Jena-Wollnitz (district of Jena), Thuringia, GDR. Exposure of a
Holocene calcareous tufa sequence: White layers of fresh water
lime deposits alternate with black ones indicaling covered humos
horizons of previous superficial rendizina soils.

The first one is a dune exposure near Fischbeck, district of Havelberg, GDR
Again we see alternating buried humus accumulation between sedimentary depc-
sits (Figure 5). Moreover, archeological dating by prehistoric pottery is possi-
ble; one of the urns was found in a cemelery dated to the Pre-Roman Iron Age.
about 2500 years ago.

The dating is similar to that of the freshwater lime deposits discussed ear-
lier, but several differences in detail may be mentioned. '

- The layers underlying and covering the buried humus horizon consist of sand
dune deposits.

— Many comparable exposures have been examined (a catalogue of availablc
records from the lowlands of northern Poland and GDR has been prepared by
a common working group. However, no period can be found in which blowing
sand in dune areas occurs on a regional scale. The vents reflected hv stra-
tigraphy are of local character in this case.

- There is a high degree of correlation between archeological evidence and
the appearance of buried soils in dune areas. Thus, it is obvious, Holocene
blowing sand is closely connected with the local presence of prehistoric man.
Forest clearing for the purpose of settlement, field-work, or cemeteriec
have opened the sites for sand redeposition. In this case, stratigraphy mayv
reveal cases of human impact to the local environment in prehistoric time¢
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Figure 3. Jena-Wollnitz (district of Jena), Thuringia, GDR. . Prehistoric pol-

s tery dating the uppermost of the covert humos horizons in the se-
quence of Holocene fresh-waler lime deposits (Figure 2) Lo the late
Bronze Age.

Another view is provided by floam loam deposits of inundaled riverbanks as
in the next case showing an exposure north Lo Erfurt in Thuringia, GDR (Figure
6).

The buried humus horizon below the fine-grained floam loam permits daling of
these deposits to the young Holocene period. The accumulation may be illustrated
by two pictures of the riverside meadows of the Elbe stream near Lutherstadt
Wittenberg, GDR (Figure 7).

One is taken at the time of loam, the other two weeks later (Figure 8).

In riverside-stratigraphies we again find alternating buried humus horizons and
sedimentary deposits. In this case of fluviol origin (Figure B). Older and younger
floam loam are separated by buried soils and thus distinguishable. Occasionally
they are dated by archeology or radiocarbon techniques, Thomas Litt from Halle
demonstrated recently that:

- There is no floam loam accumulation older than the time of the neol-
ithic introduction of agriculture into Central Europe, and

- The distribution of the earliest floam loams covers exactly the same
area as the early neolithic settlements that introduced agriculture
to this area (Figure 9). - )

Thus, the conclusion is justified that the earliest far-reaching human impact
on the environment was connected with early agricultural land use causing soil
erosion.

The methodical details supporting this conclusion are interesting:

1) Evidence of human impact to past environments even before the appearance
of any written record is possible through correlation of geological and
archeological field-observations. s
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Figure 4. Jena-Wollnitz (district of Jena), Thuringia, GDR. The uppermost
humos horizon of rendzina soils alternating with marl-like layers of
fresh-water lime deposits and buried by slope debris of the Upper
Holocene (Medieval) age.

2) The main tool that binds these two disciplines is stratigraphy

3) The temporal distribution of datings concerning buried soils on a regional
scale indicales the existence of climatic changes independently from human
presence (as in freshwater lime deposits).

Human impact to the environment began seriously with the introduction of
agricultural landuse during early neolithic time. Furthermore, careful case stu-
dies meril a differentiated analysis of the available record considering:

- different kinds of anthropogenic impacts to environment;

- different types of geomorphological conditions, soils and vegetation, at least
of distinguishable types of landscape units, and (last not least)

- different periods covering different stages of Ltechnical and social develop-
ment of human society.

An example will illustrate our remarks (Figure 10). This case concerns an
area of intensive fruit-culture near Dresden in Saxony, GDR, where herbicide
application has cleared the weeds from under the trees whereas the strips
between the trees-are covered by grass. The colour of the grassland strips is a
dark green, that of the surface under the trees is a light one, due to a moss cover
that has replaced the weeds. In the foreground, the grassland strips are inter-
rupted, and we see the same light green colour as under the trees in the
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Figure 5 Fischbeck (district of Havelberg), GDR. Dune stratigraphy includ-
ing the humus horizon (bah) of a buried ranker profile in a se-
quence of Holocene wind-blown sands. The humus horizon is dated
by prehistoric pottery to the so-called Early Iron Age (Pre-Roman
period).

background. This is why in the background the trees are standing on a gentle
slope. Superficial run-off follows the slope gradient, but in the foreground it
reaches a depression crossing the tree border. There, superficial run-off from
neighbouring slopes is collected, concentrated, and directed into a new course
crossing tree and grassland strips. In the case of herbicide contamination, their
dispersion is not restricted to the surface under the trees but covers the strips
between them, too. The result is a bio-indication of the contaminaticn pattern in
the fruit-culture area. It may be noticed that this pattern can easily be seen on
air photographs.

Compiling all the evidence discussed here, four main stages of human impact
to environment can be distinguished.

1) Stage of agricultural land occupation and land use (table 1);
2) Stage of complex land use (lable 2);
3) Stage of industrial production (table 3);
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Figure 6. Stotternheim (district of Erfurt), Thuringia, GDR. Gravel-pit expo-
sure at a riverside location. A humus horizon resting on gravel is
covered by young Holocene floam-loam deposits of fluvial origin.

4) Stage of scientific technical revolution (table 4);

Human impaclt to the environment has reached a high and ever increacing
intensity, reaching out to the global scale. This situation is the result of more or
less continuous development of the interrelations belween human society and
nature. Extrapolation of current trends in the course of this historical process
are given in Table 5.
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Figure 7. Lutherstadt Wittenberg, GDR. Floamed banks of the Elbe stream.

Figure 8. Lutherstadt Wittenberg, GDR. Surface at a riverside site covered
by recent floam-loam deposits from the inundation visible in Figure
7.
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Figure 9. Wallendorf (district of Merseburg), GDR. Exposure of vierside
stratigraphy comprising alternating layers of fluvial laom and
humus horizons. A repeated change belween fluvial deposition and
superficial pedogenesis at the same site is recorded.

Figure 10 Rohrsdorf (district of Pirna) near Dresden, Saxony, GDR  Biopindi-
cation of recent herbicide contamination in the area of inLensive
fruit-culture (delailed explanation in the Lext).
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TABLE 1

Stage of agricultural land occupation and land use

- Large-scale deforestation by woodland clearing
—  Decreasing density of woodland due to pasture

-  Enrichment of the regional flora and fauna by new immigrants, i.e. an
increase of biotic diversity ’ )

* = Increase of soil erosion of deforested areas

- Increasing sedimentation along lower slope as well as at the botitom of -
depressions and valleys

- Reactivation of aeolian sand redeposition in dune areas

- Increasing variability of run-off, intensifying soil erosion in deforested
areas

-  Transformation of =oil and vegetation to simpler forms

- Local modifications of climate

- Local appearance of anthropogenic surface transformations: especially as &
consequence of prehistoric mining

- Appearance of anthropogenic types of landscape units, as a consequence of
sedimentary redeposition from arable land to inundated valley boltoms

- First irreversible side-effecls as a consequence of land use.

TABLE 2

Stage of complex land use arrangement

-  Spatial enlargement of utilized land
- Increasing multiplicity and intensity of land use
- Diverging land-use aims
- Considerable impact on
-  superficial waters (number and state of still and {lowing water density
and composition of the discharge system);
- the ground water table (due to water mills, dams and land improve-
ments);
- regional water balance
- Increasing anthropogenic impacts on other components of the environ-
ment such as

- surface relief;
- soil;
-  vegelation cover .
-  Spatial enlargement and local intensification of forest devastation



- 325 -

- Increasing biotic and landscape diversity (to its maximum at the end of
this stage) due to the growing multiplicity of land uses

- Increasing irreversible effects on the changing landscape caused by
land use

TABLE 3

Stage of industrial production

~ Increasing intensification, multiplicity, and diversity of land use

- Transformation of the earth’s surface by buildings, traffic systems and min-
ing

-~ Greater dissection of landscape by systems of (linear) communication

~ Increasing exploitation of natural resources (raw materials, fossil fue!

water)

- Growing chemical industrialization producing increasing environments' o
lution

~ Advancing homogeneity of woodland and areas open to agrarian land 1o duc

to fertilizing, land improvement, and monocultures

~ Reduction of landscape heterogenity (lost habitats) and biotic diver<it:
(endangering and extinction of sensitive Laxa)

TABLE 4

Stage of scientific technical revolution

~ .lncreasing and intensified application of technical tools (including auvloma-
tion in land use

- Increasing application of chemicals in land use

- Increasing emissions of wastes causing pollution of air, water, soil. and vege-
tation

-~ Increasing turnover of matter and energy with growing anthropogenic share
- Increasing complexity of landscape metabolism

- Increasing multiplicily and differentiation of land use causing growing
interference and local impacts

- Increasing share of landscape units dominated by man-made developments

- Increasing degree of artificial water storage, and multiple use of water
resources

- Decreasing landscape heterogeneity and biotic diversity

- Increasing frequency of anthropogenic innovations causing a progressive
decrease of the time intervals between them

- Increasing lability of natural balances and process cycles



- 326 -

- Growing damage to the landscape requiring increasing expensive corrective
actions

TABLE 5

General trends

- Increasing range and intensity of anthropogenic landscape impacts
- Increasing amount and complexity of anthropogenic landscape effects

- Increasing appearance a d spreading of new (anthropogenic) types of
landscape units, in areas of sedimentary deposition

- Advancing erosion due to agricultural land use
- Increasing anthropogenic impacts on natural process balances in landscape
- Increasing anthropogenic influences on landscape heterogencity and bintir
diversity causing
- an increase from neolithic times to the 19th century
- a decrease since the last century
- Increasing anthropogenic transformation of the biogeochemical systems
- Increasing acceleration of anthropogenic impacts
- Advancing labilization of landscape dynamics
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6.2 THE IMPACT OF INDUSTRY ON LANDSCAPE AND ENVIRONMENT IN
AUSTRIA FROM THE SECOND PART OF THE 19TH CENTURY TO 1914

Elisabeth Johann
Institute fiir Bodenkultur
WKenna, Austria

1. Introduction

Today, more than ever before the forest landscape is badly affected by a
multitude of factors caused mainly by the impact of industry, agriculture, human
settlements and tourism. As far as these damages are caused by human activities,
i.e. large clear cuts and deforestations they can be eliminated by foresters and
forest owners themselves. As far as damages are caused by the impact of indus-
try and traffic they can only be limited by the collective economic and sociopolit-
ical change of public opinion.

These problems are by no means new but have been present throughout his-
tory. The forest landscape was greatly endangered in periods of large mining and
industrial development, since fuelwood was the only source of energy, or in.
periods with a local increase in population combined with a lesser increase in
productivity of agriculture and forest land. In some places overcutting and
devastation led to permanent damage of the landscape, in some places nature was
able to recover, when human pressure decreased. Generally one can assume,
that the destruction of the environment increased steadily when charcoal was
replaced by hard coal in the production engineering practice, which had taken
place since the middle of the 18th century. Foreign and domestic affairs stopped
this development temporarily, but the trend was increasing. The first and second
world wars as well as the worldwide economic crisis in between made the environ-
mental problems apparently less important. But simultaneously with the economic
growth of the fifties the disadvantages of an unlimited industrial expansion
became visible.

2. Retrospective View at the Ecological Consequences of the Early
Industrial Time

The increasing industrialization at the beginning of the 19th century had
direct and indirect sffects on the environment. On the one hand the expansion of
production and with it the increased use of charcoal caused excess cutting and
extended unstocked areas in many parts of the country. Especially in the moun-
tain regions these logged off areas were the releasing factor for avalanches and
flood disasters. The local situation ecould be improved by legal corrective

®In: Proceedings of the Workshop on Ecologtcal Sustatnadtitty of Reptonal Development, Vilnius,
Lithusnle, USSR (22-26 June, 1987), L. Xeiriukstis, A. Buracas snd A. Streszek (Eds.), 1988, Sys-
tems Research Institute, Polish Academy of Sciences, Varssw, Poland.
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measures relating to the improved use of energy afforestation programmes, and
limitation of production. But these aclivities stood in the way of the ideas of
liberalization of trade and industry. In all parts of the country, where iron ore
was smelted and worked up, eyewitness reports confirmed clear cutting areas to
an extent, where natural regeneration seemed to be impossible. The line vp of
numerous annual cutting areas led to the complete clearing of mountainous
slopes. In the opinion of foresters the vast gaps especially in the Alps could
become reafforestated only by artificial regeneration. There was a lack of suit-
able arable and pastural land at the densely populated bottom of the valleys, as a
rule the deforestated areas were used for grazing. Thus natural regeneration
became impossible. All these factors together with new settlement activities in
the mountain forests led to a further decrease of the forest limit. On the other
hand the development of trade and industry as a whole was accompanied by some
serious problems for the population of these narrow valleys.

Several eyewitness reports mentioned the loud, heavy, and dull beat of
forgehammers as well as soot flakes and fumes emitted by the chimneys of blast
furnaces. Nevertheless the pernicous consequences of air could be observed in
many regions of Bohemia and Moravia for instance in Joachimthal (Erzgebirge),
Eger, and Ostrau. Here trees dried up from the top to the roots. The poisoned
dew was considered as one of the possible factors endangering the forests. In
1699 a local observer pointed out the decease of vegetation and bees caused by
air pollution around the zinc-, iron-, and cobalt-industry in the region of Erzge-
birge in Bohemia. ln any case the problems caused by air pollution were not gen-
erally discussed in Austria until about the middle of the 19th century, as long as
charcoal was the only source of energy.

3. Heyday of Industrialization and its Impact on Landscape and
Environment ’

3.1 Preconditions

At the beginning of the 19th century the diminulion of forest stands caused a
noticeable shortage of fuelwood and charcoal and as a consequence an increase
in price of these materials in all mining regions of Austria. Therefore the substi-
tution of fuelwood and charcoal by other types of fuel gained in importance. A
switch from charcoal to hard coal or lignite in the iron and steel producing indus-
try as well as in other industrial snterprises took place everywhere. The first
steps to this end had already been made in the 16th century, and especially in the
18th century in some parts of Austria, for instance in Styria and Carinthia, but it
took another hundred years for the use of hard coal and lignite to become a suc-
cess.

Also the government promoted the consumption of hard coal by tax reduc-
tions, sales promotions, recommendations, and announcements of successful tests.
Since the beginning of the 18th century only the iron foundries and forgehammers
wsing hard coal instsad of charcoal were allowed to be put into operation.

When charcoal was substituted by hard coal, lignite, and coke as well as
waler power by stsam power, an extended rallway network made the transfer of
furnaces and forgehammers to those regions possible, where Lhe supply base of
hard coal was considered to be sufficieni, for instance to Vitkovitz in Moravia.
Progress in production engineering made mass production possible but at the
same time signified the falling off and at last put an end to former ironworks away
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from modern traff;c facilities.

Statistical figures from the year 1865 show that whereas the consumption of
charcoal in Vienna between 1848 Lo 1865 decreased by one third, that of hardcoal
and lignite showed a nineteenfold increase for the same period. Although there
was a general switch from charcoal to hardcoal heating in urban dwellings this
rapid development was mainly caused by industry. In Austria the total output of
pig iron increased eleven times, the estimated hard coal consumption about 44
times from 1851 to 1913.

3.2 The impact of the industrial development to landscape and environment

3.2.1 The impact on human beings

In the industrial centres mentioned above medical checkups from the end of
the 19th century proved a higher mortality rate than the Austrian average. This
observation was made in Moravia for the overcroweded low lands in the centre
and for the district of Mistek, in Bohemia for the mountainous regions of the
Erzgebirge, lsargebirge and Riesengebirge. In Bohemia the mining districis of
Falkenau and Brux had the highest rate of mortality. In these regions the output
of lignite mining had increased 24 times from 1860 to 1890 and was considered to
cause severe injuries to health. Already in 1866 the press reported injuries to
the health of people living in large cities due to the bad housing conditions as
well as smoke, soot flakes, and fumes emitted by chimneys, factories, chemical
and industrial enterprises. Based or the results of a considerable number of stu-
dies the important beneficial role of vegetation especially forests with regard to
the improvement of air quality was realized. Therefore the injuries to vegetation
caused by air pollution were regarded as particularly harmful.

The impact of soot flakes, fumes, smoke, and coal gas, and the detremental
effects from dust and vermin were an increasing menace to the existence of trees
in the public parks and avenues. Toxic substances such as ammonia and hydro-
gene sulphide produced by coal gas leaking from pipelines used for lighting and
laid under pavements caused fatal damage to the roots of trees and led to the die
off especially of lime and oak trees as well as poplars.

In cities the devastation of monuments of art made of marble or bronze was
ascribed to the wet deposit, especially snow, of sulphur emitted by hard coal
heating. In wintertime monuments had to be covered to be protected against
these considerable injuries. Analysis of snow showed a high concentration of sul-
phur in the centre of cities and a marked reduction in suburbs. In cities with a
continuous cover of snow specific injuries were noticed to the coniferous and
deciduous trees caused by a lasting deposit of sulphur.

3.2.2 The impact of vegetation and landscape

By and by the extension of hard coal healing in densely populated areas led
to a growing impact of air pollution on vegetation, gardens, parks, forests, and
fields. In Austria the first damages caused by fumes and smoke were noticed in
1852. Also at this time, big industrial enterprises with a high consumption of
hard coal were considersd to be the main source for the damages caused
Already the dependence of the scale of injury of plants from different factors was
detected as sulphur concentration of the fumes, the distance from the source, the
height of the-chimney, geological and climatic conditions, the wind, and the
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specific resistance of plants. Damages caused by fumes, mainly emitted by roast-
ing furnaces for zinc and copper, had been known for a Jong time.

At the turn of the century the emission of smoke and fumes became a serious
menace to the survival of the forest cover in some regions of Austria. Especially
in the district of Mahrisch Ostrau and the industrial site of Vitkovitz nearby,
where furnaces, coke firing and machine plants had grown rapidly, eyewitness
reports told about the air pollution caused by fumes and soot flakes mtoxlcahng
the environment and also by the deafening noise of forgehammers.

But they also gave an account of the loss of the former beauty of this
landscape as a consequence of the industrial development. Similar observations
were made for the district of Karvina, where the atmosphere was filled with
smoke. In the Austrian-Silesian coal basin the damages caused by fumes had
reached an extension of about 2000 hectares. In some of these forest areas,
wood production had already become impossible. General inquiries made in
Bohemia related about injuries to forest stands in 15 political districts. In the
district of Karlsbad, 62 percent of forest stands were damaged by fumes, of which
18 percent had to be eliminated for the coniferous wood production. In the dis-
trict of Falkenau 88 per cent of the forest cover had to be eliminated for coni-
ferous wood production.

According to the national economic importance of forests the Austrian
Forest Congress put & resolution to the government in Vienna in 1898 requiring
precautions by law. Therewith industrial enterprises should be forced to reduce
and to filter their emissions. Under the preconditions of continuous emission of
toxicological fumes the die back of forests was feared in industrial sites as well
as in the narrow valleys of the mountainous regions of Austria. Also increasing
problems in regeneration were to be expected up to the limit whereupon regen-
eration was supposed to become impossible. Only the shut down of these fac-
tories, which were considered to be the main sources of damages could ensure the
conservation of forests situated on steep slopes in mountainous sites.

Nevertheless within the following years increasing damages caused by fumes
were noticed. The area of damaged forest stands increased in equal proportion
to the annual increase in industrial enterprises. Considerable reductions in
growth and yield, a falloff in quality of coniferous stand, premature forest crop-
ping, and a deterioration in soil conditions were the most important effects
caused by air pollution. As a result the drying up of the trees and insect pest
muitiplied. Eyewitnesses reported the gradual withering of trees proceeding
from the top to the roots at 1200 m above sealevel on the main crest of the
Desenke in Moravia. At the turn of the century dried skeletons of irees or
corpses, 2s people used Lo call them, were observed alsc in the mcur:..in forests
of the Altvatergebirge in Silesia.

A number of technical and forest actions were considered to reduce the dam-
ages ceused by air pollution for instance cultivation of resistant planis or trees,
afforestaiing of leaf wood, separation of industrial sites, installation of filters,
and claim for damages.

In the first decade of the 20th century the scale of emitted sulphur
increased still further in spite the fact it was considered to be the main reason
for the extended die back of forest stands. Thereby the burning of minera) coal
contributed the major part for the air to become polluted by sulphur. 1n 1913 the
consumption of hard coal and lignite in Austria-Hungary was estimated at about 48
millions tons a year representing a yearly blow off about 480 000 tons of sulphur.
Wind and a number of other factors reduced the concentration in the open areas.
Thus for instance the damages were less in the countryside than in the densely
build-up city area. In Prague an emission of about 120000 hundred-weights
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yearly caused not only the total die off of spruce, fir, and pine but also inhibited
regeneration. .

Alr pollution by sulphur was considerably increased by the addition of 619
mines (126 hard coal-, 185 lignite-, 30 iron ore-, 321 mineral oil-, 20 graphite-,
11 copper-, 12 zinc-, and 14 lead-mines) and 28 furnaces, of which 16 produced
pig iron. In addition brick works and facltories producing fertilizer and other
chemicals emitted flour, chlorine, nitrogen thereby causing serious injury to
vegetation.

Also in the surroundings of big railway stations these kinds of damages on
cultures of plants especially on coniferous trees were observed. Apart from the
gaseous pollutants spot flakes and dust also damaged the vegetation as a whole as
well as the health of animals living In the forests and fields.

Furthermore the impact of fumes delimed the forest soil to such an extent,
that regeneration as well as arboriculture became impossible. In the surrounding
of furnaces emitting high rates of sulphur an extreme lack of lime caused the
disappearance of all kinds of trees. In 1913 the annual financial loss caused by
air pollution was estimated at least at 24 million crowns in Bohemia, and at 100
million or more for the the whole of Austria.

Until the beginning of the first world war in 1914 no measures were taken to
reduce the impact of air pollution on the environment for the purpose of forest
conservation even when damages were clearly visible. Foresters were unsuccess-
ful in their demands for regulations enforced by law for the reduoction of emis-
sions and the right to claim for damages against the industry. Considering the
forest die off and the deforestated and waste areas, having increased to more
than hundred thousands of hectares, the question of air pollution can not be
regarded to have been solved to the present day, especially not in the densely
populated industrial areas of the former Austria-Hungarian Empire.
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6.3 ENVIRONMENTAL PROSPECTS FOR THE 21ST CENTURY:
IMPLICATIONS FOR LONG-TERM POLICY AND RESEARCH STRATEGIES®

Robert E. Hunn

Environment Program

International Institute for Applied Systems Analysis
A-2361, Lazenburg, Austria

1. Introduction

This paper first examines environmental prospects for the 21st century, and then
suggests some long-term management strategies and research priorities. Answers
are sought Lo the question, "How should a manager, policy analyst or politician
include long-term (20-50 years) perspectives within the planning process?'’.
Because many managers will first need to be convinced of the need for consider-
ing such a long time horizon, the following question will also be discussed, "Why
should long-term perspectives be included in the planning process?".

It should be emphasized that efforts to forecast environmental conditions in
the next century would be presumptuous, even when averaged globally. In fact,
zll thal can be usefully staled concerning environmental prospects for the 21st
century may be summarized in a few sentences:

Some environmental trends are practically irreversible over the next
couple of decades, due Lo inertias in the systems involved.

Mass and energy budget principles place long-term bounds on the sus-
tainable use of renewable resources. :

There will be non-linearities, discontinuities and surprises in the
behaviour of many environmentally-related systems over the next
several decades.

Knowledge in the environmental sciences is exploding, and this is lead-
ing to specialization, fragmentation and irrelevance with respect to
comprehensive environmental policy. The problem will become more
serious in the years ahead, even with the development of complex data
storage and retrieval systems.

It is clear that society needs better methods for managing the environment.
These methods should include monitoring systems that provide early warning of
impending change, and institutional mechanisms for responding to these changes
even when their outline is perceived only dimly.

®In: Proceedings of Lhe Workshop on Ecologtcal Sustatnadtiity qf Regtonal Development, Vilnius,
Lithuenis, USSR (22-26 June, 1987), L. Kstrivkstis, A. Burscas snd A. Streszek (Eds.), 1988, Sys-
tems Research Institute, Pollsh Academy of Sclences, Warsaw, Poland.



2. Current Trends

(a) GClobal increases of preenhouse-type pases and resulting climate changes

Atmospheric concentrations of the greenhouse gases (CO,, methane, nilrous
oxide, chiorofiuorocarbons and tropospheric ozone) are increasing steadily.
Even if sociely decided to stop increasing anthropogenic emissions of these
gases, atmospheric concentrations would not level off in less than 25 years, due
to socioeconomic {nertias.

Although the extent of climate warming that would result is still controver-
sial, a general consensus has emerged that some warming is imminent, or may
already have arrived. A common feature of numerical simulations models is that
warming is greatest in the polar regions in winter and least in the tropics.

(b) Trends in Population, Apricultural Production and Enerpy Consumption

Population is one of the driving variables nol only with respect to agricultural
production and energy use but also with respect to environmental qualify. As
part of the IIASA summer program, a group of young scientisis studied several
recent forecasts of global population, agricultural production and energy con-
sumption in the 21st century. An attempl was also made to produce an internally .
consistent scenario that fell within the range of other projections. The resuits
indicate a doubling of the world’s popuiation by year 2025. The associated rela-
tive increases in total agricultural production and energy consumption are much
larger but the per capita increases are smaller. In this connection, the partici-
pants of a recent Dahlem Conference (MclLaren and Skinner, 1987) believed that
"for the world as a whole, enough land and water resources exist to meet any
plausible needs of the human population over the next 50 years.” Nevertheless,
hunger and contaminated water will continue Lo be endemic in some parts of the
globe.

(c) Environmental Quality

(1) 1n the Developed Countries

Over the last 3 decadss, environmental quality has improved steadily in most
urban areas. However, there has been a general deterioration in the surround-
ing countryside where

Concentrations of atmospheric ozone, sulphates and oxides of nitrogen have

increased;

Agricultural wastes have been accumulating;

Lake acidification has taken place {n sensfitive areas in both Scandinavia and

North America;

Forest decline has recently been observed in central Europe and eastern

North America;

Water quality has generally besp declining slowly although there have been

some success slories.

There is also concern that human activitiss are depleting tropospheric con-
centrations of OH-radicals, which help remove methane, ozone and other green-
house gases from the atmosphere (Khalil and Rasmussen, 1885).



- 337 -

Mention shciid also be made of the feedback effects of climate warming on
environmental quality. For example, warmer and drier summers could result in an
increase in the production of photochemical ozone. The effects have hardly yet
been studied. '

@) In L_he Developing Countries

With certain exceptions, environmental quality has deteriorated over the last 3
decades in both urban and rural areas (Holdgate et al., 1882). For example,
Air qouality in urban areas is worsening, frequently exceeding WHO health
criteria; .
_ In semi-arid regions, fuelwood gathering, overgrazing, desertification and
salinization are major concerns; '

In the humid tropics, deforestalion continues (Gwynne et al., 1983).
Water quantity and quality continve to be serious issues.

" The problem of meeting the basic needs of millions of people in developing
countries will not sasily be solved.

3. Ecologically Sustainable Development of the Biosphere

In the mid-1870's UNEP introduced the term outer limits, which was intended to
suggest that overexploitation of Planet Earth would lead to ecological disaster
over the long term. A phrese with a rather similar but subtly different connota-
tion ~ marimum sustainable yisld (MSY) - has been used for many years with
respect Lo a single resource such as a fishery or forest. In this case, there is
the implication that a renewable resource may be safely harvested up to 2 cer-
tain level. "As has been emphasized by Walters (1986), however, this is a
dangerous strategy because "the exploitation rate that produces MSY is likely to
be near a cliff edge, with slightly higher rates driving the stocks toward extinc-
tion”. MSY varies with externalities, and can decrease appreciably following the
occurrence of a rare event, such as an E}l Nino in the case of fisheries or pro-
longed drought in the case of productive rangeland.

Two related terms are:

. assimilative capacily, e.g., of a watershed with respect Lo sources of
pollution;

. carrying capacity, e.g., of an area with respect to the population (usu-
ally human) that it can sustain.

IIASA has made a series of important contributions to the science of renew-
able resource management, e.g., Holling (1978), Walters (1986), Clark and Munn
(1986), and a current IIASA Project within the Environment Program entitled Eco-
logically Sustainable Development of the Biosphere. These words are used at
IIASA in the following ways:

Development is intended to convey the idea that the biosphere can be
made more productive, or ’"better” In some sense; the word therefore
involves a value judgement. Development often implies structural change
as opposed to growth. The rate of development is not constant but depends
on ecological, political, cultural and technological factors.

Sustainable refers to the maintenance or enhancement of a process or
activity over the long term (WCED, 1986), and it is necessary to answer the
question "Susilainable for what purpose?”’ The words sustainable and
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development may seem Lo be contradictory (O'Riordan, 1985). However, one
need not be overoptimistic to believe that development can be sustained
through technological innovations and improved management strategies.

Ecologically sustainable development implies that biosphere develop-
ment can be sustained through the wise use of sound ecological principles
that maintain or improve biosphere resilience; possible examples of policies
with the opposite effect include the promotion of monocultures or massive
applications of fertilizers, herbicides, pesiicides, lime or energy. The
modifier ecologically has been added for emphasis. Development is sus-
tainable over the long term only if it is ecologically sustainable.

Biosphere development could not, of course, be sustained in a Malthusian
world. In fact, mass and energy budget principles seem to place long-term bounds
on the number of people that could bs supported on Earth or in a region. In prin-
ciple, it ought to be possible to estimate the increases in agricultural production
and energy consumption required to sustain any given number of people. How-
ever, there are important environment—-resources—population—-technology
interactions. Thus for sufficiently large increases in population, environmental
quality and the stock of renewable resources would both decline. The extent and
rapidity of these declines are difficult to estimate, particularly because new
technology unforeseen today could provide a counterbalancing influence.

4. Non-Linearities, Discontinuities and Surprises

Computer outputs from large simulation models are often smooth curves as
functions of time. ln the case of complex biogeochemical and social systems,
these curves are not likely to represent real behaviour except as approximations
over small segments of time. Complex systems usually contain positive feedbacks
and non-linearities, some of which may ultimately produce discontinuities. There
are of course many negative feedbacks which keep system behaviour within tight
limits for long periods of time. For example, the average temperature of the
Earth has remained within narrow bounds over several centuries. This, however,
does not ensure that such a condition will continue over a time period even as
short as the next century. Here it should be emphasized that it is very difficult
to predict a runaway excursion, although in retrospect it is usually easy to
explain.

An associated idea is that of resilience and vulnerability. Motivated by the
ecosystem studies of C.S. Holling (1873) at the University of British Columbia and
at IIASA, ecologists have become very inlerested in discontinuities. One of the
central themes of resilience is that although an ecological or social system may
seem Lo be in a steady stale, it may shift Lo a new steady state if perturbed suffi-
ciently by a large shock. Resilience is difficult to quantify, although qualita-
tively,

. Patchiness is characteristic of a resilient forest (Holling, 1986).

. Societias in the process of losing their traditional skills have little

resilience (Burton et al., 1877).
. An increase in the reliability of a managed system often leads to a
decrease in resilienoe (Hashimoto et al., 1982; Timmerman, 1981, 1986).

In the case of social systems, resilience may be affected by changing values,
norms and aspirations. It could in fact be argued that before beginning a con-
sideration of possible environmental futures, it is necessary to reflect upon the
changing attitudes and goals of society over the coming decades.
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5. Uaable Knowledge

The knowledge base in the environmental sciences is very large and growing
rapidly. When applying this knowledge Lo an emerging poorly-focused issue, how-
ever, Lhe available informalion is often largely irrelevanit. Not conly are there
important knowledge and data gaps but also the existing information is compart-
mentalized within a traditional framework that cannot easily be mobilized to meet
the new paradigm. The problem arises partly bescause of the separations that
exisl amongst scientific disciplines, both in the universities and in government
research institutes.

The experience in I1ASA is that scientists in the same discipline coming from
different countries and speaking different languages understand each other.
Scientists from different disciplines often have great communication problems,
even when working in the same university.

Another important point is that the knowledge needed for policy analyses is
usvally quite different from that provided by scientists. Within the lIASA
Environment Program, special efforts are being made Lo overcome this difficuity:
most of the Projects are policy-driven. In the case of the Acid Rain and the
Large International Rivers Projects, this knowledge is in the form of user-
friendly dscision support systems, in which the outputs of some very complex
environmental models are displayed in meaningful ways.

6. Environmental Hanagement

A central theme of this paper is that surprises are certain to occur, and
that long-term environmental management ought Lo concentrate on the develop-
ment of strategies Lo cope with the unexpected. The challenge to policy-makers
is to recognize that a seemingly steady-state condition may hide instabilities that
could become important if the system were subjected tc a sudden shock.

The following check-list summarizes the several strategies that have been
applied to cope with surprises for which there are historical precedents, e g..
floods, cancer due to exposure to asbestos (Munn, 1986). Some practical examples
are given in brackets.

. Removal (banning of hazardous substances)
. Avoidance (siting towns on high ground to avoid floods)

. Risk protection (strengthening the foundations of buildings in earth-
quake zones)

. Mitigation (crop insurance; the International Red Cross)

. Learning by experiance (information retrieval systems)

. Diversification (multiple crops; staggered planting)

. Small is bsautiful (construction of several small dams rather t.ha_n one
large one)

. Saving for a rainy day (world food banks; conservation)

. Self-sufficiency (recycling; ecodevelopment)

. Development of an ability to react rapidly to surprise (adaptive impact
assessment; resilience; keeping options open)

. Development of early warning indicators (World Weather Watch; tidail
wave forscasting systems)
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With respect to surprises and discontinuities for which there are historica}
precedents, governmental bodies are unlikely to take anticipatory actions. In
addition, the psople most affected sometlimes lack viable options; Glantz (1981),
for example, suggests that the Peruvian fishery flesi was so over-capitalized at
the time of the "El Nino” 1972-73 decline of the anchovy population that opera-
tors had no option but to continue- harvest.lng :

In some of his current reflections at IIASA. Clark (1965, 1966) has used the
climate-warming issve to illustrale his belief that many of the current environ-
mental issues should be re-examined within a risk assessment framework. The
idea of a 2° C global warming predicted by numerical models is not very surpris-
ing anymore. However, the 2° rise iz a maximum likelihood estimate, and as
pointed out by Dickinson (1986), the models also suggest a 1% probability of a 9°C
warming by the year 2100, and a 0.1 to 0.01% probability of 15° C warming. In
either case, the Earih’s climale would be as warm as that of the Cretaceous era
100 million years ago. Such an ocourrence would indeed be a surprise! In this
connection, a large hydroslectric dam has about the probability of failure
by the year 2100 as thal of an atmospheric warming of 8° C, and its impact is less.
Clark's conclusion is that "this assessment jars common sense, which is exactly
why oareful risk assessments of the CO, question and the possible social
responses to it should become a priority task".

7. The [ASA Case Study of the Future Enviranments for the European
Contineat

One of the current activities at 11ASA, and one of its most important under-
takings to dale is the Study of Future Environmenis jfor the European Con-
tinent carried out within the Biosphere Project by William Clark, William Stigliani
and colleagues. Europe is defined as extending from the Atlantic to the Ural
mountains; th.e time span is 200 years into the past and 100 years into the future.
The study has three related objectives:

(1) To characlerize the large—scale environmental transformations that
oould be associated with plausible scenarios of Europe's socioeconomic
development over the next century.

{(2) To identify the research and monitoring priorities for improving the
scientific community's policy—relevant assessments of the environmen-
tal transformations characterized in (1).

(3) To assess the implications, feasibility, and limitations of aiternative
technological and institutional initiatives that might be undertaken in an
effort to manage long-term, large-scale interactions of Europe's
future development with its natural environment.

A unique feature of the study is the inclusion of "surprise-rich” futures and of
associaled sarly-warning monitoring systems. The objective of the study is not to
predict the future but to design robust management stralegies, e.g., ones that
keep as many oplions open as possible.

Because the Case Study is still at an early stage, it would be inappropriate to
disouss results. However, it should come as no surprise that the usual issve-by-
issue sectoral approach has been replaced by an integrated regional assessment
in which the impacts of concurrent changes in several environmental and
socioeconomic factors are examined, e.g., climate, acidity, oxidants, toxic
materials, major nutrients, jonizing radiation, primary productivity, speci
diversily, land wuse patterns (and inlerconversions) and waler use and
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availability. The surprises to be incorporated into the scenarios are still being
deveioped. Workshops on surprises were heid in Sweden in 1986 (Hagerstirand,
1987) and at IIASA in June 1987.

8. Conclusions

An implicit conclusion Lo be drawn from this paper is, "Slop Lrying Lo predict
the problem-of-nexi-ysar.” That is futile! Instead, try Lo develop scientific and
institotional frameworks within which a suite of issves, some unexpected, can be
managed. Here it should be emphasized thal we need nol only an integrating
environmental framework but also an integrating institutional framework. As
emphasized by Brooks (1966), we must avoid "partial solutions” which may be
optimal for a particular sector or decade bul which are far from optimal for the
biosphere as a whole over the long term.

Additional scientific questions that should be given priority in the next
decade are:

1. Whbat are the criteria for sustainable development of the biosphere -

for both natural and managed (e.g., agricuiture, fisheries) systems?
This question provides a central focus for the IIASA Biosphere Project.

2. [Even before mbuahina sustainability oriteria, what management
actions can be taken to improve the resilience of the biosphere?

3. VWhat are Lhe possibilities for more efficient use of natural resources?

‘There remains, of course, the problem of persuading managers, policy
analysts and politicians that they should plan not just for the next 2~4 years but
also for the next century. Several arguments can be given for taking this long-
term perspective:

1. The next century is only 13 years away!

2. The life cycle of some natural resources is of the order of decades.

3. Large engineering works Lypically have life expectancies of 30-75

years.

4. Because the past, the present and the future are tightly coupled,
environmental "surprises” often have their roots in cumulative
mismanagement over many decades. Some future crises may already be
in the incubation stage (Stigliani, 1887).

5. Long-lterm perspectives therefore help in developing appropriate
management strategies, keeping options open, and helping in the assign-
ment of priorities for research and monitoring programs.
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6.4 DEVELOFPYENT OF A REGIONAL SYSTEM OF INDUSTRIAL WASTE
DECONTAMINATION AND ITS REALIZATION IN THE LITHUANIAN SSR*

~d.Ya. Budilovskij

Head, Industrial Ecology Division
Scientific-Industrial Company "L;tstunkopra)ekt"
Wilnius, Lithuanian SSE, USSR

1. Introduction

Nowadays the problem of environment control is mainly concerned with strict
regulation of toxic industrial wastes, such as ions of heavy metals (IHM), result-
ing from electroplaling, etching, processing of printed circuit boards, tanning,
as well as lubricant-cooling liquids (LCL), oil products, organic wastes, surface
active materials (SAM), etc.

On entering the human body with water and food, IHM accumulate, provoking
diseases of the heart, brain, liver and other organs. They block the entrance of
calcium into human cells, thus disturbing the functioning of calmodulin and other
calcium-absorbing molecules which control the most important systems of cells in
the human organism [10, 14].

According to the scale of generally accepted stress factors [4, 5] influenc-
ing human beings, THM are in first place (135 points), far ahead of other harmful
factors — noise (15 points), pesticides (30 points), CO (15 points) and acid rain
(72 points). ’

It must be emphasized that on entering a municipal sewage treatment system,
the above-mentioned wastes not only ruin the biological purification system but
also prevent processing of active sludge into a compost of adequate condition.
This happens mainly because of the great amount of THM in it.

All these problems must be solved as soon as possible. However, the solution
must cover not only individual shops or industrial plants but the entire region
(district, republic or province) with regard to adjacent regions making a certain
contribution to sewage. The project must be universally available, cheap and
realizable in short terms.

2. Traditional Hethods

2.1 Burying. The most popular traditional method provides: a) construc-
tion of sewage purification systems in all the plants for separation of toxic sub-
stances from water; b) burying of toxic substances in places devoted specially to
these purposes.
®in: Ecologtical Sustatnadility of Regtonal Development, Proceed!n;s of 8 Warkshop held in Vil-

nivs, Lithuania, USSR, 22-26 June 1987. L. Kairiukstis, A. Buracas, snd A. Straszak (Eds.), 1988,
Systems Research Institute, Polish Acedemy of Sciences, Warsaw, Poland.
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This method is always accompanied by high expenditures due to great
amounts of treated wasiewater. Certain difficullies arise because of inadequate
technologies. Realization of this method only in machine-tool enterprises of the
Lithuanian SSR would require 350 million rubles of capital investments.

2.2 The second way is through integration of the so-called closed-loop sys-
tems [11] (ion exchange, reverse osmosis, electrodialysis, evaporation, electro-
lysis), both in individual plants and in regional centers of waste regeneration.
This method also requires high capital investmenls, multiplex equipment, great
quantities of chemical reagents, well-trained personnel and long term realization.

3. The Utilization Program

The main point in our regional program of waste decontamination is uvtiliza-~
tion. The most effective, economical and, consequently, practical way is the
creation of centralized systems of utilization. It allows us to process a great part
of toxic wastes into valuable products. Moreover, it leads to the development of
wastefree technologies (WT) on a regional scale. Each individual plant introduces
iow-waste technologies (LWT) and automatic equipment, promoting in turn reduc-
tion and conditioning of wastes.

In contrast to traditional methods, the problem of waste decontamination is
tightly connected with the reduction of toxic substance consumption. -

In the 1970s, specialists of the scientific-industrial company 'Litstankopro-
jekt” took active part in the development of nontraditional measures for improve-
ment of basic processes of production, introducing LWT and unified technologies,
as well as equipment for industrial waste decontamination.

Namely the improvement of basic processes of production and purification of
industrial wastes allowed one to solve the most complicated part of the waste util-
ization probliem very effectively '

In the beginning of the 1980s, the development of the Republican regional
complex program B2.22 "Decontamination of lndustrial Wastes” was started. The
customer of the program is the State Planning Committee of the Lithuanian SSR
The leading organization responsible for the development and realization of the
program is the scientific-industrial company "Litstz 2koprojekt” (Vilnius) [1]

The program covers the main interconnected principles of realization of WT
- systematics, constraints from the ecological point of view, complex consumption
of resources and energy, effective processes of production and uniform supply of
materials.

The new apprpach suggests the following:

- all plants in the region must keep Lo rigorous but economicaily justified
norms of toxic resource consumption;

- each plant in the region must adopt the outlined norms according to the
schedule;

- aach plant, in order to fulfill the program of production under rigid recla-
mation of materials, must introduce LWT and WT;

- an information center must provide a computerized account of resource con-
sumption and wastes for each individual plant and for the entire region;

- a sel of measures for production modernization by introducing robots, flexi-
ble automatic processes (FAP), resource-saving technologies and equipmen!
are to be developed for realization of LWT and WT in the plants of the region
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(under the guidance of the scientific~industrial company ""Litstankoprojekt ™).

As far as usage of toxic materials and wastes is concerned, the region
becomes a unified organization-economic system step by step. All equipment and
technological processes in individual plants become the components of a unified
technological process with resource consumption and wastes control on the
regional scale.

Realization of the complex program provides:
- protection of human health and the environment from toxic industrial pollu-
tants;
- reduction of specific consumption of toxic materials;
- manufacturing of valuable products from wastes apd sludge;
- economy of investments, necessary for building sewage systems and areas
for burying.
A complete realization of the utilization program will provide the recycling
of:
-  galvanic sludge;
-  sludge of tanning and the fur industry;
-~  lubricant-cooling liquids;
~ nonregenerable oil products;
- dissolved detergents;
~ copper-containing wastes of printed circuit boards production;
- sludge of ferrous metal etching;
- ’sludge of nonferrous metal etching;
- lubricated grind-dust;
- lubricated sawdust;
—  wastes of paper production;
- hydrolytic lignite;
- used tyres;
- used molding sand;
- lubricated ballast water;
- wastes of the chemical coating processes.

Now, according to the program, three centralized systems for conditioned
sludge and waste utilization operate in the Lithuanian SSR. The first one pro-
vides utilization of electroplating sludge for tile production [3], the second -
processing of SAM, nonrefinable oil products, hydrolytic lignite and MC sludge
with subsequent use for lightweight aggregate concrete (LAC) production [6]
The third centralized system is designed for molding sand and lubricated sawdust
utilization in brick production.

A Plant of Structural Clay Products using the slip method ("wet” technology)
is reconstructed and fitted for processing of the above-mentioned wastes. A spe-
cial laboratory for sludge condition control is founded. Conditioned sludge from
the on-line decontamination system is processed. Many valuable products, e.g.,
several soris of ceramics, glazes, etc., are produced.

The experiments proved that, after adding from 2,5 to 51 of sludge into
ceramics, absorption is reduced, the burning temperature is lowered ~ 40-70° C,
providing at the same time adequate strength and durability of the ceramics.
Sludge leaching experiments based on tests proposed by American and Japanese
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standards, showed the possibility of bringing sludge inlo the dumping sites
devoted to neutral wastes (in the case of the absence of the centralized systems).
The total amount of IHM did nol exceed 5 mg/1 (MPC is ~20-50 mg/1). During the
last two years, sanitary control has been carried owl in the territory of the plant
and adjacent areas. The measured concentrations of heavy metals did not exceed
background values. Tests for products (tile, LAC, elc.) toxicity showed that even
in very acid media, no leaching was observed.

Experimental work has been carried out in order !.o ¢lear up the pomiblh-'
ties of galvanic sludge nsage for dye production.

A centralized sysitem for ferrite production by using conditioned electro~
plating sludge has been designed. One of the most important requirements for
sludge is the necessity Lo use only distilled or deionized water in electropilating.
A centralized system for copper-containing etching wastes of printed circuit
board production as microelements in fertilizers is being designed.

4. Purification of Industirial Wastes

Proceeding from general principles of WT and LWT, the obtained sludge must
be used as a raw material for manufacturing products in the same or other plants
of the region {3, 4]. The sludge must meet the following requirements:

- maximum degree of dewatering with regard to transportation and subsequent
recycling;

- low-toxicity, since transportation and utilization involve a great number of
personnel, not ready to work in harmful conditions, as well as the equipment;

- usage of sludge in the processes of production, the final products of which
do not activate toxic substances;

- usage of sludge for manufacturing products for which waler-receptive pro-
perties do not require additional consumption of energy for evaporation.

The requirements for sludge with regard to subsequent utilization are better
fulfilied provided adequate components of the technological process and method
of purification are chosen.

Traditional methods of purification, based on the use of reagents do not
aliow one, as a rule, to ciean wastewater up to MPC, therefore sludge cannot be
used (it contains great amounts of calcium, sulphates, etc.).

4.1 Purification by using eleclncllly generated coagulants
obtained from wasie metal

The scientific-industrial company "Litstankoprojekt” has developed a simple
and cheap technology and a set of equipment. The main point of this Ltechnology is
that effluents are treated with a coagulant produced from metal chip by electro-
lysis. Electrolysis takes place in a special working solution of increased conduc-
tivity. Steel chips, wastes of stamping, etc., are used as metal waste.

The set of equipment, employed for realization of this technology, side by
side with standard units, has special electrolyzers for obtaining a coagulant from
meta! waste and reagents for conducting the sewage neutralization reaction. The
method is worked out with regard to specific properties of the electrically gen-
erated coagulant.
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The technology differs from traditional methods of reagent cleaning, which
foresee the use of quicklime, sodium bisulphite or ferrous salts, by the fact that:

— an electrically generated coagulant is a practically pure reagent, owing to
the small amount of anions and cations introdirced into sewage to be purified;

- no more than 3-5 kWh of energy are consumed for obtaining 1 kg of coagu-
lant (in terms of iron);

- 'the sludge, formed during sewage treatment, can be utilized for obtaining
high-quality ceramics, glaze, ferrites, dyes, etc.

Table 1., Main indices characterizing the technology using the example of a
sewage waler treatment plant with a sewage flow rate of 10 m3/h.

Residual content of IHM (mg/1)

hexavalent chromium 0.005-0.02
trivalent chromium 0.02-0.1
nickel 0.01-0.25
zine 0.02-0.1
copper 0.01-0.1
Consumption of energy for obtaining a coagulant 1

necessary for treatment of 1 m* of sewage, kWh

Required production areas (for treatment equipment)

area, m? . 72
height, m 7.2
Employment of personnel, h/shift 15

After treatment, the water meets the requirements of circulating water sup-
ply (12, 13] and can be used again in electroplating as well as other contiguous
processes. .

4.2 On-line system purification

Our company has designed on-line equipment for automatic lines. The on-line
equipment does not exceed the dimensions of electroplating baths and does not
raquire scarce reagenls since metal chip is used as the source material for
obtaining a working materiai-sorbent. The fundamental unit of equipment is the
eletrolyzer.

The adopted principal scheme of sewage purification for on-line equipment
allows one o clean not only "his" aulc.naton but several adjacent ones (with the
‘'same sort of electroplating) also.

This provides uniformity of precipitation and simplifies utilization.

Insufficient attention (both In our country and abroad) devoted to design of
continuous complex automatic technological processes can be explained by a con~
servative approach to effluent purification. It is treated following electroplating
and carried out by one of the familiar melhods in individual systems of purifica-
tion.

The experience of many years and experimentation have shown that the pro-
cess of industrial waste decontamination is closely related to technology. First of
all, the amount of wastes in the basic processes of production must be reduced
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For this, a new type of robot is designed [7, 8]. It integrates the traditional lift-
transportation functions with several new ones, meeting at the same time
scientific-methodologic requirements:

- optimal distribution of details drag-out and exposition time;

- reduction of solution drag-out by mechanical impact;

- the equipment for maintenance of the automatic line must attend the on-line
system as well. The design of on-line purification must suit the Lype of the
baths of automatic line. )

The application of on-line cleaning places additional requirements on the
purification method and equipment:

- reagenls, used for purification together with those used in the technological
process, and consequenily becoming components of the sludge, must provide
sludge fit for utilization. With regard to the small volumes of the purifica-
tion system, the method of purification must provide high sedimentation of
heavy metals and complex-forming agenls.

5. Modernization of Basic Processes of Production

The complex of measures undertaken for basic production modernization
includes 18 items. The most important are:

- introduction of a wide range of abilities of robots for reduction of sewage
amount and concentration of toxic substances in industrial wastewater;

- organization of a unified system of galvanic automatons to meet the require-
ments of WI. The system has been tested in many industrial plants of the
Republic and the USSR;

- design of a device for primary regeneration of technological solutions
reducing the escape of toxic substances during the process of production:

- introduction of a water supply control system prbviding economic consump-
tion of water and a decrease of investments for building sewage tresatment
systems;

- regeneration of LCL and oil products, including the developmenl of
processes for primary regeneration. This will allow one to save lubricant-
cooling and oil products, as well as investments for waste decontaminatlion
and utilization.

6. Organizational Hatters

The program includes toxicological tesits, personnel training, information
and material-technical supply.

Transition to WT on a regional level is accompanied by a certain discrepancy
between the existing norms for material consumption and realization of
resource-saving measures.

Let us consider electroplating processes [2, 9] first of all, since these are
the most toxic and nonferrous metals-consuming processes. Drag-out of electro-
lvte from basic baths is the main process where metal salts are lost. Il may be
divided into two parts:

q=qy+q; . where
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q; — the amount of the removable electrolyte due to introduction of resource-
saving measures;

q, — the amount of unremoved electrolyte, determined by physical-chemical
properties of the electrolyte and the material under treatment.

Rigid norms for toxic materials are ratified for ministries and the results of
introduction of norms are refiscted in the entire region. An interdepartmental
commission consisting of experts of sanitary-epidemiologic and water inspector-
ates, the State Supply Committee, the State Standard Committee and chief organi-
zations for design and technology has been organized.

7. Realization of the Regional Program

The measures, planned for the first stage of the regional program, have
been introduced in 75 of 120 regional industrial plants. The amount of utilized
wastes has become one of economic plan indicators in the plants. The remaining
enterprises are carrying out preparatory work according to an outlined
plan: reconstruction of basic processes of production and sewage ireatment sys-
tems, introduction of new technologies for waste utilization. Realization of the
program effects a substantial saving of capital investments. The introduction of
nature-protecting measures provides an annval economic effect of 45 million
rubles.

The Lithuanian SSR plays a role as a test region. In the near future, a com-
plex of scientific-lechnical and organizational-economic measures will be -
developed in order to establish universal solutions of the problem, applicable in
other regions of the USSR.
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6.5 THE PROFITABLE COMBINATION OF WASTE INCINERATION AND
WET FLUE GAS CLEANING®

A. Wahlstrom
Svenska von Roll AB
Boz 45162, 5104 30 Stockholm, Sweden

1. Introduction

The subject of this Workshop - Ecological Sustainability - indicates an
interest in how Lo preserve to8ay's environmental quality, or even better, how to
improve it in the future. There are lots of passibilities for Regional Planning,
which could make a contribution to this improvement.

In this paper, one simple example from Sweden will be given. After several
years of trial and error on how Lo solve the problem of getting rid of refuse, the
Swedish authorities and communities finally realized that incineration with heat
recovery was the best solution. There are 25 plants for this purpose in Sweden
today; see Figure 1.

This enviro-economic system is not only profitable for the total economy, but
also contributes to a better environment. The energy needed in the district heat-
ing systems can be provided by burning the refuse in specially designed incinera-
tors and by recovering the heat in a boiler.

As an example, Sweden can reduce the consumption of imporied oil for dis-
trict heating purposes by approximately 350,000 tons/year corresponding to 3
TWh. See Table 1. )

The environmental consequences of this system consist of a chain of interre-
lated improvements, First of all, we can reduce the volumes necessary for {and-
fill and thus the quantity of contaminated leakage-water from present landfill
areas.

Secondly, we can reduce the emissions of, for instance, acid substances due
to the lower consumption of oil and coal.. And why is that? Primarily, the reason
is that the environmental requirements for waste incineration in Sweden today
are very great, especially regarding emission levels for noxious compounds in
flue gases as, for example, dust, mercury and hydrochloric acid. See Table 2.

This means that by today's standards the total flue gas emission of acid
equivalents is reduced - perhaps to a small extent - but even so this is an
improvement.

This reduction naturally has a direct impact on the concentration of acid in
rain and consequently on the ratio of forest and lake die-off.

sin: Ecologicai Sustainabdtiity of Regional Deveiogpment, Proceedings of a8 Workshop held in Vi}-
niue, Lithusnis, USSR, 22-26 June 1987. L. Kuiriukstis, A. Burslae, and A Straszak (Eds.), 1988,
Systems Rasearch Instituts, Polish Acsdemy of Sclences, Wsrsaw, Polend.
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FIGURE 1
Table 1.
1980 1985 1995
Total district heating, TWh 25.8 33,9 32-40
Refuse heat, TWh 1.0 2,6 2,3-3.8
Percentage of total (1) 3.9 7.2 7-9.5

Table 2.

Pollutant Requirement
Dust 20 mg/Nm>
Mercury 0,04-0,08 mg/Nm"'

Hydrochloric acid

20-100 mg/Nm?>
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2. System Configuration

2.1 Incineration

Figure 2 shows a typical longitudinal section of a modern waste-incineration
plant.

The refuse is fed into the system through a chute and via a feeding pusher.
The burning itself takes place on & grate and the incineration gases are burned in
the burning chamber. The cooling of the gases and the heal recovery are
secured in the boiler. The flue gases still contain several harmful substances and
gas cleaning is necessary.

2.2 Flue gas cleaning

Due to the Swedish emission regulations, the flue gas cleaning system has to
be very efficient regarding the total precipitation. The technical development in
this field has been tremendous during the last 5 years.

Today the most sophisticated solution is the wet flue gas cleaning system.
The system layout is shown in Figure 3.

In the quench, partial absorption of the gaseous acid substances HCl and HF
takes place. The flue gases are cooled here and charged with steam. After the
quench, the flue gases flow into the scrubbing tower, filled with 2 "hedgehog”
packing bed.

The large specific surface of the bed gives excellenl absorption of HCl and
HF. Moreover, the aerosols are conditioned by the high gas moisture and an
ample duration time for the following process stage, the so-called Ring Jel stage,
which separates fine dust and aerosol. At the same time, the S0, can be effi-
ciently extracted by adding caustic soda.

The washing water passes in counterflow through the scrubber, i.c., in the
first washing stage (quench); steam is added to the system in the last stage (Ring
Jet stage). From there, it is washed through the middle stage into the quench

2.3 Additional energy recovery

With the wet flue gas scrubbing system, the energy contained in the flue
gases upon leaving the boiler is transformed into latent heat through water injec-
tion, which turns into steam.

By cooling the flue gases after this transformation of heat, the steam con-
denses again. With this process, part of the energy can be recovered, although
at a lower temperature. This process is carried out as shown in Figure 4.

Saturation temperature of the flue gas after incineration is approximately
60° C; therefore, the washing water has the same temperature. This waler is
pumped through a heating pump and fed into a pipe system for district heating.
As shown in the figure, an additional heat-carrying circulation system is neces-
sary between the washing walter circulation and the heating pump circulation
because the washing water, which is very aggressive, would destroy the heat
exchanger of the heat pump, which is driven by the steam turbine. The steam
gives ils latent heat via a condenser to a district heating system. ’
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In case it is necessary to reheat the flue gas after wet flue gas scrubbing,
e.g.. when the flue gas stack is not suitable for damp flue gas, then this process
can be carried out as shown in the figure. A heatl carrier is heated in an econom-
izer through which flue gases flow between the boiler and the flue gas treatment
system. Part of this heat goes to a secondary air system which mixes it with wet
flue gas after the wet washer. The flve gas temperature rises and the steam con-
tent is reduced (heating and dilution of the mixture). The rest of the heat from
the economizer goes to the district heating system via a heat exchanger.

3. Conélu:ion

This example stresses the importance of a total analysis in Regional Planning
for one specific field. The often forgotten and "simple” problem of waste disposal
can be solved in the most efficienl enviro-economic way with a perfect interac-
tion between different authorities within the Region.

A profitable combination of modern technologies can secure waste disposal
in a proper way and, at the same time, produce heat for different purposes.
Additionally, the reduction of emissions will increase with increasing heat effi-
ciency due to the wet condensing cleaning process.
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668 AN APPROACH TO THE EVALUATION OF REGIONAL ENVIRONMENTAL
PROGRAMS®

R Rayatakas and L. Tchekanavitchyus
Wiilnius State University

Sauletekio 11, Vilnius

Lithuanian SSKR, USSFE

The scarcity of resources, which are available to regional authorities at any
given period of time, inevitably leads Lo the search for an optimal way of their
allocation to meet various goals, i.e., making the best compromise among all pos-
sible alternatives of regional socioeconomic and ecological development.

Regional Environmental Programs (REP) should be regarded as a constituent
part of those alternatives. Therefore, they ought to be evaluated in terms of
achievement of general regional policy objectives as well. The existence of dif-
ferent allocation targets makes it necessary: 1) to compare alternative REPs
among themselves; 2) to compare the consequences of an REP realization with
respect to alternative ways of resource utilization from the societal point of
view; 3) to ascertain the extent that REP benefits justify (exceed) the required
expenditures. In order to be able Lo make rational and consistent judgments, the
decisionmaker must assess the possible repercussions of any choice. The duty of
environmental scientists is to provide him with: 1) information concerning the
range of all feasible alternative projects of REP; 2) comprehensive assessments
of impacts which may emerge from their resalization; and 3) appropriate evalua-
tion criteria.

If regional resources are to be used in an optimal way, the effects of any
environmental improvement or conservation program should be weighed against
the costs of ils implementation. Thus the problem of any social, economic or
environmental project evaluation can be split into two relatively independent
tasks: the evaluation of the effects — both positive and negative ones — resulting
from the project's realization, and the estimation of the corresponding costs.

Most scholars are inclined to consider the problem of estimation of project
realization costs as a relatively simple one. It is almost automatically assumed
that an appropriate measure for envircnmental quality (EQ) improvement costs is
the amount of the monetarily evaluated inputs of the production factors neces-
sary for project realization. Therefore, major attention is focused on descrip-
tion and evaluation of the benefits an? losses, which emerge from REP realiza-
tion.

A great variety of theoretical concepts concerning this matter can be found.
However, according to the basic principle on which an approach has been based,
they might be classified into two major groups, i.e.: a) social indicators
approach, and b) the economic (monelary) evaluation approach. The assumptions
on which both approaches towards envirnrnmental impact assessment are based,
and the merits and shortcomings of methods proposed within each of them, are

%In. Ecologtcal Sustatnabiitty of Repional Development, Proceedings of 8 Workshop held in Vil
niug, Lithusnia, USSR, 22-26 June 1987. L. Katriukstls, A, Bura%ns, snd A. Straszak (Eds.), 1988,
Systems Resesrch Institute, Polish Academy of Sciences, Warsaw, Poland
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briefly examined below.

The social indicator approach has emerged as a sort of reaction to the
alleged incapability of monetary measures to give an appropriate and comprehen-
sive evaiuvation of the different kinds of impacts resulting from the social
project's realization.

It has been argued that no reliable monetary estimate could be obtained for
some environmental impacts due to the lack of information concerning the rela-
tion of impact in question to social-cultural changes (e.g., the loss of aesthetic
value of nature or the damage to historical monuments). Moreover, there are
also biological changes which could not be measured in monetary terms (e.g.;
genetic dangers of pollution). In order Lo obtain a comprehensive picture both of
the benefits and losses, a wide set of indicators measured in physical units has to
be used. - The system of indicators might be presented as a vector or with the help
of an hierarchical structure. Different sets of indicators have been proposed,
incloding, inter alia, the characteristics of population (mobility, density, health, .
life expectancy, community growth and cohesion), environment (climate and
weather changes, pollution level, wildlife population, aesthetic values), economic
effects (economic growth rate, employment, price-level stability), and so on.

The unquestionable merit of the multiple dimensions approach lies in the pos-
sibility of giving & complex image of all the effects concerned in a relatively sim-
ple way. On the other hand, the approach has some explieﬂ_. shortcomings, for -
instance:

a) only a relatively small nomber of indicators should be presented Lo the poli-
cymaker to be manageable. So, the danger of overiooking some important
effects arises; :

b) environmental impacts measured in physical units often fail Lo characlerize
properly the real losses or gains of society. For example, damage emerging
from lake pollution strongly depends vpon water use, e.g., industrial, drink-
ing wate-, recreational, stc.;

c) the coverage of indicators is liable Lo overlap, i.€., some indicators would be

: interrelated and, in fact, would duplicate the same effect of the REP imple-
mentation (for instance, health, life expectancy). This would cause difficul-
ties for the decisionmaker; .

d) the expecied effects of Ltwo or more aliernatives, when presented in the form
of indicators, may sometimes not show any superior alternatives. It is then
extremely difficult for the policymaker to make a rational choice;

e) any decision of the policymaker either explicitly or implicilly implies some
weighting procedure of the particular componenis of an indicators set.
Thus, tha aggregation problem: is simply passed on Lo the decisionmaker,
although there is no evidence that he is capable of coping with it any better
than the researcher;

f) if the effacts of the REP realization are measured in various physical units
and the implementation costs are expressed in monetary terms, it is difficultl
to jodge whether the benefits outweigh the sacrifices which society must
make in shifting the necessary resources from another social project.

The economic (monetary) valuation approach leads to a monetary yardstick
for all benefits and costs of REP realization. It is based on the assumption that
there exists some trade-off between immediate social or environmental goals and
sconomic affects. As for the merits of using monatary measures in environmental
impact assessments, it is usually emphasized that:
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1) monetary evaluation is indispensable in comparing the environmental conse-
quences of alternative projects with the costs of their implementation. In
this way, one can learn not only if the project is beneficial (i.e., if the bene-
fits exceed the costs), but also how much net benefit it provides (i.e., bene-
fits minus costs);

2) monetary estimates of environmental policy benefits and costs can be used in
establishing environmental standards in such a way that the total sacrifices
of society due to environmental deterioration are minimized. Consequently,
pollution charges can be appropriately determined;

3) even in cases when it is impossible in general or due to the lack of informa-
tion to achieve monetary evaluations of all components of REP effects, a
partial impact aggregation reduces the number of factors to be taken into
account in the decision-making process.

The economic evaluation concept, nevertheless, has its own problems, viz.,
should we seek maximization of output of the economic system or the satisfaction
of the desires (wants) of individuals. Respectively, the "macrosconomic” and
"microeconomic (hedonic)" concepts can be identified.

The basic point of the "macroeconomic’” approach is that monetary evalua-
tion of changes in EQ has to be obtained by measuring the corresponding changes
in the resource expenditures necessary to prevent or to compensate for the
negative environmental effects. For example, the destructive effect of pollution
on human health is usually equated with the monetary value of the productivity
losses due to the accelerated mortality rate and pollution-induced morbidity, plus
the overhead costs of medicare which are necessary to compensate for the ill-
effects of pollution. The damage to materials (i.e., buildings, machines, historical
monuments, etc.) is tvaluated by expenditures necessary to carry out cleaning,
washing, painting, repairing, and other measures. The value of the harm to
natural resources is obtained by estimation of the decrease in their usefulness to
the production process.

Such an approach often pays lip service to the needs and well-being of man —
it is usually based on the requirements of the economic subsystem. Even the life
and health of man are not considered as a value by itself, but are determined by
the advantage brought by the individual in the production process. Such a
phenomenon is an inevitable result of the principle underlying the approach: the
social welfare of the population is either explicitly or implicitly assumed to be
indicated by the magnitudes of the macroeconomic variables (such as GNP or
national income, total expenditures, etc.). In reality, however, GNP or national
income had never been intended to serve as a welfare measure and may only be
considered as the suitable (although imperfect) characteristic of an economic
activity scale. Apparently the realization of this paradox in some cases has led
to attempts to modify the GNP or similar indicators in order to yield a more ade-
quate welfare indicator. In some cases, attempts have been made to add the
consumer's additional pollution-induced expenses to the macroeconomic evalua-
tions of environmental damage. Of course, such kinds of modifications did nof
and could not remove the fact that the "macroeconomic” approach ultimately
comes down to relating everything to GNP-type variables and, in reality, provides
producer-oriented evaluations of environmental effects. Many socially undesir-
able externalities, such as suffering of members of society from the limitations
imposed upon them by noise or odors, leisure-time and other opportunity losses,
are not included in the analysis.
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The following theoretical scheme may be proposed in an attempt to disclose
the grounds on which the observed discrepancies could arise. The essential idea
is the following. Due to the relatively independent economic goals of particular
socioeconomic bodies (consumers, firms, national or regional economy), three £EQ
optimum levels can be distinguished. It is assumed that consumers wish to maxim-
ize their welfare, firms strive to maximize their profits, and the regional
{national) economy, or in other words, society as a whole wants to maximize the
national income (or GNP)." Accordingly, one can speak about a consumer’s
optimum, a firm's optimum and society’s optimum of environmental quality.

The consumer's optimum of EQ is reached when the curve of marginal bene-
fits of the changes in the environment (consumer's gains from environmental
improvement) intersects the curve of the marginal disadvantages arising from
society’s activity on behalf of the environment (consumer costs of environmental
protection). Another definition of the consumer’s optimum which is, in fact, pre-
cisely identical to the first one, can be formulated: it is the level of EQ where
the consumer’s environmentally generated benefits exceed as much as possible
his corresponding costs. Consumer gains are, for example, time and/or money
saving due to reduced damage to household articles, decreased danger to health,
increased recreational amenities, etc.; while consumer costs include the higher
prices paid for goods, spending more time and/or money to get to work, enjoying
fewer social benefits (different from environmental ones), etc.

The firm's optimum of EQ corresponds to the level where its marginal pro-
fits arising from the use of environmental services (e.g., expenditures on
pollution-contro! equipment and due Lo the advantages of higher quality natural
resource utilization) become equal to the firm’'s marginal costs associated with
the use of those services (pollution charges, natural resources exploitation
expenses, etc.).

Saciety's optimum of EQ at the regional (national) level is determined by
the minimum of so-called "environmental costs” which include pollution-control
costs and monetary damage of environmental deterioration {the latter evaluated
in the "producer-oriented” manner indicated above). The equivalent definition of
society’'s optimum is the point of maximum difference between benefits, i.e.,
reduced monetary damage, and costs of environmental improvement.

Some preliminary conclusions concerning the levels determined by various
sorts of optimality criteria can be formulated. For instance, it is very likely that
the lowest level of EQ corresponds to a firm’'s optimum, since many types of
environmental dangers manifest themselves outside the range of the immediate
interests of the firm and, thus, have not been taken into account. Effiuent
charges are an instrument for bringing a firm's optimum point closer to that of
sociely’s. However, regardless of the efficiency of such an interest-coordinated
mechanism, it is obvious that it completely ignores the consumer's judgments on
an acceptable EQ level. At the same time, we face the paradox that most of the
economic doctrines related to the "macroeconomic” approach prouclaim that the
needs of man are a "measure for all purposes.” Meanwhile, there is no evidence
that an adequate relationship exists between what society is prepared to payx
(i.e., to sacrifice in terms of GNP loss) and what society should be prepared to
pay for environmental benefits. It should be realized that a gap exists betwsen a
consumer's perception of environmental effects, expressed by the marginal rate
of substitution between environmental and nonenvironmental goods and society's

1The sauthors realige that those assumptions sre somewhet simplified. Nevertheless, they arc
rather common in economic theory.
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costs of providing those effects, reflected in the marginal rates of transforma-
" tion between those goods. Such a gap has to be equal to the total sum of the posi- .
tive and negative externalities conveyed Lo the consumers utilizing the commodi-
ties mentioned above. For example, the wage loss due to pollution-induced illness
is a direct consumer’s loss. Only under ceriain, rather unreal, conditions will it
represent the corresponding cost to society. The first condition is that the wage
rate must be equal to the marginal labor productivity, the second - that no mone-
tary transfers take place when an individual is on sick leave. If this viewpoint is
accepted, valuation of the output lost or overhead resource expenditures would
be merely regarded as the minimum that society oughtl to sacrifice for environ-
mental improvement. In order Lo reach any decision on such an improvement, it
must be compared with the consumer-oriented evalualzions of the REP.2

The basic postulates of the so-called "microsconomic” approach are the fol-
lowing: . : :

1) &n oltimate criterion must be found satisfying the desires of the indivi-
duals;

2) the consumer is the best judge of the advaniages which he obtains from
a particular good or service.

Damage duve io environmental deterioration may be conventionally classified
into: a) financial losses (also known as direct, economic, tangible or physical
costs) and b) losses of amenities (also called indirect, social, intangible or
psychic costs). Those losses manifest themselves in Lthe demand for marketable
goods and services due to changes in EQ. They are measured by the amount of
sarnings foregone to prevent or compensate for the effects of those changes.
Amenity losses are those sffects of environmental changes which do not entail
direct monelary costs, e.g., suffering and bereavement, leisure-time losses,
reduced pleasure of fishing and hunting, enduring soiled or damaged materials,
decreased aesthetic values of nature, etc.

The main difficulties arising in the consumer's loss estimation process are,
for rather clear reasons, sssociated with the monetary evaluation of amenity
losses. The essential point in the methodology of all methods used is the notion
that there exists some kind of trade-off between financial and amenity losses.
Monetary svaluations of amenity losses are oblained by studying consumer deci-
sions — both exprassed explicitly or implicitly in his behavior pattern.

The most frequent valuation methods used are the following:

1) Propertiy price approach: EQ estimetes are derived from observed differ-
ences in property (land, dwelling units) prioes in nonpolluted and polluted
areas, provided that poliction-caused price differences can be disentangled
from the inflvence of many other factors.

2) Demand curves approach: the valve of environmental services is determined
by the alterations in consumer expenditures on other commodities as a
result of environmental changes. The relationship between the specific
amenity and the demand for the marketable good has to be identified.

% ison's wall-ki reguirement for the consumer-oriented economy optimal functioning 1=
thet the marginel retes of transformation hetween a pure private good and e pure pubiic good
should be equal to the sum of Lhe consumers' marginai retes of substitution between thet privets
good end the public ome. The public good may be defined o3 8 commodity which can be used by
seversal individuals at the same time ond from which cne's use no-one cen or should@ be excluded
(a.g., environmentsl geods).
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3) Exclusion facilities approach: estimation of monetary expenditure, which a
person chooses to bear in order Lo evade amenity losses, is assumed to bs
given by the latter. However, it ought Lo be remembered that the use of this
method will understiate the real value of amenity losses: the costs -borne by
the consumer will represent the minimum price he is willing to pay for main»
taining the amenity in question. , ) .

4) Social survey (questionnaire) approach: the information on the consumer’s
willingness to pay for snvironmental benefits is elicited by applying various
interview or questionnaire techniques. ' ‘

Most resesarchers emphasize that the énumerated evaluation methods suffer
from a number of severe shortcomings. The major ones are the following:

. The consumer's explicitly sxpressed willingness to pay for environmental
goods and, Lo some extent, his behavior depend on quite a number of factors,
e.g., his attitudes with regard to health; his aesthetic. cultural and morsal
views; the level of information on environmental matters available; the abil-
ity to perceive environmental quality change; the incentive to distort
responses; and 50 on.

. The subjective perceptions of environmental pollution hazards are liable to
differ from the objective risk. In other words, some of the environmental
effects can be “invisible” to the senses of a person, but nevertheless convey
an externality, for example, they may be destructive to his health.

. The evaluation methods discussed above are concerned not with needs, but
with wants (desires). It must be pointed out that the concept of happiness
does not coincide with that of wslfare. Man’s desires (e.g., tobacco smoking)
often do not reflect accurately the true survival valves of human life. Thus,
doubt should be given to the principles of a "hedonic" approach to environ-
mental changes evalvation.

It is easy to notice thatl the two preceding approaches - "macroeconomic "
and "microeconomic (hedonic)” - represent somewhat extreme views of the prob-
lem discussed. The former completely relies on imposed values associated with
productivity losses or ’unproductive’ resource expenditures and does nol
immediately refiect consumer preferences. The other one emphasizes consumer
sovereignty on estimating his own welfare. In spite of this fact, the two
approaches are not mutually exclusive, but merely provide different perspec-
tives for valuation of REP. Indeed, a well-known truism is that consumption is the
source (although not the only one) of welfare and production is merely the means
to this purpose. Despite the triviality of this statement, it seems Lo us that it sug-
gests a way of reconciling the two polential approaches.

Since there are always different alternatives for vtilizing limited resources,
choice of a single one implies that the possible results of all others are excluded.
Accordingly, REP realization expenditures can be treated as resources diverted
from the direct production process. Therefore, by directing part of its
resources Lo secure REP fulfillment, sociely is deprived of those economic bene-
fits which could be gained i the resources had been used in output avgmentation.
These wastes, evaluated in terms of potential GNP (or national income) loss,
should be considered as a basis for estimation of social costs of environmental
programs realization. MNore accurate estimation is obtained by taking into
account (subtracting from the losses mentioned above) the magnitude of so-called
fesdback economic effects of environmental improvement, i.e., increases in pro-
ductivity of production factors doe to the benevolence of the environmental con-
dition. .
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Although there remain a number of unsolved problems in regard to the pro-
posed social costs estimation approach (for more detailed analysis. We shall sub-
sequently devole our attention to the extremely complicated problem of the
determination of environmental qualily’'s social price.

As was discussed above, due to its serious shortcomings, the "hedonic”
approach cannot be considered as an appropriate tool for evaluation of the
social price of the environment. However, it is clear that such an evaluation
ought to be consumer-orienied, since ondoubtedly the REP realization goals are
the satisfaction of a region’s population needs. Seeking some sort of compromise
it is necessary to determine to what extent consumer preferences can be
reflected in the valustion of the merit goods.

Let us 2ssume that the socially justified goal of consumption is the maximiza-
tion of a consumer’s welfare in order to ensure the full development of his per-
sonality. Then the consumer’s resources, which can be assigned to this purpose,
ought to be investigated. In our opinion, two main kinds of consumer resources
could be separated:

1) financial resources (wealth), which may be further divided into a) mone-
tary savings (“cash resources”) and b) the resources "capitalized™ in
personal, movable and/or real property form;

2) time resources of the consumer, excluding the time spent on money-
earning work, of course (in fact, income can be interpreted a: "mater:-
alized’* working time).

Further on, if we are concerned with the development of a person, resource
expendituores for ordinary produclivity of an individual should not be con-
sidered. That is, the time spent on sleeping, maintaining the household and look-
ing after personal needs should be excluded from further analysis. Therefore.
speaking about the time resources of the consumer we shall use the "leisure-time”
term, which includes the time spent on cultural, educational, sports and enter-
tainment activities.

Suppose that EQ has deteriorated. The possible effect of those changes on
the consumer's potential opportunity to achieve the higher level of welfare could
be evaluated in terms of his 'welfare-augmenting” resources diminution. For
instance, health effects could be evaluated by the amount of wages lost minus any
sum paid for social insurance, increased costs of health care, leisure-time Jor=
due to illness and heaith res!oration.a Furthermore, the pollution-induced =oiling
of laundry and fabrics causes the consumer additional expenses in the form of
money and time losses for the cleaning required and so on. In short, every kind
of negative effect of environmental delerioration is reflected as a consumer's
financial losses, or his leisure-time losses, or simultaneously both. It is impor-
tant to point ool that the magnitudes of both kinds of losses are in every case
determined by the consumer's behavior. For example, in the case of health dam-
age, the options couid be, say, medical treatment or reduced productivity at
work. The latler behavior pattern would inflict greater harm on the individual's
health and, therefore, would require more time to achieve a cure. If all other
conditions are kept constant, this would mean a diminution of the "welfare-
augmenting” time resources.

3¢ is obvious that description of Lhe enumarsted losses {n more dete!} |s possible.
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In the light of Lthe above-oullined approach; one can spaak about "pure" lei-
sure time and "gross” leisure Lime. The farmer is used for direct augmenting of
consumer welfare and the latter also includes the time spent on restoration to the
initial welfare level. Apparently, the consumer’s financial resources (wealth) can
be divided into "welfare-augmenting” wealth and "compensating expenditures,”
the latier including housshold articles bought in order Lo prevent or compensate
for the negative impacls of environmental delerioration.. - _

The necessity to compere costs and bepefits of REP imposes the requirement
that the incommensurables amongst the consumer’s losses should be reduced to a
common scale. Since the social costs of EQ improvement are measured in mone-
tary terms, monetary evaluation of leisure time is obviously preferable. A sur-
vey of the leisure-time economic evaluation methods enables one Lo conclude that,
similarly. to the approaches inspecited above, they use the observed trade-offs
between leisure-time lengilhening opportunities and the increase in the consump-
tion of other commodities. Obviously, the "macroeconomic” and "microeconomic”
approaches might be separaled. Naturally, the latter type of approach is
interesting from our point of view. Two major methods could be mentioned. Ome is
based on studies of the demand curves for timesaving household facilities or ser-
vices. The -other uses the questionnaire technique in order to build the
consumer'’s substitotion function belween a potential wage increase and an
increase in leisure time. .

It is obvious that some of the previously mentioned drawbacks of similar
"microeconomic” approaches to environmental problems apply also to the
methods discussed. Nevertheless, il seems to us that those limitations to a con-
siderable extent might be softened due to the specific features of the evaluation
problem. Anyway, il must be pointed out that the "welfare-angmenting ' resources
approach considerably reduces the number of incommensurable consumer per-
ceived tangible and intangible environmental effects which ought to be taken into
account in the decision-making process.
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APPENDIX I: FINAL STATEMENT

INTERNATIONAL WORKSHOP ON

ECOLOGICAL SUSTAINABILITY OF REGIONAL DEVELOPMENT
Vilnius, Lithuanian SSR, USSR
June 22 -26, 18687

FINAL STATEMENT

The Workshop considered the basic notions related to sustainability, viz., con-
ditions for sustainability, measures ioc achieve i, and crucial research to be
undertaken in the domains of monitoring, modelling, technology and policy with
respect to sustainable regional development. Sustainability is that feature of a
system which makes it possible Lo maintain itself, over an infinite time horizon.

With regard to ecological systems including human ones, it is necessary to dis-
tinguish three levels of sustainability: global, regional and local. In view of the
capacities of solving the sustminability problem, i.e., of planning and managing
development to secure sustainability, the regional level is of crucial importance.

One of the major distinctions among the levels appears Lo be the nature of
appropriate variables for sustainability assessment with regard to ecological sys-
tems. Thus, for global systems —~ oxygen and food production; for regional systems
- food production, adequately clean water and availability of crucial raw materi-
als; for local systems - habitat (environmenit) and system element availability,
sesm to be the variables ensuring sustainability.

Sustainability allows for important structural changes, as witnessed by
Earth’s history, but kept within defined limits. These limits may be iransgressed
locally where destruction of habitats occurs quite frequently, thus posing a threat
to regional and thereby to global systems. This threast originates from mismatches
between the economic, social and ecological spheres, ranging from those regarding
value and conceptual systems, through those concerning methods and techniques,
as well as experience, to those relating to policy, ipstitutional mechanisms and
public responses.

Sustainability can only be ensured through resolulion of Lthese mismatches.
One must, by necessity, start with the value mismatch. Means must be provided for
giving equal weight to the economic, social and ecological values of particular
assets or system elemenis. In the sustainability perspective, a valve assessment
must take long-term use and consequences into account. Within the value domain,
tools must be elaborated for sasy real-time mulli-actor evaluations of dilemmas,
problems, scenarios, etc. Such readily avallable Lools, if computerized, would also
help in resalving conceptual mismatches. -
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With regard (o knowledge, methods and techniques, and their development and
application, it seems necessary to establish through further resource dynamics
studies, the general conditions for sustainability for particular levels and types of
ecological systems. This should lead to provision of sustainable development rules,
in particular those oriented at the regional level. Such rules would include an
indication of minimum levels or maximum deplelion rates, etc., of particular
resources. The rules have Lo distinguish regional conditions in terms of various
climates, natural resource compositions, etec. The rules must be developed in a
step-wise manner, as knowledge increases.

The rules would Lake into account dynamic balances of resources used, consid-
ering in appropriaie cases their rates of recovery or renewal (water, biomass ~
distinguishing amongst products, soil and nutrients), upper limits of destruction,
whether static or dynamic (sir pollution, non-renewable resocurces) and requisite
variety (maintenance of local species diversity, land use differentiation).

Coupled with this would be indicators revealing sscular singularities in the
on-going development process, where these indicators.could be taken from eg.,
climatology, dendrochronology, and other sources of information.

Over a shorter time horizon, the techniques should permit value-integrated
assessments of plans and policies, in accordance with previously devised rules.
Special attention should be paid to policy and institutional mechanisms, since it is
within these mechanisms that values and concepts are to be reconciled and rules
agreed upon. Thus, the creation of effective policy-oriented tools seems to be of
great importance in bringing the message to those most capable of shaping deci-
sions, including their participation in the entire analytical process, and in the
specificalion of responses.

Within the technology domain, there is increasing demand for waste-free and
waste-raducing technologies, that would stand the test of multiple-value assess-
ment. In this respect, the importance of free information exchange, particularly
in the elimination of pollutants as well as the utilization of wastes, cannot be
overestimated.

As one example of methods to achieve the sustainability of regional systems, a
complex sch of develop t/redevelopment of the Lithuanian SSR (unti] and
beyond year 2000) was discussed and given general approval. :

The sustainability of local resources is already threatened, if not destroyed
in many regions. This has an important bearing on the sustainability of regional
systams. On the other hand, regional systems influsnce each other through global
level system interconnections. Thus, regional systems appear to be nodes of the
sustainability question. The question requires, therefore, not only methodological
and technological achievements, but also increased information exchange and
active cooperation.

During the course of the Workshop, it was strongly suggested that a formuia-
tion of ressarch directions should:

- find exact definitions of concepts (e.g., sustainability, ste.);

- study factors (and their relationships) on which sustainability and produc-
tivity of an ecosystem depend;

-~ examine the state of the biosphere at all three levels, local, regional and glo-
bal, and their relationships;

- establish 2 set of indicators and elaborate efficient methods and instrument:=
for measuring; .
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. eco-climate dynamics (for instance, through dendrochronologies),
. ozone and other pollutants;
. biomass dynamics;

- create regional ecological models for ecological assessment and forecasting
based on:

. experiences of Lhe Club of Rome (their models);
. control strategies which should be implemented before pollution occurs:

. gathering, using and evaluating experiences from ecological and
economic modelling.

— lowards regional ecological sustainable development, conduct studies:
. on more efficient energy use,

* _ on conservation of raw materials (including water, etc.), minimizing was-
ter production (which cannot be utilized by the ecosystem);

- from a managerial point of view, check the reliability of present information
relating to:

. environmental data (monitoring, level of pollution, etc.),
. predictability of models based on these data.

- from the point of view of historical analogies:
. integrate spatial (national, international) experiences,
. store past experience (data, knowledge),

- from an evaluation point of view, draw and search for causality. Study theve
in terms of::

. time, duration
. range (physical, monetary, ete.),
. inadvertency.

Finally, the participants of the Workshop agreed that the main goal of ecologi-
cal sustainability of regional development is the sustainable survival of the human
micro-population or ethnic groups, within each defined geographical space for an
undefined length of time. Therefore, consistent regional and national policies as
well as international cooperation relating to sustainability of regional systems are
required. It was also recognized that IIASA is an appropriate institution as a
catalyst for such cooperation, both in scientific and policy terms.
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Monday 22nd June, 1987 (Continued)
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15:00 - 16:15 CHAIRMAN: Acad. K. KONDRATIEV (USSR)
Rapporteur: J. TOMILIN (USSR)

-15:00-15:25  J. EDDY (USA): US. /nifiatives in the International
Ceosphere-Biosphere Program (IGBP)

15:25-15:50 R. PERELET (USSR): Global and Regional
Approaches to Management of Environmental
Problems

15:50 - 16:15  A. WAHLSTROM (Sweden): The Profitable
.Combination of Waste /ncineration and
Wet Flue Gas Cleaning

16:15-16:35 BREAK

SESSION N1: {Continued)

15:00 - 1B:15 CHAIRMAN: Prof. John A. EDDY (USA)
Rapporteur: Dr. Ju. ROSTOPSHIN (USSR)

16:35-17:05 J.P. HETTELINGH (IIASA/Netberlands): icid
Rain in EFurope: Regional and National
Jmplications

17:05-17:30 D. ECKSTEIN (FRG): Tree Rings as Recorders of
Environmental Changes

17:30 - 18:15 DISCUSSION
18:15 - 19:00 COFFEE BREAK

19:30 Sightleeiﬁg excuarsion of Vilnius - Departure from Palace
of Art Workers
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TUESDAY 23rd JUNE, 1987

SESSION ITl: MANAGEMENT OF REGIONAL RESOURCES
09:30 - 13:00 CHAIRMAN: Dr. Uno SVEDIN (Sweden)
Rapporteur: Dr. Juri TOMILIN (USSR)
09:30-10:00 B. POSKUS, A TIKNUIS, A. RACINSKAS (USSR):
Principles of Organization of Agriculture and
Landscape Reclamation in Regional Development
10:00 - 10:25 W. MOOMAW (USA): /ntegrating Ecological Dala /nio
. Local and National Management of Wetland Ecosystems
in the Williamstown, Massachusetis Arec
10:25-10:50 BREAK
10:50 - 11:10 V. MALISAUSKAS (USSR): Evaluation and
Methods of Rational Use of Natural Resources
11:10-11:35 Jan. MOROVIC (CSSR): Overall Structure of
Decision-Making with the Help of Expert Systems
11:35-12:00 Ju. ROSTOPSHIN (USSR): Methodological Aspects
of Model Studies of Regional Development Conseguences
12:20 - 13:00 DISCUSSION
13:00-14:30 LUNCH
14:30 - 16:15 Session [l (Continued)
CHAIRBAN: Prof. ¥.R. MOOMAW (USA)
Rapporteur: Dr. Jan MOROVIC (CSSR)
14:30 - 14:55 Prof. BUDYKO (USSR): Regional and Global
Problems of Biospheric Evolution
14:55-15:20 D. SCHVITRA and R. GRIKIENIS (USSR):
Mathematical Modeling of Population Dynamics of
Insect Host and it's Main Parasytes
15:20 - 15:45 K JOHANN (Austria): Forest Resources and
Conditions of Austrian Forests
15:45 - 168:10 DISCUSSION
168:10-18:30 BREAK
16:30 - 18:00 Excursion Lo Trakai, Medieval Castle and Old Capital of
Lithuania, XIVth Cenlury - Depariure from Palace of Ari
Workers, guided by Dr. R. Pakalnis, Dr. G. Pauliukevicius
and Dr. A. Koncius
19:00 EVENING FREE
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WEDNESDAY 24th JUNE, 1987

SESSION IV: ECONOKMIC AND ECOLOGICAL MODELING OF REGIONAL SYSTEMS

09:30 - 10:45 CHAIRMAN:

Rapporteur:

09:30 - 09:55

09:55 - 10.20

10:20 - 10:45

10:45-11:05 BREAK

SESSION IV (Continued)

11:05 - 13:00 CHAIRMAN:

Rapporteur:

11:05-11:30

11:30'- 11:55

11-55 - 12:20

12:20 - 12:45

12:45 - 13:00 DISCUSSION

13:00-14:30 LUNCH

Dr. Jan BOROVIC (CSSR)

Dr. Jan OWSINSKI (Poland)

R. SOETEMAN (Netherlands): Fconomic Develop-
ment and Ecological Sustainability. Methodological
Framework for Conflicts and Compromises

J. OWSINSKI and A. STRASZAK (Poland): The
Polish Case Study. FRegional Impact of
Large-Scale Mining and Energy Development

AY. RUTKAUSKAS (USSR): System for inal,ciro
and Forecasting Regional Reproduction witk
regard to Technological Progress and
Environmental Management

Prof. A. BURACAS (USSR)

Dr. Jan OWSINSK! (Poland)

K.D. JAEGGER (GDR): Stages and Trends in the
Mutual Relations Between HFuman Sociely and the
Environment from Neolithic fo Present Times

as a Basts for Prognistic Implications

M. EGOROV (USSR): Ecological and Econom:c
Modeling in Terms of Flows

E. JOHANN (Austria): The /mpact on Industry
on the Landscape and Environment in Austria:
1850-1914 (A Case Study)

H. LUIK (USSR): Hierarchy of Planning Levels
as a Basis of Optimizated Regional Ecological
Management
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Wednesday 24th June, 1987 (Continued)

15:00 - 18:30 MEETING IN STATE PLANNING COMMITTEE OF THE LITHUANIAN

SSR: LONG-TERM NATURE PROTECTION & MANAGEMENT

18:30

15:00 - 18:30 Films on Lithuanian Nature Protection Programg

16:30 - 18:30 ROUND-TABLE DISCUSSION: Environmental
. Problems and Management in the Lithuanian SSK

Panel Hembers:
« Acad. A. VANSHIN: Vice President of the Academy of
Sciences of the USSR

Acad. L. KAIRIUKSTIS: International Institute for
Applied Systems Anlaysis, Laxenburg, Austria

Dr. L. LIANDZBERGAS: Head of Department, State
Planning Committee

Mr. K. GINTUNAS: Chairman, State Committee for
Environmental Protection of the Lithuanian SSR

* Dr. M. MIKALAJUNAS: Chairman, Committee for
Hydrometeorology of the Lithuanian SSR

Acad. KONTRIMAVICIUS: Department Chairman,
Academy of Sciences of the Lithvanian SSR

Dr. R PAKALNIS: Scientific Secretary, Lithuanian
National Committee for the UNESCO Programme "M AB"

EVENING FREE
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THURSDAY 25th JUNE, 1987

STUDY TOUR AND EXCURSION

09:00 - 18:30

10:00 - 10:30

10:30 - 13:30

13:30 - 15:00

A study tour to Kaunas and Girionys

. Presentation of:

1. Lijthuvaman Landscape Management: conducted by

Prof. N. Kudaba (Vilinus State University),
Dr. B. Pakalnis (Institute of Botany), and
Dr. A. Koncius (Institute of Economics).

Welcoming Address from the Chairman of Kaunas City Council
P. STASHKUNAS (USSR)

Sighiseeing Tour around Kannas - Visit to the Ciurlionis
Art Museum

LUNCH
2. Lithuanian Research Institute of Forestry in Giriony«:

N ROUND-TABLE DISCUSSION: The Forest Sector in
Regional Economic-Environmental Development

Panel Members:

Acad. A. YANSHIN (Vice President of the Academy of
Sciences of the USSR)

Acad. L. KAIRIUKSTIS (USSR.TIASA)

Prof. M. VAICYS (Director, Lithuanian Research
Institute of Forestry)

Dr. S. MIZARAS (Head of Laboratory, Lithuanian
Research Institute of Foresiry)

Prof. V. ANTANAITIS (Lithuanian Agricultural Academy)

.

Dr. R DELTUVAS (Lithuanian Agricultural Academy)

Dr. J. KENSTAVICIUS (Head of Laboratory, Lithuanian
Research Institute of Forestry)

« Dr. S. KARASWA (Head of Laboratory, Lithvuanian
Research Institute of Forestry)

* Prof. . JANKAUSKAS (Head of Laboratory Lithuanian
Research Institute of Forestry)
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OPTIMIZATION METHODS IN REGIONAIL DEVELOPMENT AND

SESSION V:
REDEVELOPMENT STRATEGIES
09:30 - 11:00 CHAIRMAN: Prof. Lennart SCHOTTE (SWEDEN)
Rapporteur: Dr. Jan BOROVIC (CSSR)
09:30- 09:55  Prof. N.A. AGADJANIAN (USSR): Problems of
Human Ecololgy
09:55 - 10:20 Dr. J.Ya. BUDILOVSKLS (USSR): Development of a
Regional System of Industrial Waste Decontamination
and ils Realization in the Lithuanian SSR
10:20 - 10:45 G. BURACAS (USSR): Ecological Assessmen! ¢f
Physical Fields on Living Organisms
10:45-11:00 BREAK
SESSION VI: THE ENVIRONMENT OF THE FUTURE
11:00 - 13:00 CHAIRMAN: Acad. Leonardas KAIRIUKSTIS (IIASA/USSR)
Rapporteur: Dr. Renat PERELET (USSR)
11:00 - 11:25 R.E. MUNN (TIASA/Canada): Ervironmental
Prospects for the 21st Century: Implications for
Long-Term Policy and Research Strategies
11:25 - 11:50 J. CEKANAVICIUS (USSRY): An Approach lo
the Evaluation of Regional Socio-Economic and
Environmental Prognoses
11:50 - 13:00 DISCUSSION
13:00-14:30 LUNCH
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Friday 26th Jurs, 1987 (Continued)

SESSION VII: FINAL DISCUSSION AND ADOPTION OF RESOLUTIONS

14:30 - 15:30 CHAIRMAN: Prof. R.E. MUNN ([1ASA/Canada)
CO-CHAIRMAN: Acad. K KONDRATIEV (USSR)

Rapporteur: Dr. Renat PERELET

14:30 - 14:40 L SHBVYTOV (USSR): Mathematical Modeling {'zing
Methodology for Forecasting and Assessment of the
Regional Ecological Impact tn Crop Production

14:40 - 15.00 K. KONDRATIEV (USSR): Closing Statements

15:00 - 15:35 L. SCHOTTE (Sweden): Future Policies and
International Cooperation in Reducing
Forest Damage

15:35-16:00 BREAK

16:00 - 16:45 DISCUSSION
16:45 - 17:15 Meeting of Session Chairmen and Rapporteurs

Preparation of Concluding Statements

19:30 - 22:00 Ballet performzance of "Copelia” (L. Delibes), at the State Academic
Opera and Ballet Theatre (A. Vienulis Str. 1)

END
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