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FOREWORD

In June 1887, en important international Workshop was held in Vilnius, Lithvanian
SSR on the topic, "Ecological Sustainability of Regional Development”. The number
of participants numbered 65, coming from nine countries. '

Many of the papers dealt with ecological-economic assessment methods used in East
European countries for regional development planning. Some of the ideas were
quite new to environmental planners from western Europe, and are of great in-
terest to them. This is one kind of service that I1ASA provides very well — bring-
ing people together and bridging language barriers in the East-west context

IIASA is pleased to be associated with the 1987 Workshop and with these Proceed-
ings. .

"R.E. Munn
‘Leader
Environment Program, I1ASa
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PART 1

INTRODUCTION






1.1  ECOLOGICAL SUSTAINABILITY OF REGIONAL DEVELOPMENT:
BACKGROUND TO THE PROBLEM®

L Kairiukstis

Deputly Leader, Environment Program )
International Institute for Applied Systems Analysis
A-2361 Lazenburg, Ausiria

~

During the last decade, almost all regions of the world have been under the
process of sccial, economic, demographic and environmental restructurization.
This fact results from three processes having world-wide importance: globaliza-
tion of economic processes, shifts in technology and changes in natural rasources
and biospheric conditions.

The globalization of the economy and new taechnologies create new issues and
almost every region in every country starts to face new challenges, irrespective
of the social or institutional mechanism of economic life. In an economic sense in
the domain of regional development problems, priority is given to the question of
competilivensss of a region as compared Lo other regions. In order to realize
the potential of a region, or to achieve the competitiveness of any region, human
activities have usually been directed toward economic development of computer-
aided manufacturing and computer-aided design of regional development stra-
tegies. The resources and environment of the region have been considered only
as constraints, if af all. But in fact, a region is a human activity system, produc-
ing economic, environmental, demographic, and other transformations that are
perceived as relevant to the survival of & specific population. Therefore the
sustainable survival of the Aumanr micro-population or ethnic group within
each defined geographical space, within the region must be considered as the
main goal of regional development.

Nevertheless, industrial, agricultural and social development usually leads
to the depletion of natural resources and human environmental deterioration.
Forest decline, land desertification, soil erosion, and lake acidification are all
examples of this. In some regions, this process is rapidly approaching a
dangerous level, not only for the regions in question, but also for the biosphere
as a whole. Therefore, the second domain is ecological sustainability of
regional systems which today appears to be more important than ever before and
must be considered on the same level as competiliveness of regional systems as
was previously considered in an economic sense. Only equality of both domains
can ensure productive human activities In a given region for an indefinitely long
time.

Environmental and socio-economic sysiems are closely interrelated at the
local and regional levels. They are likely to be simultaneously sensitive both to
global biospheric changes as well as to changes caused by resource depletion,
atmospheric pollution and eco-climatic variations at the regional level. An
integrated approach to the assessment of the impact of ecological changes is

=In: Ecological Sustainabdtiity of Regional Development, Proceedings of a Wnrkihop held in Vi)-
nlus, Lithuante, USSR, 22-26 June 1987. L. Kefriukstis, A. Bureces, end A. Strasgak (Eds.), 1988,
Systems Research Institute, Polish Acedemy of Sclences, Warsew, Polena.
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‘therefors crucial to the development of comprehensive managemen! stralegies,
which include a significant restoration component and provide both competitive-
ness and ecological sustainability of regional systems.- :

The International Institute for Applied Systems Am:lni: ﬂ[ASA) has, since
the early 1980 within its Environment Program, been engsged in studies on acid.
rain, biosphere, and foresiry cese stodies, which have made unique contribotions:
to a better understanding of regional systams and problems, .and: have also
developed methods and tools for their analysss. The avthor has participated in
this work, contributing specifically to studies of dendrachronology and its appli- .
cations, and mmnmmmmmwm T

Using a network of coliaborative urgnnluuons established in Eurepe "Asta,
and North America, IIASA has organized several intermational nseting: on aif-
ferent aspects of ecological sustainability of regional dovelupmant :

Among those meetings ars: Workshop on "'Regionul Resource Manaaement"
held in Albena, Bulgaria in actumn 1985, where the principal approach t.o analyze )
ecological :ushim.bmty of regional systens hax been established.? .

Dimensions required in defining the boundaries dregional uystom' Ca
~  basic regional scosystem components: o
~  main economic sectors Lo be analyud

-~  main factors causing impacts or distorbance on coologlcal sns'ainnbuny
of regiona! systems (natural eoo-c!!mnﬂa chanees nnd snvironmental
pollutants ware selecied). . .

Finally, a class of investigation was dasignod b. 1 repart on lhe state-of-
the-art in case study regions; 2. underiake scological modeling: 3. undertake
ecological-economic modaling; 4. seek interface with policy makers. -

Following the matrix above, the forest was choson among the basic ecosystem
components for special studies. As a factor causing an impact on ecological sus-
tainability of the regional system, chemical and physieal envtronmenhl changes
were investigated. :

With regard to chemical anvnronmen(a.l changes. acid rain has been con-
sidered. Within JIASA's Environment Progran, the Acid Rain Project has oarried
out investigations on the long-term effects of acid deposition in Europe. A
policy-oriented model has been developed for use by intarmational and regional
or national decision makers, sesking bstter strategies for emission reduction.
Several international mestings on problems of acidification have been organized.

Special studies on the forest as the most imporiant biospheric subsystem and
on the forest sector as one of the components of ragional economic environmental
systems have besn carried onl within the Environment Program at [IASA. In the
framework of these aclivities an International Workshop on "Forest Decline and
Reproduction: Regional and Global Consequences™ was oonvened with the objec-
tive of seeking a consensus aboul the status and knowledge of forest decline espe-
cially in Europe. The Workshop, held in Krakow, Poland in March of 1887 has
been cons=idersd as a most successful international meeting. In addition to
presentations of some 60 papers on forest decune.z a set of resolutions was

LRegtonal Resource Nonagement. Volemes 1, L 1. Kejriuketis (B4}, July 1986, CP-86-24, Inter-
nations! Institote far Applied Systems Analysis, A-Z381 Laxsnburg, Austria

2rurest Deciine and Reproduction: Regtonal and Global Conseguences. Proceedings of »
Yorkshop beld in Krakow, Poland, 23-27 Marchk 1987. L. Kairiekatis, S. Nilsson, and A. Strasaak
{Rds.), September 1087, WP-87-75, International Institute for Applied Systems Amlysis, A-2361
Laxenburg, Asstria.
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adopled. These call for reductions of air pollotant emissions, sounder regional

policies, improved monitoring of the sxtent and growth rate of forest decline,

mmmmnem uwwsmmmmuml

cooperation. L
MM&WMWMW nuturnleco—

climatic changes can be svalvated frc- dendrochronologies. A worldwide network

on Dendroshronology has been established. Dendrochronological information
) ammmmwmmwmmw An inter-
national Workshep was held in Krakow, Poland in June 18688 on “Methodology of

Dendrochronology: - Bast/West Approaches”. - Methods establishing modern

regional and ‘transregional dendrochronciogiss have besn developed and cali-

brated. The application methods, perticularly for early indications of forest
decline based on physical end chemical atmospheric changes have been improved.

Actoal nouMa-dMeﬂnt,mnﬂmland transregional up to the

hemispheric lsvel have bosn crasied.” This may help in the evalustion of future

ecological sustainability of such regional eo-pomntl as Ionst agricuu.ure,

aquacuiture, and mwm .
Some - steps for mym Mwamm are ai.no nndemy in current

activities of collaborators of IASA's Environment Program. . Pollowing the idea of

nocesphere, mem Y. Yernadsky st the beginning of this cen-
tury, a modsl of bicsphere development is under construction in the Computing

Center-of the Academy of Sciences of the USSR (Academician N.N. Moiseev).

Several models for mb:hu and foresoasting regional reproduction have been

crested in Lithuenia (USSR). The Netherlands, Japsn, Poland, elc. Also, a

Workshop- on' "Ecosysiem Redevelopment: : Economic Ecological and Social

Aspecizs” was hald within the !rlncuu't d l'!ASA'l Iiosphcro Project in Budapest

in spring 189687,

Nevertheless, the Mcal m -Nch nwt Inhkcn 1h the future to meet
the objective of increasing scologioal sustainability of the bicsphere must be met
through regional systems. The regionnl system is still a manageable system; and
if the processes of mio-mc and environmenial development within the
regional systams are clearly mdoxi.ood and properly managed, ecological sustai-
nability of regional development as well as economic eo-peuuvcnaa and sustain-
abie survival of the human micro-populstion will be achieved.

Taking all this into corddsrlusn a 'crhhop on "Ecological Sushmabim.y
of Regional Devslopmeni” was held in June 1987, organized by the Lithuanian
Academy of Sciences snd the Commities for Systems Analysis, Academy of Sci-
ences of the USSR and co-sponsored by I1IASA. The participants of the Workshop
held producthn discuswions on the following Lopics:

1. Purception qf regional socio-sconomic and environmental systems (dimen-
sions, basic components, and management criteria).

2. Intsrdependsncy of regional, transregional, and global systems (giobal
atmospheric changes, transregional atmospheric pollution, and eco~climatic
changes).

3. . Managemeni of regional resources (sustainable/unsustainable utilization of
natural resources, current and future strategies).

Sgctheds of Dendrochronolegy. Volume 1. Proceedings of the Task Force Mesting on Methodology
of Dendrochroaciogy: East/Vest Approaches, 2-6 June 1386, Krekow, Polend. L. Keirtukstis, Z.
Bedners, and E Pelikatk (Bde.), Yarsaw, 1967.
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4. Economic and ecological modeling qf regional systems (approaches,
methods, models, software and data base construotion).

5. Optimization of regional development /redevelopment strategies (criteria
of optimized regional ecological management, multiple land use, and regional
(national) physical planning and environmental management)_.»’

6. The snvironment qf ths future. : . .

The discussions at the Workshop achieved the follow!ns
. Substantistion of conceptual approsches in eoalogicell.y balanaed
regional socio-economic and environmental systems.
. Glimpse at the current level of knowledge on mutual interdependency of
regional, transregionnl, and giobal econonuc and environmental syst.ems
as evident from:

'~  anthropogenic pollutants,
-  eco-climatic fluctoations, and
—  global bjospheric change.

. Contribution to devslop an approach to regional (national) resource
management which is best for long-Lerm socio-economic and environmen-
tal regiona! development and for sustainability of the biosphere.

. Examination of possibilities of generalizing existing economic and
environmental models and facilitation of their adaptability for
managerial use in East and West socio~economic systems.

. Attempt to consolidate diverse approaches on sustainable regjonal
development.

. Determination of priorities in research aimed at improvlna regional
socio~economic and snvironmental policies.

. The Workshop adopted a final statement.

Providing these Proceedings to ths broad community of regional
environmentalists, economists, ecologists, agriculiural forest and dendro-
chronology specialists, as wsll as to international organizations and decision
makers, | sincersly hope that consensus will be achisved on ecological sus-
tainability of regional development and ways will be found to susiainable sur-
vival of the human populetion within each geographical region.
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1.2 ECOLOGICAL PROBLEMS: THEIR STUDY AND SOLUTION IN THE
USSR -- GLOBAL AND LOCAL ASPECTS®

Academician AL Yanshin

Vice President,

Academy of Sciences of the USSR
Moscow, US.S.K.

The term "ecology"” was suggesied one hundred years ago by the German
Darwinist Ernst Haeckel Lo denote a science that includes studies of the relation-
ships of plants and animals with certain physico-geographical conditions. Studies
of these relationships were then being carried out but the relationships them-
selves were assumed to be unchangeable. In the XIXth century the problem of
their changes, and of the evolution of ecological relationships, had not yet been
formulated; even the problem of human ecology had not arisen. This probably
resulted from old religious notions that human beings are above nature and human
society develops according to its own laws independent of the laws of the develop-
ment of nature. Only the most intelligent people at that time reflected on what we
now call "human biosocial nature”, believing that human society should develop
according to the laws of nature and not contrary to them. That idea war
expressed most clearly by Friedrich Engels, who was one of the greatest natural
scientists.

The time foreseen by Engels has now come. The general laws of evolution
that are common to both human society and living and non-living nature which
surrounds us have been considered by our contemporaries—including the Soviet
scientists V.G. Afanasyev, N.N. Moiseev, D.K. Belyaev, 1.T. Frolov, S.P. Mikulinsky
and others, by the scientists from the Club of Rome, and in the recently published
book by Ervin Laszlo, Evolution: The Recent Synthesis. In these works an
attempt has been made to consider the social evolution of human societly as a his-
torically inevitable natural process. Some personalities can slow down, or hinder
that process, but they cannot stop it.

The first scientist who considered human society as part of the history of the
biosphere of the Earth was Viadimir Vernadsky. The 125th anniversary of his
birth will be celebrated in March 1988 in the Soviet Union and many other coun-
tries, e.g.. Czechoslovakia, France, and the United States of America, although
Vernadsky's work is not sufficiently known in western countries. In his early
papers at therend of the XIXth century, V.]. Vernadsky pointed to the huge and
rapidly growing scale of human activity, quite comparable with the most powerfuj
geological and geochemical processes occurring in the upper shell of the Earth.
In these papers Vernadshy warned that a dramatic growth of human activity would
inevitably produce situations dangerous for mankind itself, {f that activity did not
proceed in accordance with natural processes, but conflicted with them, disrupt-
ing the natural course of events. He warned that ignorance of natural processes
and of the ways of their development and neglect for these processes may result

*In: Ecologtcal Sustainabiitty of Regional Development, Proceedings of & Workshop held tn Vil-
anluy, Lithusnie, USSR, 22-26 June 1987. L. Keiriukstis, A. Buraces, and A. Streszak (Eds.), 1988,
Systems Resesrch Institute, Polish Acedemy of Sciences, Warssw, Poland.
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in conflicts belween human society and nature.

In his later works at the turn of the century, Vernadsky focused on the prob-
lem of a new science--geochemistry, which was emerging at that time and of an old
science—mineralogy, which he had considerably renewed by his genetic
approach. In these works Vernadsky carefully studied the behavior of each ele-
ment in the biosphere—the Earth's shell where living matter exists; he
discovered the role of each chemical element in human activities. AL that time
some of the chemical elements of the Mendeleyev's periodic syslem.were not
known Lo be of practical value. Now, aill of them are not only uséed. bit also chemi-
cal compounds of these elements are created that do not occur in nature. For
instance, such elements as gold and silver were never found in a natural state but
only as compounds. Now, pure aluminum, iron and titanium are produced in vast
quantities. People have obtained these absolutely new forms of chenucal elements
onknown in nature.

At the General Assembly of the Academy of Sciences in 1911 Vernadsky
presented a very interesting repori. He pointed oul that in foture, mankind will -
definitely learn how to use the energy of atomic fission and thus gel a source of |
energy of such a power that was not known before. That is very significant since
the report was made only aboul 10 years after Beoquerel and Pierre and Marie
Curie discoveresd radicactivity. in 1811 no scientist Lock this prediction seri-
ously. ln 1922, Vernadsky repeated that prediction and said that the time of mas-
tering nuclear energy was at hand. For the first time he raised the question: will
mankind use this tremendous source of energy for increasing ils wealth or for
self-destruction? A clear warning was issued by Vernadsky back in 1922! A little
later, in 1923, Vernadsky left Russia for Prague and Paris where for two years
he lectured in geochemistry. In his lactures he:-revealed the role of each chemi-
cal element in the processes in the biosphere incluoding human activity, that
aclivity was considered by Vernadsky Lo be a biospheric process. .

As a result of his investigation, a new science nppeared—blo-geochemstry,
i.e., geochemistry associated with life, with the aclivity of living organisms and
living matter of the biosphere.

During the following ysars Vernadsky paid a lot of attention t.o the mveshga-
tions of all the parameters of the biosphere and not only to the chemical
processes in it. The questions he studied included: how much solar energy is con-
sumed by green planis; what iz the mechanism of the formation of elementary
organic substances by plants powered by solar energy: and, what is the mass of
living matter in the present biosphere. Af Lhe same time the first step had been
taken in investigations of the evolution of the blosphere as part of the history of
the Earth.

In 1926, Vernadsky's fundamental work The Bosphere was published. -1
regret very much that this work has not yet bsen published in English. We will do
it in the nearest future. The lectures Vernadsky held at the Sorbonne were pub-
lished in Russian and French in his book Essays on Geochemistry. Having gen-
eralized in these works his early studies of the biosphere, Vernadsky continued
to study these problems until his death fn 1945.

In 1940, snother large and very imporiant paper was published in Russxa :
entitled On the Autotrophy of Mankind (this was published in French in 1925).
The term “aviotrophic” was introduced by the German physiologist W. Pfeffer to
denote green piants, because only thess plants consume solar energy by chloro-
phyll grains. Then these plants produce elementary organic substances, mostly
carbohydrates, and in minor quantities, protleins and various fats using carbon
dioxide, water and mineral substances that are extracled together with water by
the roots of the plants. All animals are helerotrophic; they cannot produce
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organic substances out of inorganic ones, they either feed on plants or prey on
each other, Human beings are also helerotrophic, as were the primitive people
of the Stone Age. They were entirely dependenit on the natural environment,
‘dressed in animal skins, living in huls of stakes covered by animal skins, and fed
on plants and animal meat. Vernadsky pointed out that in the process of the
development of civilization people gradually adquired some autotrophic features.
They learned to build their houses of bricks and concrete. Modern people are
increasingly using synthetic fabrics for their clothes and even produce synthetic
furs out of natural gas and other inorganic substancesecall meeting with our
late President, Alexander Nesmeyanov, to discuss the organization of new
reserves for preserving fur-bearing animals. He asked us, why do we need fur-
bearing animals when chemistry is now able to produce fur?

V.I. Vernadsky followed very closely the early attempis to create synthetic
food. We now know thatl microbiological processes permit production of proteins
out of gas, and leaven out of timber wastes. Vernadsky bslieved that the creation
of synthetic food will be a big step toward the autotrophy of mankind and its
independence from the environment. Following his idea we can formulate a prob-
lem of synthesizing green chlorophyll plastids by which green plants consume
solar energy. When people learn how to make synthetic chlorophyll, they will be
able to produce unlimited amounts of food and fodder. This problem has not yet
been properly formulated by scientists; however, it will undoubtedly happen in
the next 100 years.

In the middle of the 1930s, during the lasi decade of his life, Vernadsky paid
special attention to problems of the evolution of the biosphere, its qualitative
changes beginning from the Earth’s early days when only microbes inhabited the
seas and oceans and the land was devoid of life and until the latest stage in the
development of the biosphere when human beings appeared to change the bio-
sphere. Returning to his earlier works Vernadsky studied the scales of human
activity in more detail than before. He belisved that collective human inteliect
will transform the spontaneously organized biosphere into a rationally controlled
noosphere (noos is “inlellect” in Greek). The noosphere is that stage of bio-
sphere development where a collective human intsllect has transformed it to meet
the material, spiritual and esthetic demands of mankind.

In 1977, long after the death of V.I. Vernadsky, his paper Scientific thought
as a planetary phenomenon was published. There he formulated 12 conditions
essential to the transformation of the biosphere into the noosphere. 1 will not
discuss all 12 conditions, and merely say that according to Vernadsky the main
condition for the formation of the noosphere is removal of the threat of wars. As
long as the possibility of wars exists, the biosphere cannot be transformed into
the noosphere. Only the abolition of wars, only a friendly and peaceful life of all
the people of cur planet can ensure the right conditions for a noosphere.

Vernadsky died on Januvary 5, 1845. A few months later nuclear bombs
exploded over Nagasaki and Hiroshima. Vernadsky’s prediction had come true:
the energy of nuclear fission had been mastered. Unfortunately up to now a con-
siderable part of the efforts of mankind has been spent on stockpiling nucles-
weapons. Yet we trusi that an agreement will be reached on uses of nuciear
energy for peaceful purposes. At the same time, during the 42 posiwar years,
peaceful uses of nuclear energy have been increasing. In earlier times fearless
explorers reached the North Pole. Nowadays ice-breaker ships with powerful
nuclear engines easily pass through ice hummocks and polar ice on their way to
the North Pole. By means of these ice-breakers a free passage is opened through
the ice of the Arctlic Oceans—from Europe Lo the shores of the Far East. Nuclear
water distillers are working in desertis, on the coast of seas and salt lakes. They
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provide water for drinking and for technical purposes and generale considerable
amounts of water for irrigation and planting of gardens and vineyards in deserts.
A considerable amount of electric erergy is now produced by nuclear power
plants (502 in France and 171 in the Soviet Union). The Chernobyl tragedy warns
all people of the Earth that they should deal with nucliear energy extremely care-
fully. We cannot, however, stop developing new sources of energy. Scientists in
many couniries are working hard on controlled nuclear fusion. We will probably
be able to use the energy of nuclear fusion in the foreseeable future. The power
of mankind will increase tremendously if we agree to use this energy only for
peaceful purposes. . )

The past 30 years can be rightfully called "the Age of the Scientific and
Technological Revolution”. This is due not only to the tapping of nuclear energy.
People have gone into outer space and hundreds of satellites are now orbiting the
Earth, studying both space and the Earth’'s surface. An entirely new science has
appeared—studies of the Earth by space methods to monitor the condition of
forests, correct topographic maps, forecast snow melt and river floods, and
assess crops. Earth studies by space methods are useful in many ways.

The dream of Jules Verne has come true: people have walked on the Moon.
Space instruments acquire data about all planets of the solar system and comets
that stray into it. We now have an idea about the physical conditions and the sur-
face relief of Venus, Mars, Jupiter’s satellites and the strovcture of Saturn’s
rings. At the same time, during these 30 years, detailed studies of the microcosm,
of the elementary particles have been conducted. New branches of industry have
appeared as electronics and microbiology have continued to advance. The molec-
ular mechanism of the transfer of hereditary features has been discovered. On
that basis a completely new science has emerged, i.e., senetic engineering, that
has already brought important practical results. During this 30-year period
powerful computers have been buill; no research center can now work without
them.

The changes that have occurred during the past 3 decades are tremendous.
They benefit mankind. Great advances have been made combating infectious
diseases. In the XIXth century, smallpox wiped out the whole population of many
islands in the Pacific. Twelve years ago, the World Health Organization in Geneva
announced a reward of $6,000 for the doctor who would report one case of
smallpox. The reward has not been claimed. Smallpox has been eliminated from
our planet. Strides have been made in combating other infectious diseases.

Mankind’s impact on nature has at the same time resulied in those conflict
sitvations thal V.I. Vernadsky warned against at the end of the last century. The
sheer scale of cultural activity resulted in the pollution of the atmosphere, the
hydrosphere (including the ocean) and the upper crust.

At the same time a rapid growth of the population began, leading to serious
ecological problems. In my youth nobody thought or wrote about these problems,
except V.1. Vernadsky, a scientist of true distinction.

A number of new global ecological problems have appeared. ! will only men-
tion some of them. It has now been accepted by all the climatologists of the world
that the increase of carbon dioxide concentrations in the atmosphere is due to
the burning of vast quantities of fuel in internal combustion engines of vehicles,
coal-fired power stations, etc. We know that the carbon dioxide concentrations
have not been constant throughout the history of the Earth. I recently had great
pleasure in presenting to the 11ASA library the book The History of the Aimo-
sphere that | wrote in collaboration with Corresponding Members of the Academy
of Sciences of the USSR, M.1. Budyko and A.B. Ronov. We followed changes in the
concentrations of various gases in the atmosphere during the past 500 million
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years since skeletal life forms appeared on Earth. But, let us not go so far back.
Let us dwell vn what has happened during the past 50 million years. From the
geological point of view that is a very short period. Recent carbon dioxide con-
centrations are within 0.03%; 50 million years ago it was 0.4Z, i.e., greater by one
order of magnitude. We know definitely that at that time even the Antarctic had
no ice cover and that it was inhabited by animals whose skeletons have been
found. There were no drifting ice-floes in the Arctic Ocean. High forests were
growing on Spitsbergen; this is borne out by coal deposits in Barentsburg. At
that time, at 0.41 of carbon dioxide, the greenhouse effect was so intense that the
climate of the Earth was everywheres warm, mild and there were no ice caps near
the poles. We are of course very far from these conditions now. The concentra-
tion of carbon dioxide is increasing, however. And it is increasing not only in the
urban areas but near the South Pole (according to the measurements of the
Amundsen-Scott station) and on small coral islands in‘the Pacific, as well. These
measurements show that in some cases the concentration of carbon dioxide is
0.045, i.e., it has increased by 50% in comparison with what it was in the first half
of the century. Climatologists have revealed an increase in the average tempera-
ture of the lower atmosphere. It is still not large, only one or two tenths of a
degree, but the temperature is increasing. Nobody doubls it and climatologists
are now studying how this warming will influence the distribution-of precipitation.
Certain theories seem to be developing in this connection. They need of course
checking.

In the Soviet Union three Institutes work in this field: the Central Hydro-
graphic Institute of the State Committee for Hydrometeorology in Leningrad, the
Institute of Geography, and the Institute of Physics of the Ailmosphere of the
Academy of Sciences of the USSR in Moscow. The latter has a big laboratory on
the theory of the climate. The three Institutes have reported interesting data;
the signs are that by the year 2000 a strip of climate more arid than at present
will form in the south of Europe, to cover Spain, Italy, the northern Balkans, and
the Ukraine in the Soviet Union. It will not stretch further to the east, however.
North of this area and, what is very important to us, south of it, i.e., in Central
Asia the amount of precipitation should considerz*ly increase. We now observe
that the snow cover near Moscow reaches B0-80 ¢m. The run-off of the Volga has
considerably increased: it was especially large in the first half of 1986, when the
level of the Caspian Sea rose by B em. That amount of water was provided mostly
by the Volga and to a lesser extent by the Ural River. Not everything is clear,
however,; absorption of carbon dioxide by the World Ocean has not been deter-
mined accurately enough, various scenarios are still being developed, but the
general trend of the climatic processes has already been revealed. One of the
most important problems of our times therefore is to work-out a scenario of
future climatic changes not only for one country or a comparatively small con-
tinent such as Europe, but for the whole world.

Let us consider some other global problems that have appeared recently. |
have already said that large-scale air pollution is one of the main negative fac-
tors that have emerged during the past 30 years. The International Institute for
Applied Systems Analysis is studying the important problem of acid rain. Smoke
laden with sulphuric, nitric, and sometimes, hydrofluoric acids is carried by the
winds over great distances. As a result, acid rain occurs in all the industrialized
countries. When studying this problem, it is very important not only Lo determine
the harmful effect of air pollution on the surrounding landscape but Lo involve
economists in this work to show that control technologies can bring profit. This
can be the case when the concenlration of the vapor of sulphuric or hydrofivoric
acids is sufficiently high. At low concentrations it will be unprofitable. 1 would
like to give you the following example: in the Orenburg region in the Southern
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Urals large copper deposits were discovered in the 1930s. In these deposits
copper is combined with sulphur in the form of chalcosine, chalcopyrite and bor-
nite. A plant and the city of Mednogorsk were built in the Urals, 120 km east of
Orenburg. The plant produced high-quality copper; sulphur gases of high con-
centration were discharged into the air, which resulted in the following conse-
quences: at first, tree tops withered and then forests underwent a completé
degradation over a considerable territory. Our technologists and economists cal-
culated, however, that it would be very profitable for the plant to retain this sul-
phurous gas and produce. pure sulphur rather than sulphuric acid. The plant now
produces copper and about 7,000 tons of pure sulphur per ysar. As a result the
plant is more profitable. The Ministry of Non-Ferrous Metallurgy did not accept
the project for a long Ltime because sulphvur is produced in the USSR by another
ministry, the Ministry of Chemical Industry. Sulphur emissions can no doubt be
reduced at a profit for those factories and companies that are meilting sulphide
ores. ) .
Rivers and lakes have been polluted during the recant decades. I will later
speak about whal has been done to deal with this probiem in the USSR. It is espe-
cially disturbing that the World Ocean has also been polluted.. This is to a great
extent due to the increasing offshore exiraciion of oil and gas from the shelf.
The entire North Sea in Europe, the Persian Guif, the Gulf of Mexico, the South
China Sea—ail these shallow-water seas are covered by a thick net of oil- and
gas-exiracting platforms. Such platforms are hugging the northern and southern
shores of Alaska, the shores of California, Ecuador, Peru, and Northern Chile,
the western shores of Australia, and the shores . of India near Bombay. They are
located in the Bass Strait between Australia and Tasmania, in the Bay of Siam and
in the Gulf of Guinea in Africa.

In 1985, 680 million tons of oil were extracted off shore. More was extracted
in 1986. 1 do not know the exact figure but it should be over 700 million tons.
Moreover, many countries that have no deposits on land extract hundreds of
thousand tons from hydrocarbon deposits under the ssa floor. These are, e.g.,
Nigeria, Norway, Denmark, and the Netherlands. These oil fields are in fact the
main polluters of the World Ocean, since a certain amount of oil is lost due to dril!
failures, and in the process of pumping oil into tankers. Of course shipping has
increased and this also pollutes the ocean., Here is an example. In 1947, Thor
Heyerthal sailed on the '"Kon-Tiki"” from Peru's shores to a small island in the
Paumotu Archipelago. On his way he saw clean water, plenty of fish and other
animals. Twenty-three years later in 1970, he made a trip on the sailing boat
"Rha” from Morocco to the shores of Venazuela. All the way across the Atlantic
Ocean he saw no flying fish, but observed oil slicks and encountered drifting plas-
tic bottles and wastes.

The upper crust of the Earth and underground water are also being polluted.
In many cases, under the influence of human activity, karst processes develop.
This has occurred even in Moscow as a result of water lsakage out of sewage and
water-supply systems. .

A mass movement for environmental protection began in the 19605, about 25
years ago. In 1972, a special session of the United Nations focused on this prob-
lem. It was decided to form an international body on environmenta! programs-—-
UNEP—that now has its headquartiers in Nalrobi. UNESCO also adopted a number
of international environmental projects while the Soviet Union began to introduce
environmental protection measures at about the same Lime. A society for nature
conser vation was organized in the Soviet Union back in 1923, but it was a nongo-
vernmental organization. In the 1860s and 1970= the USSR Supreme Soviet
adopted = number of laws on soil protection, water protection, air-space
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protection and also resolutions on the protection of the Black and Baltic Seas.
The Council of Ministers established a commission on environmental protection to
enforce the laws. This commission does no research but it ensures that ministries
and factory managers abide by the adopted laws. Moreover, the commission can
impose large fines and dismiss offenders from their posts. The head of the com-
mission is one of the first Deputy Chairmen of the Council of mesters of the
USSR, presenuyv S. Murakhovsky, - :

An .inherdepa.rtmontal . committee for environmental protsction was esta-
blished at the State Committes for Science and Technology at the same time. In
- 1872, the Scientific Council on the problems of biosphere was organized at the

,Academy of Sciences of the USSR. Academician A.P. Vinogradov, its first chair-
man, was a well-known geochemist. After Academician Vinogradov's death in 1976,
. ,Academician A.V. Sidorenko was appointed to the post. and now | am in charge of
.the Council. 1. shall describo some aspects of its work.

‘We urganize fact-ﬂnding conferences in various regions of the Soviet Union
where abnormal ecological situations arise. I have participated in a number of
such conferences: - in Yakotsk on protecting the tundra and defining conditions
for mining minerals in the tundra; in Kishinev, Moldavia, and in Yalta on improv-
ing the health resort zone in Kislovodsk and on the northern coast of the Black
Sea. In 1984 1 organized a visiting session in Yerevan. As a resuit, a governmen- -
tal noosphere studies center was organized in Armenia. During the last two and a
half years, this center has accomplished much: the proposed site for construction
of a nuclear power plant has been changed, and it will be built in a remote and
uninhabited valley in the mountains; the amount of Sevan water used by a chain of
smali hydro-power stations has been reduced; factories that polluted the air in
the Ararat valley have been closed down. The last meeting of that kind was
organized in 1886 in Ashkhabad, capital of Turkmenia. It was devoted to human
ecology and natural conditions in the arid zone of Central Asia and Azerbaijan.
The meeting considered what should be done to improve the environment in this
arid region, where many oil and gas fields have been discovered. The meeting also
examined health resoris in piedmdnbane and mountain regions of Central Asia, the
stabilization of ‘moving sands, control of desertification, and the rational use of
the limited water In this desert.

In addition to these visiting sessnons during' the past two years, our Scien-
tific Cooncil on problems of the biosphere prepared the scientific basis for a
number of governmenta! resolvtions. We began with a’study of a project to
transfer waters of the rivers of Northern Europe and Siberis to the South of the
country. We have comprehensively studied this question from the ecological and
economic points of view, and have managed to prove that the transfer of the
waters of the northern rivers (the Northern Dvina and Onega) into the Volga
basin is of practically no use dus to climatic changes that have begun. Over the
past sight years the avarage Volga run-off has been 26 km? larger than that over
the preceding one hundred years and {s increasing. Building new reservoirs on
the Upper Sukhona and Onega on fertile soils wastes money for only 6 km? of addi-
tional water is transferred into the Caspian Sea. But the Caspian Sea does not
need water. Its level has begun o increase.. One should start thinking of how to
decrease this level, e.g., by transferring large amounts of water to the Carabo-
gaz Bay that earlier evaporated aboot & km® of water.

As for the Siberian rivers, the problem has nol been removed from the
agenda. The population of Central Asia is rapidly growing due to a high birth-
rale and the migration of Soviets from Siberia and the Far East to a region with
better climatic conditions. Central Asia will need water. The resources of the
Amu-Darya are practically exhausted. The completely exhausted Syr-Darya does



-12 -

not reach the Aral Sea. Bul the project on which work began is not satisfactory
It would give Central Asia only B or 1D km? of water. This is too little because dve
to faulty irrigation, Central Asia now loses about 26 km? of water. Measures on
waler economy should be taken there before water transfer from Siberia begins.
It is probable that in the XXIst century we shall reconsider this project. In any
case, we reported our calculations and presented them to the government and on
August 14, 18986 it was announced that the transfer to the South of part of the
run-off of the northern and Siberian rivers had been cancelled.

The second problem being studied under the supervisioh of our Scientific
Council is that of Baikal, the wonderful lake, about 2 km (1741 m) deep, in eastern
Siberia with amazingly clear water. Baikal waters are clean due to the resident
fauna: a Liny swimming crayfish "epischura baikalensis” inhabits the upper layer
of the water. It filters water through its body leaving Lthe suspended particles in
its tiny shell. Six generations of crayfish live and die during the summer pericd,
and six times these epischura shells with their loads of suspended particles drop
to the bottom. This explains the amazing purity of the Baikal waters. In 1855 it
was decided to build a pulp-and-paper mill on Baikal. It was supposed to produce
cellulose cord for the aviation industry. However, the industry stopped using
celinlose cord and began to use a metallic one. The faclory began to produce
ordinary paper. And though there were water-treatment facilities, the factory
polluted Baikal. We suggested moving the production of cellulose down the Angara
river to the North where conditions are right for the production of celluiose. In
April—-May, 1987, our governmental bodies announced their decision to purify not
only Baikal itself but all the rivers flowing into it, to enhance the sewage systems
of the cities on these rivers, to stop the production of cellulose on Baikal and to -
move the faclory to the new city of Ust-Ilim, being built on the Angara.

A third problem that our Scientific Council has considered is how to keep
l.ake Ladoga clean. This is the source of the Neva River, which provides Len-
ingrad with water. This problem was mostly considered by our colleagues from
Leningrad, but we discussed their proposals at meetings of our Council and then
presented them to the government. A governmental resolution on the protection
of Lake Ladoga has recently been published. This means that another of our
regionai ecological projects has been successful.

We are now examining the project to build another water reservoir on the
Upper Volga near Rzhev to provide Moscow with water. According to this pro-
ject, 60 km“ are to be flooded but we are against building reservoirs in plains
(they can be built in montain clefts). Fertile lands are too valuable to be lost to
waler reservoirs. We have succeeded in demonstrating that underground sources
around Moscow can provide more water than could be obtained from this new
reservoir. The latter was supposed to give 23 m3 per second. We have shown that
the underground sources around Moscow can give 35 ma/sec. That was the main
argument against building a new water reservoir. The Council of Ministers of the
Russijan Federation has already considered our proposals and agrced with them.
The resolution is under consideration by the Council of Ministers of the USSR and
will probably be adopted.

1 have used these examples to show how environmental protection is develop-
ing in the USSR. Of course, our Scientific Council is not the only body working in
this field. We have a powerful Soviet Committee for the International Program
"Man and the Biosphere”, headed by Academician V.E. Sokolov. This committee
has been very successful in establishing nature reserves and saving many
endangered animals. During the war, the European buffalo was practically exter-
minated in the Soviet Union. Now buffalo live in Belovezhskaya Pushcha on the
border with Poland, a reserve on the left bank of the Oka River near Moscow, and
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the Northern Caucasus; a herd of buffalo has appeared in Lithuania. An attempt
was also made Lo introduce buffalo to Ceniral Asia but the buffalo ate the young
trees and had to be removed."

The saigak is our steppe :;nulope Al one time the saigak population fell to 12
thousand but now in Kalmykia and Kazakhstan, it is at 600, 000 The population
has been completely restored!

Reserves helped greatly in protecting r ur animals and the sable, particu-
larly in the Kondo-Sosvinsky reserve on the eastern slope of the Urals and in the
Barguzinsky reserve on Baikal. At first, the sables were bred within the reserve
bul later the animals were allowed to migrate into the forests of adjacent terri-
tories where sable hunting has now resumed.

There has besn some progress in nature conservahon and environmental
protection in the Soviel Union, just as in many other countries as well. ! am
aware of the aliocations of the government of 'the Federal Republic of Germany to
clean the Rhine, and 1 know how many billions of dollars the United States of
America has spent to clean the Great Lakes. Efforts in this direction will no
doubt continue and should increase, due to the growing population of the Earth.

1 have not mentioned soma other imporiant ecological problems, such as
desertification in tropical countries. A great deal has been done toward solving
that problem. I would like to dwell now on the science of human ecology which gra-
dually evolved as the above ecological problems were been studied. In the XiXth
century, scology included planis and animals but not human beings. Today human
ecology or the study of human adaptation mechanisms to new, uvnusual and or
extreme situations assumes great significance. People survive in outer space and
at sea depths of up to 200 m. In older times, in the regions of the alpine meadows
in high mountains, only shepherds could live for half a year. Nowadays we build
permanent settiements and mines for exiracting minerals at an altitude of 4,000
m. Living conditions at such altitudes should be studied. A special institute of
human physiology and pathology at high elevations has been organized at the
Academy of Sciences of the Kirghiz SSR in Frunze. An institute of the same kind
in Ashkhabad (Turkmenia) studies human ecclogy in dry hot desert climates.
There are permanent seitlements in the Antarciic where living conditions (half a
year without sun and with a tamparature of minus 60-70° Celsius) also must be stu-
died.

And finally [ should mention the problem of large cities. I think that the eco~
logical sitvation here is no less extreme than in deserts or high mountains. The
stress of living in large cities, exposure to X-rays instruments, noise, etc. is
definitely extreme. It is not by chance that we have overcome infectious diseases
while Lthe deterioration of the human organism’s functions intimately associaled
with city life is growing dramatically. The number of deaths from cancer in a city
is proportional to its population. At the same iime, in regions where there are no
large cities, as in Yemen, our doctors could not find a single case of cancer in
five years. Not only cancer, but chronic lung diseases, upper respiratory tract
ailments, bronchitis, allergic diseases, malfunctions of the cardio-vascular sys-
tem are typical diseases of large cities, let alone mental disorders. That is why
the study of human ecology under exireme conditions, including those of large
cities, are also likely to be given high priority.

1 would like to say a few words about the near future. In the Soviet Union we
are preparing to merge the many organizations for nature conservation and to
establish a State Committee for nature conservation Lo be headed by one of the
Deputy Chairmen of the Council of Ministers of the USSR. This is necessary to
ensure that the resolulions of this Commiitee are obligatory for all firms and all
ministries. This year a large program on biospheric and ecological investigations
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has begun to be drawn up at the Academy of Sciences of the USSR. Mindful of the
great importance of biospheric and ecological investigations for the future of the
whole mankind, the President of the Academy of Sciences of the USSR, Academi-
cian G.1. Marchuk, has agreed to head this program. The program will include the
following sections (Lthey have not yet been finalized): a section on the biological
aspects of Lthe program, headed by Academician V.E. Sokolov; a section on the
geophysical aspects (mostlly concerning the expected global changes of the atmo-
sphere and measures to keep its purity), headed by Yu.A. Israel, Chairman of the
State Commitiee for Hydrometeorology: a section on the ecology of industrial fac-
tories, led by Academician B.N. Laskorin, who was instrumental in designing a
closed water supply for industrial factories in the USSR; a section on ecology of
agriculture, headed by Academician Kashtanov, a Vice-President of the Academy
of Agricultural Sciences; a section on conservation and recovery of soil fertility,
headed by V.A. Kovda, Corresponding Member of the Academy of Sciences of the
USSR; a section on conservation and recovery of forests, not only as a source of
timber but as a necessary element of nalure as well, headed by Academician A.S.
Issayev, from Krasnoyarsk; a section on human ecology, to be headed by myself
and some of my assistants; a section on regional ecological problems of Lake
Baikal, to be headed by a Corresponding Member of the Academy of Sciences of
the USSR, V.M. Kotlyakov, who is director of the Institute of Geography of the
Academy of Sciences of the USSR. Finally there is the section on energy and mass
exchange in the biosphere, headed by Academician K.Ya. Kondratyev.

1 would like to add that the International Council of Scientific Unions (ICSt")
has decided that beginning in the next decade, IGBP (the International
Geosphere-Biosphere Program) will be a main subject of investigation. This pro-
gram may cover a period of 500 million years, but attention will likely be paid to
the changes that have occurred during the last 2 Ma, i.e., covering periods when
glaciers repeatedly advanced and retreated in and out of northern Europe. Some-
times Europe resembled Antarctica and Greenland today but at other times walnut
forests were growing in Yakutsk in the north of Siberia (Ltheir fruit was found and
described by Academician V.N. Sukachev in the sediments of the last intergilacia-
tion near Yakutsk). Although the main elements of IGBP are still being considered
by the Special Committee appointed by ICSU, it is likely that changes in the
Earth's geography, in its climate, and in sea level over the past 2 Ma will be one
of the main parts of the program. [ think that IIASA, where interesting and
important investigations of the biosphere are carried out, should become
involved into Lhis international program, it should widen its investigations of the
biospheric problems. For example, it might be desirable to expand the 11ASA
European Case Study, in which environmental changes in Europe are being pieced
together for the past 300 years, to include the whole giobe and to extend the time
scale from 300 years to 300,000 years.

I believe that this is a very important task. That is why I will contribute my
own efforts to promote {t, but the leading role must be played by the research
scholars of 1IASA. You can accomplish much and 1 wish you every success. Reso-
lution of these crucial problems is of vital importance for the future of mankind.
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THE CHALLENGE OF SUSTAINABILITY ~
THE SEARCH FOR A DYNAMICAL RELATIONSHIP BETWEEN
ECOSYSTEMIC, SOCIAL AND ECONOMIC FACTORS

Uno Svedin

Swedish Counctl for Planning and
Coordination of Research

Boz 8710, 5115 85 Stockholm, Sweden

1. The Concept of Sustainability

The conoept of sustainability has emerged as a key one in the environmental

field during the last few years. For example the World Commission on Environ-
ment and Development headed by the Norwegian Prime Minister Brundtland has
used it as a key concept. But what is involved and what are the problems? Let us
start with the implicit connotations. 1)

The need for a sustainable development hes as a starting point the observa-
tion that the present development is nol sustainable. And something has to
be done about it.

The need for a new perspective changes the former approach to protect
nature as such into an issue of a reoriented goal structure and agenda of
socio-economic development. The merge of the "nature protection” agenda
with the much broader issue of a fundamental change of the priority setting
within the socio-economic goal structure is new.

The escalation of the complexity of the issue 'is based on the idea that the
protection of nature cannot be seen in isolation from a long-term survival of
man-kind. The shift of focus is thus from an important but still partial
objective Lo a more general objective. This wider connotation has several
dimensions. It addresses the longer-term perspective of transgenerational
issues. And it recognizes that we do not only deal with universally recog-
nizable situations and themes (as the destruction of agricultural potential)
but global issues as well. The micro phenomena and actions are reflected on
to the macro plane. One example of this is how personal micro decisions by
consumers on technical solutions link with the emergence of the ozone layer
problem. At the zame time global phenomena, like the CO, induced green-
house effect, will give local impact, e.g., in terms of climatic changes.

The generality of the issue thus also binds the activities performed in vari-
ous parts of the world together.

The call for sustainability not only puls a focus on Lo the design of the socie-
tal development philosophy itself but also points at the interlinkages
batween the natural world and the socio-economical and cultural aspects.
This demands a deeper insight into the generating mechanisms of various

=in: Ecolegical Sustatnabdiitty of Repional Development, Procesdings of s Workshop held in Vil
nius, Lithuenis, USSR, 22-26 June 1987. L. Kairtukstis, A. Burecss, snd A. Strsszak (Eds.), 1988,
Systems Research Institute, Polish Academy of Sciences, Warsaw, Poland.
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kinds of modern environmental problems. What happens to nature cannot be
treated alone in terms of conventional "environmental management tech-
niques’ addressing themselves more to the effects than to the ultimate
causes of what happens. On the institulional side this calls for much
stronger forms of trans-sectoral approaches than has hitherto been the
norm of government. lndeed also limited tasks like the restoration of lakes
have called for a very high level of institutional and political ingenuity.
What would then be the case for a proper design of a long-term management,
e.g.. of the Baltic surrounded by many countries, all with different ways of
handling things and with different traditions as well.

With the increased generality of the approach and the hereby increased

complexity of the topic several problems have to be highlighted. 2)

The call for sustainability implicitly asks for something to be conserved. But

what is it? 1n the forestry case is it:

. a specific type of forest?

. a capacity Lo grow trees?

. a capacity to grow trees as well as other things in addition (thus
transferring the issue from sustainability of forestry to sustainability
of biomass production)?

At which spatial size is the sustainability to be maintained? The term cannot
indicate an overall freeze at all levels of a specific spatial pattern of
biomass generation at a certain time. The idea of sustainability must rather
in some way relate to a specific systems level. The outcome of the norm of
sustainability is very different if it relates to the food-production capacity
at the global level or if it relates to the country surroundings of Vilnius.
The choice of the proper perspective involves thoughts about social control,
societal risk management, distribution of income issues, etc. This clearly
indicates that we need to integrate the more biologically-inclined issues of
carrying capacity with those of societal goal setting and development of
technological reperioires. Sustainability is not a fixed concept only related
to biological and geochemical-physical environments. It is as moch influ-
enced by societal systemic considerations. This puts the problem of societal
value into focus. )

"Sustainability” also opens the issve of the relationship between those
features which have to be sustained and those which do not need to be sus-
tained. Not everything is necessary to conserve. But what rules should we
adopt for our choices? This quesation opens the entire issue of dynamics
involved in "sustainability”. Or to rephrase the issue: What is the dynamic
relation between the “entity” to be sustained and the continuously changing
surrounding contexl? We could even talk abowt this problem in a framework
similar to that of evolutionary theory in biology: What is sustained ~ and
should be sustained for us ~ in the flux of evolutionary change? Under
which conditions is our "sustained performance” thought to hold? Constant
surroundings yes — but what about changing settings? We could address this
issue within the thought framework of disaipative structures: What type of
setting in the term of energy flow are we supposed to consider in order to
keep 2 dynamic stability of something? .
The issue of sustainability also directly introduces the problem of reversi-
bility and irreversibility of phenomena. In certain instances we may allow a
deliberate change, e.g. permitiing agricultoral field to be used for 100
years for coniferous forest plantation, knowing that the process in principle



17 -

is reversible. But what about genuine irreversible bshaviours in our sys--
tems? Or even risks of irreversibilities?

Views of Sustainability by the World Comaission on Environment and
Development .

In the Brundtland Commission Report "Our common future” the theme of "sus-

tainable development” is introduced already in the first chapter and then runs as
the key topic through the book. What are the main points? (They are given here
in a somewhat compact form.)

Humanity has the possibility to make development sustainable. The needs of
the present are possible to meet without compromising the ability of future
generations to meet their own needs.

There are limits - but they are not absolute in character as they are set by
the present state of technology, the social organization on environmental
resources and by the ability of the biosphere Lo absorb the effects of human
activities.

Both technology and social organization can be improved.

Sustainable development requires meeting the basic needs of all. A world, in
which poverty is endemic, will always be prone to ecological and other catas-
trophes. This calis for an equity-oriented policy.

The capacity to promote sustainability varies depending on the design of the
political system. Sustainability is promoted by an effective participation by
the citizens in decision making.

There is need for greater democracy in internationai decision making.

Rapidly growing populations can increase the pressure on resources and
allow any rise of living standards. Thus sustainable development can only be
pursued if size and growth of the population are in harmony with the chang-
ing productive potential of the ecosystem.

Sustainable development is not a fixed state of harmony, but rather a pro-
cess of change in which the exploitations of resources, the direction of
investments, the orientation of technological development and institutional
change are made consistent with future as well as with present needs.

In the following sections we will further elaborate on these themes.

3.

A Few Threat Test Cases of "Non-Sustainability”’ Performances

In order to further elaborate on our own perception of what a sustainable

development could mean let us confront ourselves with a few test cases out of the
reperioire of the most well-known environmental problems, which potentially
could indicate a lack of susiainability.

Before we start let us only make the remark that already the word "threat”

indicates a thraat for someone and in relation to some specific value. But we will
come back to that.
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Came 1: Nitrogen leaching from agricultural practices

In Sweden as in many {emperate industrialized countries the lsaching of nutrients
from agricultural activities into streams and lakes have caused severe problems.
In Sweden the lake Ringsjon in the south of the country has e.g. been exposed to
such problems. ’

However, when we talk about the issue of sustainability would we then include this
problem? Would it be included in our perspective of non-sustainability that the
eutrophication of lakes is a sufficienlly large problem at the level of survival of
mankind? Or is it unfair to have the critsria of severeness so high in order to
incorporats a problem on the sustainability agenda?

Or is it rather the (in many cases unnecessary) loss of important nutrients that is
at the heart of the issue of sustainability? The loas of phosphorus (whenever that
is the case) ocould be regarded &s such a threat to mankind as phosphorous depo-
sils seem limited on a world basis in the long run.

In Sweden agricultural activity in the south of the county Halland has cresated
large problems in the olose-by bay of Laholm, where all excess nutrients finally
enter. The govarnment program to revart the trénd has only just begun. The
authorities have to work a decade long Lo mend the harm done e.g., Lo fishing.

But solutions are not very sasy Lo find as they have to involve agricultural tech-
nology and economic regional aspects as wsll ag complicated issves in the field of
legal regulation of rights and administrative procedures. Is this environmental
threat a case for our non-sustainability topic and, if so, on which grounds? Obvi-
ocusly an entire region is affected. The problems span over a considerable time.
Nobody knows if we really can reverse the trends. The costs for redevelopment
activities are considerable to the national and regional levels Changes in prac-
tices and individual rights involved will take many years.

Still another and connecled theme: In large parts of agricultural Europe the
groundwater has now been so penetrated by a high nitrogen component that it is
unfeasible for immediate drinking. The detrimental effects do not now only go
down in the soil layers to a few meters but are in many cases counted down to 50-
100 meters, which means that effects given during a rather short time of maybe
twenty years have now created in a practical sense an irreducible condition in
which future society will have to pay the bill (e.g.. through the cost of cleaning
its drinking water). Are we here on the level of harm to sustainability and, if so,
ir what sense?

Case 2: Acidification of European forests and soil

Without going into the details of the important and in some respects complicated
nattern of causes and effects with regard to forest die-off we can only nolte a
dramatic effect of long-term duration and wide supra-regional distribution in
Furope. The problem obviously is not easily solved as potential causes involve
beth the structure of energy production in several countries a: well as the
s7hausts from a car-based transport system. Thus the relationship between the
ni'oblematique in the natural domain — Lthe forest - and the causes on the societal
isvel has the characler of a deep inbalance and with possible causes to be
changed only through considerable economic and societal reorientation. s this
arn example of lack of sustainability? Could we contemplate vast regions in our
industrialized countries without forests? And what will happen with other ecolog-
ical facets if that comes true?
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Case 3: Destruction of agriculturael potential due to chemical tozricants
and erosion

In many areas the contents of toxicants in the soil are increasing in Europe. This
is partly due to fall-out from the air and partly due to water-solved toxicants
from dumps and incomplete systems of waste management. Is this a sufficient
threat to sustainability of e.g., Europe? Let us extrapolate the trend and con-
template a future for Europe in which its land has tarned into a ""chemical desert”
in earlier useful areas for food production. If the activity of these areas now
turn to production of "industrial crops” instead, and food is imported from less
contaminated areas in olther paris of the world, would that be seen as a new form
of global division of labour or an unacceptable lack of regional sustainability?

In the same way vast agricultural areas are degraded through soil erosion as a

recent report from the Seience Council of Canada indicates: "A growing concern

- soil dagradation {n Canada® (1986). Or to quote from that report: 3)
"In the mind of the general public soils degradation is most oftan associ-
ated with drifting soils on the Praries during the "dirty thirties”. How-
ever, sofl degradation poses a much greater threst to Canadian agricui-
ture today than it ever has in the past. Headlines publicize only the
sensational events or disclosure what capture the media’s imagination.
They leave the impression that the problem is episodic. In fact, soil
degradation is an ongoing. insidious problem that occurs in all parts of
the country at a cost of over 3 million pounds per day or $20-$25 per
hectare of agricultural land in Canada, or 38 per cent of net farm
income. For many farmers, the cost of soil degradauon represents the
difference between profit and loss.

' The ecomomic wiabjlity of agricultore in all rogions of the country
depends upon the productivity of the top 10 centimetres of topsoil.
While topsoil is constamtly being formed, {4 is aiso constantly being
depleted. - Under prasent farming practices this depletion can far
outstrip tahe rate of Tormation.

‘The com.auﬂnauoa of tw&s with san ar salinizal.lon. is another form
of degradation. In Alberta it has heon estimaled that crop land affected
by salinity loses from 50-100 per cent of its normal productive potential
and costs farmers $80 million per year in lost yields. As already noted,
the tatal cost of s0il degradation across Canada, not including off-farm
costs, 3 $1.3 billion annually. If these losses are allowed to continue,
the cumulative cost of soll degradauon {o the Canadian economy could
‘be enormous by the turn.of the century.”

Should th'ls be regarded asa severs threat to sus(alnab(l.lty or not? And why?

Case 4: The crosicn cfmlogtcal divsrsily

For many years now the problem ‘of erosion of biclogical diversity has been
pointed st as a most threatsning issue. In a recent report by Edward C. Wolf ("On
the brink of extinction: Conserving the diversity of life”, World Watch Paper 78,
1987) an example of extinction rates for plant extinction in Latin American rain
forests is given. The worst case scenario for the end of this century — assuming
only the intact stands of forests in establishsd parks and protected areas remain
- indioates an evantual los of 68 per cent of the plant species in the Latin Amer-
ican tropics. .
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Projected Plant Extinctions in Lafin American Kain Forests

Estimate of Equilibrium Share of
Yorest Arsa ‘Number of Species Species Lost
(million heclares {percent)
Original Forest Area 693.0 82,128 -
End of Century 366.0 78,534 : 15
Worst Case® 8.7 31,662 66

* Assuming only areas currently designaled as parks and reserves remain intact.

Source: Adapied from Daniel Simberloff, “Are We on the Verge of a Mass Extinc-
tion in Tropical Rain Forests?” in David X. Elliot, ed., Dynamics of Extinction
(New York: John Wiley & Sons, 1986).

Is this sufficiently threstening Lo be on '.he list of non-sustxinable practices. And
if so, why?

Case 5: Climatic change due o the rols qfcu.rbon diozide and of other
green-house gasss

At the Villach Conference in Oclobsr 1985 the scientists from twenty-nine coun-
tries assessed the role of the increased carbon dioxide contents in the atmo-
sphere (as well as other "green-house gases” and aerosoles) on the climate
changes and associated impacts. '

The Conference reached the following conclusions and recommendations.

1. Many important economic and social decisions are being made today on iong-
term projects — major activities of water resource management such as irri-
gation and hydro-power, drought relief, agricultural land use, structural
design and coastal engineering projects, and energy planning — all based on
the assumption that past climatic data, without modification, are a reliable
guide to the future. This is no longer a good assumption since Lhe increasing
concentrations of green-house gases are expecilsd Lo cause a significant
warming of the global climste in the nexi century. It is a matier of urgency
to refine estimales of future climate conditions to improve these decision.

2. Climate change and sea-level rises due Lo greenhouse gases are closely
linked with other major snvironmental issuves, such as acid deposition and
threatis to the earth‘s ozone shield, mostly due to changes in the composition
of the atmosphers by man's activities. Reduction of coal and oil use and
energy conservation undertaken to reduce acid deposition will also reduce
emissions of green-house gases; a reduction in the releass of chlorofluro-
carbons (CFCs) will help to protect the czone layer and will also slow the
rate of climate change.

3. While some warming of climate now appears inavilable due Lo past actions,
the rate and degree of future warming will be profoundly affected by
governmental policies on energy conservations, use of fossil fuels, and the
mission of some greenhouse gases. )

Thus the uncertainty in some of the basic parameters was stressed at the same

time as the urgency of the issue and the scale of its impact was agreed upon. Is

this a sufficient threat to sustainability and, if so why?
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How should we then relate Lo these cases with Lhe criteria of sustainability
in mind?

1. PFirstof al.l Lhe.re is somebaort of level of the problem Lo be approached. It
might concern the seriousness of the threat, its geographical coverage or
fls time depih impact. This is not Lo say that smaller problems should be
fignarod It only states that issves tending to ruin the sustainability on
nmation or’ mulli-nation levels have a certain dimensfon of seriousness related
tolho;xﬂonﬂalconaumunwus

-2. The character of Lhrul oould ba universal as well as glodbal and still
threaten sustainability. - }

3. ' The aspect of time =pan or the level of financing Lo revert the problems
could havs a character as to make the problems irreversible.

4.  The timing as well as triggering situations might make the situation most

With this in mind several of our cases have such character as to provide
unacceptable unsustainable performances at one level or another.

We need also in our analyses to make distinctions between the various types
of threats. The problems might in a bipolar framework either be local or global.
(So for the moment we disregard the interesting intermediary "regional level™).
This gives rine Lo a 2 x 3 matrix.

Solutions
Local Global
itrdgen I~~~
Local < leaching \\\
Problems * 7 T
Biological !
Global \\“- _ﬁ}!?r=lzy_ _}I

Sets of problem solutions in different parts of the matrix have different
characters.

Two extreme examples ars drawn in the matrix to exemplify the point: on the
one hand the very local-local character of nitrogen leaching (solid line) and on
the other the much broader sphere of the 'biological diversity” issue (dotted
iine).
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4. The Role of Values

We have now dealt wilth the anatomy of non-sustainable development. Before
entering the issue of action and problems related to policy lst us as a bridge say
something about values. This includes culturally-supported cholces of options.

1t is important Lo notice that such difference in values exist before entaring
a discussion on optimalilty of resource use or the future goals concerning the
environment. Already at the level of what is considered a positive development,
with regard to a specific environment, wide differences exist. This has relevance
to the discussion on sustainability, as it points towards a kay question: Sustaina-
bility for what? — And for whom? An example from the historical development of
the Danish Juthland might make the issve clsar. The Danish geographer Xenneth
Olwig has used this case in order to illuminate this point. 5)

The heathland of Lanish Juthland is used by Oiwig to exemplify the relation-
ship between our concept of nature and cur use of natore. This relationship is by
no means static over time. The Juthland healhs are noteworthy for the intansity
of the development which they have experienced and the relationship between the
development and the national ideology.

Webster's Dictionary defines a heath as:

"A tract of wasteland ... an extensive area of rather level-open uncul-
tivated land usually with poor coarse soil, inferior drainage, and a sur-
face rich in peaty humus.”

From mid 19th century land demand in Denmark rose, especjally after the

loss of north Schieswig to Germany in 1864. Bravely and industriously - to use
the word of Olwig - "the local population waged war on the heather, encouraged
not the least after 1866 by the then formed Danish Heath Sociely (Det danske
hedeselskab). The success of this endeavour is mirrored by the following quota-
tion from a geographical text. "After a century, over four-fifths of the heathiand
have been converted to agriculture and forestry ... Only a few patches of heath
remain as scar-like reminders of the former waste, bul in several places small
areas of heath have been carefully preserved lest future generations forget the
labours of the past.” :
Is this a story of ® mighty success of a century-long economic development
scheme thal we are witnessing? Maybe, maybe not. The judgement of the answer
depends on values. This is exactly the point. In fact the Danish relation to the
healh expresses a battle lasting more than a century. Through his novels from
the mid 19th century the Danish author C.C. Blicher created a national interest in
the Juthland heaths. Others followed with publications on social z =i agronomic
conditions. Among these was Frederik Carl Carsens who lamented the desiruction
of the forests he believed had once covered Juthland. He describes the heath as
"dressed in dark, quite as if it were mourning our forefathers deeds, when they
so willingly helped to steal the beauty it had inheritsed for ecns.” He believed
that local landscape taste had to be changed if the local population was to reclaim
the heathlands for cultivation. In the Interest of agricultural improvemeniL he
promoted the beauty of = landscape of the type which supposingly had character-
i2zed the golden age prior to deforestation.

The activities of the Heath Society after a few decades became a successful
national institution. As such - as Olwig stataes it — cultivation likewise became
institutionalized. It was at this time a movement to preserve the remaining heaths
developed, a movement that questioned the social, esthetic and ecological basis
for continued heath cultivation.
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The London Research series in

From Olwig, K., Natures ideological landscape.

Geography 5, Allen and Unwin, 1984.
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Today considerable efforts are being made according to Olwig Lo find ways to
restore the heaths to their former stale. Experiments include grazing, burning
and the physical removal of unwanted vegetation.

A very similar example from Sweden related to reforestation practices over
two centuries shows the same Lype of features. The values change over time
regarding to which type of landscape that has been seen as “interssting".

5. A Few lmportant Nismatches

We have so far seen examples of non-sustainability. And we have also dis-
cussed the plurality of values, not all of which support long-term sustainability of
the biosphere. In fact most practices and policies of today on the societal level
would, if continued for a long time, give non-emtalmbﬂﬂ.y affects with regard to
the environment.

The reason, at leasi in parts, for this sitvation is the type of ”pal.chyness"
we have to live with due to historical circumstances with regard to ways of life,
social norms, already developed Lechnologies, societal institutions, administra-
tive practices and inherited snvironmental conditions. Such a "patchyness” pro-
vides wide inconsistencies at various levels. This could be interpreted as a set of
characteristic "mismatches” between what the real sitvation calls for and what is
provided at the level of social norms, of technology etc. In the following we shall
have a look at a few of these "mismatches”.

5.1 The values mismatch

In all societies the value situation varies from social group to social group,
from region Lo region, from profession to profession. The way in which limited
pieces of values are made to relate to each other in hierarchical structures
varies especially. The goal of sustainability of the bicsphere is not immediately
at the Lop of such a hierarchy in all quariers. It is rather so that long-term stra-
tegic goals, as long-term survival, seldom are given supreme consideration. This
is the point where the Brundtland Commission has argued for a poverty relead
strategy in order to pave the way for those individuals involved to be able to
choose a long-term sustainability option (e.g.. by nol cutiing down all trees in
order to get the needed firewood for today's consumption).

§.2 The concepts mimmatch

Closely related to the first category of mismatch is the “concepts” type.
This relates to the mental analytical framework in which all decision, at micro as
well as macro level, are made. Here we find ideas about types of logic in which to
discuss matters. We aiso have to make a distinction between problems of optimi-
zation related to some sort of goal (which might be given in one or seversal dimen-
sions) and problems originating more due to conflicts of interest.

To this class of conceptual problems we also find varying ideas over time on
the relationship bestween prevantive actions and curative ones. Ildeas about evo-
lutionary change and its root causes belong to this category. Are we eg.,
expecting a balanced final steady state system or are we Lo address issves within
a perspective of fundamental change in which drastic and surprising events occur
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in parallel to the emergence of entirely new possibilities.

In which way are we dealing with discontinuities and quantim jumps in our
perspectives of the future, and what are our ideas about underlying causalities,
if ever traceable? What is our view of social dynamics and the possibilities deli-
berately to change societal action into ways of doing things which are ruled by
normally chosen paths?

In all thess we.deal with a pluralily of though modes, all of which at the
same time cannot be conducive to a "sustainable” use of the biosphere. But which
thought modes are more conducive and which are less?

5.3 Analytical tools mismstch

Depending on which type of problem formulation we have adopted we design
various tools for the trsatment of the problems. The differences between
economic theory and ecological theory is not only a very interesting test case of
how to make different systems size and contents definitions. It also exemplifies
varying focal points with regard Lo time, space and causality structure These

problems are at the heart of many design problems in general relating to con-
flicts of perspective and interests.

5.4 Knowledge availability mismetch

In the case of the carbon dioxide problem with regard to climatic change the
Villach declaretion brought forward very clearly that there are identifiable gaps
in knowledge of crucial importance for an understanding in detail of what will
happen.

Not always is the situation so clear of what types of unknowing there is and
whers there is a need Lo fill the gaps. In many cases the not knowing of the prob-
lem at all is more Lhe situation. The case of the ozone-depleted patches in the
Antarctic atmosphere brings the point forth as did mercury poisoning in many
ecosystems during the late sixties. ’

5.5 Knowledge-action mismatch

The case of CO, can be further elaboraied. The lack of knowledge cannol be
taken as an excuse for doing nothing on the policy arena. Often there is a need of
quick responses despite the lack of perfect detailed understanding. (This is not
to say that immediate action should be taken just in the case of CO,).

5.6 Micro-macro levels mismatch

If individual actions give cumulative macro level ("global’) problems there is
a mismatch between the plane of problem origin and the plane of effects and even
response. Typical is the case of the "tragedy of the commons".
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5.7 Institutional responsibility mismatch

If ownership or other social responsibility structures do not match the
created problems we lack the design for a sustainable future. This mismatch
could have both spatial as well as temporal facets. There is a need for a cause
and effect relationship in terms of responsibility, i.e., costs and benefits domains
musl overlap.

'

5.8 Policy patchyness mismatch

If the overall policy is built on a number of (semi-) independent policy areas
there are frequent risks of unintended spill over effects from one area to
another. In this case, e.g., overall taxing policies, regional redistribution poli-
cies, national security policies, industrial development policies or energy poli-
cies might easily spill over into the environmental! area up to the level of being
main determinants of effects in the biosphere.

5.9 Contextual changes mismatech

We have so far dealt mainly with threats to the sustainabijlity of the bio-
sphere which we can clearly identify to today. However, the patterns of threat
{and possibilily) are dependent upon their embedding in a wider socio-economic-
cultural framework and in some situations alsc upon a naturally changed ecosys-
iem (due to e.g., vulcanoe dust in the atmosphere etc.) There might emerge a
mismatch between today's policies and future needs, when isolated policies aiming
at problems perceived in one specific settmg in time totally need to be changed
when the entire context shifts.

THE CONTEXT OF THE THREATS .
Known today Known only tomorrow
Framework Framework
Toxicants in agri- Flip-flop poi'nt in
Xnown | CSultural products ?reen-house causa-
. today ity
- Threat Threat
. Cancer . | Changed speed of
R climate change
E Framework Framework
A Known |Biotechnological Development of tech-
T onl development ‘ nology with stron
tD_Y gravitatiomal fn.eids
2 morrow | Threat Threat
Active, harmful Reduced human
organisms let free fertility

The table above provides a tentative agenda.



5.10 Public awareness mismatch

To be able to act, even on very good grounds, in favour of a policy of sustai-
nability, there is a need of public support. Without the public awareness and par-
ticipation such a support is uncertain, especially if the policy puts great demand
on the public in terms of accepling costs for long term gains.

8. The Need for a Systemic View on a Sustainability Policy

Many elements contribute to the build-up of a sustainable future. In a para-
doxical sense many of them are internally inconsistent. An image that could be
useful to consider is given by the Swedish artist Oscar Reulersvard whose
"impossible figures” have drawn considerable international interssis during the
last few years. {A series of Swedish stamps have e.g. helped to provide a wide
reknown of these figures.) What do they tell us? (See '"Perspeclive japonaise no
264".) There are two lessons. First of all a design of policy, e.g. concerning glo-
bal environmental sustainability, is composed of so many conflicting parts that
they become some sort of "impossible figure” when the elements of the policy
have to be joined together. The impossible figure thus both exists and does not
exist. What is the key reason for this paradoxical behaviour? The basic reason
is that local incremental reasonableness is nol sufficient to ensure glodbal reason-
ableness. All the joinits in the future are perfectly done — as viewed locally. And
the design has a characler of continuous acceptability. But the overall figure is
still "impossible”. We thus have to transcend our approach in building a long-
term sustainability policy by adding "ocal’” reasomnable design units. A set of
extra "global” criteria has to be added. 6) - .

But is it at all possible to find "possible {policy-) figures’ that ensure sustai-
nability on a giobal biosphere level? Or to rephrase the issue: Can we beside the
vast class of impossible policy designs (including both obvious failures already at
"local level” as well as the more intriguing border-line cases of "impossible fig-
ures”) find at least one or few which are "really sustainable'?

1L might not happen that we are able to find a lotal "ecosystem sustainable
policy” design which is valid for every place and at all times, i.e. which thus is
truly global. We may be faced with the situation where sustainability seems to be
assured, but only in a well-defired selfing (e.g., for a certain time cut and in a
specific socio-economic and natural environment).

If we are aiming at a deeper and more genuine type of sustainability and if we
disregard an illusion of a once for all fixed world, the solution must be dynami-
cally changing sustainability. In order to promote an understanding of what this
means we have to develop a set of key indicators which could provide a checklist
on proper sustainability directions at a given mament and sitvation.

The aspiration would then rather be to develop policy indicators which
jointly tell us if we are oulside of a long-term sustainability realm or not, rather
than trying to find the optimal sustainable design (if ever such a design is possi-
ble to envisage)> We are then back Lo a perspective in which we are searching
for an understanding of serious irreversible phenomena, which either continu-
ously and slowly (but forcefully) pave the way for our future or sudden arising
fluctuations shocking the system beyond the limits acceptable to man.
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7. The Regional Level

To conclude, what has all this to do with the regional level? We can be fairly
short in our response having made the remarks on the mismatches. The regional
level is (irrespectively of the more detailed way it is defined) the intermediate
level between the micro and the macro levels. Many things which are not possible
to deal with forcefully on the micro level are possible to handle on regional level.
Many phenomena which have global character and thus should have a global
treatment are not possible to treat at that level due to lack of sufficient cultural,
socizl or institutional homogeneity.

The regional level is a most interesting offer. But is has Lo be developed.
And its specificity with regard to sustainability has be further scrutinized.

.
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2.2 SOCIAL CRITERIA AND PREFERENCES WITHIN ECOLOGICALLY
SUSTAINABLE REGIONAL DEVELOPYENT®

Antanas Buracas
Lithuanian Acadsmy of Sciences
Pozelos 52-315, 232600 Kilnius, USSR

1.  Introduction '

In this paper, an analysis will be made of factors impacting on regional biota
and natural resources management and methodological approaches to regional
sustainability of rational anthropogenic activity within biospheric systems. The
social criteria of modeling systems integrating regional, economic and scological
productivity processes under technological dynamics will be conceptualized and
some methodological aspects of their practical application for numerical aiterna-
tive forecasts evaluated.

Regional management strategies include an evaluation of the utilization and
regeneration of renewable natural resources and adequate regulation of anthro-
pogenic activity, its growth and both struoctural, transregional, and interbranch
changes aimed at sustainable ecological equilibrium and neutralization of nega-
tive influences. The managerial decisions are complicated as the result of multi-
ple use of natural resources for different purposes by various social groups with
multiple and often even conflicting or competitive objectives under their partial
dynamic interdependence. The long-run programming of technological and
socioeconomic -activities with environmental constraints limiting the spatial and
temporel use of ecological resources presupposss a longer time horizon of
integrated sociosconomic and ecological forecasting as weli as adequate future
modifications in their institutional and organizational infrastructures. The pur-
poses determining reational hierarchies of preferences and principles of their
restructuring within ecologically sustainable regional development are also dis-
cussed.

2. Background and Criteria

Ecological sustainability of regional development under a socioeconomic
conceptualization may be interpreted as a dynamic territorial structuring of
anthropogenic activity which would: (a) ensure life support and well-being com-
patible with environmental proteoction, (b) neutralize unwanted pollution and/or
negalive influences resulting from uncontrolled global climatic changes and noos-
pheric disturbances, and {c) stabilize conditions for biota spatial self-induced
rational productivity.

Management which is oriented to sociceconomic criteria of ecological sustai-
nability supposes that biological and climatic criteria. or parameters of sustaina-
bility must be used as restriotions, or as conditions limiting the sphere of

=in: Ecological Sustainadiiity of Regtonal Development, Proceedings of & Workshop held in Vil-
niuvs, Lithuenia, USSR, 22-28 June 1987. L. Kairivketis, A. Buracas, and A. Streszak (Eds.), 1983,
Systems Research Institute, Polish Acedemy of Sciences, Warsaw, Polsnd.
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rational decisions for socioeconomic and sociogenetic activity. On the other
hand, decisive biological criteria of sustainability within this conceptual
approach cannot be integrated into mhnagement systems without their
socioeconomic evaluation, {.e., the degree in which we may take into account some
negative scological disturbances and changes depends on the disposable material
and financial sources and even on the possibility of using professional experts
and special teams as necessary. As a result, the orientation of acological sustai-
nability is closely interconnected with real managerial limitations which must
necessarily be taken into consideration when constructing multicriteria hierar-
chies for multissctoral simulation and forecasting of integrated socioeconomic
and ecological productivity.

Firstly, the following important sociceconomic criteria of ecological sustai-
nability may be marked and singled out for programmed management decisions:

~  nonharmful sustainable environmental conditions for human life determined
both by natural processes and anthropogenic- act.lvi!.y (avoidance of uncon-
trolled genetic mutations, ete.); ’

- resilience of basic biota structu, es Lo unexpected pcrturbahons and sustai-
nability of balanced rational interrelations between existing species taking
into account their natural regeneration such as noospheric conditions;

- effsctive utilization of sustainable biota productivity (commensurate
expensas and results in productive living resources, and interfering with
criteria mentioned above); and

- combination of natural and anthropogenioally regulated dynamic stability
taking account of its internal and external parameters and factors, ete.

This criteria sei is a means Lo conceptualize social preference hierarchies
in forscasting and management practice, determination of intensity of resource
utilization and territorial allocalion, calculation of ecological productivity costs
(including stimulation of natural restoration and neutralization of iosses rasulting
from nonproductive usage of natural rescurces). The ecological sustainability
criterion also supposes the determination of its global, regional and sectoral (by
branches, activities, technologioal processes) significance. Beside, all scologi-
cal objectives of sustainable activity have Lo be orientsd in order to maintain the
biological polential in accordance with changing needs and goals, not only those
present, but also for fuiurs generafions.

The directions and parameters of sustainable anthropogenic activity depend,
as is well known, on ecological disturbances resuiting from both previous human
activity as well as expected climatic and biospheric instability (soil and water
contamination, atmospheric radioactivity, photo and nonphoto-oxidizers, the
greenhouse sffect and depletion of the protective stratospheric ozone layer, and
80 on). The regionalization of sustainabllity parameters and critaria of prefer-
enoces within an integrated system of socioeconomic and ecological prodoetivity is
likely to be sensitive also to principles of oonnemurahlmy of developing
sociosconomic priorities.

3. Progrummed Regionalisation of Ecological Hanagement

The Baltic republics are possaibly leaders in the Soviet Union in programmed
sociosconomic management. of some procssses of scological productivity and
rationalization of natural rescurces utilization. This has revealed the neces-
sarily close inferconnections betwesn multi-aspect research on sustainability
and modsling systems, on the one hand, and real state-managed regulation of
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anthropogenic activity on all Lerrilorial administration levels, on the other.

The multisecioral nonlinear system of regional productivity forecasting
including ecological sustainability was constructed in the Institute of Economics,
Lithuvanian Academy of Seciences in 1880-1987. A schematic of integrated
regional simulation of sustainable eeological develupment. using this system is
presented in Pigure &. -

During 1983-1985. Uthmnlan scienusts a.rchuocts and representatives of
various organizations inlerested in nature protection also elaborated a long-term
regional scheme for multistage ecological sustainable management for the period
1886-2000. It revealed the most problematic scological areas requiring partic-
viar sets of means to siabilize deteriorating sitnations by restricting some kinds
of polluting enthropogenic activity and significantly stimulating the natural res-
toration of ecological resources. The modeling system supposes that possibilities
_exist of alternative lnleract.ive solutions.

. The institutional structnﬂm of ecologically’ sustainable programming sup-
‘poses that normative decisione omoernlng alternative scenarios of regional

development have to be taken on various levels of agro-industrial complexes,

urban egglomeraﬁons ‘and other offiaial noetel institutions and organizations.

The elaborat.!on of prngre.mmed regkmal management scenarios (balanced or
opum.zed) sbould be based on !.he ‘evaluation of the following slements:

. levels of econom!c uulizatJon of nonproduct!ve resources (including possible
destruction of oertain species) in the process of intensification of the pro-
doctive a.ale-H.y, S

. improvement d’ Lhe background oleenllness of the environment to predesig-
nated levels; - :

« ' realization of . passible’ mechardsms of produetivity of the biological species
under considsration and other natural resources; and

. preserve!.lon of recrea!.ional zones and natural reserves, and so on.

Simultaneouely. !L is necessa.ry to elaborate an adequate legal system of
corresponding adminisirative instituviional control and adequate criteria for a
complex economic evaluation of social _uuuzaubn of ecological resources
(recreation, etc.) and their technological and economic commensurability with
the cost of restoration of damaged renewable resources.

Interactive computerized dialogues amongst planners using a multisectoral
regional simulatfing system Jfor resource-dy-resource and indusiry-by-
indusiry svaluations of integrated produoctivity processes will help to select
the strategies of ecologically sustainable programmed development over the mid-
dle and long range.

The following sequence may be given in the elaboration of basic alternative
scenarias.

First Stage Perfection of the regiona! scheme of production development
and distribution taking into account the possibilities of rationalization of anthro-
pogenic exploitation of natural resources: X

a) determination of strocture and aggregaied parameler levels of
resource demands;
b) determination of capital investments necessary for enlargement and

improvement of productivity structure of natural resources in the
regional territory (taking account of other limitations);



Directions of reproduction
of ecological resources:
- economic activity;
- recreation;
— other ways to use
natural resources.

Organization and economic

mechanisms regulating the
intensily o, natural resource
utilization and expenses {or;
thelr reproduction

Territorial regulation of
anthropogenic intensity
influencing environmental
processes

Choice of alternative
trategies of economic
management for sustainable
reproduction (by periods,
regions, and sectors of
aclivity).

Complex decisions for Lthe
realization of socioeconomic
and ecological priorities.

Managemeni of sustainable ecological

roure 1.
anthropogenic activity.

development influenced
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" ¢e) determination of the volume of capital investments necessary for crea-
tion of the basic funds needed in the extraction industries, processing
materials and establishment of their rational structure;

d) specification of volume and structure of import of resources and export
of processed production envisaged for the perspective period;

e) evaluation of the influence of various variants of anthropogenic exploi-

tation of regional resaurces in conformity with the general rate of

. economic growth (I.e., some neutralization of the impact of pollutants

from other regions and control of territorial polluters of other
regions, '

Second Stage Regional simalation of development of the industrial branch
aimed at improving the ecological resource balance and environmental preserva-
tion for the perspective period:

a) determination of inlegrated systems of regional resources evaluation
within the system of factors forming the regional environment,;

b) sophisticated estimation of the cost of reducing background contamina-
tion to a normative level;

c¢) recommendations concerning the needed structural change of anthropo-
gonic (industrial as well as agricultural) productive activity aimed at
stabilization of the ecological situation within problem areas; and

d) evaluation of costs of rational reorganization of the regional industrial
complex and other anthropogenic activities taking account of costs
{(including creation and mafntenance of nmtional parks and reserves;
walarside preservation plantations along a sea-coast; acclimatization of
valuable biological species; creation of agro-protective forests such as
in windy and desert areas, elc.). The interaction parameters between
componsnts of sociceconomic and ecological productivity on the level of
submodels (blocks) of the integrated system are modified after some
cycles of iterative calculations and in accordance with regularities of
multisectoral simuiations set up in the structure on the macrolevel.

The modeling system considers the demand for ecological resources in
accordance with the intensity of separate types, both anthropogenically regu-
lated and semi-regulsted, by the sconomic secltors and activities within the
region. Construoctive principles to compare snvironmental impact assessments
and ecological costs by activity types are put forward using input-output matrix
modifications. The practically used concepi of regionally internalized ecological
sustainability for long-range (20 years) socioeconomic forecasting based on
developed systems of regional ecological monitoring has been realized as mul-
tisectoral interactive simulation with about 20,000 restrictions (without terri-
torial division critaria) incloding:

1

a) integrated balancing block (1040 equations),

1alternative limitations end goal functions are aot teken into sccount. The multifactoral simuls-
tive snalysis is based on 1965-1986 ennusl date and jntegrates 26 industries, 12 fincome groups
most homogenecus by life-styls, snd 32 products of final nption.
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b) ecological block (3744 equations),

¢) financial block (B736 equations), including income (4,982) and consump-
tion aclivity block (3072 expenditure equations),

d) demographic block (~ BOD equations); and
e) block of productive activity (~ 1000-1800 squations).

Ecologically sustainable deveiopment is basically simulated as the regional
productivity of main natural resources (water, soil, atmospheric, biclogical and
zoological resources, e.g., taking account of their functional and modality state:
clean, thermal, acoustical, and chemical pollurtion, partly or thoroughly cleansed,
polluted, neviralized, and so on), sconomic formation of capacities for neutralize-
tion, cleaning and sustaining naturel recreation of bicspheric resources (from
financial investments), funclions for exploitation costs, partial and complets loss
functions. The interrelations between different regions and territorial trean-
sports of disturbances and pollution are initiated as external input-output (or
export and import) belances by components, seclors or resources.

One of the most important probiems at the level of regional ecological sustai-
nability initiation was the differentiation of the most characteristic dependencies
and indexes and the estimation of their inlegrating mechanisms in the most com-
paclt way — on the basis of dynamically-balenced regional productivity of the
gross national prodvet (GNF) and its natural components (prefabricated and
natural material resources, demographic resources and productive capacities,
and so on).

The next step in the realization of alternative goals of ecologically sustain-
able development simulation would be to work out the intagration of multisectoral
socioeconomic productivity models, on the one hand, and dynamicaily intercon-
nected multispecies ecosystems, climatic or biophysical parameters, on the other
(such as the CREAMS, POLLAPSE); constructive research was conducted at the
Lithuanian Academy of Sciences from 1984~1985 and possibly at 1IASA and other
places. .

4. Structuring the Baxic Models of Integrated Regional Productivity
Management

4.1 The achievement of alternative goais in regional development on the
basis of integrated economic and ecological productivity assumes the determina-
tion of:

. full substitution, regional and branch displacements in funds and capa-
cities, migration of labor resources,

. interchange and substitution of industrial technological means,

. replacement of hierarchies of goals with regard to the interconnection
and complementary of (public) needs and values as a means for their
satisfaction (extension of recreational services and leisure facilities
network)

The alternative ways of development should be estimated by the measurement
of costs (for technologica!l organization, production of substitotes) and results
tuiility with regard to Ninal consumption) taking into account the value of usable

zrurel resources and neutralization of the industrial conlamination of environ
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An alternative evaluation of resource limitations in terms of technological
innovations is appropriate, both branch and interbranch technological determi-
nations of production targets. Depending on the approval by state and other offi-
cial managing institutions of preferable local variants of interbranch coordina-
tion within the defined territorial scheme, the following distribution of national
economic complexes is expedient:

. productive capital investment industries,
. territorial complex of energy and fuel,
. complex of industrial infrastructure, etc.

The near-term integrated development of the regional systems of the Baltic
socialist countries has already put on the agenda the formation and extension of
the following interbranch complexes (taking into account the factors of ecologi-
cal sustainability)

. trade-industrial complex,
. complex of social infrastructure,

. complex of ecological regulation and rational preservation of a favor-
able natural environment.

The modeled structure of the complicated interrelated branch and inter-
branch sysiems of interacting national economic complexes provides for specific
ways of simulating connections between these structvral regional distribution
models, on the one hand, and general national economic and ecological and
interregional systems of universal models, on the other. The character of simu-
lating constructions and interrelations of different levels of simulation should be
determined with regard to the hierarchy of institutional infrastructures and
interactional peculiarities of deparimental regional and central bodies of
government and other managerial levels.

The typology (including the software) is conducive to elimination of inap-
propriate data as well as to perfection of the intagrating process of normative
forecasting of social, economic, and ecological productivity.

4.2 The software programming of integrated socioeconomic and ecological
systams of mullisectoral regional productivity is to be focused on a multivariant
structural analysis of tasks in long-term planning and forecasting with a view to
assessing the influence of socioeconomic processes on the growth rate and pro-
portionality in meeting the system-forming needs of the region. Moreover,
account is taken of the fact that functional needs are more conslant in character
than object-oriented wants (i.e., needs for particular material goods and services
which follow changes in tastes and supply). Identical subordination is observed in
functional and object targets manifested in the fluctvating intensity of developing
demands as well as in the indices of supply and consumption of particular goods
and services.

A matrix model, whose columns indicate the singlaed-out target components of
the republic’s perspective economic development and the lines show their pro-
grammed realization stage-by-stage in conformity with resources and other res-
trictions, may be utilized as a means Lo correlate the complex of both ecological
and socioeconomic targets in the branch and territorial development of the
republic within the period of perspective.

Application of the multisectoral economic and ecological system of produc-
tivity models provides for its wvariant solutions taking account of such
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externally-formulated crileria as increase in public welfare and intensity of
social productivity, optimization of proportions of material production branches
and branches of social infrastructure. It also permits limitation of the interre-
iated totality of social and economic indices represented by internal variables of
the simulative system. Such a regime of functioning of the forecasting system
ensures the realization of the basic methodological principle thus safeguarding
the trustworthiness of prognoses made by socioeconomic systems which are
characterized by a great number of inlerrelated parameters and verifying the
conformity of prognostic calculations with different aspects of sustainable social
znd ecological development.

The functional correlations between particvlar economic alternalives such
as the dependence of the volume of product capital investments on the volume of
gross output by the branches, between the volume and structure of individual
consumption, the indices of demographic structure and productive activity of the
population manifest themselves in complex analylical forms. Hence, practical
realization of the system of model analysis and the forecasting of GNP produc-
tivily may encounter computing difficulties in the sofiware programming. With
the increase in the number of earmarked industrial branches and the develop-
ment of descriptive methods of economic activity, incivding the consumpilion
habits of the popuiation, and the assomption that all or the majority of the ear-
marked items represent internal variable systems, the nomber of restrictions
concerning problems occurring in scrutiny of cencrele scenarios considerably
increases and amounls lo several tens of thousands. This somelimes calls for
artificial linearization of the forma! description of aclual dependencies and for
the applicalion of correspondingly simplified methods of mathematical solution.

4.3 Technological amelioration of alternative scenarios for integrated
economic and ecological productivity processes based on a developed system of
regional prognostic modsls should take into consideration the following aspects:

a) intersection of different social priority systems (including interdepen-
dent systems);

b) multi-extremalily of social criteria of stochaslicaily-interpreted socizl
processes (especially those including obscure preferences difficult to
formalize adequately);

c) inadequacy of benefit (utility) criteria with regard to different social
groups in the stage of formation of aggregated target functions;

d) changes in the interrelation between typology (established sterectypes)
and normality in the priority social, economic, and erologicai sysiems
for diffsrent time perinds, territorial units, and the like.

Perczpective scenarios in the field of social productivity with due regzrd for
the interaction between regional development and the ecological environment
should, in particular, allow for the foliowing circumstances:

. coordination between branch and large-scale regional management deci-
sions aiming at ecological preservation with regard to tasks of
socioeconomic development;

. branch-by-branch achievement of land, water, and air purification from
ftechnological pollution in conformity with available and requirsd
resourcaes; ’

. substantiation of expert and programmed targets in the field of
development and distribution of individval branches (industries) in com-
pliance with tolal and direct damage by pollution and expenditure for
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yefinement,;

substantiation of trends in the amelioration of industrial structure,
domestic and social infrastructure, with dve regard to the effect of
industrial development on ecology as well as with a view to improving
the comfortability and recreational facilities of the environment (condi-
tions of work, rest and everyday necessities) for the micropopulation of
any particular region.

Expenses for ecological resonrce productivity are fixed in accounts by
branchss and, hence, may be compared with the social and economic effect of
ecological preservation. A definite regional unit is characterized by charac-
teristic features in its common exploitation of natural resources and renewal. A
considerable part of the information nzeded to evaluate the effect and expenses
for resource productivity is reflected only in deparimental or sectoral accounts
and cannot be found on the level of centralized macroeconomic evaluations. This
causes serious difficully in reliably delermining qualitative relationships belwsen
effects and costs in ecological resource productivity.

The volume of capital investment for basic environmentz! protection is
deltermined by a function of fund productivity:

X
= 1 -
It_cu = s‘éo Up vty Br ooy IS¢ ey Prvay + (1 + Brog) x
tet P b Lrs (g, -
x E (-1} SL+3—91J Ptte-pu + (-1) s(1+BL+mJ) Flj] '
p=1

(t=1T;i=1/; j=1/);

where: FloJ — basic funds of i branch for j resource productivity at the end of the
base year; U,,, — indices characterizing the lag in capital invesiment (UL,:7 - the
part of funds introduced in the year which is formed from investments in t - p
year), tyy — coefficient of funds amortizalion, B ~ the funclion characterizing
evenness of fund formation, ?J? — the amount of funds necessary for the produc-
tivity of j resocurce. The volume of operating expenses for mzintenance of funds
for environment protection ( Ef“ } is determined by the amount of these funds. *

The total expences for environmental protection of the productivity of
resource j would be determined by structural matrix calculations of environmen-
tal protection expenses. Evaluatiens of renewable resources and the costs for
their sustainability enable the identification of the dependsnce of expenses on
the volume of resources restored. By exirapolating the indices of productive
rasourcss snd necessary expensas, we should analyze the case resembling that of
complete productivity of the usable resources. For esxample, the estimale of
losses resulting from water conlamination refers to the calculations of water
volume indispensable to dilute the pollutant to the dasirable level psr unil cost of
the natural resource. ln practice, howsver, the institutions determining environ-
mental protection do nol restore to the necessary level the state of natural

2Prlnc!ples of spplied regional simulation of ecological productlvity (i.e., pollution, purificatior,
funds depletion and natural resource renoweal) were practicelly resiized in s multigectorel modei-
ing system by V. Rutkeuskas.
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resources within the time period under review.

The functional evaluations of the damages incurred by nonrestorable use of
resources are reflected by the damage function which is determined through
observational data resulting, for instance, from atmospheric or water contamina-
tion. Thus, the total volume of losses resulling from nonrenewable use of
resource j in branch i is determined in an analogous way as the function of the
nonrestorable part of these resourcas and the volume of funds indispensable for
their regenersation.

5. Generating s Priority System for Long-Term Assessment of Ecologically

Sustainable Development .

The question arises, Lo what degree and with what siructural characteristics
can current prioritiss be rationally applied until the end of the XXlIst century
and the following years. With changing criteria of rational assimilation of new
and used natural resources and territories with new Lechnologies (sea mining,
coastal underwaler plantstions, elc.) the general interpretation of ecological
sustainability is also significantly modified. New social and technological possi-
bilities and approaches also require . reesvaluvation of traditional activity priori-
ties as well as socioeconomic productive natural resources. New classical theory
does not seem able to internally integrate the biophysical parameters and
anthropo-technogenic influences into economic productivity modeling. A more
complex understanding of noospheric management as a background for scologi-
cally sustainable anthropogenic activity requires a change in assessment criteria
for species interrelations, their well-being, cost discount and utilizetion of rare
nonproductive natural resources. Even for the next decade (1980-2000), ecolog-
ical admissibility becomes the most important social and economical criterion for
many, especially biologicaily protected or overcrowded territories when pro-
gramming the future displacement of productive capacities or determining
acceptable amounts of outputs from traditional activities. The noospheric
macro-zoning under this generalized approech Lo ecologically sustainable
development would be more closely interconnected with an analysis of priorities
for restructuring problem areas and evalustions of conflicting situations (high
costs of pollution neutralization or remote displacement of highly dangerous
technologies).

Under these conditions, the alternative scenarios of integrated
socioeconomic and ecological productlivity management attempt to take into con-
sideration its stochastically changing determinants of sustainability solutions
under subordinated multiple criteria systems. As a matter of fact, new methodo-
logical approaches, for example, in the theory of stability of dynamic systems,
image recognition and other widely different fields also help to interpret in more
depth the directions of generating future priorities within scological sustainabil-
ity of social development. The transient nature of preferences and perspective
modifications of priority hierarchies depends significantly both on taxonomical
criteria and managament methods of ranking.
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2.3 ECONONIC CRITIRIA AND TOOLS IN REGIDNAL ENVIRONMENTAL
MANAGEMENT®

K Gofman and L. Kretchetov .
Central Economic-Mathematical Institute
Krasikova 32, 117418 Moscow, USSR

In pollution source-receptor relations, the requirements of the latter are
expressed via environmental quality standards. The achievement of the stan-
dards can bs viewed as a main task of regional environmental management. A
range of various legal, management and economical tools is involved in the solu-
tion of this problem. The role of each of them evidently depends on the specific
regional conditions. However, the fact is that all these methods can play comple-
mentary roles in the solution of one and the same problem under the same condi-
tions.” The more stringent means could bs assumed to be more adequate for
environmentally critical sitvations while less rigorous controls can be effective
in an ecologically milder condition. it iz important to stress here that the most
decisive requirements may turn out to be unattainable (which is often the case) or
too costly if conditions are not creatad to meet them. So, the stringent require-
ments are to be accompenied by a flexible implementation system encouraging
local initiative. Such a system would be highly effective especially when it
broadly takes into account the polluters’ inherent interests and stimulates their
environmental protection activity. Such considerations strongly suggest that this
kind of a system should be based on economical principles of management which
could make environmental efforts profitable for pollution emitters. Within such a
system the economical tools would not be taken then as mere control devices.
Their role is much broader, i.e., formation of the infrastructure providing viabil-
ity and effectiveness for the whole controlling mechanism of regional environ-
mental protection activities.

The role of actually applied sconomical methods is quite considerable at
present. Among them are charges, various systems of payment for usage of
natural resources and for pollution of the environment, systems allowing bargains
between two sources with the aim of lowering the burden of ecological locading
from pollution sources. There are some other economical devices of both punish-
ing offenders and stimuiating nature. All of the economical tools are stimulating
in a broad sense because each is directed at meeting the ecological constraints.
Nevertheless, their nature of motivation can be different. It is clear that the
means of enforcement and punishment can be effective to the extent that meeting
the environmental requirements is a way of avoiding severe impacts. In this case
the relations between the board supervising the observance of environmental
requirements and a polluter are interactive. The necessity of using such means is
obvious. Nevertheless, in many cases they have not shown their effectiveness or
reliability primarily because of institutional barriers. That is the reason for the
present search for other methods of economical regulation of a regional environ-
mental protection activity. The system put forward by American economists for

sIn: Ecological Sustatnabdility qf Repional Development, Proceedings of e Workshop held in Vii-
nlus, Lithusnis, USSR, 22-26 June 1987. L. Kairiukstis, A, Burscss, snd A. Straszek (Eds.), 1988,
Systems Repearch Institute, Polish Academy of Sclences, Warsaw, Poland.
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air pollution control and adopted by the Environmental Protection Agency in the
USA should be considered rather promising. Underlying the system is the so-
called bubble principle which highly raises a polluter’s mobility in achieving eco-
logical standards. As publications show, this principle allows creating the viable
market system of "tradable discharge permits”. Very numerous and diverse ver-
sions of such a system have been developed in the USA. The concept of a "bank”
for emission permits has also been proposed. A polluter can notify the "bank” of
his intention Lo reduce emission and get a certificate for a future possible
increase of emissions. Other forms of banking have also been developed. The
advantage of this approach is that it has a distinct orienlation to lessen the eco-
logical burden for regional enterprises. The motto of this approach is: ""Engag-
ing in environmental protection activities is profitable!” Similar systems have
been adopted in principle in several states and some elements of them have been
implemented. Bul Lthe time does not seem Lo have come yet for drawing conclusions
on their effectiveness. The above approach is not perfect. Its most vulnerable
point is considered Lo be the lack of safeguards for keeping strictly io ambient
standards. This is the cost Lo be paid for the extension of self-dependency of
enterprises. The implementation of the bubble principle in particular requires
strong safeguard measures. An objection can be found both in East and West pub-
lications against the system of tradable discharge permits which essentially
comes to inadmissibility of making a profit from the environment. Indeed, such a
threat really exists. To our knowledge, those who develop systems of tradable
discharge permits are quite conscious of that threat and due measures are pro-
vided to control not only environmental quality bul also the bargains themselves.
In particular, so-calied "offset ratios" are introduced allowing only bargains that
improve environmental quality by a given proportion. On the other hand, too
severe control can result in inadmissibly high transaction costs and make the
market mechanism ineffective. The search.for an optimal version is one of the
problems of market regulation. The system of tradable discharge permits can be
applied both in relatively unpoliuted ecological sitvations and under critical cir-
cumstances requiring more stringent control measures. Advantages of the system
are convineing enough to pursue further development in theory and practice. A
proper modification of such a system is believed to be applicable in planned econ-
omy countries as well.

Centralized planning is the most important feature of environmental protec-
tion regulation in the USSR. For the purposes of regional management of
environmental protection activities, a special board should be established, Eco-
logical Regional Service (ERS), that would repressnt regional ecological
interests by monitoring and coordinating studies on the impact of pollution
sources on the regional environment. ERS should act to guarantee the obser-
vance of environmental quality standards. We believe that a leading role in the
solution of this problem should be playad by economical contro! methods. In prin-
ciple, under ceniralized planning all of the above-mentioned forms of economical
regulation can be considered applicable, among them systems of marketable
discharge permits.

Regional environmental quality management would be much easier if branch
enterprises present in the region could have their own Branch Ecological Service
(BES). Among the functions of BES could be an on-line variation of production
loading distribution for the branch enterprises. It could Initiate a branch mutual
assistance bank allowing an enterprise a reduction of production activity to
offset increases in production activity in other enterprises. Information
exchange and coordination of ERS and BES activities would be beneficial for
both. ’
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It would be expedient to divide the branch and regional environmental
managemenl into two stages:

I. advanced production and ecological planning, and

M. current regional management of enterprises’ environmental protection
) activities. =
Stage I includes coordinaled determination of the level of branch production, on
the one hand, and environmental quality standards togelher with discharge limits,
on the other. Moreover, the branch planning system should take into account,
alongside wilth other resource limits, the "ecological resource’ limits presented
as discharge limils and environmental quality standards. Figure | gives a rough
flow chart of a three-step production and ecologioal p}anning algorithm.
Underlying ERS activity should be the notion of regional damage including
ecologieal, social and sconomical damage. Damage is not necessarily expressed
1n terms of money only but in terms of various indexes. Environmental protection
measures or lransactions between regional agents can be considered allowable if,
among other limitations, the damage avoided exceeds (with some coefficient) the
damage done. It should be noted that this principle leads to prevent possible
abuse of discharge permits trading. Furthermore, the principle allows measures
and transactions in non-compatible units within current systems where bargains
are allowed only between the pollution sources that inflvence the same receplors.
The transfer of a pollution source bsyond the limits of & zone of elevated pollu-
tion can serve as an example of an arrangement allowing assessment on the basis
of regional damage, but not on Lhe basis of impacl coefficients. The assessment of
measures and transactions on the basis of regional damage requires much infor-
mation support and methods of damage calculation, so, at lsast initially, it would.
bea more reasonable to use simplified and approximate methods. These can be
based on an idea of identifying some sources (analog Lo bubble principle) or some
recipients (bubble principle for recipients).

The more efficient the enterprises and the more possibilities they have for
environmental protection, the more stringent are the requirements of the control
system that should guarantee that there will be no decline of environmental qual-
ity. The reliability of such a system would be parilicularly great if it were
oriented as a preventive system implementing measures capable of relaxing the
emerging ecological tension. Among those are such measures as the development
and implementation of special policies with respect o sources whose effect on
ecological behavior are unpredictable or risky, the development and active
implementation of methods of forecasting regional ecological episodes, keeping
up the relations between ERS and BES for taking into account and coordinating
presumed changes in the regimes of regional enterprises, which could highly
raise the reliabilily of environmental forecasts. Among preventive means are Lhe
wsa of safety factors in areas with ecological situations rapidly changing for the
worse (e.g., in swiftly dsveloping industrial regions), since the time for ERS to
react to changes would be reduced, increasing environmental risk.

How can il be guaranteed that ERS endowed with its broad rights would pur-
sue policies defending regional interssts and, at the same time, nol abusing its
power over polluters? What can be ERS's proper interests? They can reflect
regional interests, bul environmental interests can play only a minor role. It can
happen that observance of environmental standards would stand in the way of
making progress toward ERS's goals when il intends Lo further the development of
regional industry. To circumvent this, polluter charges cannot be vsed to fund
ERS, i.e., ERS should be financially independent from those being controlled.
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What are the criteria for ERS's activity assessment? Criteria such as
amelioration of regional environment with respect to the existing pollution levei
per ruble of costs of environmental protecting measures would not be useful, as
would also be the case if the rate of decrease of pollution were related to the
rate of polluters’ production growth, etc. Criteria of that kind can hardly be
effective because ERS would be able to make a better show at the cost of pursu-
ing severe ecological policies with respect to regional polluters. The right gen-
eral criterion should be formulated as relative (with respect to the planned
environmental quality level) environmental quality increment achieved as a result
of arrangements and transactions profilable for regional polluters with absclute
observance of snvironmental quality standards. With this eriterion the environ-
mental protecting ambitions of ERS would pot be an unjustified burden to pol-
luters. On the other hand, ERS would have an economical incentive to better
assist pollulers in revealing and implementing their environmental protection
reserves. Under such a criterion ERS and polluters would cooperate toward
regionnl environmental amelioration.

Undoubtedly, this criterion has some drawbacks. Yor example, both ERS and
polluters would be concerned with adopting an understated environmental quality
standard during the planning stage. So, uninterested central and regional boards
should fix quality standards. ERS becomes active during the implementation
stage when all standards and planned limils are already fixed.

The above criterion for ERS's activity assessment involves the notion of
arrangement or transaction "profitability” for emissions. This concept is objec-
tive to a degree. ERS and the polluter itself could differently assess profitabil-
ity of a given measure for the source. In the spirit of the "profitability” require-
ment, the source’s assessment should be adopted. This point of view would better
respond to creating conditions and stimulating the polluters’ self-sufficiency for
achieving less costly standards.

The implementation of a regional environmental protection system seems to
be reasonable to pursue in the following succession:

1. The establishment of ERS with proper legal and ceniralized financial sup-
port. The establishment of BES with due rights and branch financial support

Coordination of ERS and BES activities.

2. Environmental quality monitoring. The dovelopmant and implementation of an
environmental quality forecast system.

Fixing the environmental quality standards and individual discharge limits

4. Implementing emission fees. Implementing charges for the use of natural
resources.

5. Implementing emission and pollution charges and taxes.

6. Establishment of an Emission Bank.

7. Limited implementation of a tradable discharge permils system.

Methods that prove effeclive or promising under specific regional conditions
should be further improved and broadly applied. The other versions of the
environmental protection system development are possible depending on the par-
ticular regional environment.

Orientation toward regional needs is viewed as a main advantage of the pro-
posed regional environmental protection system. At the same time, economic
management tools underlying the system offer more possibilities for the best
realization of the cumulative environmental protection potential of regional pol-
luters. A branch and regional planning system allows one to take into account, to
a considerable extant, the regional resquiremsnts already at the preliminar:
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stage of planning, which makes the ERS’s task of actual regulat.ion of the pol-
luters’ activity much easier.

The main conclusions suggested by the above consideralions are as follows:

1. The branch and regional principle should underlie the. structure of a
regional environmental protection system.

2. The activity of the regional environmental proteclion system falls into
two stages: .

- long-term planning, -and

~ current regulation of the actual ecological activity of regional pol-

luters.

Competent central, branch and regional boards would establish environmen-
tal quality standards during the planning stage. Then actual regional regulation
is implemented by ERS in cooperation with BES.

3. The regional environmental prolection system should be based on legal,
adminisirative and economical methocs harmoniously interacting with each other.
Diverse economic methods are bound to play a key role in assuring efficiency of
the system, first of all by allowing full possible realization of the polluters’
environmental protection potential, among them the Emission Bank and discharge
permits trading both directly between sources and via ERS should be considered
rather promising.

4. The assessment of regional environmental protection measures should be
based on the notion of regional damage in terms of money or some relative
indexes.

5. ERS should act mostly as a preventive board provided with a good fore-
cast and control system.



PART 11

INTERDISCIPLINARY OF REGIONAL, TRANSREGIONAL
AND GLOBAL SYSTEMS
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3.1 THE INTERNATIONAL GEOSPHERE-BIOSPHERE PROGRAN (IGBP):
THE ROLE OF OBSERVATIONS FROM SPACE*

KYa. Kondratyev
Academy of Sciences of the USSR
Sevastjarova §, 196199 Leningrad, US.S.K.

1. Introduction

The scientific-technical revolution has created a global-scale interrelated
set of problems: (i) the development of an ability to undertake mutually
guaranteed annihilation; (if) creation of mascive debt in the developing countries
and the necessity for a new economic order — a result of the exploitation of
natural resources of the developing countries aimed. primarily, at fueling the
arm’'s race; (iii) the ocourrence of critical environmental impacts, manifested, in
particular, by the barbaric exploitation of natural resources (for instance, trop-
ical deforestation which has heavily changed the global carbon cycle, which can
seriously affect the climate) and through uncontrolled pollution (e.g., transboun-
dary atmospheric transport of pollutants affects many countries).

The interdisciplinary character of environmental problems needs closer
cooperation of experts in the field of natural sciences as well as social sciences.
In this connection, there is an urgent need for analysis (from the viewpoint of
modern science) of the concept of the noosphere put forward by the outstanding
Soviet scientist V.I. Yernadsky [27] and of the ideas of the interdependence of
humanity and the biosphere. Experience of the recent past shows that none of
the large-scale problems of natural science can be solved in isolation from an
interdisciplinary system approach. Otherwise, only speculative approaches
fraught with disinformation are available. For instance, apocalyptic forecasts of
climate changes by the middle of the next century are not justified scientifically
(see [17]); serious blunders in a number of important ecological forecasts (for
instance, the Caspian Sea level, the decision to dam the Gulf of Karabogazgol,
assessments of the consequences of diverting some rivers, etc). This suggests, in
particular, an urgent need for serious discussion and concrete definition of the
concepts of the environmental quality.

Complicated problems of the environment can be solved only by joint interna-
tiona! efforts. One of the most forward-leeking examples of cooperation is the
IGBF, approved by the 2ist General ICSU Assembly in September 1986. A major
objective of this program is "to descrihe and to understand the interacting physi-
cal, chemical and biological processes which regulate the whole terrestrial sys-
tem and e unique environment whose viability is maintained by this system; varia-
tions taking place in this system, and specific human impacts on these variations’
{18, 25].

Studies are planned in five major directions {6, 25]): (i) retrievals of infor-
mation on changes in the past from various paleoindicators; (ii) studies of the
various processes taking place now in the environment; (iii) an analysis of

sin- Kcologtcal Sustatnabdiitty ¢f Regtonal Development, Proceedings of e Workshop held in Vil-
nius, Lithuania, USSR, 22-26 June 1987. L. Keiriukstis, A. Buracas, end A. Straszek (Eds.), 1988,
Systems Research Institute, Polish Academy of Sciences, Warsaw, Poland.
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global-scale changes in the biosphere; (iv) studies of the biogeochemical cycles;
{v) studies of the global water cycle.

2. A Brief Description of the IGBP

The evolution of geosphere and biosphere is characterized by an intensify-
ing interaction of their components which is, first of all, determined by increas-
ing anthropogenic impact on the environment. This impact is manifested mainly
through the transformation of nature by man and the growing anthropogenic
environmental loadings which affect practically all components of the geosphere
and biosphere (in some cases on the global scale) and require a systematic
approach to studies of the coupled processes taking place in the geosphere and
biosphere. Uncovering the laws of geosphere-bicsphere interactions requires
intardisciplinary studies of unprecedented complexity, pushing the respective
problems to the front line of the current natural sciences.

Complex studies of the geosphere and biosphere have long since been
needed, which in recent decades has been revealed in the establishment of
numerous large-scale programs: the International Geophysical Year (IGY), the
subsaquent International Quiet Sun Year (IQSY), the World Weather Watch (WWW),
and the Global Atmospheric Ressarch Program (GARP). Other racent activities
include the large-scale Middle Atmosphere Program (MAP), International Litho-
sphere Program, World Climate Program (with the World Climate Research Pro-
gram as a component), a specialized International Satellite Cioud Climatology Pro-
ject (ISCCP), as well as a large-scale Soviet program "Sections” aimed at studies
of the role of oceans in short-Lerm climate changes. There are two new interna-
tional programs with the same objective: World Ocean Circulation Experiment
(WOCE) and Tropical Ocean and Global Atmosphere (TOGA) program.

The following international projects on studies of biogeochemical cycles of
various components are being accompldshed under the aegis of SCOPE and
UNEP: the JUGG/IAMAP Program of Global Troposphsric Chemistry, the Interna-
tional Hydrobiological Program, and the Man and Biosphere Program (within the
framework of UNESCO).

Each of the enumerated (and some other) programs is characterized by a
complex approach to solving particular problems. An analysis of the globai eco-
logical problem, on the whole, shows, however, an urgent need for coordinated
efforts to achiave the goals of various programs and substantiating a super-
program covering the key aspects of all geosphere-biosphere studies.

These circomstances have stimulated the development of the long-term Inter-
nationai Geosphere-Biosphere Program (IGBP) - full lavnching of the observation
system is planned for the 1990s — aimed at studies of global changes, especially
with a2 view to the anthropogenic impact on the biogeochemical cycies of carbon,
nitrogen, sulphur, phosphorus, water, and the dynamics of such factors of life
support as solar radiation, the quality of air and natural walsrs, soii fertility, as
well as intarrelationships between biogpheric and geospheric events [26].

First, on time scales of decades and longer, it is most clearly seen that the
geospheric components constitule a coupled system, the interaction of individual
components being characterized by synergistic manifestations (by the feedbacks
that sometimes lead to & mutual intensification of various processes). This cir-
cumstance is of exceptional importance in a system approach, as well as interdis-
ciplinary studies of physical, chemical and biological processes based on the
implementation of a joint program.
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Second, increasing anthropogenic impact on the geosphere-bjosphere neces-
sitates studies of the global-scale processes and changes. From the viewpoint of
planning an observation system, this testifies to an important role of observa-
tions from space to support important conventional observation systems both now
and in the future [1, 11]. For Lhese problems, on the whole, paleoc and compara-
tive planetary analogies become particularly urgent [13, 17]. The latter means
that geospheric studies must be closely connected with investigations of the ori-
gin and evolution of the solar system. This conclusion is important because the
geosphere-biosphere system is not closed; rather, it is affected by various extra-
terrestrial factors (solar activity, galactic cosmic rays, stc.). Thus, there is no
doubt that atmosphere, ocsan, cryosphere, lithosphere, and extraterrestrial fac-
tors mre key objects in studies of Lhe geosphere and biosphere.

What worries us now is that some anthropogenic impacts on the global geo-
sphere have already become noticeable (for instance, through increased concen-
trations of CO, and nitrogen oxides, which affect the giobal cycles of carbon and
nitrogen) and can grow during a period of several decades, whereas our ability
for countermeasures has the same (or even longer) characteristic time scale,
which demonstrates the urgency of the problems.

The third circumstance of extreme importance is connected with the highly
closed global cycles of subsiances. It was shown with the carbon cycle as an
example {7-3) that undisturbed cycles are closed to an accuracy of 0.011. Such
an exact balance reflects an urgent problem of anthropogenic impacts on the
geosphere and biosphere in such conditions, for instance, when more than 102 of
the land is cultivated, and more than 302 is used both in agriculture and for other
purposes [6). Both the atmosphere and the water basins receive (in increasing
amounts) substances having no analogs in nature. There are no reliable ideas, so
far, about the long-term effects of these inputs. Estimates by Gorshkov (8, 9]
show that the global carbon cycle is now open to about 10%.

Naturally, in studying an exceptionally complicated interdisciplinary prob-
lem, it is of primary importance to determine its key aspects, among them the
problem of climate and its changes. The climate is a result of interactions
between the components of the climate system (atmosphere-hydrosphere-
lithosphere-cryosphere-biocsphere) with numercus feedbacks.

Al present, there is no problem in natural sciences of greater global-scale
complexity.

In connection with the climate problem, the role of geosphere-biosphere
interacticns requires serious atiention. This role is clearly seen, in particular,
when the climatic effect of anthropogenic CO, concentration increase is con-
sidered. During recant years this problem has brought forth controversial con-
clusions about possible climate changes [14, 16, 17). This has been caused by two
circumstances: (i) the lack of sufficiently reliable models of the global carbon
cycle (so far, the contribution by marine and continental biota is not clear); (ii)
&n inadequacy of climate theory from the viewpoint of interactive accounts of
processes in the geosphere and bicsphere. Though the climate theory can serve
as an {llustration of the importance of considering the effect of extraterrestrial
factors, the physical mechanisms determining this effect are still unknown.

The climate problem is also very important from the practical point of view.
It is well known that man's activitias depend (sometimes critically) on climatic
conditions (particularly soncerning agriculturs). Recently a new aspect of the
problem has been outlined, i.e., 2 possible impact of a nuclear war on the climate
and biosphere [6, 15, 17). The respective estimates show an unavoidable global
ecological catastrophe due to a strong climate cooling (nuclear winter), which
must result from decreased solar radiation at the Earth's surface because of
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strong attenuation by urban and forest post-nuclear fires. Of still more impor-
tance is a climatic instability under conditions of such strong disturbances of the
climatic system [17]. :

Bearing in mind the importance of the climatic problem, a respective inter-
disciplinary part within the IGBP must be formulated, taking into account the
WCRP and other programs (WOCE, TOGA, ISCCP, etc.) which are now being under-
taken. Considering specific features of such programs, it is clear that studies of
interrelated probiems of the physics and chemistry of the atmosphere, as well as
biogeophysical cycles of such components as carbon, nitrogen, phosphorus, sul-
phur, and solar-atmospheric interrelationships within the IGBP, claim most seri-
ous atlention since they are not properly foreseen in the ongoing programs.

The problems of atmospheric physics and chemistry are very important from
the point of view of assessing the prospects for the evolution of the biosphere
(its productivily) in conditions of growing anthropogenic impacts [16]). Among
other problems, emphasis must be placed on the problem of disrupting the stra-
tospheric ozone layer which protects the biosphere from harmful effects of UV
solar radiation.

Though the conclusions about anthropogenic effects on ozone have been
repeatediy changed [5), no doubt, there is great concern for the effect on the
total ozone content and the vertical profile of the ozone concentration of ejected
chlorofluorocarbons (CFC), carbon dioxide, nitrogen oxides, methane, and other
gases. It is now clear that the effects of these components are closely interre-
lated, and therefore estimales of individual (isolated) components cannot be con-
sidered correct.

There is evidence (frcm observational data) of increased concentrations of
CFC, methylchloroform, carbon dioxide, nitrogen monoxide, and methane. How-
ever, the lack of reliable data on the sources and sinks of the enumerated gases
prevents realistic forecasts of their future trends (it is particularly true for
methane) to be obtained [2].

The solution of the ozone problem, which is an important component of MAP,
requires the implementation of an extensive program of laboratory, field and
theoretical studies of interacting physical, chemical and photochemical
processes in the troposphere and stratosphere, as well as large-scale monitoring
of changes in the chemical composition of the atmosphers (for a large number of
components).

As for the chemistry of the troposphere [4, 21), most urgent are studies of
(i) water cycles; (ii) processes determining the dynamics of oxidants, sspecially
0,3, SO, and NO,; (ili) mechanisms of dry and wet deposition of pollutants on the
surface of land and water; (iv) processes determining the content in the lower
atmosphere of aerosol and such gases as CO,, N,0, CH,, NH;, and H,0; (v) the
effact of optically active atmospheric components on the radiative regime and
climate. As in all other cases, the interaction between chemical processes in the
troposphere and stratosphere are of principal importance.

To understand the bjogeochemical cycles, it is necessary to study such con-
trolling factors as (i) natural and anthropogenic inputs of minor components to
the troposphere; (ii) their further transport; (iii) chemical transformations
(including gas-to-particle conversions); (iv) scavenging from the stratosphere of
minor gaseous and aerosol components (here the role of the cloud cover is signi-
ficant). Of primary importance are studies of such biospheric components as
forests in the tropics and midlatitvdes, stappes and savannah, tundra, agricul-
tural areas, upwellings, and open ocean. The following are of first priority
[18]): (i) studies of the world ocean's euphotic zone; (ii) studies of the processes
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of atmosphere-biota inleractions in various ecosystems existing on the Earth,
(iii) analysis of processes in the biologically productive soil layer and its
interaction with the atmosphere; (iv) long-term monitoring of the tolal and spec-
tral solar radiation.

Climatic changes are determined by the important role of minor optically
active atmospheric components (including ozone) in the development of the atmos-
pheric greenhouse effect whose variations are an energy source of anthropo-
genic impacts on the climate. The increased ozone content in the troposphere
observed during recent years illustrates this fact. Estimates show that the con-
tribution of this increase to an intensification of the greenhouse effect is
equivalent to the effect of an increased CO; concentration.

In the field of numerical modeling, the problem of -development of interactive
models which include dynamical and photochemical processes is most urgent to
produce global budgets of 04, CO and other critically important components. As
before, approximate 1-D and 2-D models must play an important role in a study of
regional transport, geochemical balances and the search for new important chem-
ical reactions. Long-term objectives must foresee studies of the role of complex
heterogeneous processes in the formation of global cycles of various components,
with the emphasis on poorly studied processes in remote (background) regions of
the globe.

In many respects, the chemical composition of the atmosphere has been
formed and is being changed as a result of interactions with biosphere. The bio-
sphere is a major source of various organic compounds and of such volatile halo-
carbons as methylchloroform. Correlations between respective processes are
not always direct and unequivocal. For instance, chemical reactions with partici-
pation of nitrogen oxides in the troposphere can lead to both an increase and a
decrease of the ozone content, which, in its turn, affects the vegelation cover
Variations in concentrations of N,0, CH;Cl and CH, in the troposphere affect the
ozone content in the stratosphere, and this affects the biosphere, too.

A most important problem is the study of physical, chemical and biological
processes responsible for the release and assimilation of various components by
the biosphere (within different ecosystems). A second problem concerns the
reaction of the biosphere to variability of physical characteristics and chemical
composition of the atmosphere. Of first priorily are gases whose content is being
changed due to man’s activity: CO,, CH,, N0, NO,, and SO,, as well as CO, which
plays a substantial role in the chemistry of tropospheric hydroxyl.

There are grounds to believe that chemical and photochemical processes in
the stratosphere and mesosphere, varying under the influence of extraterres-
trial factors (solar protons events, galactic cosmic rays), are responsible for the
mechanisms determining the effect of extraterrestrial factors on the climate.

A key factor of the formation of the chemical composition of the atmosphere
is its interaction with the ocean, which is a sink for CO, and nitrogen oxides, but
a source (in the regions of coastal lowlands and productive zones) of CH,, H,S and
(CHj3),S, as well as a source of halogens, nitrogen oxide and water vapor for the
atmosphere. An urgent problem is the study of ocean-atmosphere gas exchange as
a result of corresponding chemical, physical and biological processes. The car-
dinal role of the ocean in the formation of the sulphur cycle should be given spe-
cial attention. Here estimates are needed of the input to the ocean of fresh
water, carbon, phosphorus, and suspended matter.

Atmospheric aercsol plays an important role as an optically active atmos-
pheric component affecting the formation of climate [12, 14]). Volcanic stratos-
pheric aerosol that causes strong and prolonged disturbances in the radiative
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regime and respective climate changes, is a most substantial manifestation of the
effect of natural aerosols on radiation and global climate {(dusl storms are an
important regional factor). The presence of anthropogenic aerosol in the tropo-
sphere is demonstrated as an uvpward trend in atmospheric turbidity and through
the formation of atmospheric haze in high 1atitudes of the northern hemisphere.
In any case, the mechanism of gas-to-particle conversion is of great importance
(in ths case of volcanic stratospheric aerosol this mechanism prevails), which
determines the interrelstionship between biogeochemical cycles of sulphur and
nitrogen and the processes of atmospheric asrosol formation. Of great eoncern
is an almost unknown effect of aerosol on the processes of the formation and dis-
sipation of cloud cover. As has besn mentioned above, the smoke aerosol resuit-
ing from posi-nuclear fires is critically important.

One more first-priority component of the IGBP is the problem of biological
productivity on land and in the ocean. Conditions for biological productivity on
land are determined by resources of water, biogenic components and light; for
the ocean, only the latter two factors are important. IL follows that lo assess
conditions on land, it is important tn obtain information about the global spatial
and temporal distribution and rainfall intensity. Fluxes of biogenic components
driven by rivers to coastal zones of the ocean and, due to mixing arriving eventv-
2lly al deep layers of the ocean, as well as the transport of matter from land to
oceabp through the atmosphere, play a decisive role as faclors of oceanic biopro-
ductiviiy.

The assessment of the role of the latter factor is hindered by the unreliabil-
ity of present climate models from the viewpoint of simulating the global gistribu-
tion of precipitation and a need for taking into account increasing anthropogenic
input of optically active minor gasecus components. This leads to a change of the
temperature regime, affects the water cycle, causes acid rain and changes the
concentration of toxic gases, soil fertility, and the content of nutrients in rivers
and shelf zones. The variation in intensity of the UV solar radiation reaching the
surface caused by atmospheric pollution can play a substantial role in affecting
bioproductivity. Having determined the natural variability of bioproductivity,
one faces an important problem of analyzing the anthropogsenic effect. The solu-
tion of this problem will require investigations in various directions.

One of them is the global moisture cycle, whose formation is determined by
an interaction of the thermal regime and atmospheric circulation, the processes
of evaporation (including evapotrangpiration), transfer and phase transformation
of water in the almosphere, the atmospheric circulation being coupled with the
radiative regime affected by the anthropogenic variation in the atmospheric com-
position (including chemically and biologically active components). Major diffi-
culties in solving the problem of the waler cycle are as follows: insufficient reli-
ability of the estimales of evapotranspiration on land, evaporation and precipita-
tion on the oceans, inadequate parameterization of the processssz - sloud form=a-
tion and rainout. The role of the vegetation cover in the trarspur: of water from
soil to the atmosphere must be further studied. Data on globai ciced cover clima-
tology, distribution of precipitation over the oceans, and svaporation from the
ocean surface are still fragmentary.

The leading role of the ocean in the formation of the global water cycle and
the climate determines the key importance of the problem of atmosphere-ocean
interactions and, in this connection, the program "Sections” has begun {see 19].
An interaction between the atmosphere and land surface has been studied rather
poorly (this has resulted in the 1982 International Conference on Parameteriza-
tion of Land Surface Processes and the recent International Satellite Land Sur-
face Climatology Project — ISLSCP).
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Snow and ice cover and its variability are fundamental climate-forming fac-
tors. A high albedo of snow and ice detarmines a strong (and interactive) depen-
dence of climate on variations in the extent and properties of the snow and ice
cover. Sea ice plays an important role as an insulating layer (it makes a large
contribution by heat exchange through polynyas and open leads in high latitudes)
and as an inertial component that transforms the annual course of temperature
by shifting extrema due Lo latent-heat release during freezing in autumn and heat
expenditure on melting in spring. Being a sensitive component of the climate sys-
tem, ice cover is a useful {indicator of climate changes.

Of principal importance is the fact that the continental biomass has been
estimated to an accuracy of a factor 2 and changes in the time scale of decades
are even less well known. Such a situation has been hindered by a large-scale
effect of man’s activity on natural ecosystems during the last 100 years (defores-
tation, wide use of monocultures in agriculture, etc.). Much more accurate esti-
mates are needed of the total biomass for individual ecosystems and for land sur-
face, on the whole, which will permit a more reliable analysis of the effect of
variations in land use, climate, and an input of nutrients to global primary
bioproductivity. The following studies are of first priority: (i) the effect on the
input of biogenic components (nitrogen, phosphorus, and sulphur, in particular);
variations in the concentration of oxidants; acid rain and heavy metal deposition
on the carbon reservoirs; (ii) reaction of biota to environmental changes; (iii)
factors that regulate the carbon retio between living and dead components of
ecosystems, and their dependence on anthropogenic impacts.

3. The Uze of SpaceBeased Observetion Techniques

Solution of- the above problems requires the development of a global obser-
vational system using both conventional and space-based observation techniques,
with undoubted priority being given to the latter. One must, first of all. analyze
the adequacy of available observation means from the viewpoint of the 1GBP proh-
lems, since it is clear that some of the present information needs on geosphere-
biosphers can already be satisfied (sither completely or partially) by the use of
meteorological and Earilh's resources satellites, as well as manned orbital sta-
tions. Also, it is clear that all the requirements for observationa) data can only
be met by improving, expanding, and supplementing the available observation
techniques. First of all, it is necessary Lo plan an adzquate and optimal global
system of observations {1, 11, 22].

3.1 Optimal planning of observational progruns

The importance of the problem of optimal planning of a system of remote
sensing from outer space is determined by a nuimber of circumstances, including
the high cost of the experiments, limitation by the weight of instrunents, power
supply and thz volume of the on-board stored information. Besides, a number of
scientific aspects of the problem must be borne in mind. The satellitederived
dala intarpretation iz connected with the solution of mathematically incorrect
inverse problems: using the characteristics of either reflected or absorbed
radiation, one must retrieve the parameters that characierize the state of the
anvironment. An incorrect nature of most of the inverse procblems of remote
sensing determines the critical importance of the choice of measurement condi-
tions for the mccuracy of the results [11, 22). Therefore, a nonadequate choice
of spectral channels or geometry of observations can considerably depreciate
the observational results. On the other hand, a neglect of the information con-
Lent of ramote-sensing data can result in redundant information.
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A similarity of requirements for systems of remote sensing, interesting for
various branches of application, has brought forth the problem of planning muj-
tipurpose systems of remote sensing from space. Below we discuss two major
strategies for optimal planning of such systems [22]. .

The economic strategy for optimal planning of the systems is based on maxim-
ization of the integral economic efficiency factor for a mullipurpose observation
system V under condition that the efficiences for individual problems
v; (i =1,..N) are regulated by special limitations of the type of inequalities from
above and from below [22]. One of the most efficient numerical algorithms for the
solution of this problem is Balash’s msthod used in calculations for planning the
multipurpose systems of remote sensing of the environmental objects from space.
All the problems are divided into four large groups: oceanology, hydrology,
geology, forestry and agriculture. Each of these groups is subdivided. The
number of partial problems in each of the basic groups varies from 9 to 14 [11].
As an illustration, we shall consider the results of the choice of an optimal set of
spectral channels for a multipurpose survey in the interests of oceanology (Table
1) .

Table 1. Specific problems within the group "oceanology”.

Number Problem
1 Sea surface state
4 Water turbidity
3 Sea ice
4 General near-shore marine survey
5 Mapping the coastal currents and tides
6 Global-scale mapping of currents, sea surface survey
7 Mapping the coastline and shallow waters
8 Bathymetry and topography of ice
] Distribution and migration of aquatic organisms
10 Contamination of coastal waters
11 Impact of contamination on marine medium
12 Studies of bars, reefs, etc.

The number of spectral intervals (channels) required for the solution of 12
problems (N =12) in the group "oceanology” (Table 1) totals 37 (M = 37), the
number of particular channels m, for the i-th specific problem ranging between
18 and 33 (18 £ m; £ 33). This means that the volume of information for each
specific problem is sufficiently large. It constitutes not less than half the whole
volume of information for the entire group of problems "oceanology”.

Calculations of the economic efficiency factors of the measurem:ni channels
K ! (j =1,...,N) have shown that some channels are potentially unprofitable (nega-
tive values of K J) from the viewpoint of multipurpose application of the observa-
tional system. These are channels 0.40-0.45 um and 0.69-0.73 um. Measure-
ments in the following spectiral channels are economically best justi-
fied: 0.53-0.55; 0.59-0.61; 0.61-0.64; 0.55—0.57 jan. Here maximum values of
1.4 ,i are reached. Thus, even simple calculations make it possible to select from
a large initial list of spectral channels thase most substantial from the viewpoint
of economic criteria. Similarly, one can consider other groups of problems and
characteristics of the observation sysitem (spatial and temporal resolution,
periodicity, geometry, etc.).
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The strateg: of multipurpose planning of the space-borne remote-sensing
system is based on the use of statistical techniques for processing the observa-
tional data [22]. Mathematical formalization of requirements can easily be made
in this case [11]). As an example, we shall consider the problem of the choice of
spectral intervals.

Combinations of t.he_éhannels recommended for solution of specific problems
form a multitude on the spectral axis. Having enumerated all the channels, we
obtain a totality of elementary channels forming the basis for choosing any inter-
val from the initial totality. We form a vector with the number of components n
equal to that of the elementary channels. Let the indication vector x/, the i-th
component of which is either zero or unity (depending on whether the i-th elemen-
tary interval meets the requirements of the j-th specific problem or not),
ocorres to the j-th specific problem. With a set of requirement vectors
X = {x/}, the problem can be formulated of finding the vector x* minimizing (max-
imiring) some purpoes functional V determined by a set X. Further, the problem
can be solved in two ways.

With the totality of veéctors X = Ix’{ considered a statistical sample, the
problem of multipurpose planning can be formulated as a problem of stochastic
optimization, and to solve it, the techniques of principal components and factor
analysis can be applied [22]). .. :

The choice of spectral intervals. Using the described procedure, one can
choose singls-bounded spectral regions for a multipurpose survey carried out in
the interasts of the following four groups of problems: I — oceanology; 1l -
hydrology; Il — geology: IV ~ forestry and agriculture. The numbsr of specific
requirements in the groups totaled: 1 - 102; I - 33; Il -~ 36; IV -~ 32. In the
numsrical solution, one succeeds in selecling 7-9 factors for each of the groups
of problems. The first four channels provide a 70X coverage of the mean square
deviation fn the space of requirements. In all cases, two IR channels are
‘chosen: 0.73-0.8 and 0.8-1.1 san and two intervals in the visible: 0.55-0.58 and
0.66—-0.69 um. The remaining channels vary dapending on the group of problems.
The next step 1s-combining the enumeralad groups of problems into complexes.
With the exclusion of the 0p, Hy0, 04, and NO, absorption bands, Table 2 gives the
linmits of optimal spectral intervals for the "ocsanology” problems as well as the
complexes of "and” problams and a combination of all the four groups. To
achieve the 701 coverage of the fnitial MSD jn the space of requirements, five
channels are necessary (thres in the vizible, two in the near IR).

Table 2. The optimal choice of apectral channels for remote sensing.

Group of ' Speotral intorvals, gm
problems 1 2 3 4 5
1 0.83-0.87 0.84-1.10 0.76-0.78  0.66-0.69  0.54—0.57
H-Iv  0.94~1.10 1.20-1.25 0.51-0.57 0.66-0.69  0.40-0.49
-1V 0.83-0.87 0.84-110 1.20-1.25 0.52-0.57  0.66-0.69

Optimal conditions for the survey from spacs. Let us discuss the choice of
parameters of the survey that characterize the geomelry of observations as well
as the spatial and temporal resolution of the information obtained. We shall con-
sider the following parametsrs: sun elevation, nadir angle of viéwing. spatial
resolution, coverage of the survey, and maximum periodicity. The requirements
produced by specific problems with respect to these parameters totaled 73 [11].
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For each of the five parameters, three types of requirements were chosen: high,
moderate and low, which has markedly simplified the interpretation of the results
of application of the factor analysis algorithm (Table 3).

Table 3. The optimization of conditions for the survey from space.

Parameters of the Group of problems

measuring system 1 11 i1 v
Sun elevation, deg. 15-30 15-30 15-30 15-60
Nadir angle of

viewing, deg. 30 30 30 30
Spatial resolution, m 50-300 5-10 10-30 10-30
Coverage, km ’ 400-1000 200—-400 400-1000 50-200
Maximum periodicity,

days 1 1 3-20 2-20

The obtained planning recommendations have also three grades for the sur-
vey parameters. Some similarity of requirements to the survey parameters is
observed in oceanology and hydrology. High spatial resolution is required in
hydrology. Similar requirements are found in geology, forestry and agricuiture,
with differences only in survey coverage.

A comparison of the results on the problem of optimization of the system of
the spectral channels for remote sensing shows a certain consistency. The chan-
nels 0.53-0.57, 0.66, and 0.68 um are most efficient for oceanology from the
viewpoint of both strategies. Other channels located in the near IR (0.83-0.87,
0.94-1.1 wm) are only important from the viewpoint of multipurpose application
of the obtained information. Their economic efficiency is twice as low as com-
pared to the channels of the optical range.

These results show that the developed techniques make it possibie, on a
strict mathematical basis, to substantiate the oplimal composition of the observa-
tion system and conditions for observations. The multipurpose applicability of
the observation systems ensures the widest use of the oblained results. The pro-
posed techniques for planning an observation system provide a certain economic
effect of the space-borne remote-sensing systems both for economy as a whole
and for its certain branches.

3.2 Some future means of observations

The global-scale nature of processes in the atmosphere, the ocean and on
land necessitates a consideration of the Earih as a single inleractive system in
order to understand and forecast the state of this system. On the other hand, the
complexity of the intermal processes taking place in each of the system's com-
ponents explains the necessity of their separate studies. An observation system
must be a fast-operating system giving information about the planet as a whole
and about its components, using for this purpose both conventional and satellite
observation means.

The application of various techniques based on the use of data for various
spectral regions and a combined processing of the conventional and satellite
information (a 4-D assimilation) play an important role in the case of space-based
remote-sensing techniques: only such an approach guarantees sufficiently high
accuracy of the retrieved parameters {3, 4, 23, 24}. The calibration techniques
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ensuring long-term stability of the observational data and of the retrieved geo-
physical quantities are critically important. It particularly concerns the solar
channels of the versaiile space-borne instruments. An accomplishment of com-
plex programs of subsatellite control and verification observations remains
urgent. In this connection, realization in the future of a program like FGGY is
highly recommended.

Theoretical studies to get 2 deeper insight into the interactive processes
within the global numerical models as well as experiments on sensitivity, needed
for the objective planning of the observation systems. are an exceptionally
important component of the program on the whole. Further development of
retrieval algorithms {s important, too. From the viewpoint of developing the
instruments and the retrieval techniques, increasing the reliability of Lhe
retrieved parameters such as sofl moisiure, rate of rainfall, the temperature and
emissivity of land surfaces, wind vector is of special concern.

A considerable increase of the accuracy of the retrieved surface tempera-
ture and a resolution of 1 km are guaranteed by the MODIS instruments [4] having
the following ohannels (the width of channels in nm is given in
parentheses): 3.750 (80); 3.989 (50); 4.05 (50); B.55 (500); 10.45 (500), 11.03
(500), and 12.02 (500), with the combined use of the MODIS data and remote sound-
ing data. .

Retrieving the phytomass, its global mapping, and a search for ways of
retrieving the componsnts of the surface energy balance are important probiems.
Lidars and 6-channel radars operating in the centimeter wavelength region are
being developed to retrieve atmospheric sea surface pressure with an accuracy
of about 1-2 mbar.

A complex of the on-board instruments for two polar-orbiting satellites (a
sun-synchronous orbit 850 km high with crossings at 08:00 and 13:00 local time)
and a manned orbital station (Lthis complex consisting largely of tested instrumen-
tation) includes [4]}: = monitor for in-situ measurements of the cosmic environ-
ment; the ERB measuring instruments; a mid-resolution radiometer; a moderate-
resolution spectrometer to obtain calibrated muiltispsciral images; improved
instrumentation for the operational sounding of the atmosphere; an IR high-
resolution sounder; a microwave remote-sensing complex; a radioreter for global
ozone monitoring; a monitor of the physical and chemical parameters of the atmo-
sphere; a lidar and altimetsr, the Doppler lidar wind sensor; a synthetic-
aperture radar; a scatterometer; an advanced high-resolution multichanne!
microwave radiometer; instrumentation to obtain radiothermal images; radiome-
ter scanning along the satelllte’s orbit; instruments giving multispectral imagery
Lo obtain data about the color of the ocean; instruments for coordinate referenc-
ing, reading and transmission of information from ground-based and sea-based
automatic platforms.

NASA (USA) prepares a permanent manned orbital station (MOS) which,
presumably, will consist of three components [26]: (i) the MOS itself put into low
orbit with an inclination of 28.5°; (1i) 2 module near the MOS on the same orbit to
accomplish experiments on data processing and for other operations; (iii) a Polar
Platform (PP) maintained by asironauts and pul into a very high quasi-polar sun-
synchronous orbit. The authors of [20] substantiate the necessity to use Lhe PP
for an operational solution of numerous problems connected with studies of the
environment and natural resources, with the simultaneous wtilization of the
instruments of meteorological, oceanographic and Earth's resources satellites,
both available and under development, aimed at realization of the PP project in
the early 1990s. The scientific PP program can be divided into three stages
(these stages are largely overlapping).
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The atmosphere and the mesteorological parameters. In this case the
instruments for advanced satellites of the TIROS-N type (ATN) are the basis for
the instrumental complex. This complex includes scanning multichannel radiome-
ters (SMR) {0 obtain data on the brightness fields at different wavelengths and
multispectral images (at a resolution of about 0.5 km), which enables one to solve
the following problems: weather forecasts, assessing the precipitation; the ERB
studies; mapping the global distributions of snow and ice cover and sea surface
temperature (SST), of ocean currents and total ozone; monitoring hydrological
phenomena; assessing the state of vegetation cover. Major requirements to the
SMR consist of provision for precise radiometric calibration and a daily global
data base. A separate complex consists of instruments for remole sounding of the
atmosphere (an operational vertical sounder of the ATN satellites can serve as
the prototype), which must twice a day give the needed information for the
numerical weather forecasts on a grid with a step from 10-50 km to 250 km.

Ocean and ice. Here major problems are connected with increasing relia-
bility and providing for synoptic global scale of the following information: SST
and water mass characteristics (including the chlorophyll content); sea state,
currents and gyres; concentration and properties of ice cover; wind speed, wind
shear and SST. The following types of SMR are being developed: (i) advanced 7-
channel (4.3; 5.1; 6.6; 10.65; 18.7; 21.9; 36.5 GHz) microwave radiometer with
orthogonal polarizations (AMR) with an antenna 4 m in diameter, rotating at a
speed of 60 rotations per minute. This device will enable one Lo retrieve: SST at
a resolution of 25 km and accuracy 1.5K over a scanning band 1350 km wide; wind
speed (0-50 m/s) with an error of 2 m/s (or 10X) at a resolution of 17 km; ice
cover concentration with a 151 uncertainty, 9 km resolution and simultaneocus
classification into one-year and multi-year ice; total water content in the atmo-
sphere with a 0.2 g/em® uncertainty, 9 km resolution; (ii) IR radiometer scanning
along the subsatellite trajectory — ATSR (SST retrievals with a 0.3K accuracy):
(iii} a specialized 4-channe! (19.3-85.5 GHz) scanning microwave radiometer
SSM/1 to equip the U.S. Defense meteorological satellites and the U.S. Navy
oceanographic satellites N-ROSS; (iv) a 9-channel scanning complex to determine
the color of the ocean (OCI) like the OZCS on Nimbus-7 (retrieving the chiorophyll
content between 0.05 and 100 lng/m3 to an accuracy of a factor of 2, at a spatial
resolution of 500-800 m, as well as the suspended matter content to the same
accuracy). A very important component must be the following active-sounding
means: (i) radio-altimeter at 13.5 GHz, similar to that developed within the pro-
gram N-ROSS (the error in estimating the height of satellite 8 cm; wave height 0.5
m, wind speed 2 m/s); (ii) a 6-beam 13.5 GHz scallerometer of the same origin;
(iii) a synthetic-aperture radar (SEASAR) with horizontal polarization in the L-
band.

Land. The Earth's resources complex consists of advi d high-resolution
scanners used on Landsat. A multichannel scanner MLA is now being developed
with varied (using the on-board processor) number of channels (8 Lo 32) in the
wavelength interval 0.45—-12.5 um at a spectral (spatial) resolution 20 nm (10m).
Scanning can be made in both the orbital plane (Lo obtain stereoscopic images)
and perpendicular plane, with a scanning band 185 cm wide.

The GEOSAR complex, simiiar to SEASAR, is characterized by a specific set
of frequencies, polarization and viewing geomeiry, which provides the remote
sensing of land (cartography, geology, hydrology, glaciology, agriculture and
forestry, as well other fields of data interpretation). Apparently, a system of
two PPs on the morning and afternoon orbits S00-1000 km high, visited by
cosmonauts (Lo examine and repair the instruments, if necessary), is optimal.
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The authors of [4] emphasize the exceptional importance of a powerfu!
ground-based data-processing center for collective use. The instruments are
developed by joint efforis of the USA, west-European countries, and Canada. So,
for instance, Great Britain developed an instrument unit to sound the strato-
sphere and takes part in the development of a microwave complex. French spe-
cialists developed a system ARGOS to collect and transmit information from
ground-based platforms. Canada has an interest in developing instruments for
global monitoring of atmospheric ozone. Following an agreement between Great
Britain, Italy, Canada, USA, France, FRG, Japan, and the European Economic Com-
munity, an International Committes on Earth Resource Satellites (IEOSC), respon-
sible for coordination of the development of satellites to study Lhe environment
and natural resources, and an International Working Group on Polar-Orbiting
Meteorological Satellites (IPOMS) were organized. '

4. McElroy and S. Schneider [21] discuss the role of the Polar Plaltform
within the NOAA's permanent space station program for operational observations
of the Earth. The Polar Platform is an Earth's Resources Satellite put into the
sun-synchronous nearly polar orbit. Since even the operational satellite-derived
information (the PP data) must be used together with results of scientific
research on improving instruments and techniques for data interpretation, pros-
pects have been considered for joint application of the PP operational instrumen-
tation and experimental equipment for the program "Earth's Observational Sys-
tem" connected with the International Geosphere-Biosphere Program.

A complex to study the solar-terrestrial relationships will include the dev-
ices used on the NOAA meteorological satlellites (a sensor of total energy in the
range 0.3-20 KeV released upon the precipitation of magnetospheric slectrons
and protons; a sensor of electrons and protons of moderate energy, from 30 to
more than 60 KeV, and Block S5D-A spectrometer SS3/4 to measure a cumulative
dose of the precipitated electrons in the range 2—-10 MeV, as well as prolons wilh
energy more than 20 MeV; a monitor of the upper ionosphere plasma SSIE measur-
ing the electron concentration, temperature and the electrostatic potential of
the satellite; a scanning sensor of gamma- and X-ray emission SSB/A for the
energy range 2—100 KeV; a sensor of the X-ray emission intensity SSB/S for
energy levels 25, 45, 75, and 115 KeV, as well as a high-frequency receiver tc
monitor conditions for radio-wave propagation in the ionosphere SSIP).

The observations of the Earth's radiation budget components will be contin-
ved to obtain data on the spatial and temporal ERB variability on regional, zona!
and global scales.

Information on the composition and the structural parameters of the atmo-
sphere will be obtained by monitoring the physical and chemical characteristics
of the atmosphere. The monitoring complex APACM consists of: (i) the Fabry-
Perrot interferometer to retrieve the wind vector in the upper atmosphere (from
the tropopause to the stratopause) using data on the Doppler shift of the absorp-
tion and emission lines; (ii) the monitor of the tropospheric composition
(Fourier-specirometer and conventional spectrometers tuned to the wavelengths
corresponding to various components); (iii) the monitor of the upper atmosphere
composition (a complex of spectrometers and radiometers for the UV, visible and
submillimeter spectral regions, wsll as the limb microwave sounder).

Metesorological observations will be made by the mid-resolution 6- or 10-
channel image radiometer (MRIR) operating in the regime of time share. It is an
improved version of the NOAA 4-channel AVHRR. A moderate-resolution image
spectromeler (MODIS) is also being developed. It functions as an ocean color
scanner. This instrumentation will make it possible to obtain images for 100 chan-
nels at resolutions 1 km (land) and 4 km (ocean). The IR and microwave scanning
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multichannel radiometers will serve as the basis for remote sensing of the atmos-
pheric temperature and humidity. The instruments for the lidar wind sounding of
the troposphere are being developed.

The complex for ocean monitoring is based on the following advanced
instruments: the synthetic-aperture radar (SAR), radio-sitimeter (RA), scat-
terometer (SC), microwave radiometer, the ocean color scanner (OCS). These
instruments were used on Seasat and Nimbus-7 satsllites. The SAR is of first
priority. The SC must ensure the wind shear ret,n'evals err not more than 1.3 m/s
and 16°. The accuracy of the RA observations must reach B cm. It is assumed
that the use of the data of the IR radiometer scanning along the subsateilite tra-
jectory will allow one Lo retrieve the SST with an accuracy of 0.5K. Both the
low-frequency and multi-frequency microwave radiometers will also serve this
purpose. The data of the scanning multichannel radiometer SSS(I) will be very
{mportant. )

Before an operational application of MODIS, the PP instrument complex will
include the OCS. In the interests of the Earth's resources studies, a high-
resolution image spectrometer (HIRIS) whose protolype is the SISEX spectrome-
ter (128 channels, 0.4—-2.5 um range, 10-20 km resolution), tested on the Space
Shuttle, as well as a specialized SAR (GEOSAR) may be developed. No doubt, the
handling of this very complicated instrumentation by cosmonauts will ensure its
efficiency and prolong its operation.

Summing up, we note that, with due regard to the efforts undertaken with a
number of special programs, a major objective of the IGBP must consist in study-
ing the interaction among the geosphere-biosphere components, with emphasis on
the physical, chemical and biological processes on the land and in the ocean.

Since the key aspecl of the IGBP are the biogeochemical cycles and their
changes due to anthropogenic impacts, man should be considered here not only as
a cause of the geosphere-bicsphere transformations but also as an important
object for study (from the viewpoint of changing conditions in the geosphere and
biosphere affecting him). In this case. a major goal of the IGBP is an analysis of
the present state of man-environment interactions and prognostic estimates.
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1. Introduction

The International Geosphere-Biosphere Programme is a collaborative effort
on the part of many nations to study the Earth and life upen it as an intercon-
nected sysiem. It aims are to monitor the global environmental changes Lhat are
now occurring, both naturally and due to the impacts of man, and Lo improve our
ability to predict the 100-year future of the planet.

As such, it has much to do with this workshop in Vilnius, for its subject is the
global environment and its underlying concern is the future sustainability and
habitability of the planet. I think it true that the IGBP will provide the back-
ground information with which ecologists and social scientists will work in the
decades ahead. [ think it also true that without something like the IGBP, it would
be almost impossible to make reliable predictions and responsible decisions con-
cerning the future of the Earth's environment.

The IGBP was launched in September of last year at the 21st General Assem-
bly of the International Council of Scientific Unions (ICSU) in Berne. The pro-
gramme was approved unanimously by the scientific academies of the 71 member
nations of ICSU - including all of the nations that are represented here in Vil-
nius. Although ICSU is a non-governmental, scientific body, we can be sure that
the programme that it has launched will be backed by governments as well,
through national, contributing programs, through bilateral and multinational pro-
grams, and through even broader, international projects.

Three features of the programme make it the largest and most ambitious
ever undertaken in science. The first, just noted, is the fact that it is interna-
tional, involving all the major nations of the world.

The second important feature is the interdisciplinary nature of the pro-
gramme: the unanimous endorsement at Berme in September was made not only by
national academies, but also by the 17 member unions of ICSU, representing the
international unions of all the major branches of physical, chemical, and biologi-
cal sciences, and many of the social sciences. What is more important, the pro-
gram that was endorsed is designed to be interdisciplinary, and to involve all the
major disciplines in the earth and biological sciences. The IGBP wiil combire
efforts in oceanography, atmospheric science, geology and geophysics, hydrol-
ogy, glaciology, soils science, terresi-ial and marine ecology, and solar-

"In: Ecological Sustainabdiiity qf Repional Development, Proceedings of a Workshop held {n Vii-
niua, Lithuents, USSR, 22-26 June 1987. L. Kairiukatis, A. Buracas, snd A. Straszak (Eds.), 1988,
Systems Research Institute, Polieh Acedemy of Sciences, Warsaw, Poland.
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terrestrial physics.

The third important feature is the scope and duration of the program. The
IGBP will involve programs of observations and process studies, modelling and
interpretation. The observations will be made from space, from the surface of
the Earth, and from the oceans. The program will begin in earnest in 1992 and
last at least 10 years, and more likely 20 years. This amount of time is needed to
build the base of data that is needed to detect significant global change, to assem-
ble the world-wide scientific information system that will make access to this data
available Lo esveryone, to conduct nesded process studies, and to develop the glo-
bal environmental models that are the ultimate aim of the IGBP. That much time is
also needed to plan and build the spaceborne instruments on which much of the
IGBP will depend, to set up and operate a system of biosphere observatories on
the ground and on the oceans, and to train scientists to work on interdisciplinary
problems.

2. Rationale for the IGBP

What is behind the strong support for this program? 1 think it is three
forces, that through coincidence have emerged at the same time and act in the
same direction. One of these stems from the recent progress of science, another
from technology, and the third from practical need.

A. Scientific Advances

Areas of study that examine the Earth and life upon it include oceanography,
atmospheric science, geology and geophysics, hydrology, glaciology, soils sci-
ence, terrestrial and marine ecology, and solar-terrestrial physics. As scientific
disciplines they have operated for the most part as independent entilies.

Recent progress in each of these fields now blurs the boundaries that previ-
ously separated them: advances in one field drive it inexorably into the domain
of others, demanding an exchange of knowledge, of language, and of technique.
Models of ocean circulation demand a knowledge of the dynamics of the atmo-
sphere; models of global climate require biological inpuls. The connections are
probably best seen in biogeochemistry: the cycling of carbon, nitrogen, phos-
phorus and sulfur that connsct the bicsphere with the hydrosphere, the atmo-
sphere and the land. The result is a modern merging of scientific discipiines, and
the creation of a new scienze of the Earth as a whole of earth system sciences.

The IGBP promises to synthesize critical efforts in the earth and biological
sciences at a time that is propitious: when pileces of the planetary puzzle now
seem to be coming together.

B. Advances in Technology

A second, driving force is the availability of new technology that allows, for
the first Ltime, a global perspeclive of the Earth and the capacity to process and
disseminate the stores of data that are needed to describe it.

Remote sensing of the Earth from space has come of age in the last few
years, moslly visibly in advances in ocean sensing and in techniques that allow
regional and global maps of biological productivity. Spaceborne sensing of the
atmosphere and of the solid earth provide insights that were impossible to infer
from Lransects or in silu measurements. These techniques allow one to sense
global changes of key paramsiers in real-time, by comparing calibrated
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sequences of the same parameter. They are equally powerful in allowing global
comparisons of two- and three-dimensional data fields of different parameters -
for example, maps of sea-surface Lemperature with conincident maps of sea-
surface productivity — to demonsirate connections that might otherwise go
unseen. )

Of equal imporiance are techniques of data handling, data display, data dis-
semination and of analylical modelling of multi-dimensional problems, made possi-
ble by new generations of modern computers and communication equipment.

Part of the success of the Inlernational Geophysical Year of 1957-1858 was
the establishment of 8 world-wide network of data centers, based on airmail and
on radio communications. The IGBP will be built on a compuler-based data system
that should allow immediats access and dissemination around the world. The same
Ltechnology will allow one to portray data in new and powerful ways, and to syn-
thesize and model on a global scale.

C. Practical Need

A third force behind the IGBP is the practical need Lo come to grips with an
array of environmental problems that are the result of the ever-increasing use of
the natural resources of the Earth: the problems of global habitability and
environmental sostainability. About 10 of the land area of the planet is now
under cultivation, and more than 302 is now under active management for the pur-
poses of mankind. Chemical compounds for which there are no natural analogues
are today released into the air and water in ever growing proportiions. The
consequences of these induced, global changes are difficult, if not impossible to
foretell, based on our limited understanding of the system. An example is the
"gresnhouse” effect of increasing stmospheric carbon dioxide and other trace
gases. Interaction and feedback beilwsen the atmosphere, oceans, land and biota
cloud the prediction of the global, snvirommental changes that are certain to
ensue. Other examples are the effscts of acid rain, tropical deforestation,
desertification, and the giobal changes in solls and groundwater. that have fol-
lowed from intensive agriculture and industry. In each case the ecritical
processes that are involved transcend the bounds of single, scientific disciplines;
in ezch case the causes and effects are international in scope, requiring interna-
tional cooperation for their solution.

3. Scientific Objectives
The objective of the IGBP, agraed upon in Berne, is

"To describe and understand the interactive physical, chemical, and
biological ptocesses that regulate the total earth system, the unique
environment that it provides for life, the changes that are occurring in
this system, and the manner in which they are affected by human
actions”.

The emphesis on interactive processes directs the main thrust of the pro-
gram at the paris of the tolal earth sysiem that are now least understood: the
interfaces between the biosphere, the atmosphere, the oceans, the solid sarth,
and solar-terrestrial apace. The émphasis on the environment for life adds
another element of focus: on those processes that most affect the biosphere.
The emphasis on global change directs efforts at monitoring the fundamental
parameters of the planet, to enable the program to detect global change in
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climate, atmospheric and ocean chemistry, soils, and biological species. Of espe-
cial fnterest are global changes that occur on time scales that are most signifi-
cant for predicting the 100-year future of the planet. Emphasis on Auman
activities recognizes that man today has become the principal perturber of the
Earth's environment: the IGBP will attempt to further our understanding of the
natural processes that regulate life on the planet, in order to be able to detect
the man-made changes that are occurring.

Thus, while the IGBP will involve research fn many fields, its principal
emphasis will be directed at

"those areas of each of the fields involved that deal with key interac-
tons and significant change on time scales of decades fo centuries,
that most affect the biosphere, that are most susceptible to Auman
perturbation, and that will likely lead to practical, predictive capabil-
ity.” .

The IGBP will be designed around an integrated program of process studies,
observations, and medeling. An important aspect will be the organization of
worldwide programs of observations of key parameters of the earth system, to
produce the data what will enable present and future generations of scientists to
detect significant global change. These will demand sustained, long-term meas-
urements of those variables that are required for analyses of physical, chemical
and biological processes and for eventual use in global environmental models.
Data needed from long-term monitoring includes: solar irradiance, volcanic emis-
sions, concentrations of radiatively- and chemically-active gases, meteorological
variables, land surface properties, ocean variables, land surface data, and infor-
mation on paleoclimates derived from tree-rings, ice-cores, lake and ocean sedi-
ments, and geological deposits.

4. International Organization of the IGBP

The IGBP will be guided by a multidisciplinary committee of scientists who
are themselves active in research in the biological and earth sciences, selected,
in addition, to give broad international representations. That committee will first
meet in July of this year to improve the initial definition of the program and to
begin sarly planning.

8. Planning for the IGBP in the U.S.

The IGBP will be made up, by necessity, of national efforts that are coordi-
nated internationally. In the U.S. these will be guided by the National Research
Council through a new multidisciplinary Conmittee on Global Change that is under
the cognizance of three commissioiis of the Natioral Acadamy of Sciencas: the
Commission on Life Sciénces; the Coamission on Physical Sciences, Mathematics,
and Resources, and the Office of International Affairs.

Funds for the U.S. Program will come from a variety of agencies, including
the National Science Foundation, the National Aeronautics and Space Administra-
tion, the National Oceanic and Atmospheric Administration, the Depariment of
Energy. the Environmental Prolection Agency, the Department of Agriculture,
and the Depariment of the Interior. NSF and NASA have developed their own,
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contributing programs, to be known as Global Geosciences and Earth System Sci-
ence. In April of this year the President's science advisor, Dr. William Graham,
appointed a new interagency commitlee to coordinate the activities of these and
other agencies in studies of the Earth as a global system.

There is strong support for the program in the U.S. Congress, based n the
fact that the IGBP, if successfully carried out, will provide practical information
for policy decision involving the Earth's environment.
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3.3 - ACID RAIN IN EUROPE: MODELLING REGIONAL AND NATIONAL
IMPLICATIONS .

Jean-Paul Hettelingh and Leen Hordijk
ITIASA, A-2361,
Lazenburg, Austria

1. Introduction

Acid rain leads to environmental effects and policy consequences that cannot
be handled within a unique frame of reference, which allows for solutions that can
be reached easily. The environmental effects result from emissions within and
outside a particular country and they depend strongly on geological, geophysical
and atmospheric circumstances. Mitigation of the acidification problem is dif-
ferent for every nation and is interrelated with economic and energy policies.
Successful control strategies for transboundary pollution depend strongly on
multilateral negotiations.

However, in order to tackle the acid rain problem in a multilateral contexti it
is necessary thal regional and national implications of solutions are shown in a’
way which allows for international comparability.

In this paper the Regional Acidification, Information and Simulation model
(RAINS) (Alcamo et al. 1987) will be shown as an instrument that makes the acid
rain problem more transparent in the sense Lhat the problem is disaggregated
into linked sub problems relating to energy, emission, abatement costs, deposi-
tion, soil acidity, lake acidity, direct forest impact and groundwater acidity
aspects. Brought together in one model, RAINS provides a policymaker with
results which are interregionally and internationally comparable.

In section 2, RAINS is briefly described. Section 3 concentrates on the
national- and regional implications of the acid rain problem and the way in which
RAINS offers a multilateral frame of reference that enables international com-
parison of all aspects of acid rain. The last section contains some conclusions.

2. The Rains Hodel

Detailed descriptions of the RAINS modules and their linkages are provided
elsewhere (Alcamo et al. 1987, Hordijk 1887, Hettelingh and Hordijk 1987). A
scheme of the linkages is provided in Figure 1.

sIn: Ecological Sustainabdility of Repional Development, Proceedings of s Workshop held in Vi1-
nius, Lithuanis, USSR, 22-26 Juna 1987. L. Kairiukstis, A. Buracas, and A. Straszak (Eds.). 1988,
Systems Resesarch Institute, Polish Academy of Sciences, Warsaw, Poland.
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Figure 1. Scheme of the linkages between the RAINS modules.

The first module of the RAINS lnodel,1 the energy-emission module, has two
main funclions. The first is the display of the energy use of the European coun-
tries based on official governmental energy projections until 2000 as has been
collected by the International Energy Agency (IEA, 1986). The RAINS model is
referring to these figures as the Official Energy Pathway. Based on this scenario
two other base scenarios are available in RAINS, i.e. a natural gas scenario and
a nuclear phase-out scenario. The assumptions behind these scenarios are
respectively related to a large scale application of natural gas and to the steady
decline of the importance of nuclear energy Lo 2000. In Figure 2 the cumulative
energy use of all European countries per energy sector is shown.

Next Lo the display of energy use per pathway, resulting sulfur and nitrogen
emission can be displayed. The RAINS emission calculation for the years 1960 to
2000 are calibrated to the emission and energy use data available for 1880. Table
1 shows the emission data for 1980 implemented in RAINS.

The Energy-Emissions module also allows the use of RAINS to define the
abatement of emissions by means of a control strategy to be applied on the suifur
dioxide exhaust resulting from one of the three energy pathways. The abatement
options available to the user are: (1) the substitution of high sulfur fuels with
fuels containing less sulfur (fuel switching), (2) the application of a combination
of abatement techniques, i.e. Flue Gas Desulfurization (FGD), combustion modifi-
cation and regenerative processes, (3) the straightforward definiiion of sulfur
emission tolals for chosen European countries until 2040. In the case of (1) and
(2), the emissions for the reference years beyond 2000 are set io the level of
2000.

The Cost module provides the user with an estimation of the costs per coun-
try needed to implement a certain abatement strategy (Amann and Kornai 1987).
Table 2 presents the combustion sectors distinguished in RAINS and the

rne RAINS computer model 18 rynning on sn [BM-PC end compstibles, and contains all modules ex-
cept groundweter acidificstion end direct forest impacts.
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Figure 2. Officlal Energy Pathway; energy use of Europe subdivided in Hydro-
power, Nuclear, Gas, 0il and Solid Fuels.

Table 1. Emission of SO, in 1980 (Kilotonnes)

Albania 112 GDR 4607 ‘Portugal 297
Austria 353 Gresce 6895 Romania 1482
Belgium 857 Hungary 1602 Spain 3258
Bulgaria 1026 Ireland 214 Sweden 484
CSSR 3140 Laly 3610 Switzerland 128
Denmark 453 Luxembourg 37 Turkey 960
Finland 584 Netherlands 450 UK 4678
France 3551 - Norway 138 USSR .17617
FRG 3201 Poland 4027 Yugoslavia 1478
EUROPE TOTAL: 59036

applicable combinations of abatement technoiogies.

Depending on these technologles, investment costs, fixed- and variable
operating costs are used to obtain country specific unit costs of abatement per
ton of removed S0,. Table 3 shows the paramslers needed for the cost computa-
tion that are grouped in two categories: country specific and technology specific

Furthermore, an assumption is needed about the potential for old and new
power plants in order to estimate abatrment costs, which are much higher when
abatement techniques are retrofitted to old power plants. It is assumed that
power plants are phased out linearly within a lifetime of 30 years, and replaced
by new installations. Finally the RAINS cost module derives for every country a
national cost curve based on the least cost combination for each emission reduc-
tion level ranging from zero up to the technical feasible limit. In Figure 3 the cost
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Table 2. Pollution control options (exclvding fuel switching).

Baric Control Options
RAINS-Sector
Low S Combustion High eff.

Fuel type fael modification FGD FGD
Converwion )

Coal x x

0il x X x
Power Plants

Hard Coal x x x

Brown Coal x x

0il x x
Industry

Hard Coal x _ x x x

Brown Coal x x x

Derived Coal x x x x

0il x x x
Domestic

Hard Coal X 3

Derived Coal x

0il x
Transportation

0il x i
Sovrce: Amann and Kornai 1987, p. 12.

Table 3. Input parameters to the cost module

Country Specific Data Technology Specific Data ;
Sulfur content Relative flve gas volume “
Heat value Lifetime of plant i
Sulfur retained in ash Sulfur removai efficiency !
Average boiler size Sulfur/sorbents ratio |
Real interast rate Maintenance costs ]
Electricity-, labour-, Additional, in-plant, energy demand (
sorbents- and waste disposal- !
prices

curves for theA!‘ederal Republic of Germany are shown.

As can be concluded from Figure 3 the application of sulfur abatement tech-
niques at the technically feasible limit leads to an emission of about 400 kt S0,
for the Federal Republic of Germany In 2000. Similar graphs are available for all
European countries.

The RAINS Sulfur Transport model is the next important module of the model.
It computes the deposition of sulfur in all grids of Europe” as a result of national

zl‘he grid size is 1 degree longitude by 0.5 degree latitude. The regional scale of RAINS is maxi-
melly the ares between -12° longitude, 35° latitude and 42° longitude and 74" latitude.
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Figure 3. Marginal and lotal annual costs of SO, abatement in the Federal Repub-
lic of Germany, due to Official Energy Pathways in 2000.

SO, emissions. This computation makes use of a source-receptor relationship
based on a model (Eliassen and Saltbones 1983) for long range transport of air
pollutants in Europe developed under the Organisation of Economic Co-operation
and Development (OECD) and the Cooperative Program for the Monitoring and
Evaluation of Long Range Transmission of Air Pollutants in Europe (EMEP) In
Figure 4 the deposition of sulfur is displayed in Evrope in 2000 due to the Euro-
pean SO, emissions connecled with the Official Energy Pathway.

The computation of the deposition can basically be considered as the RAINS
model interface between the Energy-Emissions module on the one hand (supply of
sulfur) and the impact modules on the other hand (sulfur buffering).

The RAINS Forest Soil Acidification module computes the decrease of the
acid neutralizing capacily of soils. The module takes 88 soil types” into account
It is assumed that forests are allocated on soils with relatively low weathering
rates (Kauppi et al. 1985). The user of RAINS may examine the effects of sulfur
deposition in terms of the percentage of a chosen area that has an acidity (pH)
that is different from a user specified threshold. Figure 5 is an example of the
output that is provided to the user of this impact module, who wants to compare
the effects of a 301 emission reduction strategy (1980 emis=ion levels) between
2000 and 2040 on Central Europe.

According to the legend about 70X of the total displayed European region
will have a pH level lower than 4 in 2040 compared to about 402 in 2000. In the
German Democratic Republic for example the percentages are about 922 and 577
respectively. .

s'!'he RAINS soil type date base has been digitized from the FAD UNESCO Soil Mep of the World,
Vol. 1, FAO-UNESCQ, Parin, 1974,
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Figure 5. State of Soil Acidification in 2000 (hatched bars) and 2040 (bars)

resulting from a 30% emission reduction.

The RAINS Lake Acidification module computes the acidification and alkalin-
ity for lakes in Norway, Sweden and Finland. Contrary to the other RAINS impact
models, the acidification of lakes is not dealt with on a grid bases. Instead, within
these three countries, regions are distinguished within which the deposition gra-
dient is assumed to be constant. The module is very detailed and takes into

account meteorological, hydrological, soil

chemistry and

lake chemistry
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processes, which interact in order Lo simulate the acidification of a lake. By
means of a Monte Carlo technique the module is given a stochastic character that
enables the computation of the acidification of a typical lake that is assumed to
represent the stale of acidification of the majority of lakes in the region. In fact,
statistical analysis (Kamari et al. 1986; Gardner et al. 1987) has not shown all the
parameters used in the model Lo be equally important in describing Lhe acidifica-
tion of the typical lake. Figure 6 is a display of the lake impact module.

68 Annual - pH
63
5 1 2 3
1-  pH(5.3
- = 2 - 5.3(pH(6.3
6 11 16 21 26 a1 3 - 6.3(H

Figure 6. Stale of lake acidification in 2000 as a result of the deposition caused
by the emissions of Lhe Official Energy Pathway.

The legend in Figure 6 (outmost right) displays the percentage of lakes of
the total area displayed of which the pH is smaller than 5.3 (class 1) between 5.3
and 6.3 (class 2) and bigger than 6.3 (class 3). The thresholds can be chosen
interactively. The exact figures are displayed in Table 4.

Table 4.Percentage of lakes in Fennoscandia in specified pH ranges in 2000 duve to
the emissions of the Official Energy Pathway.

Region® pH <= 53
SF N S SF N S SF N S
1 180 840 28.0 | 340 5.0 43.0 | 48.0 1.0 298.0
2 15.0 45.5 49.0 | 28.0 38.4 28.0 57.0 16.2 22.0
3 70 150 170 | 270 ©56.0 28,0 | 66.0 200 55.0
4 1.0 - 40.0 21.0 - 28.0 72.0 - 32.0
5 3.0 - 14.0 11.0 - 17.0 86.0 - 69.0
6 - - 11.0 - - 16.0 - - 73.0
All regions 5.4 51.5 18.7 15.7 33.1 20.5 78.9 15.4 59.8
8The number of lake regions distinguished in Finland (SF),
Norway (N) and Sweden (S) is 5, 3 and 6 respectively.

The decrease of the buffering capacity of the soil leads to an Increased risk
for groundwaters in regions with thin soils and low weathering rates to become
acidified. The RAINS Groundwater Acidity module (Holmberg et al. 1987) provides
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the user with an overview of sensitive areas in Europe ranging from least sensi-
Live Lo most sensitive.

Contrary to other RAINS modules, the groundwater situation cannot yet be
projected to future years. The module provides a static description which may be
used as a qualitative addition to quantitative information about deposijtion or soil
acidity in future years. It is a first step in the direction of extending RAINS with
softer information to be stored in a Geographical Information System (GIS).

The RAINS Direct Forest Impact module (Makeld at al. 1987) translates
annual average S0, concentrations computed in the Transport Module, into an
accumulated dose of S0, to trees as a function of their exposure time. Depending
on the annual measure of the length and warmth of a growth season’ and the alti-
tude classes (incrementing by 300 meters) within each European grid,” the
stressed forest area per altitude class is computed.

The output of the RAINS Groundwater Acidily and Direct Forest Impact
module have a graphical design similar to Figure 4. Examples can be found in
Holmberg et al. (1987) and Makela et al. (1987).

Each of the modules described above are thoroughly reviewed by means of
open literature publications and review meetings (Hordijk, 1987). In addition to
the scientific cradibility another basic philosophy of RAINS is to use as much as
possible dala on which consensus has been reached on a European scale. An
example is the use of the sulfur source receptor matrix (EMEP) in the Transport
Module

In the next section the national and regional implicalions of the Acid Rain
problem are treated showing that the RAINS moduvlar approach aside from the
scienlific credibility also leads to usefulness in an international multilateral con-
text.

3. Regional and National Implications of Acid Rain:
Rains as Measurement Standard

In order to develop a policy to revert a transbhoundary problem like acid
rain basically two prerequisites are indispensable: (1) transparency of the prob-
lem and (2) a coherent national and international policy

3.1 Transparency

Acid rain leads to slress which accumulates over time, «n regionally
dispersed environmental systems. The region may be bigger than Europe or
smaller than a monument of which the material is damaged by acid rain and other
pollutants (Feenstra 1984). The time horizon of the problem may be unimaginabiy
far away. Apart from the spatial and temporai scale of the problem its measur-
able effects, i.e. tree dieback, may be a symptom of many interlinked processes.
The conclusion is that a simultaneous treatment of all the aspects of the acid rain

‘The average temperature data of 1088 weather stetions have been digitized.
5The dats bese has been crested by M. Yamsds, I1ASA, 1987.
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problem is difficult and disaggregation is needed. The goal of the disaggregation
cannot be to choose the 'right' spatial and temporal scale and to distinguish
between all the processes involved. Rather it is aimed to obtain parts that are
manageable and relevant keeping in mind that a further disaggregation, to be
represented in a policy, should lead to further tuning of policy ingredients and
not to a reversal of policy directions. In terms of the acid rain problem a policy
developed to start with the abatemen!, of NO, and SO, may be further developed to
finally result in the additional abatement of hydrocarbons, heavy metals, radia-
tion and other hazardous waste. In other words the initial policy developed
toward the international abatement of S0, (OECD, 1979) is correct in taking the
state of scientific knowledge about air pollutant effects into account. In addition,
it might be followed by an international policy to abate other pollutants, but it is
unlikely that these additonal measures will contradict or reverse the findings
about the effect of sulfur as part of the acid rain problem. A similar philosophy
can be used when disaggregating the spatial and temporal scale of the problem.

As far as the spatial scale is concerned a distinction is needed between
nations and regions. Since measures to abate pollution are taken on a national
level and since national representatives are involved in multilateral negotiations
the use of national statistics of emission to estimate pollution, pollution abatement
and related costs seems a logical thing to do. On the receptor side it is less
straightforward to define the proper scale. The more environmental systems a
region contlains, the less accurate an sslimation of poliution impacts become. In
the policy practice the measures taken until now (302 sulfur emission reduction
of the 1980 level before 1993) are aimed at reducing effects that are clearly
measurable, i.e. leading to a decreased forest die-back and lake acidification.

As before, it can be stated that a disaggregation of emissions into smaller
(gridded) areas or a disaggregation of effect areas into ecosytems may lead to a
more detailed targetted pollution control policy, but it is unlikely that such a pol-
icy will contradict current policies.

Regarding the temporal scale it is likely that current policy planning is a
compromise between reverting environmental effects as soon as possible, impor-
tant internal policy cycles (like eleclions), and financial resources. The result is
a medium term (10-15 yr) planning of pollution abatement strategies. In terms of
environmental effects, policy resulls may be difficult to measure taking into
account the world’s history with respect to the development of climatic- and
ecosystems (Clark 1985).

3.2 BAIKS & tool to increase traasperency

The point made in Sectionr 3.1 is that the ‘'ideal’ diszggregation of a problem
like acid rain is difficultl to define. The aim should be a sleady disaggregation of
the problem into parts thal can be recognized by policymakers so as to develop a
stepwise policy of which the aggregzais result remains cohersnt, targetted ana
scientifically sound.

RAINS is a model that aims at incorporating each and all of these prere-
quisites. The spatial scale is national on the smission side whereas the smallest
scale on the receptor side is defined by soil types bearing forests. The entire
model aims at treating the acid rain problem in steps reflected by the modular
structure of RAINS. It only treats SO, but is now being extended with NO, and
NH,. The inclusion of NO, and NH, will provide a more detailed model output and
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perhaps a better understanding of the environmental impacts thal have now only
been attributed to sulfur.

RAINS provides results about national emissions, deposition, emission abate-
ment, pollution abatement costs and environmental impacts thal are comparable
between nations, between regions and between reference years. The time horizon
is about five times longer until 2000 than the time period involved in the current

policy planning.

All these aspects of RAINS make it a credible tool to siﬁula!.e policy meas-
ures and Lo evaluate these measures in an international context.

3.3 Coberent national and international pelicy

The evaluation of environmental impacts and its causes nol only depends.on
factors mentioned in the previous section, but also on the international political
context of the problem. The acidification of Scandinavian lakes has to a large
extent been attributed Lo the emissions of Great Britain. However; British aclors
do not agree with the estimated British contribution to the lake acidification.

Multilateral negotiations that aim at agreements to decrease environmental
stress are not seldom fed by nationai interests that are not merely concerned
with the environmental needs.

ln November 1878, the Convention on Long-Range Transboundary Pollution
was signed by 32 European countries, the Eurcpsan Economic Community (EEC),
Canada and the USA. The Convention does not entail binding commitments to
undertake measures but "Lo limit and, as far as possible, gradually reduce and
prevent air pollution, including iong range transboundary.air pollution” (article
2). By article 3 the Contracting Parties “shall by means of exchange of informa-
tion, consultations research and monitoring develop without undue delay, policies
and strategies which shall serve as a means of combating the discharge of air pol-
lutants.” From all the polliutants covered by the convention, priority was given to
sulfur compounds. In July 1985 a protocol was added to the Convention Lo reduce
sulfur emissions or transboundary fluxass by st least 301 of the 1980 levels at the
latest by 1993.

The effect of such or other kind of policies can be evaluated by RAINS, thus
making it an instrument to compare negotiastion resulis. Figure 7 displays the
deposition of sulfur in Europs in 2000 as a resuit of a 30 percent reduction of the
emission figures listed in Tabie 1.

parg to Figure 4 it can be concluded that areas with a deposition higher
than 10 g/m“/yr are reduced (by approximately 702). This policy agreément is
one of many that may internationally be obtained.

In Figure 8 the European deposition pattern in 2000 is displayed when evei-y
country would instiatl its best available contral technology taking each country’s
national oost function into account.

Compared to Figure 7 it is clear that this maximum reduction scenario leads
to a significant decrease of the deposition. Of course the abatement needed would
be too costly for most countries and thus infeasible from a national point of view.
Such a conclusion however, is only possible in a multilateral negotiation
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Figure 8. Sulfur deposition in Europe in 2000 due to the introduction of techni-
cally maximal feasible abatement techniques.

framework when all actors are using the same measurement tool. As a further
consequence other policies than the 30T reduction goal, can be measured and
negoliated leading to the nexi agreement of which the urgent need is evident in
the light of the ongoing forest dieback and other serious environmental damages.
The result of such an international agreement may be better than the aggregate
of the different national policies separately. An example could be the creation of
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a Evropean financial fund. It could enable the redistribution of national pollution
abatement budgets, leading to a more efficiently targeted international policy.
This kind of multilateral policy should aim at harmonizing national and interna-
tional policy- and environmental interests, to be evalvated in one coherent
framework.

4. Conclusions and Final Remarks

Acid Rain is due io pollutants that af-e transboundary in nature, and thus
leads to environmental impacts that should be treated in a multilateral policy
context.

In this paper the spatial, temporal and policy aspects of the acid rain prob-
lem are briefly reviewed. In order to treat such a problem we argue that tran-
sparency of its components is needed through disaggregation of the scales into
manageable parts. This disaggregation should be ongoing in a consistent, interna-
tionally comparable way aimed at a conlinuous tuning of international environ-
mental policy. The tool used to evaluvatle the policy to reduce acid rain should sup-
port a similar disaggregation.

The modular structure of the RAINS model provides a frame of reference
that allows the evaluation of an abatement policy in terms of deposition, soil aci-
dity, direct forest impacts, groundwater acidity, and costs_of abatement stra-
tegies. The spatial scale ranges from grid squares (100 km“} to enlire Euvrope
while the temporal scale covers the period 1960 to 2040.

A recent fealure of RAINS is to evaluate national cost optimal strategies lo
reach predefined target deposition loadings in regions of Europe (Batterman el
al. 1986, Amann and Kornai 1987). The results of RAINS provide an internation-
ally comparable evaluation of the causes of acid rain, its effects, and costs of
control
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3.4 DENDROCHRONOLOGY — AN INSTRUMENT TO MEASURE
ENVIRONMENTAL CHANGES

D. Bckstein

Institute for Wood Biology
University of Hamburg
Federal Repubdlic of Germany

1. Introduoction -

Regional systems are not stable in time but instead experience a variely of
disturbances which may be natural and/or anthropogenic. Since such distur-
bances influence the oulcomes and responses of the system, we must have
knowledge of their potential quantity and quality. But in order to estimate the
effects of such fluctuations for the future, belter knowledge of their frequency
and intensity in the past is necessary. Since instrumental observations do not
extend far enough back in time for this purpose, tree-ring series can be taken
into account as proxy data. So it may well be possible that dendrochronology can
act as an instrument Lo measure such changes in regional systems.

Dendrochronology is a biological science with a wide spectrum of applica-
tions. In the following, two sub-disciplines will be considered, dendroclimatology
and dendroeocology. In dendroclimatology, the dated annual increments of trees
(tree rings) are analysed to clarify present and past climatic conditions; in den-
droecology present and past local environmental changes are considered (Fritts,
1871). Both sub-disciplines may become increasingly important for regional
resources management. :

2. Concept of Dendrochronoclogy

The annuval increments of trees can be measured and analysed regarding
their width, density, and chemical composition. From this kind of research, infor-
mation on environmental and climatic changes can be derived with wave lengths of
yeoars to decades. How does this information get into a tree? The leaves and the
roots of a tree are in close contact to the environment due to their morphology
and anatomy, and thus act as entry points (Figure 1). According to Fritts (1381) a
tree is considered to be a ‘filter’ by which a given input set of climatic influences
is transformed into a visible and measurable output (tree-ring width, wood den-
sity, chemical composition); this transformation is performed through metabolic
processes within a tres which need not be known in detail. Trees of different
species and from various regions have different ‘filter’ properties, which should
be characterised at the beginning of any dendrochronological study. This is

*in: Ecoloptcal Sustatnadility of Regional Devetopment, Procsedings of » Workshop held in Vil-
alus, Lithusnia, USSR, 22-26 Jone 1987, L. Kairivkstis, A. Buraces, snd A. Strascak (Eds.), 1988,
Systems Research Institate, Polish Academy of Sciences, Warsaw, Poland.
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Figure 1 The black-box concept of dendrochronology: various factors enter
a tree where they are integrated and converted to tree rings
whereas the underlying metabolic processes are concealed within
the black box. .

usually done by multivariate methods to find a statistical relationship between a
sel of environmental variables and the contemporarily formed tree rings.

With this concept it has been possible, for example, to reconstruct past air
pressore (Fritis et al. 1979), precipitation (Fritis, Gordon 1982), sea surface
temperature, lake level changas, drought occurrence (Cook, Jacoby 1979), and
other parameters. The present state of knowledge is summarized, for example, in
Hughes et al. (1982), Schweingruber (1983), Bitvinskas (1986), Stockton et al.
(1985), and Fritts and Swetnam (1986). ’

3. How to Extract the Recorded Information?

In principle the information we are looking for is recorded in all trees living
now or which lived in earlier times and can now be found excavated by archeolo-
gisis and geologists, used as building timber in old houses, or in wooden art-
historical objects. Complete cross-sections of trees or beams provide the best
possible material, but mostly one is restricted to cores removed from the trunks
with an increment borer. Further technical evaluation depends on the underlying
question and varies from a pure ocular observation of tree-ring fectures (Stokes,
Simley 1968) to highly sophisticated procedures such as x-ray densitometiry
(Schweingruber, 1973), automatic image-analysis (Sell, 1978), or mass spec-
tometry (Stuiver, Burk 1985). But the most common technique still is the measur-
ing of the widiths of Lree rings using a binocular microscope in combination with a
traveling stage and interfaced with a compoler (Robinson and Evans, 1980, Aniol
1983).

The result of the measurement of any tree-ring feature is a time serles
where the annual values vary in relationship to time. This variation contains the
information one is interested in (signal), but it also includes variability caused by
other influences (e.g. ageing, microsite eic.) (noise). The signal usually can be.
enhanced by a careful selection of trees. For sxample, trees growing on shaliow
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soils free from the influence of groundwater record variations in precipitation;
trees from a poiluted site record the pollution history; and trees influenced by
periodically occurring insect attacks record variations in insect populations.
The enhancement of the signal is further achiaved through replicate sampling in
order to average out the random .ndifferences within and between individual
trees. The number of trees that should be sampled is 10 at a minimum and should
be increased to 30 or more per site if possible. In the long run a network of sites
on regional and transregional scales is always to be envisaged in order to con-
sider the spatial dynamics of the natural and anthropogenic disturbances in ques-
tion.

4. Case Studies for the Reconstruction of Environmental History

In order to make the aforementicned theoretical principles and considera-
tions understandable, a few case studies will be described. They demonstrate the
diversity in both the techniques and the problems to be resolved.

4.1 Reconstructed stream flow for two rivers in Argentina
(from Holmes et al. 1982)

The Rio Neuquen and Rio Limay drain a large area in the foothill of the
Andes Mountains in western Argentina. From the point where they meet the river
is named Rio Negro and filows into the Atlantic Ocean. Knowledge of past varia-
tion of riverflow may be of interest to administrators, planners and decision mak-
ers for the planning of projects such as dams, hydroelectric power stations etc.
The upper basins of the two rivers contain a dense network of tree-ring chrono-
logies for Araucaria araucana and Austrocedrus chilensis; both tree species
turn out to have good qualities for tree-ring analysis. At the same time there are
continuous gauging records beginning in 1803 for the annual runoff data. The
trees grow on well-drained sites where they receive moisture only from precipi-
tation. The approach to reconstruct stream discharge assumes that the trees
respond to the same climatic input that influences discharge. After this was
demonstrated the runoff was reconstiructed back to 1601 AD; only the record
from 1880 to 1966 is shown in Figure 2. The correlation between the measured
and reconstructed series is 0.73, although in the years of extreme low and high
flow the measured values are mostly more extreme than the estimated ones. 1t
seems feasible to exilend runoff records back as far as the tree-ring chronologies
go, which at that time was the year 1140 AD. Such long runoff records may be
useful as an estimator for future watler resource planning.

4.2 Dendroclimatological reconstruction of the suncser temperatnre
for an Alpine zite (from Eckstein and Aniol 1881)

The tree-rings widths of larch, spruce and stone pine in Tyrol (Austria) were
used. The chronologies contain tree-ring series from living trees as well as from
bullding timbers going back as far as 1471 AD. The climatic data were supplied by
a weather station about 10 km from the tree sites, with records for the average
monthly temperature starting in 1851.
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Figure 2 Total annual riverflow, Rio Neuquen and Rio Limay, as gauged

193011967 (dashed lines) and as reconstructed from tree-ring
series 1880-1968 (solid lines) (from Holmes et al. 1982).

The three tree species respond to summer temperature, whereas precipita-
tion is of minor importance. Consequently summer temperature was recon-
structed as far as tree-ring series were available (Figure 3). In addition to the
annual values of summer temperature the low frequency fluctuations have also
been calculated; below average values are plotted in solid color.

Periods of below-average summer temperatures correspond reasonably with
the more or less known intervals or glacial advances and retreats. But exlreme
single years such as 1627/28B, 1673, 1675 etc., and above all 1816 ('the ysar
without a summer') could also be confirmed, for example by documents on the
dates when Lithes were paid in grain in Switzerland (Pfister 1979). Thus, the den-
droclimatologically estimated summer temperatures for the Alpine region appear
to be realistic and merit our confidence, if they are to be consider~d as a dis-
turbing factor of a regional system.

4.3 Large scale variations of climatic variables during the iast
centuries as reconstructed from tree rings

For the reconstruction of spatial and temporal variations of a specific
climatic variable, dense networks of tree-ring sites and of climatic observations
are necsxsary. Fritts et al. (1£79) used 65 ring-width chronologies from western
North America which span 1601-1963, together with meteorological records of
seasonal temperature and precipitation as weil as sea-level pressure. Multivari-
ate transfer functions converted the past spatial variations in the network of
wree-ring records into estimates of past variations in the meteorological series.
The reconstiucted winter and summer temperatures during the 17th through the
19ih centuries differ from the 20th century means. Extreme winters were more
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Figure 3 Summer temperatures for an alpine region in Tyrol, Austria, recon-
structed from tree rings back to 1471; hatching symbolizes known
glacial advances in the Alps (from Eckstein, Aniol 1981).

frequent in the 17th century. As an example Figure 4 illustrates the recon-
structed air pressure, temperature, and precipitation for each decade from 1801
to 1850 expressed as departures from the 20th century avernges.

Variations in the latewood density of conifers from cool, moist locations and
from sites in the vicinity of the alpine and boreal timberlines (Schweingruber et
al. 1887) allow the reconstruction of spatial annual temperature patt for the
months from July to September for extensive areas in Europe. Figure 5 shows two
rows of maps of Europe where in the upper row the areas with July-September
temperature below the long-term average are in solid color and the areas with a
respesctive above-average temperature are blank; in the lower row the same is
done for above and below average tree-ring density from a network of 22
regional tree-ring chronologies. These two parameters were chosen since ear-
lier studies revealed a good relationship between latewood density and July-
September temperature for those ecological sites selected. A visual comparison
of these maps year for year reveals a high similarity between the patterns of
deviation of temperature and wood density. Thus, a large-scale estimation of sum-
mer temperature for the last four centuries seems Lo be possible.

\ A V\W\Wkﬂ\ g

2




Figure 4 Reconstruction of mean annual surface pressure, temperature, and
precipitation from 1801 to 1B50 for North America, plotied as
departures from the 20th century averages; shaded areas are
warm, dry anomalies (from Fritts et al. 1879).

4.4 The application of dendrochronology to the evaluation of
forest damage

More than 100 y=ars ago tree-ring analysis was already used to recognize
and quantify forest damage ea_used by industrial fumigation.

Forest damage caused by pollution from Lhe vicinitiy can often be attri-
buted to & single pollutant. Comparing the tree-ring series of diseased and of
healthy trees, it is possible to determine the damage area and also to derive
information on the temporate development of air pollution (e.g. Vins, 1961;
Pollanschitz, 1962). In order direclly to quantify the pollution influence on tree
growth, sufficiently long time series of pollution data would be necessary. Since
pollution has been recorded for only a few years, the production data of fac-
tories are sometimes used in the growth model as proxy data.
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Figure 5 Comparison of the mean temperature for July to September from 23
stations (top) and of maximum tree-ring density from 22 regional
tree-ring chronologies (bottom): black -~ temperature and density
below average, blank —~ both parameters above average (from
Schweingruber et al. 1887).

In the case of far distant sources the influence of air pollutants on the
growth of trees is more difficult to recognize. A simple but powerful tool was
introduced by Schweingruber (1986). Severe growth reductions are directly
dated on discs or cores of thousands of trees from Switzerland and the results
mapped geographically and chronologically. As can be seen from Figure 6, the
onset of injury varies from region to region and from species to species. Some
growth reductions seem to coincide with dry years, e.g. 1921, 1944, and 1976. In
the 1950’'s pine and spruce have recovered, and at present all three tree species
live in a phase of recovery, presumably because of a reduction of fluoride pollu-
tion. The studies furthermore reveal that there is often a poor correlation
between the production of photosynthetic tissue of a tree and its radial growth.
Consequently, the question of how far crown assessments really reflect the actual
condition of trees in general and in the European forests in particular needs
further investigation.

But what can be done when the trees do not show visible symptons of damage
in their crowns at all. It i{s impossible to recognize large-scale pollution loads
only by comparing tree-ring mean growth curves of different sites. Often
climatic and orographic influences obscure the effects of small but long-lasting
pollution, and vnaffected control samples are difficult to obtain or nonexistent. .
In such a situation the influsnce of air - pollution and acid rain on the radial

.growth of tree species may indirectly be made evident (e.g. Puckett, 1982; Fox et

al., 1886). A recent example will be of interest.

The case study deals with a beech dieback in Western Germany (Eckstein et
al. 1984). Some exiremely narrow tree rings oocurred simultaneously in the
whole study area, but in 1976 the growth is more reduced than in any previous
year. Missing rings subsequent to 1976 give an additional indication that the
trees have been affected more seriously than ever before. The tree-ring widths
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of Switzerland (from Schweingruber, 1886).

Figure 6

of some 300 trees were cross—-dated with each other and precisely placed in time.
Then non-climatically caused tree-ring variations were statistically eliminated as
far as possible, e.g. variations caused by ageing of the tree or by silvicultural
treatments, and all tree-ring series of a site averaged. These mean tree-ring
chronologies together with the records for the contemporary monthly precipita-
tion and temperature were used Lo elaborate a statistical relationship between
tree-growlth and climate according to the methods of Fritts (1976) and co-
workers. Su:zh a multivariate relationship was calculated for the so-—called cali-
bration period, a time span in the early lifetime of the trees in which the damag-
ing factor in question was not yet present. Using this model, tree-ring widths
were statistically dérived from the climatic records extending from the calibra-
tion period up to the present. In Figure 7 the actual and the reconstructed tree-
ring series are shown for three group of sites. Within the calibration period and
even up to 1970 there is a high =similarity between the two curves, but then the
measured tree-ring series obviously deviate from the reconstructed ones. Car
this deviation merely be explained by the dry summer of 19767 Several dry sum-
mers occurred during this century which were at leasi of the same severity
Therefore an additional stress factor must bs considered tc be responsibie for
the recent beech decline.

This approach of using climatic response models of trze rings in the analysis
and prediction of forest decline has recently been applied also by Cook (1887).

8. Conclusxions

Dendrochronology may be able to contribute answers to some of the
present-day serious problems such as the anthropogenic impact on the biosphere
and the resulting consequences for the renewable resources of foresiry and agri-
culture. But for this it is necessary that specific biological preconditions be ful-
filled and the methodological tools capably applied. According to the biological
principles of dendrochronology only those snvironmental elements that limit some
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Figure 7 Comparison of aclval average Lree-ring series of beech in West

Germany and constructed tree-ring series for three groups of sites,
black areas indicate intervals where the actual tree-ring widths
ars smaller than the constructed ones (from Eckstein et al. 1984).

physiological process of the tre=zs can affect growth and consequently are
recoided in the iree rings. Thal =means, for the analysis of a regional system it
can happen that the needed information on disturbances cannol be supplied frem
the tree rings since the trees did not respond to the element in question. But one
cannotl simply take phases of reduced tree growth as indicators for » disturbance
of the regional system as long as the causes for such a reduction are not known;
because what is detrimental to a tree may not also be a disturbance in a regional
system. Consequently, the cause effect reiationship has in any case to be sought.
As the case studies should have been {llustrated, dendrochronology is well
adapted to looking into the past. Only then is it impossible to predict future
developments. Whether such auognosis will allow a statistical statement, for

example, on the probability of the occurrence of climatic extremes, or direct
annual forecasts (s.g. Kairiukstis, Dubinskaile 1986) is siill an open question
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which must be discussed by the representatives of both points of view. The appli-

cations of dendrochronology may be of local and regional nature or Lhey deal

with large scale, continental, hemispheric or global areas and thus are adaptable
to the scales of regional system analysis.
For future studies some major lines should be followed:

~ good quality tree-ring chronologies from East and West should be brought
together;

- 21l areas possible should dendrochronologically be worked;

- aspart from tree-ring widths additional features should more intensely be
taken into account, such as density, chemical composition of wood, and vesse!
31Ze;

- methods should be developed in divers directions and at the same time there
should be agreement on standardisation and unification;

- dendrochronological studies should be undertaken to enable us Lo distinguish
man-made from natural environmental changes.
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3.5 ECOLIGICAL ASSESSWENT OF THE INFLUENCE OF PHYSICAL
FIELDS ON LIVING ORGANISHS®

G. Buracas
Institute of Semiconductor Physics
Lithuanian Academy of Sciences, USSR

Until recently it was common to donslder I.hai. the main abiotic factors
inflvencing organisms are temperaturs, atmospheric pressure, the compaosition of
the air, moisture, and light.

Technical progress provided s possibility to include into the list of these
factors physical fields of a different nature, such as geomagnetic, electric, elec-
tromagnetic, and seismic fields.

Three important aspects can be distinguished in the influence of physical
fields on living organisms:

~ energetic impact on biosystems;

- influence on the temporal organization of biocsystems;

-  physical fields as information carriers.

The energetic impact of nat.ur;al and man—created fields is being widely
explored; and the effects are widely applied in medicine, agriculture, and other
fields.

But the two last aspects of physical fields’ influence on biosystems are still
obscure. The ecological importancs is also in need of assessment.

The gravitational field of the Earth is omitted in ecological studies. There
are two reasons for this: firstly, it is commonly considered that the geogravita-
tional field is actually stable and blosystems are fully adapted to it; secondly,
there are great Lechnical problems of gravitational wave measuring. Only recent
investigations [5] with gravitocompasses and cockchafer (Melolontha vulg.) have
led to a hypothesis about the existence of vortical gravitational waves and the
capability of insects to perceive them by means of gravitoreceptors.

Other physical fislds of biological importance are slectric, magnetic, elec-
tromagnetic, and cosmic rays. *

As is well known, cosmic rays are composed of particles with energies rang-
ing from 1 to 10-15 Me V and accompanying magnetic fields. The interaction
between those particles and the atmosphere yields secondary particles—nucleons
and mu-masons. The variation of natural radioactivity near the Earth’'s surface
even during the strongest activity of the sun is not high and the biosphere is con-
sidered to be adapted to it.

The geomagnetic field exerts a much greater inflvence under changes in the
sun's activity. There are ssveral large periodic veriations in the geomagnetic
fisld, with periods of 27 days (Lhat coincides with the sun’s rotation period); of 14
(ar 7. or 5) days, depending on the number of magnetic sectors round the sun—

¢ln: Brologica! Sustatnabdility qf Regional Development, Proceedings of a Workshop held in Vil-
nivs, Lithuanie, USSR, 22-26 Jone 1987. L. Kairiukstis, A. Burscas, snd A. Straszak (Eds.), 1988,
Systems Besesrch Institute, Pelish Academy of Scliences, Yarsaw, Poland.



refer to Figure 1 from {6].

Also, there are considerable variations in 0.0001-5 Hz frequencies. As can
be noticed in Figure 2, geomagnstic micropulsations coincide with physiological
rhythms in a rather broad band {4].

The origin of electric fislds on Earth is partially thought to be due to the
ionizing action of cosmic rays, due to atmosphseric processes, for instance, the
evaporation of waler. The tension of electric fields on a sunny day reaches 130
V/m near the Earth’s surface. Electric fields also undergo rhythmic variations.
The most significant rhythms are the follcwin.g

-~  2-year variation;

- circaannual;

-~ - 27-day;

- circadial oscillalions.

There exist several powerful nonperiodic sources, for instance, storm
clouds, the field tension in which can reach 1 MV/m. The electromagnetic field
(EMF) radiated by the sun ranges from 5 Hz up to gamma-rays (refer to Figure 3
from [3]). .

As is well known, the maximum energy radiated is in the visual band of EMF.
In Figure 4, windows of atmosphere transparency to EMF are presented.

As mentioned, these fields are characterized by more or less periodic fluc-
tuations. Some experimental observations lead to the supposition that these
oscillations act on biological systems as Zeitgebers in most hierarchical levels
beginning from cell and tissues up to ecosystems and the entire biosphere. The
thresholds of sensitivity of biosystems to EMF, electric and magnetic fields usu-
ally are comparable to or are even lower than the amplitvdes of natural fields
(Figure 5).

Biorhythms, as self-sustaining oscillations, can be described by a nonlinear
differential equation. A general model by Wever is: .

¥y '+e(y2+y (-2)-3)y ' +w 2(1+06y)=w 2(x”+x"+x) ,
where e indicates the amount of energy exchange and is a function of the oscilla-
tor eigenfrequency:
e=050w" 1.25 ,

y is a self-sustained biological rhythm; x is environmental change acting as Zeit-
geber; sign ~ is an exponent [2]). Constant conditions, which as a rule are only
possible in experiments, make the right-hangd side of the equation constant.

Nowadays= in our highly tachnological society, a variety of sources of artifi-
cial EMF are distributed over large territories, making their impact on ecosys-
tams. Furthermors, modern building materials, which are highly electrically
insulating due to the gensration of electrostatic charges, also cause the forma-
tion of electric fislds.

The electric charging processes resulling in voltages up to a few kilovolts,
which are particularly noticeable in synthetic matsrials, can lead to spark
discharges. Low-frequency electric fields can be generated due to the change in
geometry of charge carriers. High voltage lines up to 100 kV of alternating
‘ourrent in frequencies of 50 Hz, telephone lines with 20 Hz frequsncies. and
buildings are all powsrful generators of ENF. .

Periodically alternating artificial EMF acung as Zeilgebers, can substan-
tially influence such bioprocesses as the electrical dipoles of the brain, the syn-
chronizing work of brain tissues over some narrow band of frequencies, thus



affecting total functioning of the organ.

The imporiance of lruﬁchl EMF as 2 polenlial redistributor of natural
biorythms stil! awaits esological assessment.

Anolher aspeot to be discussed is the informational content of electromag-
netic fields. It is evident that a signal with a constant amplitude or constantly
changing amplitode cannot transmit information. ’

Simple bursts of field or lack of them can transmit binary information. Con-
tinuous changes of some parameters of a field can transmit analogous informa-
tion. :

The informational importance of physical fields is obvious in the electrocom-
munication of insects, planta, elc. For example, bees are able to maintain an
electrostatic charge on their body. Every elsctrostatieally charged body pro-
duces a defined siternating fisld when moving relative Lo a fixed point. If this
alternating field has a stable frequancy over a long period of time, as it has dur-
ing the dance of a honey-bse, the possibility exists of transmitting information by
means of oode. Large flocks of starlings are capable of carrying out complicated
flight maneuvers in less than 5 msec. Heppner and Haffner have formulated the
hypothesis whereby flight maneuvers are coordinated by means of electromag-
netic signals. This hypothesis gains added significance from the fact that birds
are charged electrostatically during flight {2].

Iaﬁy other obssrvations, such as magnsto-oriantation of birds, interaction
of trees in foresis, sensitivity of fish to electric and magnetic fields, etc., could
be mentioned as evidenoce of the biocinformational importance of EMF.

A completely different approach to the functioning of EMF as bioinformation
carriers is applied in the miliimeter range of wavelengths. As is shown in Figure
4, millimeter waves of cosmic origin are almost fully absorbed by the atmosphere
making this range of EMF free from noise. This fact has led to the hypothesis,
sustained by N.D. Devyatkov, thai millimeter waves can be a potential channel
tremsmitting information among organisms. The content of this information, as
can be deduced from recent experimental data {1], is likely Lo relate to the gen-
eral state of an organism.

Recent work by V.P. Kaznacheyev [3] showing the possibility of transmitting
biclogical information by quanta of optical EMF also raises new gquestions about
informational pathwayz in ecosystems and the impact on them by means of human
technological activity.
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4.1 EVALUATION AND I!:THODS OF THE RATIONAL USE OF NATURAL
RESOURCES®

V. Malisauskas

Head of Department, Evaluation of Natural Resources
Academician, Institute of Economy of the Lithuanian
Academy of Sciences

Pozelos 52, 232600 Wilnius, Lithuanian SSR, USSR

With the development of industrialization, adverse anthropogenic influences
are increasingly exerted upon the environment. In this connection il is neces-
sary to foresee ways and to work out appropriate measures aimed at a more
rational use of natural resources and environmental protection.

Natural resources fall into three major groups: 1) conventionaily-
permanent (land, water, climatic conditions, solar radiation); 2) renewable-
biological (vegetation, wildlife); and 3) exhaustible (oil, coal, ore, and other
mineral resources). An analysis of the above classification brings us Lo the con-
clusion that human sociely will be in a position to develop normally as long as the
quality of the conventionally-permanent resources is maintained while exhausti-
ble resources are replaced [4].

A more rational use of natural resources is facilitated by: the integration of
new waste-free technologies, the creation of reserves for all kinds of natural
resources, and improvement in the economic effectiveness of natural protection

Over billions of years, the evolutionary process on Earth has created a
closed-loop, waste-free cycle of matter. The waslies of some organisms are con-
sumed by others. Man-created technologies are far from being perfect, which
results in large waste dumps and environmental pollution. So far, man has not
learned Lo work without waste. Therefore, it.becomes a matter of high priority o
introduce on the very largest scale a multistage, waste-free cyclic technology of
production, to expand biological industrial processes, and to implement utiliza-
tion of manufacturing wastes. The ecological economic effectiveness of the
aforementioned measures is determined not so much by the gains received from
waste utilization, as by its validity for environmental protection.

The Soviet Union and its republics have accumulated substantial experience*
for the economic evaluation of natural resources and its practical application.

The economic evaluation of any natural resource can be undertaken using
elaborated evaluation criteria. It is desirable to have all natural resources
evaluated by a common criterion which is indispensable for comparing different
evaluation indices. The USSR Academy of Sciences suggests that the indicator of
the national-economic (operating and nature-protective) value of natural
resources should be used in the capacity of such a common criterion. The value
is determined as the differential rent which is estimated as the difference
between the value of production calculated by limit costs (i.e., socially-necessary

®in: Ecological Sustatnadility ¢f Regtonal Development, Procoedlngs of & Workshop held tn Vi)
nius, Lithuante, USSR, 22-26 June 1987. L. Keirtukstis, A. BursCas, snd A. Straszek (Eds.). 1988,
Systems Research Institute, Polish Academy of Sciences, Warsew, Poland.
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costs under worst production conditions), and direct discounted costs for its
acquisition. The proposed criterion is well-grounded in broad generalization.
Yet, due to the fact that different evaluations pursue different goals, the evalua-
tion of separate species of natural resources warrants the use of other evalua-
tion criteria as well.

On the recommendation of the USSR Ministry of Agriculture, the following
three criteria are used to evaluate farm lands: 1) productivity (crop capacity,
value of gross output); 2) recoupment for expenses (value of gross output per
unit of expenses); and 3) differential profit (extra net profit in soils of superior
quality and favorable location) [3]. : . )

All the calculations based on the aforementioned criteria are conducted in
common terms for the Soviet Union land prices for plant-growing production.
This makes it feasible to compare the evaluation points of lands under different
production conditions. For instance, among the Union republics, the land evalua-
tion point in terms of production value in prices per hectare of farm lands fluctu-
ates by 9.3 times, in terms of recouping of sxpenses by 2.3 times, and in terms of
differential profit by up to 135 times. Consequently, differences in lang@ evalua-
tion points predetermine the range ‘of applicable measures fur land improvement,
protection, and procurement of differential rent.

There are considerable differences in the evaluation poinls of farm lands
not only among the Union republics, but also within aach of them. Because of this
it is necessary to have an evaluation point which meets local conditions, since t.he
all-Union evaluation conducted on the basis of common land prices deviates from
local purchasing prices and is Loo generalized and conditional to be of practical
use. .

The evalvation of farm lands in the USSR was conducted by the Lithuanian
Scientific Research Institute of Agricultural Economics and the Republican
Land-Tenure Design Institute. .

In applying the evaluation scale, fertility of agricultural crops, expressed in
conventional units (the basis of which is made up of fodder units), was taken as
the evalvation criterion in the Lithuvanian SSR. There are approximately 720
varieties of soils in the Republic. There i3 no need to subject all of them to
evaluation, as long as their fertility does not differ greatly. For this reason, 37
conglomerate groups have been formed to evalvate arable lands, and 39 to evalu-
ate meadows and pastures. The data of 15871 throuvgh 1977 have been used to
determine the fertility of the conglomerate grouvps. The scales for arable lands,
meadows and pastures have been drawn up on the basis of fertility data of 626 and
320 typical farms, respectively {3].

The evaluation scale is based upon the genetic properties of soils and their
mechanical composition (Table 1).
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Table 1 Extract from the evaluation scale of arable lands (points) [2]

Soils ) Not Drained _“Irrigatﬁeg J
drained ;

1. Sod - podzolic weakly

podzolized loamy sands 4B8.4 53.2 121.4

2. Sod - podzolic weakly ' |

podzolized loams 52.3 57.0 127.0 ‘

3. Sod - podzolic weakly

podzolized clays : 51.8 ' 5B.9 127.0

4. Sod - podzolic gleysolic

loamy sands - 28.0 3.0 106.4 |

5. Sod - podzolic gleysolic 4

loams 30.9 48.6 © 1207

6. Sod - podzolic gleysolic clays 32.0 50.4 120.7

7. Sod - gleysolic loamy sands 36.6 55.7 127.7

B. Sod - gleysolic loams 36.6 60.2 . 146.8

9. Sod - gleysolic clays 35.7 60.9 146.8

In farm-to-farm soil evaluation, the index is rendered more precise by tak-
ing account of the atlained level of land cuitivation (the reaction of acidity and
quantity of mobil phosphorus is taken into account). If these indicators are
higher than in typical farms, the evaluvation point is increased, if lower -
decreased). When conducting an economic evaluation of farm lands, correction
factors reflecting the territorial-geographic and technological conditions of pro-
duction (Lthe quality of road network, farm location, climatic conditions, land-
forms, location, stoniness, relative soil resistance to tillage, etc.) are applied.

In the Lithuanian. SSR, for region-to-region evaluation of farm lands, the
index varies from 27.7 to 53.4; while for farm-to-farm evaluation of farm lands,
the index varies from 15.2 to 63.9 per hectare {3].

Considerable variations in land evaluation necessitate taking measures Lo
even out the economic conditions of management and to obtain differential profit.
In this connection, a new more precise differentiation of state purchasing prices
for livestock production was executed in 1883, breaking them down in accordance
with five groups of agricultural enterprises. Milk prices in the fifth group, as
compared to the first, are higher by 8 percent, cattle prices by 24 percent, and
pig prices by 31 percent. The economic evaluation of land is widely used in
analyzing, planning, and managing agricultural production.

A critical analysis of Lthe differentiation of purchasing prices according to
the five enterprise groups makes it relevant to point out that from a purely
scientific viewpoint, it would have been better Lo adjust prices on the level of
socially-necessary costs under worst production conditions (i.e., on the level of
the fifth group of agricultiural enterprises). In this ease, the differential profit
oblained in olher groups of agricultural enterprises might have been obtained by
means of fixed rental payments in accordance with the economic evaluation of
land and other production conditions. In this case, however, the purchasing
prices would have been too disconnected from retail prices; thus it would have
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been necessary to review the whole system of price formation and pay for work,
which is time-consuming. .

The possibilities to develop new lands are constantly decreasing. Therefore,
the principal way to further accumulation of food resources is to raise the qual-
ity of lands and to enhance the intensification of production. To more rationally
utilize the Republic’s land, plant, and animal resources, the following procedural
framework has been mapped out:

1) to increase forest areas at the expense of low-crop farm lands and to
afforest them with premium-qualily plantings;

2) torecultivate all disturbed lands;

3) toincrease the area of protected territories;

4) to adopt the worked-out measures to combat water and wind erosion of
sofls;

5) to consistenily decrease the acidily of precipitation which diminishes
land fertility and fish-yield of water reservoirs;

6) to preserve the whole existing gene stock of the plant and anima) world.

An original methodology and scales for the economic evaluation of forest
resources [2] have been developed by joint efforts of various specialists and are
widely applied in production in the Lithuanian SSR. The value of basic and colla-
teral production yielded at normal management as well as the usefulness of the
protectional and recreational functions of forest have been taken for the cri-
terion of this evaluation.

To evaluate forest resources, four scales have been drawn up concerning: 1)
wood; Z2) nonarboreal products of the forest; 3) soil- and water-protective func-
lions; and 4) recreational functions of the forest.

The evaluation of foresi lands in terms of wood is based upon the genetic
classification of soils (Table 2). The complete scale takes into account the types
of soil, its physicochemical characteristics, acidity reaction, landforms, the
degree of marshland, and the specific conditions facilitating the growth of cer-
tain types of forest tracts. This scale consists of two parts: the first one pro-
vides the average evaluation point of forest lands, the second - the evaluation
point of separate tree species. A comparison of the evaluation points of forest
lands and forest tracts reveals the available reserves for the improvement of
generic composition and the increase in the productivity of forest tracts.

In evaluating the nonarboreal products of the forest (fungi, berries, herbs),
alongside with land fertility, an important role is played by forest-tract valuation
indicators: composition, age, density, ete. For instance, at a forest-tract density
of 0.3, cowberries can yield up to 2 few hundred kilograms of production per hec-
tare, while they are totally unproductive at 0.8. All this is taken into account in
forest management projects.

The usefulness of soil- and wat.er—protechve functions of the forest is deter-
mined by the efficecy of retarding soil erosion and decreasing the washout of
nutrients from soils. This scale consists of two parts: the evaluation points of
natural conditions fall into the first pari, the state-of-the-art of protective.
forests into the second (Table 3).

Three factors have been considered relevant to the first part of the
scale: landforms, slope declivity, and the mechanical texture of soils. In the
second part, forest tracts are classed into Lhree groups by their composition and
density. Purely coniferous forest tracts do not perform their protective func-
tions as well as mixed or leaf-bearing ones do. Forests on a hilly terrain and light



T

Table 2. Extract from the evaluation scale of forests and
forest lands in terms of wood {compiled by V. ;
Malisauskas, V. Vaicys, S.Mizaras, 1. Lukosius)’i_-’o]

:‘m :ﬁ,.} migﬂr 1 '.r m; ‘i :t Bal 3“

ssvionit [ potnt (ML 4T 10 (AR PR e e
Tt L0 S A7 TIOR8 S - S A S B L8

L
sb - 50 55 - - - - 30 - -
8¢ 60 65 € - - - 40 40 -
B8 65 6 6 10 10 - 45 45 20
Ba 45 45 - - - - - - -
m 6 1 1065 - - 4 40 20
28 75 80 8 8 - - 5 50 25
1 80 - B 9 9% - 5 5 3
Be 85 - 8 9 100 - 66 8 30
e s 6B - - - - - - -
™ 65 65 0 60 - - 40 40 20
e 10 % 15 15 - 50 45 50 25
T k¢ - 80 90 % 60 50 55 3
e 80 - B % 10 10 5 60
Ha BY - - - - . - -
;. 40 45 45 - - 3 20 - -
Bc 45 60 6 = - 40 X0 40 20
B4 50 - 60 - % 5 35 45 25
He €0 - 60 - 85 &0 40 45 25
wa? 20 20 - - - - - - -
we 3s %0 0 - R 1 - -
Wt is 55 10 - - 3 220 - -
wa? ss - 7 - 75 s5 25 - -
Wa 10 0 - - - - - - -
w 20 20 20 - - 2 w0 - -
e 30 . 30 3s - -. 35 15 - -
wd 80 .- 40 - - 50 20 - -

= Syubols: § - socils on steep slopes: N - s0ils of normal
moisture; T - temporarily overmcistened soils; H - heavy
swamp ®Soils; Hd - drained swvampy peaty soils; W - nondrained
swampy peaty s0ils; s - very infertile; b - infertile: c - fertile:
d - very fertile; e - extremely fertile. P =~ pine; L - larch;
F - fir; O - oak; A - ash: M - maple; Bal - black alder;

Br -~ birch; As ~ asp; Po - poplar; Li - lime; Gal - grsy alder.
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Table 3. Extract from the evaluation scale of the protection functions
of forest (compiled by G.Pauliukevicius and V. Malisauskas) f.’.J

K. Fyeluet:orn of nawural cenditions Y. B, Bvalustion of forest tract
" ’ ! T e e e e TR SO T —
Landforas!Elope (Mechanical (Bvalua- [Coniferous coniferous eal~Dear
tdecli~ jtexture of 1tion ! llesf-bearing !
1vity  ysoilst (point ! Codpleteness
! Hwithin the HoA T e N A A U R e
! jroots) H y 1%9 § 0.9 4 | 8.9 |
! 1 1 : evalusiion point
ik ! 2 L} ISt 6. L2 1 s 2 o 130 % 31 ) 52 103
even, s or, s 26 15 20 18 15 26 22 20 26 26
rolling 1S, 1, L 18 13 1 16 15 13 18 15 18 18
uz. [4 14 10 u 14 18 14 14 12 14 14
orgenic matters 12 8 12 12 10 12 12 8 12 12
hilly 6-10° Gr, s 28 18 25 23 17 28 25 2 28 25
Ls, 1¥, Ly 24 13 20 17 15 24 22 22 24 ¢
,, ¢ 20 10 11 34 .12 20 16 18 20 20
11-15°  @r, s 32 15 25 20 18 30 25 28 32 30
LS. LM, LM, 28 12 22 17 16 25 22 22 28 28
M, © 24 9 17 13 15 25 22 20 2
15°  @r, s By 20 35 30 24 &0 36 38 as w0
LS. LM, 1M, 40 16 25 20 20 35 28 36 40 40
LM, C 36 1 28 18 17 30 26 30 36 36
® Gr - gravel IX - light loam
8 - sand Il1 - medium loam
1S « loamy sand mz - heavy loam
C = clay

soils are more highly valued. In the given cass, the optimal density of forsst
tract is rated at 0.5-0.8. A comparison of the two evaluation points shows to what
extent the existing forests perform their protective funotions.

The suitability of forests for recreation is determined by the intunsity of
their use. Forests located in the vicinily of watesr bodies are more frequently
used than those at a distance of Lwo or more kilometers.

The evatuation scales that have bsen drawn up on the basis of the outlined
data are widely used in carrying oul foresi management projects. Each forest
area which i8 subjecied Lo evaluation is treated in terms of all four scales. The
evaluation index obtained makes it possible to zone forests accarding to their
funclions and to increase forest resources. The major management direction is
established with dus account of the function with the highest evaluation point.
The economic evaluation of forest lands may be successfully used in planning
forestation projects, land transformations, in working out forest supervisory
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measures, and in analyzing and planning activities of separate production units
(e.g., forestries).

Not only foresls are used for recreational purposes bul also the seashore,
city and village parks, water bodies (lakes, storage reservoirs, rivers), city gar-
dens owned collectively by workers and employees, ski areas, recreation in
agrarian surroundings, etc. An applicable methodology and scale have been
developed to subject all of these to evaluation. Their attendance, measured in
man-days per hectare of recreational areas a year, has been taken for the
evaluation criterion (Table 4).

The evaluation point ¢f separate recreational areas on the scale ranges
from 5 to 1500 man-days per hectare. Currently, the use of forests for recrea-
tional purposes is relatively extensive (their average evaluation index is 13.7
man-days per hectare a year), water bodies are more intensively used (33.7), and
the seashore, city parks, and collective gardens are used most intensively.

All the recreational areas have been evsluated with 33.4 percent of the
Republic's territory being used for this purpose. The quantity, quality, and
intensity of the use of recreational areas differ greatly in various localities and
range from 11.4 to 65.5 man-days per hectare. Consequently, ample opportunities
exist to expand recreational activities, especially in forests and al water bodies.
For this purpose, lands are reserved in forests for campgrounds (spaces for
tents, fireplaces) and parking sites, furniture-supplied shelters are constructed,
drinking water supply is laid on, and tourist trails and paths are built. Beaches
are built at water bodies with boat jetties, bathing-huis and children’'s play-
grounds. Assuming that the value of one man-day of recreation is estimated at 1.5
rubles, the costs of these facilities will be recovered on average in the course of
one year.

The evaluation point of recreational resources may be successfully employed
in locating and supplying recreational areas with the necessary inventories, in
expanding their network, and in taking measures to intensify recreational activi-
ties.

Complex problems to be overcome in evaluating and protecting water
resources. The role of water resources is diverse in various sectors of the
national economy. Irrigation water helps increase crop yields, in the fishing
industry water is the medivm for breeding fish, in industry and water transport,
il amounts to only a small part of the created value. These differences compli-
cate the issue of choosing & common criterion and evaluating water resources.
The most reasonable sequence of steps to be taken in bypassing these difficulties
is the following: 1) to evaluate water resources at their source, and 2) to
separately determine the efficiency of their utilization in various sectors of the
national economy.

To effect the evaluation of water resources at their source, the idea of
applying the criterion of discounted costs for one m? of water in use is proposed.
Tariffs are imposed on the intake water drawn by industrial users from water
bodies. For example, in accordance with the government enactment of 1879, pay-
ments of 0.10 kopecks per m” are exacted from industrial enterprises into the
budget for water drawn from the rivers and lakes of the northern and eastern
regions of the USSR, and 2.72 kopecks per m? for the Dnieper—Donbass canal
waler. The payments for water taken from other basins are within these limits.
On the basis of Lhese data, il is possible to calculate the differential profit
obtained by enterprises which use cheaper water. The volume of the differential
profit designates the economic evalvation point of water resouirces at their
source. There are considerable divergences within evaluated large water basins.
For example, within the Nemunas (Lithuanian SSR) river basin, the differential
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Evaluation of recreational natural resources

(compiled by V. Malisauskas and A. Koncius)

Category of recreational

areas

T T :
yArea (Bvaluation

; (thous, ;index:

of ha) ,man-days/ha

B
tOverall
‘yevaluation

; (thous, of

, ;per year {nan-days)
1, Sea coast:
a) Palanga Tl 1200 8520
b) Werings 9,3 90 837
2, City and village parks 1,7 1500 2550
3., Forests at & distance of up
to 0,5 km fron water bodies:
a)-dry 15,7 75 5678
b) humid 2¢,0 25 500
4. Forests at a distance of 0,5
to 2 km from water bodies:
a) dry 138,9 40 5556
b) bumid 36,3 15 544
5., Forests at a distance of
upwards of 2 km from water
bodies:
a) dry 1082,1 10 10821
b) humid 553,0 5 2765
6., Lakes and storage reservoirs:
a) assigned to the Society
of Bunters and Anglers 44.0 70 3080
b) used for other kinde of
recreation 116,7 20 2334
7. Rivers:
&) assigned to the Society
of Hunters and Anglers 14,4 50 T20
b) tourist routes 3.8 80 304
¢) used for other kinds of
secreation 21,8 15 327
B, City collective gardens 9,1 1508 13650
9. Automobile tourist routes 3.6 a0 324
10, Skiing routes 8.0 45 360
11, Recreation in agrarimsn
surroundings 34.6 60 2076
Total: 2180,1 28 60946
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rent among its tributaries ranges fivefold, which should be allowed for in situat-
ing enterprises which incorporate water into their product.

The economic efficiency of the utilization of water resources in separate
sectors of the national economy is heavily dependent vpon a multiplicity of pro-
duction conditions. For instance, the economic efficiency of irrigation is deter-
mined by:

1) the type of water source;

2) the proximily of irrigated sites to water sources;
3) the area of irrigated sites;

4) landforms;

5) the fertility of irrigated sites;
6) the selaction of crops.

An analysis of the above indicators revealed that the construction of irrigation
systems based on lake water and man-made storage reservoirs is costlier, respec-
tively by 18 and 632, than the construction of systems fed by river water. The
construction of large storage reservoirs is less expensive (y = 4894 + 26534 : x,
where y - estimated cost per hectare in rubles; x — area in hectares) The
farther Lhe irrigated sitex from Lhe water source, the higher the capital invest-
ments neesded for constructing the main water-supply system (1 m> of which costs
on the average 2 rubles). Construction of large-scale irrigation systems is lesc
expensive, which is evident by the correlation between the cost of the irrigation
system (y) and ils area (x), (y =2778 < 13868 : x). Plains and slightly rolling
areas afford more intensive production, while irrigation here costs less than on
hilly stretches of land. The selection of crops to be irrigated depends upon their
response to water. Most effeclive is Lhe irrigation of vegetable crops.

A scale for the evaluation of natural-economic irrigation conditions has been
worked out subsuming all the aforementioned factors (Table 5). The transfer from
poor to good irrigalion conditions secures a fourfold increase in economic eff:-
ciency. The evaluation index can be successfully employed in selecting economi-
cally more effeclive irrigation objects and schemes.

Considering the case where water resources are used in the fishing industry,
fish productivity, expressed in natural (one species of fish bred) and value (a few
species of fish) units per hectare of ponds, has been drawn upon for the evalua-
tion criterion. The following factors have been analyzed to determine fish pro-
ductivily under different production conditions: 1) landscape (pond location,
shape, surface area and depth, bed condition); 2) soil (mechanical texture, pH,
biogene content); 3) water (general mineralization, oxidization, biogene content);
4) climatic (precipitation, air and water temperature, sunshine duration) [1].

After the mathematical-statistical processing of the factual materials of the
Lithuanian SSR fish farms, applicable evaluation scales for hatcheries, nursing,
spawning, and wintering ponds have been drawn up, taking into account the pub-
lished data. These scales can be successfully adopted in pianning fish produc-
tivity, analyzing the attained resulis and further enhancing fish-pond produc-
tivity.

Scales for the economic evaloation of lakes which are used as fisheries have
been developed in the Lithvanian SSR as well. All lakes have been classed into
groups according to the intensity of fish-farming, taking account of their svita-
bility for breeding separate species of fish. This evalvation rendérs it possible
to more effectively combine the bred species of fish with their food reserves and
to obtain maximum fish production at relatively low cost.
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abir 3. Evaluation scale of irrigated lands (poirnts)

(compiled by V. Malisauskas) 6

4 T - T 1
1Distance of ;Ecomomic 1Irrigated area, Irrigated area

yirrigated revaluation ;of up to 100 | of more tha-
Water °°“r°essland§ from index of  ‘hectares 1100 hectares
ywater yirrigsted ; landforms , landforms
ysources ylands TTaT s Tup o7
! ! 'gp Tolupwards fup tol,_ 7
! ! | sodof 5o 150 fof'5e -
Storeage re~ up to 1l km up to 35 25 30 30 35
Servoirs 36-45 32 37 37 42
45 40 45 45 50
upwards of up to 35 32 37 31 42
1 km 3645 40 45 45 50
45 50 -1 5% 60
Lakes up to 1 km up to 35 40 45 45 50
36=45 50 55 55 60
45 60 €5 65 70
upwards of up to 35 50 55 55 60
1k — 36m45 60 65 65 70
45 70 75 75 80
Rivers up to 1 ku up to 35 60 65 65 70
36-45 T0 15 1% 80
45 80 8s 8s 90
upwards of up to 35 70 15 15 80
1 i 36-45 80 85 & 90

45 EY 2 9 100

Rational use of water largely depends upon its quality. Currently, water
bodies are so heavily polluted that their self-purification is insufficient. - This
problem is so acute that it has become a matter of top priority to reduce water
pollvtion by introducing recirculating systems in the tachnology of water use,
inlensifying the treatment of effluents, and adopting waste-fres technologies.
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An extensive application of the recirculating system of water supply in the
Soviet national economy resulted in an overall annual saving of up to 240 m? of
pure intake water, which made up approximately 402 of the whole amount of util-
ized water. In 1985, in the Lithuanian SSR the saving ran as high as 83%1. Gen-
erally, these systems are operational in different sectors of the national econ-
omy. In future they will be applied on a larger scale. Together with these meas-
ures, however, it is necessary Lo more widely apply purification of wastewater
discharges, especially in public services and in many sectors of the economy.

A whole range of the worked-out and adopted methods is available to deter-
mine“"the economic efficiency of the protection of water resources [5, 6]. Their
essence iz in estimating the damage inflicted upon people’'s health and the
national economy, with due account of the toxicity of sgparate kinds of pollutants.
Since no regular record of all pollution ingredients is kept, these methods are to
be extended to adjust to local conditions.

A fairly high quality of water resources offers ample scope for their diver-
sified utilization (for fish breeding and recreation purposes, in industry, etc.),
which substantially raises the economic effectiveness of their application. A
more rational use of water resources is greatly facilitated by the regulation of
river flow with Lthe help of storage reservoirs, accretion of groundwaters by sur-
face waters, expansion of the network of industrial water-supply systems, and
construction of zonal water-supply systems and refineries. Appropriate projects
have been worked out concerning those issues.

A whole complex of air-protective mensures has been developed in the
Lithuanian SSR, including:

1) graduoal switch-over to cleaner fuels (natural gas and nuclear energy
instead of coal and fuel oil, diesel fuel instead of gasoline);

2) wider adoption of waste-free technologies and more sophisticated gas-
and dust-absorbers;

3) elimination of small boiler-houses and installation of a centralized
heat-supply system;

4) creation of a network of compressor gas-filling stations;

5) construction of highway bypasses eliminating transit traffic from cities;

B6) systematic motor vehicle emission control;

7) increasing use of land near highways for raising cereals, which are less
absorbent of hazardous auvtomobile exhaust components than other
crops;

8) setling the maximum permissible discharge limits for the main industrial
polluters and establishing legal prosecution in case of noncompliance;

9) supplying the public transport of large cities and health resorts with
unleaded automotive fuel;

10) taking measures Lo reduce industrial noise in enterprises and traffic
noise in cities and health resorts.

Taking account of increasing anthropogenic influences upon the environ-
ment, the Lithuanian SSR's protected and reserved territories will be expanded
by 2.4 times. Measures are taken to protect rare and endangered species of
flora and fauna.

Investigations into the field of the economic evaluation of mineral and raw
resources are also pursued in the Republic. A qualitative and quantitative regis-
tration of these resources has already been carried out, their evaluation scales,
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oplimum transportation and processing projects are being drawn up.

Having completed the economic evaluation of all natural resources, a com-
mon approach will be developed which will help utilize them more rationally and
effectively. '
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4.2 THE APPLICATION OF ECOLOGICAL STRATEGIES TO TERRITORIAL
PLANNING*

V. Stauskas
Department of Landscape and Recreational Architecture
Lithuenian Scientific Research Institute
of Architecture and Construction
Kaunas, Lithuanian SSR, USSR

" In developed countries, tertitorial planning designs are based on certain
scientific-theoretical concepts and special scientific tests that refer to regional
and town planning theory. If one admits some ecological mistakes in the concept
of planning or concrete design proposals, these mistakes will emerge to the full
while realizing the design. Thus, a territorial planning design is the first and, at
the same time, one of the most important elements in the optimization of the
future human environment.

In working out a territorial planning design, a number of specialists working
in various fields, suoch as economists, geographers, sociologists, foresters,
experts in agriculture, transport, etc. should take part. Nevertheless, the most
important role of coordinating and synthesizing these elements is, as a rule,
played by architects — specialists in regional, Lown or landscape planning.

The aim of any contemporary architect, including a landscape architect and
a town planner, is not only Lo create his "own object’ and use the site as an input
for his idaas in the existing environment, but, having taken into consideration all
the requirements, to work out a complex environment of a new quality. The range
of 20th century architectural involvement has bescome wider and, consequently,
the responsibility of architects has grown. .

Our frisnds from the International Union of Architects have stated that
"architecture is the unity of art and science, forming the life environment of
man."? This means that we should be aware of the inevitable unity of the objective
and the subjective. In other words, one must rsalize the integration of the
natural and the artificial. The goal of & new compiex environment is ils conveni-
ence, ecological stability and bsauty. Although landscape architecture is vsually
perceived as art, 1 am cf the opinion that It is an applied art. That is why the
categories of "beauty” and "ugliness” oi a landscape are always related to func-
tional land use. ! suppose that "beauty of agricultural landscape,” beauty of
industrial city” and "besauty of pressrvad nztural landscape” cannot be opposites.
They are not diffsrent grades of beauty. They are rather different kinds of
bszuty.

There are four fields of activity that contemporary landscape architect is
concerned with. They are, basfcally, four levels of environmental planning:

=In: Erologicel Sustatnabdility ¢f Regional Deveiopment, Proceedings of & Workshop held in Vii-
nius, Lithuanis, USSR, 22-268 Jone 1987. L. Kairtuketis, A. Buracas, and A. Straszek (Eds.), 1986,
Systems Research Ingtitute, Palish Academy of Sciences, Waraaw, Poland.

1!.U.A. World Congress. Declarstion of Architects. Warsaw, 1881, p. 7.
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state level of planning (coincides with stale boundaries):
regional level (planning of large-scale areas);

planning of separate towns, settlements;

site planning level (a building, park, etc.).

R

Activities aL these levels are carried out in the USSR in all 15 republics,
including the Lithuanian SSR, the Scientific Research Institute of Architecture in
Kaunas being the Republic’s center of scientific coordination. A new approach to
so—called scological planning has been worked out and put into practice. A com-
pletely new approach is based on the following main theoretical propositions:

a. on the extension of Lraditional (mainly visual) interrelationships
‘between nature and archilecture to the complex functional and
aesthetic dependence on "man—nature—architecture;"”

b. on the priority of natural landscape components that are the most
importiant from the ecological point of view over all the types of plan-
ning, because human life and health are values having no adequate
correspondence; ’

c. on the principle of necessary differentiation of functional types of
landscape and also the principle of preservation of the most beautiful
scenic spots, rejecting any building development, even the most
advanced from the architectural point of view.

This approach suggests the necessity to clearly differentiate between three
main frameworks of planning:

a. the framework of natural landscapes under particular preservation
(valuable from the scientific, historical or ecological point of view);

b. the framework of landscapes for recreation, including routes for tour-
ists and the infrastructure of recreational services valuable for health;

c. technogenic framework of roads, the network of urban centers and
engineering communicalions. Territorially, they are adjacent and
intersecl each other, but they serve different purposes.

The initial planning begins with surveys. Theoretically, each of the frame-
works is a system of areas, lines and points (Figure 1). Blank spaces between
these frameworks are zones of intensjve agriculture, forestry and water econ-
omy. The result is a complex model for the formation of the whole human environ-
ment at a given aresa. The method has bsen carried out in the following scientific
publications: Complex Scheme of Nature Protection in the Lithuenian SSK
(1883), The System of Recreation in the Lithucnian SSK (1978), and others.

Each framework or element of the complex environmental modal will include
its own scale of valuves, existing or perspective. For instance, tlis recreation
system of the Baltic republics provides six types of recreational environment.
The types differ in planning, means of landscape architscture, types and even
forms of buildings (Table 1). At the same time, we notice a difference in visual
impact, i.e., different emotional impact of the environment on man.

The above-mentioned principles have been almost fully realized in the system
of environmental planning of the Lithuanian seaside. The differentiated
landscape has been created along the 100 km belt of the Baltic Sea and the area
of the Curonian Bay (Kursiu Marios) at the deita of the river Nemunas. To the
north (the Palanga resort), in the middle (Klaipeda) and to the south (Neringa and
the area of the Curonian Bay), landscape regions have been formed. Intensive
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public recreation and new recreational centers serve in excess of about 60-80
thousand people sach summer; new archilecture has been created in the nearly
monotonous natural landscape of the Palanga area. The Kiaipeda area is the
landscape &f ports, industry, and large-scale new residential areas. The Neringa
region reflecis the baauty of preserved natural landscapes, restoration of
small-scale fishermen's villages (at present they are converted into recreatlional
villages) are characterized by ethnographic architecture. The policy of
landscape differentiation has been pursuved for over 15 years there and it will be
continued in future.

The theoretical model shown in Figure 1 might be computerized. There are
30 many components, including emotional and psychological ones, in lerritorial
planning that final results are, as a rule, obtained by synthesizing objective data
and subjective thinking.
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Table 1. Main types of recreational environment of the Baltic area.
Type of recreational Model of landscape management
environment
Functional Visual
Index Characteristics Index features teatures
Natural No motor Contact with
) environment. R tourism. virgin nature.
No facilities. 1 Excursions Absolutely
only. natural landscape.
Slightly changed No motor Same contact;
natura) environ- tourism or some traces
ment. lindted motor of man's
H Insignificant R, tourism. interference.
facilities. New campings,
shelters,
beaches.
Same environ- As above + Contact with
mental change. vacations on natural landscape
m Moderate use R, the basis of and rural-type
of facilities. existing architecture.
villages.
Partly changed As above + Contact of naw
environment. vacations at architecture
new small-scale with natural
W centers for landscape.
R‘ .
recreation.
No health ser-
vice, weekend
streams.
Considerably All kinds of Balance
changed recreation, between
v environment. R including motor nature and
Large-scale use S tourism and architecture.
of facilities. health resorts.
Heavy streams.
Greatly changed Very intensive At the centers
(including arti- recreation of of concentration —~
ficial) landscape. all types. predominance of
vi Greatly developed Rg Hsavy weehlend architectural land-
facilities. streams. scape. Balance of
Large-~scale nature and
resorts. architecture.




-121 -

\
S
e
\

Figure 1. Interrelationship of three main frameworks of complex environmental
planning (theoretical model).

A, — Framework of natural landscapes under particular preservation
A, — Framework of recreational landscapes
B4 — Infrastruclure of recreational service and routes for tourists

B4 — Technogenic framework of urban centers, roads and engineering
communications

B, — Blank spaces between these frameworks ~ zones of intensive agri-
culture, forestry and water economy
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4.3 HIERARCHY OF PLANNING LEVELS AS A BASIS FOR OPTIMIZED
REGIONAL ECOLOGICAL MANAGEMENT®

H. Laik

Ministry of Forest Economy and
Nature Conservation of the ESSK
200101 Tallinn, Estonian SSR, U.S.S.R.

The analysis of the relations between man and nature starting with giobal and
regional systems and ending with an ecosystem, population or species is neces-
sary for the following reasons:

- to get a global picture of the world;
- todirect the process of nature management and protection correctly;

—  to guarantee the use of natural resources and environmental conditions
_necessary for man's sxistence for a long time.

Syslems analysis seems to be the only branch of science having prerequisites
for solving environmental problems. Up to the present time traditional branches
of science have set up more problems than have been sclved. Resuits of different
scientific studies are often in conflict.

The achievement of synergetic effects i{s most necessary but probably possi-
ble only on a regicnal level. The problem has been dealt with for a longer period
and more concrete results could be obtained in the near future if

-~  cooperation in marine investigations amongst the countries surrounding
the Baltic Sea were to be extended to the land territories of these coun-
tries;

—  betler contacis were to be established amongst corresponding scientific
and administrative nature protection agencies.

The Estonian SSR is a republic with relatively high industrial concentration
and intensive agriculture where the stress of human activities on nature is con-
siderable. The influence of anthropogenic activities is enhanced by the
republic's location on the northwestern border of the USSR where the quality of
walter and atmosphere greatly depends on the situation in Central and North-
Europe (the Baltic Sea, transboundary transmission of atmospheric pollution by
prevailing winds from the west and southwest). This is the reason why a terri-
torial unit has been used as the basis for solving our environmental problems.
Those units are the following:

- macroregion which embraces the Baltic republics, the Karelian ASSR,
the Leningrad Lerritory and the countries surrounding the Baltic Sea,
particularly Central Sweden and South-Finland;

- mesoregion which embraces the territories mentioned above sxcept
Sweden and Finland;

=In: Eeological Sustatngbdility ¢f Regtonal Development, Proceedings of & Workshop held in Vil-
nius, Lithusnis, USSR, 22-26 June 1987, L. Ksirtukstis, A. Bureces, and A. Straszek (Eds.), 1988,
Systems Besesrch Inatitute, Polish Acedemy of Sclences, Werssw, Polend.
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- region — the ESSR which in its turn is divided into 5 subregions.

It is natural that up to the present time the main attention has been paid to
our own republic, that is to Lthe region. Since 1968 zoning projects on the level of
subregions, administrative areas and the whole republic have been elaborated
for nature management and protection, including the following:

- inventory of natural conditions;
- registration and prognosis of anthropogenic load (mining of mineral

resources, land improvement, agricultural production, industry, human
settlements, communications); '

— synthesis, resulting in suggestions for the improvement of environmen-
tal conditions which will be taken into consideration in plans of national
economy;

— elaboration of ways and means to maintain the natural ecological poten-
tial.

The aclivities mentioned above make up a specific hierarchical system of
planning levels:

1. The complex scheme (on the scale 1:200,000) of the management! and protec-
tion of the republic's natural resources. Polarization of the republic's ter-
ritory into intensively and extensively used (or compensation) areas was
carried out within the framework of the scheme. Compensation arcas
embrace state nature reserves (7% of the whole territory), wetlands to be
preserved, forests which are nol Lo be managed intensively, cuitivable lands
(habitats of rare and endangered species) which are being preserved in
their natural state.

2. The complex scheme (on the scale 1:50,000) on the level of subregions and
administrative regions.

3. The scheme (on the scale 1:10,000) of preservation and recreational areas
on the level of agricultural and industrial enterprises in which a network of
compensation areas between large field expanses, on the banks of water-
bodies (especially rivers), sanitary-protective forests of industrial enter-
prises has been taken into consideration or will be projected.

Special complex programs which provide the necessary means for the
rational use of natural resources and environmental protection and fix the dates
for their application are being worked out for industrial areas.

Perspectlives for the development of the national economy on a territory are
being developed in the form of so-called district planning projects in which
natural conditions have been considered and perspective development of indus-
try, agricullure and settlements envisaged.

On the level of industrial and agricultural enterprises (especially in the case
of those influencing nature), the extent of use of natural resources (natural
matter), components of technological processes which have an essential influence
on nature and emissions into all media (air, soil, water, biological circulation) in
natural as well as in monetary terms are being envisaged. The economic use of
resources and reduction of emissions are being stimulated.

The territory as a whole and the resources located there remain the basis
for decision making. On this level it is impossible to consider components such as
an ecosystem although they are essential in forming environmental conditions.

At present it is important to integrate models of ecosystems developed

abroad and in the ESSR with territorial models. In our republic the work of
building an ecological-economic model of the Matsalu State Nature Reserve which



-125 -

embraces the Matsalu Bay, the Kasari River and its catchment area (somewhat
over 300 thousand hectares) is nearing completion. The model consists of several
territorial subsystems (the bay, river, tributaries, dry land communities). The
aim is to find such economically justified ecolevels which can most easily be influ-
aenced to achieve improvement in water quality. It is planned to "extend” the
model to the open Baltic Sea. A monograph describing the model will soon be
ready. Analog models are to be constructed on the subregions of Northeast
Estonia and Lake Peipsi. Elements of ecological-economic models are already
being used in decision making in the field of nature management.

Forests which comprise 53.2% of the whole territory of the republic function
as the most important natural resource guaranteeing the stability of environmen-
tal conditions. In the ESSR, nature protection and forest management form an
administratively integral system; therefore, the principles mentioned above have
been carried out within the framework of the forestry ecology program.

- When elaborating the management regime, information about forests (soil,
undergrowth, forest type, secondary resources) has been used as completely as
possible. All environmental and resource characteristics as well as related
resources (minerals, water, wild animals, etc.) have been taken into account. The
practical management of the smallest territorial forest units — allotments (aver-
age area is 3 ha; total number in the state forest fund is 423,000) will be based on
standards which have been worked out for all stages of forest management start-
ing with afforestation and finishing with clear-cutting. Ecological as well as
economic standards have been elaborated for each habitat.

The main conclusions based on the application of ecological principles in
forest management at the present stage are the following:

1. Complex management of forest resources (timber, berries, mushrooms,
honey, game, fish, recreation) guarantees maximum success.

2. Forest management which takes into consideration ecological aspects, not
only guarantees preservation of ecological conditions (waler resources, wiid
animals, natural vegetation) on forest lands bul also compensates for the
negative results of anthropogenic influvences outside these areas.

On less fertile forest lands, the value of by-pr'oduc!s surpasses the vaiue of
timber; intensification of management may result in a decrease of by-products as
well as of total production.

Proceeding from the above-mentioned, the concepl of the environmental
maturity of a stand which is considerably lower than the maturity of the stand has
been developed. :

Because of the variability in the environmental maturity of a stand (20...30
years depending on the forest type), forest management may be limited to forest
protection and supervision only.

Integral administrative system of forest management and nature protection
is justified if foresis occupy over 30 of an area. In this case, ths forest func-
tions as a stabilizing natural complex and farest protection inspectors act as spe-
cialists Lo guide the long-term process of renewal of natural resources.

The above-mentioned was a short survey of the requirements and possibili-
ties (ways) of how the hierarchical system “territory — ecosystem” ought to be
analyzed and directed in the practical work of nature protection. There are lots
of obscure and unsolved problems but the necessity of changing technocratic
atlitodes towards nature into collaboration with nature has become evident.
When modeling Lechnological prooesses, natural ones must be used as examples.
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4.4 INTEGRATING ECOLOGICAL DATA INTO LOCAL AND NATIONAL
HMANAGEKENT OF WETLAND ECOSYSTEMS IN THE
WILLIAMSTOWN, MASSACHUSETTS AREA®

W.R. Moomaw and A.D. Southworth
Center for Environmental Studies
Williams Collsge

Williamstown, MA 01267, U.S.A.

1. Introduction

To most people the term "wetland” conjures up images of a mosquito breeding
ground or a convenient site for disposing of garbage. At best it is synonymous
with inexpensive land that can be readily filled and converted to more economi-
cally productive use. As early as the 11ith century, Dutch engineers were
actively converling coastal wetlands to agricultural purposes, and a short time
later their descendents were draining the freshwater fens of East Anglia in Eng-
land. The availability of improved technology has led to a global acceleration in
wetland drainage during the last century as nations have sought to improve public
health and gain additional land for agriculture, housing, manufacturing and com-
merce. Since the seitlemeril of North America there has been an estimated net
decrease of 407 in the wetland areas of the New England states (New England Wet-
lands Seminar 1880), and the U.S. Soil Conservation Service predicts a conlinuing
annual loss of 0.41 (Dawson 1883). The loss of original wetlands is substantialty
higher, but is in part offsel by new impoundments that have been created for
flood control or water supply. The benefits of filling wetlands have been fairly
obvious, but what have been the costs? Writing about the Dutch experience, the
American historian, Lynn White, Jr., stated the issue in the following manner:

"In their epic combat with Neptune have the Netherlanders overlooked
ecological values in such a way that the quality of human life has suf-
fered? I cannot discover that the questions have ever been asked, much
less answered.” (White 1967)

Since White wrote these observations two decades ago, both policy makers
and the public have become more sensitive to just these kinds of questions. Dur-
ing the past twenly years, as wetlands have disappeared, an awareness of their
value has grown in the United States, and laws have been enacted at the national,
state and local levels to protect inland and coastal wetlands and to reguiate their
development. In attempting to implement these new laws, regulators, developers
and the public are often confronted with an inadequate ecological database and
sharply divergent views on the relative values of the wetland and the proposed
development project. While it is quite straightforward to calculate the economic
value of new construction, it is far more difficult to determine the cost of the
wetland which it displaces. Flood protection, groundwater production, absorption
of both toxic and nutrient chemicals, wildlife and plant habitat, education,
recreation, aesthetics and open space are some of the wetland values which will
be considered here.

=in: Ecological Sustainadility of Regional Development, Proceedings of s Workehop held in Vii-
nius, Lithusnis, USSR, 22-26 June 1987. L. Katriukstis, A. Burates, end A. Streszak (Eds.), 1988,
Systams Research Institute, Polish Acedemy of Sciencee, Wersaw, Poland.
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As the legal framework for wetlands protection has evolved, lawmakers have
had to address difficult legal and technical issues. 1) What legally constitutes a
wetland requiring regulatory attention? 2) Which wetland values deserve protec-
tion? 3) How should wetland values be weighed against property rights and the
economic benefits of a proposed project? 4) What ecological and economic data
are needed for regulatory purposes? 5) What is the appropriate governmental
leve] for a given regulatory action, and how flexible or prescriptive should the
regulations be?

To establish an adequate ecological database for regulatory purposes, one
of us (A.D.S.) in 1986 carried out an extensive inventory of the wetlands of Willi-
amstown, Massachusetts, a 12,500-hectare university town of 9000 people, located
in a mountainous, rural area of the northeastern United States (see Figure 1). All
wetlands within this geographical region were located and visited, and their wet-
land values were cataloged and assessed. Each wetland was then ranked in terms
of importance, and priorities were recommended for protection or development.

NEW YORK

WILLIAMSTOWN

. RHODE ISLAND

&7 NEW YORK CITY

CONNECTICUT

FIGURE ! Map of the northeast United States locating the study area. Williamstown MA
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In this paper we will utilize the Williamstown example as a case study to jllus-
trate the range of issues that arise when a society attempts to respond to
economic development pressures while wishing to retain important ecological
values. We will describe current United States laws which try to maintain some
degree of regional and national consistency while allocating decision making for
individual cases to the most appropriate local level. Several recent cases of
local and national significance will also be described.

2. Wetland Definitions and Values

2.1 Wetland definitions .

Before considering the values of wetlands, we will first look at their multiple
definitions. Geologically and hydrologically, wetlands occur wherever surface
drainage flows Lo a low depression of impervious soil or bedrock, or where the
underground water table reaches the surface. Ecologically, wetlands may be
described in terms of the water-dependent plants, animals and microorganisms
that live in the waterlogged soils and in and on the water itself.

Legal definitions may be quile arbitrary, but they must be precise, and in the
United States different government agencies have chosen definitions which, while
not always compatlible with one another, serve their own mission and purposes.
For example, the national Clean Water Act, which is described later, defines wet-
lands vegetatively as "those areas that are inundated by surface or groundwater
with a frequency and durstion sufficient to support, and under normal cir-
cumstances do support, a prevalence of vegetation typically adapted for life in
saturated soil conditions” (40 CFR 230.3)." Precise boundaries are essential for
planning and in executing legal procedures. For this law, wetland boundaries are
determined by an analysis of where wetland plants grow as determined by "a spe-
cialist familiar with the local environment.” Wetland plants are in turn defined as
"plants that require saturated soils to survive (obligate water plants) as well as
plants, including trees, that gain a competitive advantage over others becausc
they can tolerate prolonged wet soil conditions and their competitors cannot' (40
CFR 230.41). If vegetation is dormant at the time of assessment or has been
removed, then the wetland area is defined by 'hydrological and physiological
characteristics of the environment.” The State of Connecticut has chosen soil
criteria to define wetlands, while Massachusetts relies on a combinalion of geo-
logical and biological factors which specify wetlands as areas "where groundwa-
ter, flowing or standing surface water or ice provide a significant part of the
supporting substrate for a plant community for at least five.months of the year,”
lands supporting “emergent and submergent plant communities in inland waters,”
and "that portion of any bank that touches any inland waters” (G.L. Chapter 131 s
40).2 These varying definitions do not create as much confusion as they might
since they are vusvally used to regulate different activities. When conflicting
interpretations arise, the courts are called upon to resolve the disagreement.

1rnis 16 the designation of Lhe appropriste section of the U.S. Clean Water Act.
Zrnis 15 the deslgnation of Lthe appropriate section of Lhe Massachugetts Wetland Protection Act.
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2.2 Wetland values

Let us now examine which wetland values may be important and deserving of
consideration by land-use regulators. The values listed are of course generally
applicable to wetlands anywhere, but we will illustrate them using as examples the
freshwater wetlands of Williamstown. These include the seasonally flooded plains
of the Hoosac and Green Rivers and their many small tributary streams, several
small open water ponds (4 hectares or less) and their adjacent wetlands, and
numerous isolated marshes, swamps and wet meadows.

Flood protection. It is now generally recognized that floodplains along the
banks of rivers play an important role in reducing damage from potential floods.
This is particularly important in Wllliamstown which sits in a narrow river valley
surrounded by sisep slopes that can produce rapid water runoff during snowmelt
or heavy summer thundershowers. With the abandonment of cleared agricultural
land and its return to forest (Williamstown is now approximately 751 forested),
flooding is not so intense as it was in the past. However, much of the floodplain
has been lost to development. In the late 1550s the U.S. Army Corps of Engineers
eliminated large amounts of floodplain by channelizing the Hoosac River for
several kilometers upstream to protect industrial buildings that had been con-
structed on the floodplain during the late 18th century. Some more recent con-
struction has occurred on the floodplain within Williamstown near the downstream
terminus of the flood-control channel, creating a potentially serious hazard when
floods do occur. In the 1970s, about one-fourth of the wooded Hoosac floodplain
was filled right to the riverbank with garbage, trash and construction materials
before another site further from the river was selected. The remaining flood-
plains along the downstream banks of the Hoosac and the Green Rivers have
therefore become even more important in reducing flood damage (Ogawa and Male
1983). These floodplains also help Lo stabilize the banks and keep the river in its
natural channel by slowing river velocity, capturing sediments and holding soils
among the roots of wetland vegetation. Williamstown's isolated ponds and marshes
also reduce the extent of flood damage by absorbmg surface runoff before it
reaches stream channeis.

While no quantitative study of the value of floodplains for flood protection
has been made for Williamstown, a 1872 study of the Charles River basin near Bos-
ton concluded that a 401 loss of wetlands there would raise peak flood levels
about one meter and increase annual flood damage by $3.2 million, i.e., $6.5 mil-
lion in 1987 dollars (U.S. Army Corps of Engineers 1872).

Groundwater recharge and discharge. Some of Williamstown's palustrine
(shallow, nonriver) wetlands are filled primarily by surface water runoff, but
many appear to be connected hydraulically to underground aquifers. Recent stu-
dies have found recharging of underground aquifers in Massachusetis to occur
during the late summer months, while groundwater discharge may occur
throughout the year (Motts and O’Brien 1981). As upland recharge areas became
paved or covered with buildings the groundwaler recharge value of
Williamstown's wetlands has increased. Although a complete study of the hydrol-
ogy of our area has nol been undertaken, 761 of Williamstown's wetlands were
found to be underlain by soil types associated with primary recharge areas
(Southworth 1986, Berkshire County Regional Planning Commission 1984). The
waler supply value of wetlands in Massachusetts was estimated to be as high as
$6800 per hectare (Gupta and Foster 1873). In current dollars this would give a
value of approximately $3 million for the water production capability of -
Williamstown's wetlands.
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Water quality improvement. Wetlands improve water quality in three dis-
tinct ways, by absorbing sediments, nutrients and toxic chemicals. Marshlands
adjacent to ponds have been shown to be capable of removing 80-801 of
suspended sediments from inflowing surface waters (Larson and Newton, undated)
thereby protecting fish and bottom-dwelling organisms, and substantially extend-
ing the life of open bodies of water.

The vegetation and microorganisms of marshes, swamps and wet meadows
have been shown to be extremely efficient in removing nitrogen and phosphorous
nutrients from agricultural runoff and septic field leachate. An artificial shrub
swamp, consiructed elsewhere in Massachusetis, was able to remove 621 of the
4782 kg/ha/yr of nitrogen introduced into it (Yonka and Lowery 1979). Later stu-
dies of a variety of wetland ecosystems have found removal efficiencies to range
between 40 and 971 (Sather and Smith 1984). Phosphorous removal in the same
artificial swamp cited above was found to be 761 efficient for a loading of 859
kg/ha/yr, and other plants such as cattails #ypha spp.), reeds and sedges can
remove 300-800 kg/ha/yr (Chun 1982). The removal of nutrients is important not
only in preventing eutrophication of ponds and streams, but also for protecting
underground drinking water supplies especially in agricultural regions.

The effectiveness of wetlands in holding toxic chemicals has been amply
demonstrated by local examples. Before new laws were enacted during the 1970s
local chemical and leather-tanning industries dumped significant amounts of cad-
mium and chromium into the general waste disposal site near the Hoosac River.
Leaching of these chemicals has been noted and some have been ebsorbed by
adjacent ponds and marshland preventing them from reaching the river. One
recent study found that depending on the metal, vegetation and soils type, wel-
lands were capable of removing 20-1001 of heavy metals (Sather and Smith 1984).
The U.S. Environmental Proteclion Agency has reported annual wetland removal
potentials as D.001-0.38 kg/ha for cadmium., 0.007-1.58 kg/ha for copper.
0.13--103.4 kg/ha for iron, 0.026-1.01 kg/ha for lead, and 0.001-1.714 kg/ha for
zinc (Chun 1982). Highly toxic and persistent polychlorinated biphenyls (PCB's)
were dumped into the Hoosatonic River south of Williamstown by a manufacturer
of electrical transformers. Downstream contamination has been significantly
reduced by the absorption of these chemicals in the sediments of Woods Pond and
adjacent marshland through which the river flows. Recent reports by the com-
pany even suggest that the pond’s bacleria have begun to break down this chemi-
cally stable material. ’

While it is difficult to place a monetary value on such public service func-
tions of wetlands, these removal efficiencies compare extremely favorably with
those of expensive secondary sewage treatment plants which typically remove 701
of heavy metals and toxic organic compounds, S0 of nitrogen and only 301 of
phosphorous.

Ecological values. Wetlands are extremely efficient converters of solar
energy into biomass, typically rivaling cornfields in productivity per hectare.
Wood swamps and sedge marshes produce 7—14 metric tons of biomass/ha/yr,
while a cattail marsh produces 20--34 metric tons/ha/yr (Chun 1882). In addition
to the common plants expected in the New England states, seven of Williamstown's
wetlands currently are known to host six rare species, while historical records
exist for five others.

The great variety of plants found in these wetlands provides a range of habi-
tats for migratory and native birds, and for several species of mammals, reptiles,
amphibians, fish, insects, and other invertebrates. We have used the ecologically
based scheme of Golet and Larson (1874) to classify Williamstown's wetlands by
vegetation type and water depth into seven classes: open water (1-3 meters
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depth), deep marsh (0.15-1 m average depth), shallow marsh (less than 0.15 m
during the growing season, but water may be absent at other times), meacdows
(saturated soil during growing season, never more than 0.15 m of water at other
times, few woody plants), shrubd swamp (woody plants less than 2 m in height cov-
ering more than 502 of wetland, water depth less than 0.3 m), wood swamp (simi-
lar to shrub swamp, but woody planis exceed 2 m in height), and seasonally
Slooded flats (river floodplains). Depending on vegetation type, thase classes
are further divided into twenty-two subclasses. These categories may be directly
compared with the classificatjon system used by the U.S. Fish and Wildlife Service
(Cowardin et al. 1978) since the wetland boundaries determined in this study were
superimposed on the National Wetlands Inventory Map (Figure 2).

While the ecological importance of each wetland has been assessed in this
study, there do not appear to be any models available that can convert this infor-
mation into economic valuve.

Educational and recreational wvelnes. The ecological richness of wet-
lands make them ideal ouvtdoor laboratories for teaching field science to elemen-
tary and secondary school pupils and as subjects for serious research by univer-
sity students and faculty. These areas also provide less formal opportunities for
nature study, bird-watching and nature photography for both residents and tour-
ists. Other recreational activities sujtable for wetlands include hunting, fishing,
trapping, hiking, boating, ice skating, cross-country skiing, and picnicking. Some
economists have determined a monetary valve for wetlands' educational and
recreational worth by estimating the cost of travel and recreational equipment,
including binoculars, cameras, field guide books, and hunting, fishing and sports
equipment.

Aesthetics, open space and land-use planning. Wetlands can provide
open space and aesthetically pleasing visual contrast in otherwise crowded
developed areas. The extensive use of artificial ponds in puoblic parks in Europe
and North America and their heavy use by the public suggest that policy makers
are aware of their appeal. In the United States, the cost of land adjacent to and
overlooking wetlands is generally higher than for other building lots. Develop-
ment costs associated with the provision of proper dreinage as land becomes
covered by paving and buildings can often be reduced by incorporating an exist-
ing wetland into a land-use plan. Models for assessing visual, culiural and other
lznd-use values have been developed by Smardon (1983) and Smardon and Fabos
(1976). .

.

3. Wetlands Inventory of Williamstown

3.1 Methodology

The inventory of Williamstown's wetlands was carried out as part of the
thesis ressarch of Anne D. Southworth in Environmental Planning at the Center
for Environmentsl Studies, Williams College, between Sspiember 1985 and May
1986. Three previous reports prepared for the Town since 1863 recommended
that plans be prepared to identify. locate and protect those wetlands of particu-
lar significance to Williamstown. Aithough there has been strong support for
such a program, this study represents the first comprehensive examination of
this resource. Because of Lthe variation among legal definitions discussed earlier,
we chose a broad definition of wetlands thal would be inclusive of most of them.
We gathered data on all open water bodies and any land more than 50X covered by
wetland plant species that excesded 0.04 ha in area.
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FIGURE 2 Wetlands map of Williamstown MA Both the wetland boundaries reporied in this
study and the designations from the National Wetlands Inventory Map are shown
Dark contour lLines are spaced approximately 30 meters apari and the highest
elevation of just over 1000 meters above sea level occurs in the southeast corner
E= 1w vear frequency flood plamn ] Wetsoils not pecessarily vetlands
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It was found necessary Lo consult a variety of unusual sources in order to
locate all wetlands in Lhe. study region. The more prominent wetlands were found
by examining earlier reports. Soils that might support wetlands were identified
from a 1973 U.S. Soil Conservation Service map, and 100-year floodplain boun-
daries were taken from federal flood insurance maps. Addilional areas were
located through interviews with landowners, knowledgeable citizens and town offi-
cials. All potential sites were located on a set of stereoscopic, infrared aerial
photographs taken in August 1985 and then were visited in the field. All wetlands
chosen for inclusion were pholographed (210 photos were made and cataloged) so
that visual information about vegetation and wetiand type would be readily avail-
able for both assessment and regulatory purposes. After first identifying wetland
plant species, wetland boundaries were drawn on a topographic master map (Fig-
ure 2).

In order to rank the wellands in terms of the values cited earlier and to
assess the development pressure on each, data were collected at each site and
assembled into tables for ready reference:

1. "General Wetland Parameters” includes common name, location by map coor-
dinates, size (determined using an electironic digitizer), land-use zone in
which located, present use of surrounding land, and type of ownership;

"Soils Classification and Hydrology” includes site type, soils, a comparison

with two previous aerial surveys (MacConnell and Niedwiedz 1975) and

groundwater recharge potential based on the Soil Conservation Service map
and recent information prepared by the Berkshire County Regional Planning

Commission (1984);

3. 'Vegetalion" describes the wetland class and subclass, pattern and extent of
vegetalive cover, indicates presence of rare plant species and presents
specific comments abowt the vegetation at the site;

4. "Wildlife” lists animal species recently observed in twenty-five of the wet-
lands, a~d is based upon records of scientists, bird-watchers, hunters,
trappers and fishermen as well as upon direct field observation,

5. "Rare Plants” lists historical and current records for Williamstown's wet-
lands;

6. Additional tables of plant and wildlife expected in our region were also
assembled (Clark and Carlozzi 1876). .

~r

It was assumed that the last three pieces of information in the first table
were the most sensitive measure of development pressure. Towns may divide
themselves into land-use zones so as to assure orderly development of public ser-
vices, to protect public health and safety, and to promote the gensral weifare.
Williamstown has chosen to create two rural zones, a conservation-recreation dis-
trict, largely confined Lo the upper stsep mountain slopes, in whic~ 50 dwelling
units may be built, and a rural residence district which encourzges agriculture
and forestry, but limits building density to one house per hectare. Higher den-
sity housing and apartments are permittad in the more urban general residence
districts. The business zones provide for shops and hotels, while industry is con-
fined to the remaining urban district. We determined adjacent land use since it
has proven to be a strong predictor of future development trends. Finally, land
ownershlp plays a decisive role in economic development since private owners
are able to initiate any project permitted under the land-use laws, whereas state-
and town-owned lands may only be used for designated purposes.
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3.2 Descriptior. of identified wetlands

A total of 55 wetlands were located in the field. Wetlands in the same vicinity
having a common water source were considered as a single unit. Total welland
area was 254 hectares, exclusive of river and stream channels, or about 21 of the
total area of Williamstown. Individual wetlands ranged in size from 0.04 ha for a
small farm pond to 28.5 ha for a large wood swamp. Earlier estimates which were
based solely on aerial surveys were found to underestimate significantly the
actual wetland arsa. Three separate studies reported only 23, 74 and 1B0 hec-
tares of wetlands, in part because aerial photography could not distinguish shrub
and wood swamps from their dryland counterparts (Southworth 1986). Discrepan-
cies were also found in wetland boundaries, demonstrating the importance of on-
site field investigations for' oblaining accurate meagurements of wetland boun-
daries. )

Forty of the wetlands (162.5 hectares) are located in the rural residence
district and only four are in the conservation-recreation district (1.7 ha). Nine
are found in the general residence districts (44.3 ha), two lie exclusively within
the business or industrial zones (0.8 ha), and four are shared among the urban
districts (44.6 ha). Foriy-eight (B1Z) of the wetlands are in private ownership
and eight are at least in part owned by the Town or the State. Eighteen wetlands
are directly associated with streams and one third of these are created by dams
(the largest being the 1.2 ha Williamstown Reservoir). Most of the river flood-
plain is in private ownership except for a Town-owned park along the lower Green
River and a section along the Hoosac that is used by Williams College for sports.
Twenty wetlands consist of one or more small, artificial ponds usually 0.1 hec-
tares in area or less that were crested for agricuitural purposes. Only three
open water bodies of 3.9, 1.7 and 0.5 hectares are classified as lakeside environ-
mants. Each is associated with a substantial and ecologically important marsh of
9.5, 7.4 and 2.0 hactares respectively, and all are in close proximity to the
Hoosac River floodplain.

4. Ewvaloation of Wetiands

As indicated earlier, wetlands provide a variety of benefits to society, which
are difficult to assess quantitatively. Property owners seldom receive direct
economic returns from thair wetlands, so that economists have had difficuity in
calculating monetary valuves for such lands. Several models have been proposed
including 1) the "wetland replacement valve,” 2) the "income generation poten-
tiai” and 3) the "market value of comparable wetlands.” Such models have pro-
duced values that range from $335 to $200,000 per hectare (Southworth 1986) for
the same wetland. Current undeveloped land prices in Willilamstown range
between $6000 and $50,000 per hectare. These valves should be compared with
the ostimates for other specific benefits cited under Wetland values

Given the unceriainties inherent in such economic analyses, we chose not to
attempt a quantitative economic model for Williamstown’s wetlands. Instead, each
wetland was first evaluated qualitatively for its contribution to flood control,
streambank stabilization, water quality, groundwater recharge and discharge,
and aesthetic-cultural valves. Then a two-stage evaluation of each wetland was
carried out using a procedure developed by the Wetland Research Team at the
University of Massachusetts (Larson, Ed. 1876). This model places its greatest
emphasis on ecological valvues that are important for educational, recreational
and conservational purposes. Each wetlland was first assessed to determine if it
met one or more of eleven specific criteria:
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The presence of rare, restricted or relic flora or fauna;

The presence of infréqnently occurring flora possessing high visual quality;
The presence of flora or fauna near the limits of their range,

The presence of a vegetational gradient from submergent to forest vegeta-
tion (hydrarch succession) indicative of a rich range of habitats;

A high production of native waterfowl species;

The use by a large number of migrating waterfowl, and other birds;

7. The presence of outstanding or unusual geomorphologlcal features in or
associated with a wetlang;

8. The availability of reliable scientific information concerning the geological,
biological or archeoclogical history of the wetland;

8. The presence of outstanding archeological evidence;

10. Wetland classes that are relatively scarce in a physiogeographic region or
that provide distinctive visual contrast;

11. Wetlands that are integral links in a system of waterways or which dominate
the landscape of a region.

LN

o v

While some of these criteria require subjective judgement, they were found
to be relatively easy to apply in practice. Ten wetlands met one or more of the
criteria. The large, College-owned Eph's Pond and marsh met four of the criteria
(1,4,6,8). This wetland is home to three rare plant species, one of which is
endangered within Massachusetts, and a second which is on the threatened list
(criterion 1). Historical records exist for two additional species which are not
currently known to exist in Williamstown. Records exist for the sighting of 175
bird species at this site including 46 species that are wetland-dependent. Among
the latter are 15 species of both migratory (criterion 6) and breeding ducks and
geese 16 wading or shorebird species, and 15 other species including the nation-
ally rare osprey (Pandion haliaetus). The area is also home to two species of
reptile, five amphibians, one crustacean, one fish and two important fur-bearing
mammals, muskrat (Ondatra zidethicus) and racoon (Procyon lotor). This wet-
land is among the Town’s most productive sites for wildlife, in part because of its
full range of plant succession (criterion 4) and the nearby open fields and flood-
plains. Its easy accessibility has also made it a research site for faculty and stu-
dents (criterion 8), a sampling site in the statewide acid rain monitoring program,
and a favorite bird-watching location for amateur naturalists. This site was also
judged to provide visual contrast to the surrounding landscape and hence to con-
tribute both aesthetic and open space values. The nearby Town-owned Bridges
Pond and marsh met two of the same criteria (1,6), and is a favorite local recrea-
tional area. One of the only upland wetlands in the area met criteria 1 and 7 as
the home of two rare plant species and for its unusual geological setting in a deep
depression between two mountain psaks. The other seven wetlands met crileria
1,4.7,8 and 10, and include three areas that suppori rare plant species, a water
chemistry research site and the only Williamstown's wetland locsted i a horeal
forest, a 3.3 ha wet meadow, and a cluster of three "kettlehole” ponds formed
when large blocks of ice were separated from the front of a retreating glacier at
the close of the last Ice Age.

The remaining 48 wetlands were evaluated for their wildlife polential using a
numerical scoring system that is based upon the class and subclass (described
earlier), ecological richness, size, site type, suwrrounding habitat ané current
land use, vegetative cover pattern and closeness .to other water resources.
These factors were weighted so as to give class, richness and size the most
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importance and closeness to other water resources the least (Larson, Ed. 1976).
Possible scores range from 32 to 96, and seven areas scored in the moderately
important range of 64.5 to 75.5. Several of these higher scoring areas were
found Lo support additional species of native fish, amphibians, reptiles, birds and
fur-bearing mammals such as beaver Casior canadensis), mink (Mlustela vison),
red fox (Vulpes fulva) and the regionally rare otter @Lutra canadensis). The
twenty-one farm ponds tended to score much lower (average 44.9) since their
open surroundings and lack of vegetation do not provide adequate food and habi-
tat for much wildlife. Nevertheless these ponds serve agricuitural needs,
recreational and aesthetic purposes and provide water supply and fire protection
in rural areas. The lowest wildlife score of 38.0 was received by an isolated sea-
sonal marsh surrounded by houses and apartments, which does, however, provide
open space and reduces local flooding by capturing surface runoff.

5. Regulating ¥etlands Under United States Laws

Wetland vse fn the United States is regulated under a complex set of laws
that originate at different levels of government. Larger wetland resources such
as rivers and lakes and their associsted floodplains, swamps and marshes, and
those wetlands which span state boundaries are subject to regulations at the
national level. Pilling of any lake greater than four hectares, or stream having a
flow greater than 0.15 m¥/second or their associated wellands requires a permit
from the Army Corps of Engineers and a review by the U.S. Environmental Pro-
tection Agency and the U.S. Fish and Wildlife Service. 1n the case of most larger
projects there is also an opportunity for testimony by the public. The authority
for this legal! process is section 404 of the Clean Water Act which requires that
officials must "consider whether the proposed activily is primarily dependent on
being located in, or in close proximity to the agualic environment and whether
feasible alternative sites are available.” When deciding whether to permit the fil-
ling of a wetland, regulators must consider the following factors: "conservation,
economics, aesthetics, general environmental concerns, historic values, flood
damage prevention, land use, navigation, recreation, water supply, water quality,
ensrgy needs, safety, food production, and in general, the needs and welfare of
the people”™ (42 Federal Register 37136). Because of its emphasis on water qual-
ity. the law regulates the filling but not the draining of wetlands. It is important
to note that this law like most others requires a balancing of economic and
environmental values by government agencies, but does not dictate Lthe exact con-
ditions under which a permit must be granted or withheld. In 1986 a precedent-
setting ruling by the Environmental Protection Agency substantially strengthened
wetland protection under this act. A developer proposed to build a large shop-
ping center by filling a 40-ha wood swamp in Attleboro, Massachusetts. To offset
the loss of the swamp, he offered to replace it with an artificially-created wet-
land of comparable size in an abandoned gravel pit several kilometers away.
Such compensation for lost wetlands is encouraged by the law, bul few projects
have been sttempted on this scale. He was denied a permil on the grounds that
the proposed project did not need to be in a welland, and alternative, dryland
sites were available even though he did not own them. Many critics of Lthe propo-
sal also argued that the wetland was hydraulically linked to the underground
aquifer, and was a complex geological and ecological system thal could not simply
be picked up and moved to another location. As noted in the Williamstown study, a
substitute wetland is also less likely to provide as rich a wildlife habitat as is a
natural area. Although this particular project was halted and one wood swamp
has besn at least temporarily saved, approximately 20,000 ha/yr of U.S wetlands
are filled after undergoing similar review (Office of Technology Assessment
1884).
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Both state and federal governments have enaclted additional laws to cover
other actions affecting wetlands. For example, under executive orders 11988 and
11990 promulgated by President Carter in 1977, federal agencies are ordered to
avoid construction on floodplains whenever practicable, and to minimize destrue-
tion, loss or degradation of wetlands through federal activities. Other federal
laws that might protect some wetlands are the Endangered Species Act, which
protects habitat, and the National Environmental Policy Act, which only requires
review of the snvironmental consequences of actions by federal agencies (butl not
by state or local governments or by private citizens). Two additional federal laws
provide strong incentives to individuals not to destroy wetlands in the pursuit of
economic activity. The National Flood Insurance Program provides government-
subsidized flood insurance for properily owners provided that their local commun-
ity requires all new housing construction to be raised above the level of the 100-
year flood. Perhaps the most far-reaching legislation is a provision in the 1985
Farm Act which denies federal agricultural price supporis, crop insurance, crop
storage loans, or any other federal agricultural loans including those on homes if
farmers produce any crops on newly converted wetlands. Farmers may reduce
existing debt on their homes by placing a conservation easement on their wet-
lands to insure that they will notl be drained or filled for any reason. These pro-
visions nol only protect wetlands, but also discourage the production of surplus
agriculture products. Massachusstis also provides tax reduction benefits of 752
to any landownsr who guarantees that his or her wetlands will remain in an
undeveloped condition.

The major tool for regulating wetland use within Massachusetts is the State
Wetlands Protection Act of 1872 (G.L. Chapter 131 s 40). Under Lhis legislation,
primary responsibility for regulating wetlands rests with a five-person citizen
board appointed by elected local government officials. Proposals to alter a wet-
land must be presented to this Conservation Commission in an open, pubiic mesting
at which any citizen may speak. Some activities are exempt such as wetland
changes associated with 1) cranberry farming, 2) normal maintenance and
improvements associated with active agricultural land, 3) small-scale forestry for
one's own use, 4) forestry associated with a prefiled plan, 5) alteration of small
extensions of a wetland less than 50 m® in area or an open body of water less than
1000 m?, or 6) work done in connection with mosquito control. Otherwise the Com-
mission may set conditions or deny an owner the right to alter a wetland in order
to protect public or private water supply, groundwater, fish and shellfish, or to
reduce water pollution or pravent damage from floods, erosion and storms. Not-
ably absent from this list of environmental values to be protected are aesthetics,
recreation and wildlife other than fish. An attempt is currently underway to
amend the act to include wildlife as a value to be protected, and some towns have
added all three values to local wetlands protection laws. The state law provides
for criminal penalties for those who fail to obtain a permit or to abide by the con-
ditions established by the Commission of up to $1000 or imprisonment of one
month for each day of violation. Such severe punishment is seldom vsed, and
appeal to the State Department of Environmental Quality and Engineering is
always possible, bot the presence of such penalties does encourage developers to
comply with the conditions of their permit.
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6. Economic Development and the Sustainability of Wetlands

The economy of Williamstown has centered primarily on its largest emplover,
Williams College, and on dairy farming and light manufacturing. While population
in the region has declined recently, Williamstown continves to grow at a rate of
about one percent per year (Berkshire County Regional Planning Commission
1984} thanks to its rich cultural life and its attractive natural setting and loca-
tion. Being just 200 km west of thriving Boston and 250 km north of the massive
population center of New York City, Williamstown has begun to attract urban peo-
ple for vacations and retirement. There is pressure to construct additional
houses, apariments, hotels and shops in the general and rural residential dis-
tricts where most of the unprotected wetlands lie.

Fortunately some of the most important wetlands are protected because they
were purchased by the Town, are owned by conservation trust organizations or
belong to the College. The College and the Town have, however, also been respon-
sible for wetland losses in recent years. Both the old waste dump on the Hoosac
River floodplain as well as the new disposal site and sewage treatmen! plant are
close to the river and have preempted some wetlands. Thare have been incremen-
tal losses in the neighborhood of the wildlife-rich Eph's Pond as some of the adja-
cent forest was removed by the Town to construct a housing project for the eld-
erly, and by the College to develop parking lots and sports fields.

Williamstown's wetlands are not in danger of disappearing overnight, but
they are threatened by incrementml loss as Lthe benefits of each economic
development are weighed against the cost of surrendering one small wetland
While none of Williamstown's wetlands is extensive enough to be considered
‘regionally important” according to a 1977 Massachusetts Water Resources Com-
mission Report, the kind of detailed study report here demonstrates that particu-
lar wetlands do possess significant and irreplaceabls values, Taken as an aggre-
gate, these lands are found to possess sconomically imporiant values such as
flood protection, drinkable groundwatsr production and water quality improve-
ment. They also provide ecological benefits by protecting endangered flora and
favna and by enriching the variety of both native and migratory wildlife. Finally,
they are found to contribute indirectly to the economic and population growth of
Williamstown by adding significantly to such aesthetic and cultural values as edu-
cation, recreation and open space. At the same time there are worthwhile
development projects that may encroach on these lands. The issue then is how
best to cope with these competing demands.

In developing a proposal to protect Wiiliamstown’s wetiands it is important to
remember that these lands comprise only about 21 of the total town area (or if
one excludes the steep highlands and includes river and stream channels as wet-
lands, perhaps 5% of potentially developable land can be classified as wetland)
Second, most land-use decisions in the Unfted States are made by loca! officials
according to criteria that must balance the health, safety and general welfare of
the public against the economic rights of the property owner. Finally, given the
kind of detailed knowledge needed to make judgments about both specific develop-
ment projects and local environmental values, it seems most practical Lo have
decision making at the most local level possible. On the other hand, wetlands
often possess qualities that transcend the boundaries of local government. For
exampls, a wetland may be connected hydraulically to a river or large under-
ground aquifer, chemically as the sink for acid deposition, or ecologicaliy to a
distant region through migratory birds. It seems most appropriate, therefore,
for national and state governments first to determine the wetland values that
need protection, and decide which economic and environmental factors must be
weighed. They must then be certain that their own activities do not violane either
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the substance or process of the sstablished principles and laws. These higher
levels of government need also to be the responsible decision-making agent for
larger-scale projects that affect more than one community or which have interna-
tional implications. As demonstraled by this study, state and federal natural
resource agencies can contribute significantly to informed decision making by
pathering and providing information such as soils maps, and economic, ecological
and hydrogeological data Lo local officials. State and federal officials should
also hear appeals from developers, towns or the public who disagree with a
locally-made ruling, and monitor decisions to be certain that Lthey were fairly
arrived at, and are compatible with broader policy principles. In addition to
regulating the use of wetlands, looal governments should also have the freedom to
enact more stringent wetlands protection laws if they feel such action Lo be desir-
able. .

We have recommended that Williamstown enact a stronger zoning law to
reduce future development in the remaining floodplain, and that additional values
such as wildlife, recreation, aesthetics and open space become grounds for res-
tricting wetland destroying activities. If implemented, these factors would
reduce the number of economic projects judged to be of sufficient importance
that wetlands should be sacrificed Lo accommodate them. In the case of several
wetlands having exceptionally important environmental values, development pres-
sures were found to be currently or potentially high. To protect them, we have
recommended the purchase of these particular wetlands or their development
rights by the Town. This option is feasible since the data Lo make such judgments
are now avaijlable, and one is dealing with a relatively small amount of land so that
costs are not liksly to be tuo high. Finally, local officials should inform farmers
and other landowners of the financial benefits they may receive under various
state and federal laws for protecting their wetlands. By using these multiple
approachas, Williamstown should be able to continue enjoying both jts wetlands
and economic development along with the benefits that each provides.

Universities and research institutes also have an important role to play in
gathering data which decision makers =i all levels can use. The study of
Williamstown’s wetlands described here has been given to Town and State offi-
cials, to the Water Rescurce Center at the University of Massachusetis, Lo the
State Association of Conservation Commissions and to other environmental
centers. It is our hope that it will supply specific data for decisions about
Williamstown's wetlands, provide a model for the other 358 cities and towns in
Massachusetls and perhaps suggest approaches that will be useful for other
nations represented at this Conference. In any case, we can respond to historian,
Lynn White, Jr., that the questions have now been asked, and with data in hand, we
are currently working on the answers.
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45 THE DATA BASE FOR FOREST MANAGEMENT IN LITHUANIA*

L. Kairiukstis, J. Grigalinnas, S. Mizaras
Lithuanian Research Institute of Forestry
Kaunas, Girionys, Lithuanian SSX, USSR

1. Introduction

Forests occupy 27.6X of the territory of the Republic of Lithuania. They
perform a nature-protecting role, supply industry with timber and other materi-
als, and they are of recreational and aesthetic valve. Optlimal multipurpose utili-
zation of forest resources requires a very skillful approach in planning and per-
forming silvicultural activities. Rational utilization of resources is organized on
the base of a system approsch. The system includes systemalic registration of
forest resources and determination of the level of their utilization, planning and
performance of all types of forest cutting, afforestation, amelioration, and other
activities.

The core of the forest management system lies in the data base of forest
(inventory) plots. The questions of dala base compilation, updating and some
aspects of application are reviewed in this paper.

2. Compiling and Updating the Data Base of Forest Plota

Periodical forest inventories (one per 10 years) of the Republic serve as
input to the data base. The paramelers of each stand are measured in accor-
dance with visual estimation of some of them. About 130 various indices are used
to characterize each stand and nonwooded sites. Bearing in mind that the data
base includes wooded and nonwooded sites, and that stands may be of different
structure and state, each plot is characterized by indices.

In an sutomated search of information, each of the plots has its
coordinates: forest enterprise.code, forest division code, quarter and plot
numbers. Also included are: plot area, forest and land categories, administra-
tive region, relief, exposure, slope, erosion type, etc. A stand is characterized
by wood species code; species composition coefficient; quality class; forest type;
sofl group; mean age, haight, diameter; absolute and relative basal area; volume
on 1 ha acocording Lo sloreys, origin and so on. Also included are characleristics
of the heallh of a stand and the extent and kinds of silvicultural activities under-
taken.

The characteristics of individual forest plots of the Republic (about
630,000) take approximatsly 212 megabytes of computer memory. Information is
brought together into 13 files. Management of the data base is performed by
means of the standard program complex SETOR, and a series of special programs.

ain: Ecological Sustatnabdlitty of Reglonal Development, Proceedinga of a Workshop held in Vil.
nius, Lithusnia, USSR, 22-26 June 1987. L. Kairiukstis, A. Burelas, and A. Straszak (Eds.). 1988,
Systems Research Institute, Polish Academy of Sciences, Warsaw, Poland.
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The precision of the information in the data base of forest plots can be main-
tained by updating. This is done every year. Douring updaling of information,
each of the plots is evaluated from the point of view of changes related to forest
felling, artificial afforesiation and also a series of anthropogenic and nonanthro-
pogenic influences on forests. All the changes are accepled in a very strict
order. The last operstion of acceplance of changes is the prognostication of
natural stand growth. The block scheme of vpdating is presented in Figure 1.

The greatest problem in updating is the progncstication of natural stand
growth. The main indices, such as standing volums, height, diameter, relauve
basal area ars prognosticated. The follavdng models are used .

Nr, =Nl +Py/100) i,
Py=s, +8,/T+2,/ T 4S(a, + 85/ T +2g/T)+{B-4)a, T .zp(a,) exp{-a,/’l’)
Dpilip = (8y +8B)1 ~ ezp((—(eg + NB)T))J oxp[l/(a; + asB)J P

sr = “‘nun

Indices:
Mp,y —volumeatageT +1;

My  ~volume atage T;

Py - percenl of volume increment;
5 - relative basal area;

B — number of site indices;
Dg.Hg - mesn diemeter and height;
My - volume of standsrd stand.

3. Application of the Data Base of Forest Plots

The deta base helps in solviug many tasks of forest ssctor managemen& in'the
Republic of Lithuania, e.g., svalvating the stale and dynamics of forest, control-
ling intermediate felling. determining optimal harvesting, planning the extent of
silvicultural activities, svaluating the level of fores(. land usage. ete. Some of the
tasks are discussad below in detail.

3.1 Assessment indices of productivity and itilization of furest land

The assessment of forest land is based on an assessmént scale, 2 mathemati-

cal model and a compuler program. The assessmenl snables us to estimate the

shortcomings of uming potential possibilities of forest land productivilty and to
ascertain activilies and ways of overcoming them in order Lo raise forest produc—
tivity.

) The scale of forest land asvesément is givcn in Table 1. Yorest land is distri-
buted into 27 Lypes {forest growth conditions). The indices, S, N, L, U, P show I.he
level of water regime (S — dry, P ~ wet). The indices 2, b, ¢, 4, { reprasent pro—
ductivity (a — land of low productivity, f — land of high prbducllvﬂ.y)

Forests are divided depending upon the dominant tree ,sj:ecies. plne P),
spruce (E}, oak (A), ash (U), birch (B), black alder (J), aspen (D), and grey alder
(BL). The average increment of forest volume at the age of final cuttling is con-
sidered to be the criterion. The increment ts assessed in terms of wood realiza-
tion costs.
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Table 1 Scale of forest iand assessment indices in the Lithvanian SSR
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Type of forest

Assessment indices of stand species, grad.j‘

|

growth condi-

tions A i J E ’ D
Sa
5b 30
Sc 65 40
38 0% 45
Na 30
RIS 65 40
e 80 50 50
Nd w* 0 55 5
NE 5 00*® 0 0
La 30
Lb o0 40 40
Lc 75 50 45
d g0* 90 50 50
Lf 90  100® 20 55
Ua 15
ub 0 av
Ue 4 30
Ue 725% 50 35
uf 85% 60 40
Pa 5
Pb 25 10
Pc 35 I3
Pd 50 20
Pa® 10
Po" & I3
Pct 35 20 2v
pa” 75 55 25 25

T
Bt
T———

20
av

<«
<5
30
30

20
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~

v
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Our model of forest land assessment is:

)
O,=3) SB, . 1=12,..n":
f=1

Op = i ™y : M) 5, ﬁ m ; j=12,..m ;
j=1

in 10
y =0,100/0, .
Indices
0, - assessment index of forest land in grades;

S; - areaof i-th site, ha;

B; - assessment index of land of i-th site in grades;
n — number of sites jn a separate management area;
— assessment index of a stand in grades;

M; - standing volume on i-th site in m>/ha;

M - oplimal standing volume on i-th site, m3/ha;

by; - assessment index of j-th species on i-th site, grades;
ku - coefficient of j-th species’ part on i-th site;

m - number of speacies on j-th site;

y - index of land utilization level, .

The forest lands of Lithuania have been assessed since 1978 according to the
given method. The level of forest land utilization by individual forestry enter-
prises fluctuates within the limits of 61-77%.

3.2 Calculation of optimal volume of intermediate cutting

The second activity in seeking to raise the productivity of forests is the cal-
culation of optimal volume of clear-cutting.

In order to grow highly productive stands, a model of maximal stand produc-
tivity has been constructed in the Lithuanian Forest Research Institute. As a
result of our investigations, standards for clear-cutting for every ten years have
been worked out. The standards are represented by equations. Optimal volumes
of cutting wood are calculated for every separate stand by the computer. The
size of cutting volume is estimated as the difference between standing volume and
volume left after cutting. The difference is found by using equations. The equa-
tions (lotaling 28) approximate the relation between avermge height (H) and
(standard) volume (My) on 1 ha after cutting. The relation between these indices
is represented in most oases by parabolic equations of the second and third
degree. The equations have been constructed for pure one-layer, two-layer and
mixad soft-leaved — hard-leaved or hard-leaved — soft-leaved stands. In mixed
stands, the difference between heights of hard-leaved ad soft-leaved species (AH)
is taken into account. An example of this relatjon is as follows:

My =[1/ (s + 8, aHJH'/ (8 * 2340

The algorithm includes 4 main blocks: selection of an equation for every
individual siand by analyzing its structure; calculation of the volume remaining
using the selected equation; determination of the sequence of cutting; and prog-
nosis for height and stock volume.
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The structure of a stand is analyzed in terms of species’ composition, number
of layers, existence of undergrowth, main species, age, height, relative basal
area and origin. The sequence of cutting of stands at the age T > 10 (three levels
of the sequence have been accepted) depends also on their strocture.

3.3 A model of optimal final cutting

The third main activilty in the system of managing forest resources is optimi-
zation of final cutting. The greatest quantity of wood is supplied by the final cut-
ting. For calculation of optimal cutting volume, {t is necessary Lo achieve a uni-
form distribution of forest area according to age classes. This is done by using
the model OPTINA:

r .
Lk=L P sark,
T im
a=0989=01; r=1=T, ~1.

The first step is calculation of a minimal cutting area for a ten-year period
for all age classes: )

Ly =min [L,‘.‘] :
r=1+T,~1.
The cutling area from one ten-year period to the next is limited by the fol-

lowing restrictions:

1.8 Ny 2ff Ny =—

then:
a) if Ly <Ny , the cutlingareaisly ;
b) if Ly, >N, . thecuttingareais N, ;
2. If Ny <ff . the culling areais Ny ,
3. 1f f,}‘;zﬁLk ., =01 +05 , thecvutting areais L, ;
0 =tf +10, =Ly .

The coefficient § limits cutting of exploitable stands. The minimal area of
exploitable stands makes up one yearly cutting area of a previous ten-year
period (f = 0.1). The limits of § are 0.1 = 0.5. Having made calculations for the
first ten-year period, cutting areas for the second and subsegquui periods are
estimated. But after calculations, the cutting area of every nexi tLen-year period
Ly, is compared with the cutling area L, _, of the previous one. If Ly <l
then a must be reduced by 0.1 and calculations for Lk,_, are repeated until ine-
quality l.k‘ x l‘k,_l is obtained, and so on. ’

At the end of sach ten-year period, each element of the matrix of areas ‘
passes into the next age class. -



Indices:

N
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- caleulat.éd minimal cutting area for a ten-year period;

— lotal area of all age classes of k species;

~ rotation period (a number of ten-year age classes in the k tree
species rotation); ’

— area of even utilization;

- area of i-th age class, ha (i =1.2,...,Ty); numeration begins with

. exploitable age classes;

- inclusion coefTicient of area of a senior age class (a % 0.9).

“Tables of area distribution of tree species according to age classes and
volumes of exploitable stands on 1 ha are used as input information. Calculations
.. indicate that a normal cutting area in our republic will be accessed by the year

2025.
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4.8 THE GREAT LAKES: EXPERIENCE IN INTERNATIONAL RESOURCE
MANAGEMENT®

Valdas V. Adamkus

Administralor, Region 5,

US Environmental Proteciion Agency
280 South Dearborn Strset,

Chicago, MUinois 60604, U.S.A.

Growth and development are among the primary functions of any nation,
regardless of its size. Whether an established, industrialized society moves into
new areas of sophisticated technology. or an emerging country struggles to
develop a stable economic base, growth is taking place. Although each nation has
its own unique set of factors thatl influence its development — such as differing
political and economic systems, cultural values, and nalural resources - the goal
is the same: to improve the quality of life of 2 country’'s citizens, who form the
basis of their nation’s strength.

And yel it is this very qualily of life that can suffer if growth is not managed
responsibly. No development Lakes place in a vacvum. Instead, natura!
resources are converted into other forms, people are moved around, the face of
the landscape is often changed, and wastes are produced. In short, the environ-
ment is affected.

It is only recently that the cumulative effects of development on our global
resources have received real attention. Incidents in the world press have made
clear that civilized nations have not properly planned for the impacls of growth,
impacts that range from the destruction of whole ecosystems by rampant overuse,
to contamination of air and water by incompletely processed wastes.

Our planet stili suffers from man's frontier mentality — one that excuses an
abuse of natural resources in Lhe belief Lthat "there's always more where that
came from.” Perhaps this attitude is more entrenched in newer or larger nations
Yet it can be said that we all are somewhat guilty of an "environmental myopia.”
This dangerous nearsightedness occurs either when we refuse to recognize poten-
tial pollution problems or when we insisl on believing they have only a local,
short-term effect.

As we are painfully learning, pollution respects no territorial boundaries.
The great global streams of wind and sea thal moderate our climates also convey
air and waterborne contaminants that affect the qualily of life hundreds, often
thousands, of miles from their source. While the degree of sophistication of a
nation's technology frequently can be used as a measure of the complexity of its
environmental problems, it does not matter whether a country's inhabitants live
in huts or in high-rises — without adequate pollution controls, the end result wili
be the same: wholesale degradation of air, water, land and habitat resources.

=in: Ecological Sustainability ¢f Regional Development, Proceedinge of s Workshop held tn Vil-
najus, Lithuenie, USSR, 22-26 June 1987. L. Xairiukstis, A. Buracas, end A. Streszek (Eds.), 1988,
Systems Research Institute, Poltsh Academy of Sclences, ¥Warsaw, Poland.
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However, | believe that it is possible, while respecting each nation's indivi-
dual mandate for growth, to find a way to guide development in a manner that
places man in a position of caretaker, rather than conqueror, of his environment.
This attitude of stewardship is not an idealistic one; rather, it is born of hard-
headed necessity. We share only one planet. At this point in our history, there
are no worlds beyond this one, that are accessible to us for a fresh start. To
survive as a species, we must protect and conserve what we have.’

1 believe that the industrialized nations, with their financial and leglslative
institutions, should take the lead in promoting this attitude of respect for the
environment and translating it into action. 1 would like to suggest a multifaceted
approach, which includes:

. fearlessly admitting environmental processes;

. recognizing their international aspects;

. isolating the sources of pollution, including industrial processes;

s researching and monitoring pathways of pollutants through the ecosys-

tem; .

. looking for potential repositories or end points where pollutants might
collect;

. developing a regulatory framework for cleanup, enforcement, and
prevention; ;

. reassessing cost-effectiveness in the long rather than the short term;

. working for the support and understanding of the public.

My own experience in North America leads me Lo use the case of the Great
Lakes as an example of how such a process can be undertaken.

The Great Lakes are an intensively used and internationally shared and
managed resource. As part of the border between the United States and Canada,
they extend some 4,000 km from their western shores to the Atlantic Ocean on the
easl — a distance comparable to a transatlantic crossing from North America to
Europe. The Great Lakes have been called "America’s fourth seacoast,” because
they add almost 17,000 km of shoreline Lto North America.

As a resource, the five Great Lakes are a continental treasure. They are
the largest body of fresh water on Earth. They have 2 combined surface area of
more than 296,000 kmz. and they drain an area of 650,000 km. Their importance
as a source of fresh water for drinking water and high-quality industrial use can
also be estimated by their capacity. The Lakes contain about 65 trillion gallons
of fresh water -~ 20 percent of the world's supply, and more than 90 percent of
the USA’'s fresh surface water.

The Great Lakes region is home for approximately 20 percent of the US
population and 60 percent of Canada’s. One fifth of all US and about half of Cana-
dian manufacturing industries are located in the basin and are, to a great extent,
dependent upon Great Lakes water.

The contrjbution of Great Lakes shipping to the regional economy is
estimated at over $3 billion annually. Recreation and tourism based on the Lakes
goenerates another $8-12 billion annually. Sport and commercial fisheries
account for another $1.5 billion.

Historically, the Great Lakes have supported the prosperity of the two coun-
tries that border on them. They were the foundations of our industry, agricul-
ture, and cities. We reliad on them for our recreation, our drinking water, our
energy, our economies, and our welfare. But, by the late 1960s, we began to take
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them and their contribution for granted.

We seemed to feel that smoggy skies, dead fish, and polluted water were the
price we paid for our prosperity. No one realized that these might be the warn-
ings of environmental and economic disruption, that so vast a resource could be
degraded.

And so the situation worsened. Air pollution was, and has been, a particular
problem around the Great Lakes. Unfortunately, many of the region's industries
also had a high pollution potential — including steel, primary metals and automo-
bile manufacturing, paper, and electrical generation. The skies of the area were
darkened by their emissions. Water pollution problems were also widespread.
Discharges of industrial effluents, inadequately treated sewage, and runoff from
urban streets and rural fields caused massive fish kills, beach closings, and algal
blooms, which impaired both recreational uses of the Lakes and their biological
diversity. The suitability of the Great Lakes for drinking water, and even for
industrial processes, was threatened. The indusiries and cities were destroying
the very resources upon which they depended.

This was the state of the Great Lakes snvironment when the US Environmen-
tal Protection Agency (EPA) was formed in December 1970 to provide an overall
national programmatic approach to the environment. Many states also reorgan-
ized and expanded their environmental control agencies, aided by grants {rcm
EPA. EPA's Region 5 office in Chicago was also created to provide jurisdiction
over most of the Great Lakes states and, through the Great Lakes National Pro-
gram Office, over all of the Great Lakes themselves.

The US Congress quickly passed a series of landmark environmental laws
These laws mandated national programs for what had previously been a state-by-
state regulatory design. They also gave the EPA broad powers in approving ang
rewriting state plans, and provided for direct federal enforcement of them.

The message soon spread in the industrial community that EPA was a force to
be reckoned with. This was the beginning of the institutionalization of industrial
environmental control in the United States. Similarly, when communities realized
that they were being held responsible by the federal government for their own
pollution, but that EPA’s Region 5 had billions of dollars available for wastewater
treatment plant construction, we bacame a permanent fixture of American
government.

EPA’s next steps were to fulfill our broad mandate for environmental protec-
tion. In Region 5, we placed a special emphasis on the Great Lakes. We held pub-
lic hearings and then issved permits thet had stringent limits for conventional
pollutants. We assisted the states as they developed regulations to control air
emissions. We began sampling and analyzing Great Lakes area air and water to
support our technical determinations and programs decisions.

We took special pains in Region 5 to assure that municipal wastewater treat-
ment plants were operating properly. We also sent several research vessels out
onto the Lakes Lo analyze their physical condition. Over time, the Great Lakes
environment changed. We saw significant improvements — water quality improved,
rivers no longer caught fire, the fish kills virtoally ended, and many beaches
reopened. But we soon learned that there were problems in the Lakes that we had
never envisioned.

We quickly realized that the environment was much more complicated and
interconnected than we had thought. Our analyses had shown elevated levels of
PCBs (polychlorinated biphenyls) in fish tissve, which were accumulating at an
alarming rate in fish ~ and in the people who ate them. At that time, there was no
regional role in toxic substance control.



- 154 -

In November 1975, Region 5 sponsored an international conference in Chi-
cago on PCB conlamination. The conference attendees recommended to the
Agency and Lo Congress that PCBs be banned. EPA issued a warning and phase-out
order in 1976, and Congress amended the Toxic Substances Control Act in 1979 to
outlaw their manufacture and restrict their vse. Canada cooperated fully in this
effort.

Later, Region 5 expanded analytical investigations and control efforts to
include tributaries to the Lakes. Runoff controls were started, limits on toxic
discharges to treatment plants and to waterways were added to permits, and some
pesticides were banned. But even this did not control the problem. We have now
realized, our regulatory focus must be broader yet. Leaking hazardous waste
landfills, slowly released toxic chemicals from contaminated sediments, and other
indirect discharges have forced us to look at the entire Great Lakes basin and
watershed - and beyond.

For a while we worked to control both conventional and toxic discharges to
the entire Great Lakes basin, and we began to realize that more toxic materials
were entering the Lakes than could be accounted for by discharges within the
basin. We now realize that as much as 80 percent of the current toxic load on the
Lakes is through air deposition - some of it transported long distances. As our
understanding of the environment has grown, so has our recognition of the con-
trol area - from direclt discharges, to tributaries, to the watershed, to the
airshed. and now to the entire globe. That is how we came to realize, as an insti-
tution and as individvals, how inextricably linked the local environment is to
larger global factors.

During this time, the Canadians were engaged in similar efforts. New
environmenial laws were passed, new control agencies at the federal and the pro-
vincial levels were organized. They also began a massive grants program to fund
municipal treatment plants. They launched a fleet of Great Lzkes research ships
and began the same sort of sampling and analyses as the EPA. They made similar
progress with their understanding of toxic substances in the environment.

The British North America Act assigned authority for navigable and interna-
tional water to the federal government. Pollution control and natural resources
management were primarily provincial responsibilities. The Federal Canada
water Act provided for agreements to establish the responsibilities of both levels
of government. The leading federal agency was Environment Canada. Its major
focus was to establish environmental objectives under the Great Lakes Water
Quality Agreement, while the major responsibility for implementation activities
was with the Ontario Ministry of the Environment. The Canada/Ontario Agreement
provided for joint funding of activities under the Greal Lakes Water Quality
Agreement and joint funding of municipal wastewater treatment facilities. .

Canada and the United States recognized their joint responsibilities very
early. In 19039, they established the Boundary Waters Treaty, which created the
International Joint Commission (1JC) Lo monitor and evaluate Great Lakes environ-
mental issuves and coordinate efforts for rectification. In 1972, the United States
and Canada saw a mutuai advantage in entering into the Great Lakes Water Quality
Agreement under the Boundary Waters Treaty. This agresement was a major mile-
stone in international pollution control and environmental management. It esta-
blished true international governance of such environmental resources manage-
ment issuves as hydrological regimes, lake levels, river flow diversions and con-
sumptive uses, and effects of navigation on the Lakes and tribuvtary channels. The
new agreement also sel the stage for a new approach to managing the total Great
Lakes resource — the scosystem approach. This approach considered man and
his economic activities as a fundamental component of the ecology of the Great
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Lakes. One of the most notable examples of American-Canadian cooperation in
joint ecosystem management has been in phosphorus control. Eutrophication was
a significant problem in several lakes, especially Lake Erie. While neither the
US Clean Water Act nor Canada's Water Actl specifically mandated phosphorus
control, both countries made it a priority in both the 1972 and the 1978 Great
Lakes Water Quality Agreements.

In the United States, limits on the amount of phosphorus that could be
discharged per unit of wastewater were added to permits. In Canada, control ord-
ers were issued to industries and municipal discharges to achieve the desired
reductions. Both countries spent millions of extra dollars to fund additional
phosphorus control measures in grants for municipal sewage treatment plant con-
struction. Also, both countries began seriously to logk at the phosphorus coming
from nonpoint source runoff. EPA, in cooperation with other federal agencies,
funded agricultural demonstration projects to control runoff from fields. EPA
also started an urban runoff control program to demonstrate phosphorus control
tschnology for combined sewer overflow and storm water runoff.

States and cities rapidly realized the water quality benefits of phosphorus
control. Many began building urban runoff collection and control devices. Twc
Canadian provinces and five states either banned or severely limited phosphorus
in laundry detergents.

On the local level, Great Lakes governors and premiers gathered in 1985 tc
sign the Greal Lakes Charter, which commits the states and provinces Lo develop-
ing their own water management programs and to regional cooperation in manag-
ing the Lakes, especially concerning water diversions to other areas facing water
shortages. The charter also commits the states and provinces to share informa-
tion and consult with each other before taking actions that affect the Lakes.

Another agreement was reached in early 1986, when the governors of the
eight Great Lakes states signed Lhe Great Lakes Toxic Substances Control Agree-
ment. It covers cooperative study, management, and monitoring of the Lakes. it
also aims to reduce toxic substances as much as possible and to maintain public
health and environmental priorities ahead of economic ones. The premiers of
both Ontario and Quebec supported the agreement.

These programs are nol yet sufficiently developed to adequately contro! ail
our environmental problems. For instance, most Great Lakes harbors reman
contaminated by toxic sediments generated by previous industrial activilies
Cancerous tumors are still being found in Great Lakes fish; health acvisories
warn against eating the flesh of certain species. Acid rain generated bv smokes-
tack emissions from the regions damaged northern lakes and forests: controi pro-
grams are still in their infancy. User interesis clash as shoreline property own-
ers seek to reduce erosion by lowering Lake levsls, a move opposed by shipping
and hydroelectric industries.

On the other hand, new federal .egislation in the 1987 amendments to the
Water Quality Act mandates strictl control of toxics in both industrial and munici-
pal discharges, as well as requiring programs for control of nonpoint source pnl-
lution. Unfortunately, local governments have been deiegaled more responsibil-
ity with less funding to carry it out. The privaie sector will undoubledly show
some resistance Lo new pollution control requirements, but in the long run they
will come around to realize that their improvements wiil help make the region
more attractive, livable and, therefore, economicaliy viable.

Meanwhile, the joint effort continues to prolect this great international
resource. In my opinion, sharing the Lakes -with Canada offers a distinct
advantage: The two countries act as a support, a spur, and a check upon each
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other, pooling resources, sharing information, and reviewing each other's pro-
gress. The process is far from smooth or perfect, but it is working.

Translating such a model to the European arena is difficult. The multiplicily
of sovereign countries, with their differing languages, cultures, and social and
economic systems, often acts as a barrier to reaching a consensus about pollution
control. However, the close proximity of the members of the European community
can acl as a vnifying influence. Rivers, seas, and forests are not just historic
boundaries but shared resources, as is the air and groundwater. From this per-
spective, international cooperation in the setting of common resource protection
goals is not only desirable, butl possible, regardless of how each nation chooses to
meet those goals. If we, who take pride in our cultural technological and social
developments, cannot accepl responsibility for the impactls of our growth on the
environment, how can we expect this of developing nations?

The Third World has entered only lately into the global environmental equa-
tion. While richer nations look upon the destruction of South American rain
forests or the desertification of African grasslands as a tragedy restricted to
local developmental problems, we fail to realize that much of the air we breathe
is recycled and purified by the extensive vegetation now endangered on these
continents. Countries searching for food and fuel for hungry populations are
destroying the very resource base that, with better planning and management,
could help to sustain them. lgnorance and desperation in these nations achieve
the same ends as greed and shortsightedness do in more educaled socielies.

Yet, it need not be this way. If viewed in the long term and as part of an
inlernational cooperative sffort, environmental protection and wise use of
resources can be perfectly compatible with economic development. The focus
must be on the quality, rather than just the quantity, of growth — quality in the
sense that man’s presence does not have to detract from the overall value of the
environment. What is needed is a shared vision, and a shared commitment. When
considering the limited resources of this planet, we must realize that we have no
other choice.



- 157 -

4.7 POLISH CASE STUDY: REGIONAL IHPACT OF LARGE-SCALE
MINING AND ENERGY DEVELOPMENT*

K Holubowiex

Field Ressarch Stafion,

Institute for Environmental Engineering

Polish Academy of Sciences, Piotrkéw Trybunalski

"and

IW. Owsifiski and A. Straszak
Systems Ressarch Institute,

Polish Academy of Sciences .
Newslska 8, PL~01-447 Warsaw, Poland

1. Introduction

Large-scale lignite strip mining and related power generation development in
a predominantly agricultural region of Poland has brought important changes to
the socioeconomic and natural resource environment. This paper reviews some
problems related Lo long-term consequences of the development mentioned.

The case considered here received much attention in terms of research
undertaken and executed, as well as in terms of media coverage. A special Field
Research Station of Lhe Institute for Environmental Engineering, belonging to the
Polish Academy of Sciences, was created sspecially for this cass. In view of the
obviously systemic nature of problems at hand, the Systems Research Institute
was involvad over several years, Some of the results from the studies performed
at the Systems Research Institute have already been presented, also through
common undertakings with 1IASA: see Owsifiski and Holubowicz (19B5), Owsirski
and Zadrozny (1986), Owsiriski (1986 a,b), and Owsiriski, Jakubowski and Straszak
(1986). The present paper covers the subsequent analyses, in which many of the
results obtained to date will serve to establish the starting point.

The Case Considered

2.1 The general problem: stability and sustainability

A large-scale development of finite time horizon -~ at most 50 to 60 years
with the anticipated level of intensity - is introduced into a relatively weakly
developed region. This gives rise to a number of questions, related primarily to
the shori-term and long-term stability of the regional ecological, social and
esconomic trajectory. The questions of long-term stablility of course involye

*ln: Ecologtcol Sustatnabtifty of Regtona! Development, Proceedings of a Workshop held in Vil-
nius, Lithuania, USSR, 22-26 June 1987. L. Kairtukstis, A. Buuhs. and A. Straszak (Eds.), 1988,
Systems Ressarch Institute, Poliah Academy of Sciences, Warsew, Poland.
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consideration of sustainability. In fact, one is dealing with a clinical case in
which these two notions are closely interconnected.

Thus, if we consider a system Lo be sustainable if it continues over a very
long, possibly infinite, time, a predetermined nonzero value of some variable
characterizing it, then sustainability is assured by enhancing stability of the sys-
tem, this stability being defined with respect to a perhaps otherwise perceived
system. }

In the case at hand, shorter-term considerations refer from necessity to sta-
bility of the regional system during the build-up and then abaridonment phase, the
latter leads directly to the question of sustainability: how to ensure open-ended
development of the living basis of regional population? This question concarns
resources, jobs, infrastructure and environment.

2.2 Regional characteristics

The area in question is located in central Poland. It is characterized by
traditional family farming, with farm sizes typical of Poland, i.e., small, with pro-
duction based upon rye, potatoes and milk. Soils are light and precipitation is
low — 55 to 58 cm per year. Agriculture, although less intensive than in most of
the surrounding areas, provides, due to low urbanization of the region in ques-
tion, important regional exports and an important share of jobs. The forest area
is slightly lower than the national average, although it is somewhat higher than
this average in the close vicinity of the strip mine, and wood quality is not too
high.

Industry is much less developed than in surrounding areas. There are no
important urban centers and no university tradition. In fact, this region was, but
for a short period, an underdeveloped part of Poland throughout history,
although in iks geographical center.

Delimitation of the area considered is defined by the influence of 2 large-
scale lignite strip mine and power generation related to it. There are a number
of such inflvences, environmental, economic and social. Some of them will be men-
tioned later. Each of them covers a different gecgraphical area.

It is, therefore, convenient to take certain proxies in order to represent'
the region. Thus, the maximum area of the envisaged drop in groundwater table,
resulting from strip mining, of at least 1 meter, as located against the regional
administrative boundaries could be used for Lhis purpose. This area will be
referred to as ’'groundwaler crater.” The rest of the area, in which approxi-
mately B5X of the crater is located, does not differ substantially in iits features
from the crater area. Some of the characteristics given at the beginning of this
gection are illustrated with data for the Piotrkéw region in Table 1 (Piotrkéw
region may, for some purposes, be also taken as a proxy for the region in ques-
tion).

When assessing the data of Table 1, one should remember that Poland is a flat
central-European country, relatively developed, with the most industriatized and
densely populated areas surrounding the Piotrkdéw region.
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Table 1 Some indicators relating Piotrokow region Lo Polish averages, as of
1984.
Item Polish average Piotrkow craver
average as X of natl.
average
1. Urban population share 59.17 43.12 732
2. Population density,
persons per sq. km 1153 278 B84.82
3. Employment in state economy '
per 1000 inhabitants 333 301 90.32
4. Value of capital assets
per capita, in 109 ziotys 214 207 96.7%
5. Global value of annual
state—controlled proeuction
per capita, in 10 zlotys 66 57 86.41

2.3 Strip mining and related developments

Because of lack of other carriers, Polish energy is oriented towards coal.
Poland is a traditional exporter of anthracite, which is a very important export
item. In conditions of shrinking coal resources and increasing costs of exploita-
tion, it becomes expedient to find and put in operation new reserves. Luckily
enough, the Central European Plain, stretching from the Rhine beyond the Vistule
has several rich lignite fields in its upper part. These lignite fieilds are exploited
as strip mines in the Federal Republic of Germany, the German Democratic
Republic and Poland.

The opencast mine in question is one of the biggest in Europe. Its depth
reaches 300 m, while its total length will be near 20 km. It is composed of two
parts, of which only the first is now in operation. This part is supposed to con-
tain more than 10° tons of lignite, while the second ~ a little more than 0,5 x 10°
tons. It is anticipated that, under presently assumed operation conditions, the
lifetime of the whole mine will reach approximately 40 years. It is likely that,
after the operation is finished, some part of the mine surface will be covered by
lnkes. Meanwhile, the "brown hole” draws water from the surrounding aquifers.

In the vicinity of the mine, a lignite-fueled power plant is in operation. Its
capacity is 4200 MW. Another power plant is planned to start generating electri-
citly when the second part of the mine starts producing coal. The capacity of the
other power plant is envisaged at 15002100 MW.

Direct employment in power generation and mining is envisaged to grow in
the next few years from the present 5 thousand to B thousand. This would account
for approximately 102 of the overall industrial employment in the area and pro-
portionately more for the area directly influenced.

The "groundwater crater” surface is now approaching 450 kmZ. Is
envisaged maximum is 1300-1800 km?, i.e, some 20-301 of the region.
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2.4 Problem structure

There are a number of regional effects, observed and potential, resulting
from the introduction of the large sirip mining and power generation develop-
ments. The most important may be listed as follows:

Agricultural land appropriation and landscape changes.
Employment in industry and service.

ﬂevelopnent of downstiream and complementary industries.
Diversion of labor from agriculture.

Lack of water and "groundwater crater.”

Increased personal income.

Crop decrease.

Specific scological deterioration.

Crop quality decrease.

Changes in human habitat environment.

L Rl L o

-
o

Beside the question of evaluation of the present and imminent outcomes of
the dynamical system composed of the effacts listed, there is the problem of the
long-term perspective. Mining, as mentioned, will go on for approximately 40
years. This implies long-term dynamics of quite & specific nature.

It becomes obvious that the effects listed have Lo be taken in the analysis
over the whole cycle of development. It should be mentioned that although some
of the effects may have a reversible character, e.g., groundwater level in the
vicinity of the mine, most of them are hardly, if at all, reversible.

Groundwater will approximately return to its pravious level when the mine is
filled with watar. Some areas may even become more humid than before. Soil
quality, however, (especially peaty areas) may deteriorate in an irreversible
manner. For the best soils, which can thus degenerate, located within the mine or
close to it, it may turn out to be cost-effective to transport them to other loca-
tions or use them for greenhouses. Pollution will certainly diminish at the end of
the cycle, but its consequences will linger quites some time afterwards.

Within the domain of socioeconomic effects, if abandonment of agriculture
occurs on a greater saale, so that neither the labor force, nor the productive
infrastructura can any longer be found afterward, a return to the original condi-
tion, if wished, may be difficult. (Abandonment itself inflicts large social costs of
income and job provision, as weli as production subslitution and transportation
increases.) a
On the other hand, the most practiced reforestation policy, in view of ecolegical
conditions, may prove quite inefficient during the cycle.

Thus, a problem arises of securing a smooth and loss-minimizing change dur-
ing Lhe cycle, and s feasibility of returm, if wished, afterward. The policies
undertaken should, of course, not be incompatible with a possible profile shift of
the region.

2.5 Stuodies, concepts and policies

In the actual decision process, a compromise was reached, according to
which the mining operators were obliged to supply water to villages located next
to the "brown hole” and pay direct mining damage compensations to farmers.
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Additionally, important overall compensation was Lo be paid by the mining and
energy sectors to regional authorities with the purpose of introducing special
agricultural operations and policies. :

One of the major motivations for the particular study reported here was the
realization, gained through previous experience, that clearly formulated
hypotheses concerning the regional system in fact already existed, although not
qQuite pronounced, within the institutional setting related to the development and
local authorities. These hypotheses concerned not only conditions for, but also
outcomes of, the fulure course of evenis, and they could be relatively easily
attached to particular actor types within the institutional setting. They can be
described as follows:

Mypothests No. 1. Through diversion of the surplus labor force from agri-
culture and the market expansion t(higher incomes and bigger vrban population),
development induces (forces) an agricultural technological shift thereby helping
agriculture which, anyway, suffers little otherwise.

Hypothssis No. 2. The above can occur provided additional investment capi-
tal = made available for agriculture over the coming period of time.

Rypothesis No. 3. In order for Hypothesis No. 1 to come true, not only addi-
tional capital would be necessary but also the diversion of labor would have to be
accompanied by an important reallocation (or flow) of the labor force among the
farm types.

Hypothesis No. 3 was added by the study Leam.

3. Begional Agricultural Policy Model

The regional agricultural model is meant for analysis of medium-term
development allernatives, for choice of best structuresz and for evaluation of
conditions of agricultural operations and changes.

The time horizon of the model results from its linear form. In fact, it is a
linear programming (LP) construct, relatively detailed, allowing quite precise
balancing of resources and products. Thus, the model can presently help in pol-
icy setting for the initial stage of the development cycle, taking into account such
offects of mining developments as labor force diversion from agriculture, water
deficit, land availability decrease and crop yield decrease, and their conse-
qQuences. .

Hence, the model can represent most of the processes related to the
development/agriculture interface. Furthermore, if the model is run for the
ond-of-cycle scenario, it can also be used for long-term policy analysis.

The model, called furtheron SEMORA B, is constructed as a two-level LP
problem. The lower level, composed of 7 submodels, represents individual subre-
gions of the area. Subregions are delinsated according to administrative break-
down, contiguity and location with respect to the mine.

Each submodel desoribes in a detailed way the agriculiural economy of a
subregion. The submodels contain approximately 1700 variables and 500 con-
straints sach. The main groups of variables describe:

1. Crops grown.
2. Livestock kept.
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Sales of crop products.

Consumption of crop products within region.

Crop products for livestock feeding.

Sales of livestock.

Sales of livestock products.

Consumption of livestock producis within region.
Livestock slaughtar. )

10. Purchase of crop produocts for human consumption.
11. Purchase of crop produvots for livestock feeding.
12. Purchase of livestock products.

©o OO

These variables are subject to the following groups of constraints:

Land, crop rotation and secondary orop.
Crop product balances.

Herd balances.

Livestock product balances.

Feed balances.

Labor force balances.

Pulling power balances.

Fertilizer balances.

Water balances (annual and peak period)
Sales and purchase balances.

©ENOUE RN R
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Capital investment limits.
12. Minimum income requirements.

Two main objective functions were maximized alternatively:

Total agricultural net income from subregional agriculture.
Total agricultural subregional production value.

variables and constraints were classified according to the following

1
5;5'!“!"

crop types (16 Lypes of crops considered),
soil quality types (4 + permanent grassiand),
crop technologies (3),

farm types (5),

animals (7),

husbandry technologies (2),

fertilizer contents (4),

sales and purchase markets (3).

Tmmoepo oy

The master model, smaller than the subregional ones, contains descriptions
of the subregional resource efficiency functions and certain constraints on
regionally balanced resources, such as: infrastructural and productive invest-
ments, oredits for credit schemes, and water. It is with respect to these
resources that coordination is primarily performed. Solutions of SEMORA B on
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the subregional level specify optimal production structures and product destina-
tions. On the master model level, values of "policy variables,” i.e., certain
resource allocations, are determined.

4. Hodel Resuits and Policy indications

For the sake of brevity and clarily, only the main features of the solutions,
_policy indications and chosen directions of analysis are presented.

One of the main objectives of analysis, in view of the Impact envisaged, was
establishment of adequate agricultural income conditions. Their level is decisive
for local sgriculture. Several scenarios were tested, differing by assumptions as
to potential water deficit, crop decrease, stc. It must be emphasized that simple
maintenance of the present income levels is not sufficient to effectively limit the
impaect, i.e., labor force diversion from agriculture to mining, since wages in new
industries are, on the average, 2-3 times higher than agricultural incomes. It
was shown with SEMORA B that some farm Lypes may attain income levels compar-
able with those of industrial employment, while others cannot. Attainment of
lower income levels does not imply that labor diversion will occur automatically.
The greatsr the difference, howaver, the more important this diversion. On the
other hand, atlainment of comparable incomes by some farm types is conditioned
by adequate increase of capital investments in these farms, {.e., appropriate
credits. Tor an overview of results, see Table 2.

Table 2 Numbers of farm types, out of a total of 5, in which incomes compar-
able to those in industry jobs can be obtained under oplimum condi-
tions A: water cost increase with no deficit and ecrop decrease; B:
cost increase and water supply cut by 301; C: as A, with slight crop
decrease, esp. in permanent grasslands; D: as B, with slight crop
decrease, esp. in psrmanent grasslands.

Description of scenarios Capital investment in farms ?
" Present level: 1001 1501 2001 |

Water deficit and

crop decresse

None 2 2 4

A 1 2 4

B 0 1 2 |

c 0 0 1

D o o o |

The countsrpart of the income situation is that of the labor force. Analysis
of this aspect of the regional agricultural system is important insofar as the
labor force diversion, already mentioned, is positively svalualed not only by the
mining lobby, but also by some representatives of local authorities and by some
agricultural economists; see Nypotheses mentioned. These opinions are formu-
lated on the basig of a global assessment of labor force number, its theoretical
productivity and actual productivity. The SEMORA B model applied the same
parameters as those used in global assessments. Since, however, the model
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solutions represent optimal rather than average conditions, it could be justly
suspected that "idle manpower” would come out in these solutions even greater
than in the global economic assessment. This would provide arguments for those
who claim that labor diversion helps in the rationalization of agricultural produc-
tion. Actual results are schematicaily outlined in Figure 1.

5 4
s ¥ tage
,SUIPlUS ool shoXEas
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RS g i:‘. tadi X K . .
Total agric.izure Within farm typan
Figure 1: Relation of actual manpower requirements in regional agriculture,

according to SEMORA B results. Farm Lypes 1. state farms; 2.
cooperative farms; 3. private farms < 5 hectares; 4. private farms
5 to 10 ha; 5. private farms > 10 ha.

The diagram shows that virtually the whole labor margin comes from one
farm type, i.e., small private farms, while the most promising farm type (No. 5 in
the diagram) is already suffering from an important lack of manpower. Further-
more, quite a share_of manpower from farm type 3 consists of so-called double-
professionals, i.e., people also employed outside agriculture, due to income shor-
tages on small farms. Thus, even the indicated margin may in reality be less.

Hence, while it seems almost sure that diversion will occur over the years to
come unless appropriate policies are undertaken, this diversion would have a
negative effect on local agriculture.

Work with Lthe model allowed formulation of general policy outlines counter-
ing these effects, the policies proposed referring to capital investments and to
labor force "reallocation” among farm types through the farm market and other-
wise.

S. Further Study and Discumsion

5.1 The crose-impact study

In order to elaborate the previous study and to uncover more general
longer-term irends within the regional system, a oross-impact analysis was per-
formed, reported in Owsintski, Jakubowski, and Straszak (1988). This analysis was
based on an & priori identification of the problem structure, starting from the
st of processes as in 2.4. Then a fuli-day computer-aided session was convened
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with participation of 15 major experts from mining, power generation, regional
and local authorities as well outgide ("neutral”) specialists. The structure of
the dynamic system thereby established allowed us to make a qualitative forecast,
whose main features could be summarized as follows:

. in spite of the shrinking resource base (including, e.g., water), there is
high probability that development will result in the location of subse-
quent resource-consuming, capital-intensive industries in the region;

. such momentum will not be sufficient to establish long-term economic
stability of the region;

. the importance of agriculture in regional economy will drop from the
present level to slightly below the national average across the region
and will not recover;

. a low probability is attached to implementation of the policy of environ-
- mental reconstruction in the region if things are "left to themselves.”

5.2 Other studies

In view of the importance of this region, both directly and as an example, a
large number of studies were underiaken referring to a variety of natural,
economic and social questions. In particular, special attention was devoted to
studying the potential and actual crop yield decreases due to a drop in groundwa-
ter level and other influences. While opinions differed concerning potential crop
changes, studies of actual crop yields showed no significant decreases in field
crop yields and only very limited decreases in pasture and meadow productivity.

This, in the eyes of many specialists, was a sufficient basis for stating that
agriculture would ultimately nol be affected negatively by the development at
hand, thereby corroborating Hypothesis 1.

Still, Table 2 in this paper indicates that even under conditions of no change,
especially no productivity drop (“"None”) and only a water cost increase ("A'),
only a minority or even a small minority of farms can secure incomes comparable
to those in industry. Since, however, this Table was a result of an 4 priori study
and it was meant to indicate the policy path, an effort was undertaken to analyze
the position of regional agriculture on the basis of actual data.

5.3 Factor analysis: correlations

Data was collected describing in an aggregale way the agriculture of 30
basic administrative units ("gmina,” equivalent roughly to county) of the region.
Of these 30, only 14 were to some extent touched by the direct effect of mining in
terms of a drop in groundwater table. Thereby, a background control situation
could be studied. Furthermore, the gminas considered formed a contiguous area,
allowing a spatial analysis.

Each gmina was characterized by the following variables:

1. Agriculture intensily, an aggregate assessment in points (0-100), aver-
age for the years 1983-85, so as to get rid of climatic fluctuations

2. Percentage of surface cutside the groundwater decrease area; for 16
gminas this variable was 1002, for 12 gminas between 0 and 1001, and
for 2 gminas it was 0X.
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"Neighborhood distance”? from the mine, ranging from 0 (gmina where
the mine and power plant are located) to 4 for the farthest gmina.

Share of agricultural land, in X.

Share of parmanent grasslands in agricultural land, in 1.
Soil quality, on the 0-100 scale.

Pertilizer use, in tons of NPK per ha.

Manure fertilization, in tons per ha.

Labor resources, in' full time eguivalents per 100 ha.
Traction power per 100 ha, tractors and horses.
Traction power per 100 ha, tractors only.

In the modest data analysis exercise undertaken for this dala set, factor
analysis was first performed. At the outset, a correlation matrix was calculated,
as shown in Table 3. Then, Table 4 shows, for each row variable, ranks of other
variables according to the absolute values of the correlation coefficients with
the row variable, starting with rank =1 for the column variable which has the
strongest correlation with a given row variable.

On the basis of this Table, the following conclusions can be drawn:

3

agricultural intensity clearly increases with distance from the mine;
this can be mainly attributed to the fact that the share of permanent
grasslands increases with distance from the mine, this share being
negatively correlated with soil quality;

furthermore, mechanization and/or traction power also increase with
distance from the mine;

on the other hand, the use of fertilizers slightly decreases with dis-
tance from the mine, but it clearly does not influence the intensity
index;

the influence of labor force resources, although quite low, amplified
this picture since these resources slightly increased with distance from
the mine and had a positive, though low, influence on the intensity of
agricultural activities.

Two further phenomena should also be noted, namely:

low, but negative correlation of the agricultural iand share of the total
land surface with the share of permanent grasslands in agricultural
land;

very high — 0.856 — correlation of total traction power with that for
tractors alone (although the latter variable constitutes 1ass than 722 of
the former at the aggregate regional level), which means that substitu-
tion plays quite a secondary role here.

We shall come back to these conclusions later.

1Calculeted as follows: once distence 0 iz allotted to & unit, those edjecent it ere allotted dis-
tance 1, then all their netghbors distance 2,... '
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Table 3 Coorrelation matrix for variables describing agriculture subareras
of the region considered.

Variable No. | 2 3 4 5 6 7 8 9 10 11 ¢
1 53 67 S50 -61 62 B 53 28 60 .52
2 67 35 -30 .29 -12 32 24 46 40|
3 13 -55 42 -28 31 22 A7 31|
4 -30 44 .20 .39 -25 A7 56|
5 -62 .34 -18 .04 -46 -.37,
6 -09 S8 07 .67 5SB!
7 06 .04 02 13
8 17 69 69
9 16 05
10 T
Table 4 Ranks of column-variable correlation coefficients with appropriate

row variables. ®- negative correlatio;, **- correlation between - 27
and +.25; ***- both.

VarisbleNo. | 2 3 4 5 6 7 8 9 10 11 .
ol

1 6 1 8 3= 2 10 S < 4 7

2 1 4 6* 7 gass 5 gs» 3

3 s 1= 3 6* ) T 2 4

4 5* 3 T 4 (3l 2 1

5 1= 4 ISRk d 6** 2" 3

6 L R 3 5= 1 2

rd add KLl 4% 1

8 FAdd 1 1

9 1= 2%

10 1

5.4 Factor analysis: factors

It was interesting to look at the facltors in order Lo see whether their shape
would corroborate previously formulated partial conclusions.

Two examples of faclor analysis results are cited here, see Table 5 Bot»
ware calculataed for the shortened set of variables, namely 9 out of the total of
11 where variables Nos. 4 and 11 were omitted. In the first case two factors. and
in the sscond case three factors were sought.
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Table 5 Two cases of factor analysis results. Asterisks dencte the "factor-
forming " variables.

( Variables Case 1 Case 2

I Factor } Factor 2 Factor 1 Factor 2 Factor 3

l 1 74 -.39 630 52% -19
2 44 -.44 .23 72 .20

‘ 3 45 -.76% 29 69 -51¢

! 4

( 5 -.41 .60* -.53 -.09 .68
6 71 -.28 .85+ .06 -.28

| 7 12 44 .06 -.02 .50

; 8 .B0* .09 T1% 29 .22

-’ 9 21 -.086 .07 .37 A1

i 10 B84 -.15 7T .34 -.12
11

3

For the sake of brevity, only a few resulis are shown. This portion, how-
ever, is quite sufficient to see full agreement with correlations discussed previ-
ously. Thus, in the first case, when two factors are estabiished, they represent,
verbally

Case

Factor 1: Intensity and soil conditions

Factor 2: Distance from the mine and permanent grassland share,
while in the second case:

Case

Factor 1. Initensity and natural conditions

Factor 2: Performance and distance from the mine

Faclor 3: Distance from the mine, permanent grassland share and fertilizer
use.

Hence, dependence upon the distance from the mine appears again to be related
to grassland share. Looking at the results for Case 2, one can distinguish the fol-
lowing:
a agricultural intensity (1) is closely connected with grassland share (5),
gsoll quality (6), manure use as fertilizer (8), and traction power avail-
able (10);
s on the other hand, (1) is also connected with distance to the mine (3)
and groundwater drop (2);
. the linkage betwesn those two is provided by the dependence of mineral
fertilizer use (7) and grassiand share (5) upon distance from the mine
3).

Three questions clearly arise:
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a) is it really true that lignite deposils happen to be located in the local
center of bad soils and grassland farming?

b) assuming this, to what extent does this explain the decline of agricul-
tural intensity toward the mine?

¢) how does this relate to Lhe labor force analysis, whose resulls were
presented before?

Before commenting upon these questions, let us take another look at the region

5.5 Cluster analysis

The same set of data was subject to several runs of cluster analysis as
described, e.g., in Owsifiski (19B4). The runs were meant Lo reveal some of the
geographical relations within the region.

First, runs were performed taking also into account variables 2 and 3, i.e.,
those related to distance from the mine. The results obtained indicated, obvi-
ously, such groups of gminas in the region that were Lo a large degree concentric
with respect to the mine. Then, a number of runs were tried without these two
variables. The optimum partition for one such run is presented schematically in
Figure 2.

ATy
;sil|[|‘|
PIHILN: N
IR
g

TIGURE 2. Results of cluster analvsis for the run vithou:
tance-from-the-mine variables.
croup i N
aroup 2 -
crcup 3 -~
croup 4 .
Double boundary denctes
located.

- vy,

"o ” C ey Y e e o=
goina 1nownyon oo e =

Thus, the results of cluster analysis clearly corroborate previcus conclusions
related to geographical shape of agricultural activity characteristics. These
results provide a striking image of the spatial distribution of territorial vmts in
the absence of variables expressing somehow the distance from the center of the
mine.

Still, however, the guestion of the ultimate dependence is left unresolved
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6. Begression Analywis

A further siep towards clarification was made with regression analysis,
again using the same data set. The analysis was intended to yield only a qualita-
tive insight intp the structure of the phenomena. Thus, only linear models were
tried. Their forms were as follows:

Toony® bgorhaxgs Loxg « bexgw byox,g
.11.x1-v b3x3~- bSXS + b6x6*' b10x10
Homxy® BgbyXyw DeXg = bexXgs bgxo+ byaxy g
111-x1= b3x3~ b:,’x5 - b6x6+ baxs* }:)10)‘:10

Vil .y = b _<b_x, - - . -
Hq7 95 DpXy" BgXy v bgXg* beXoe boXge boXgrb, X,

(I, .y, = b.x.+ . .
1 D3¥3 7 PgXg® BgXg bgXg* boXgeb Xy

in addition, each sofiware run was made in two variants: without elimination of
variables appearing in the model, and with elimination of these variables, elimina-
tion being performed on the basis of a t-Student test critical value. Thus, it was
in principle possible to obtain similar models for all cases with elimination of only
those variables used in cases I and I,, i.e., those with highest correlation with x;
(variables No. 2,5,6 and 10, see Tables 3 and 4) proved to be significant for the
agricultural intensity model. This, however, proved not be the case, as can be
seen from Table 6.

As indicated, the best results were obtained for cases I, llg, III; with vari-
sble elimination. On the basis of these results, the following conclusions can be
formulated:

» the decline of agricultural intensity toward the development center of
the region is only partly due to the correlation with grassland share
distribution, other variables having equal or even greater weight (see,
e.g., variable 8, i.e., use of manure as fertilizer, which, surprisingly,
influences variable 1 in the opposite direction to variable 5, grassland
share); models imply a "disembodied” influvence, not fully contained in
the variables useq;

° model of IlI, with elimination clearly indicates the influence of labor
force resources, equaling that of the grassland share, corroborating
the findings of labor force analyses, commented upon previously.



ase Io I1 IIO II1 III0 III.I

Yoo i [P | ahi, | U | i | B | S| U | o, | Um0 T Rl
C 5.109 [51.695 - - 53.496] 55.21 - - 43,72 49,98 - -
1.725  2.092| 2.354  3.302 1.602 1.593 2.6M 2.704 1.163 1.39 1.531| 1.722

0.116 - 0.849 | 0.895 -0.227} -0.276 0.617 0.615 ~ 0.274] - 0.306 | 0.237] 0.246

0.177 | 0.321)1.008 ] 1.168 0.063 - c.777 0.781 0.058 - 0.542| 0.533

10 0.163 - 0.250 - 0.026 - 0.0189 - - 0.005 - -0.033¢ -
8 0.452] 0.538 0.7501 C.766 0.443 0.510 | 0.639] 0.627
0.016 - 0.135 -

0.259 0.274 | 0.868| 0.875

Table 6 Coefficlenty of the agricultural intensily for 12 cases considered.

All models were significant. Lowast significance was for case "II1,.
No elimination”, and generally for cases l,, Il;, and IIl, without el-
imination, while the highest was for case "l Elimination”, and gen-
erally for cases lg, 115, 111, with elimination. The lowest error value
was obtained for "Il Elimination”.

bl 72 T
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compiex regional setting, contradictory justifications and arguments
xiort rexsel regarding a development undertaking and its consequences. For
L s2be of regional sustainability, especially when such an undertaking is impor-
wnt for the region, influences, if not necessarily causes and effects, have to be
c:arifiec  Only then can really rational long-term policies be formulated.

The case considered here is a clinical one. The institutional setting around
the development in question bas generated certain hypotheses, research results
=2 potictes. Our study indicates that these constitute only a partial response.

Tne vituatjon 1s illustrated by Table 7 below.

Tutle 7. Research and policy generation situation for the case considered.
Area Research Policy

z‘m?" umenml Abundant Partly adequate

protection

Capilal needs vs .

availabilits Little Partly adequate

Labor force Little Inadequate

er w ensure sustainability of this region, proper policies should be
: .mpiementec aiming al the mechanism causing agricultural decline
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4.8 IMPROVEMENT OF THE ORGANIZATIONAL STRUCTURE FOR MANAGING
THE NATIONAL ECONOMY OF A UNION REPUBLIC TAKING INTO
ACCOUNT TERRITORIAL AND BRANCH INTERESTS®

B.S. Bairiev and N.S. Kozerskaya

Central Economic and Mathematical Institule
of the Academy of Sciences of the USSR
Moscow, USSR

The intensification of development of the national economy of a republic, the
aggravation of the problem of rational, comprehensive utilization of all kinds of
resources, the smoothing out of the levels of economic and social development of
various regions call for substantial improvement in the organizational forms of
management. ‘It is high time Lo start improving the organizational structures of
management, Lo eliminate superfluous links, Lo simplify the apparatus, and to
raise its efficiency."

A considerable improvement is obtained by a rational location of the facil:-
ties of varicus branches in one territory ~ the territorial and production com-
plexes (TPC). However, the organization of management of the territorial and
production complexes at present leaves much Lo be desired. It is necessary to
have a rational pattern of organizational structure of management (OSM) of the
complex, optimally economically effective TPCs, the MPCs (multibranch produc-
tion complexes), and also of the State Planning Committee and the Council of Min-
isters of the Republic. Here under OSM we mean the totality of subsystems
interacting with each other, forming a single whole for the achievement of plan-
ning targets.

Proceeding from the long-term goals of managing the national economy, the
rapid change of technological processes, the means and methods of management
taking place under the impact of the scientific-technical progress, and the
optimal combination of branch and terrilorial interests, it is planned to include
the following complex of models into the system of the long-term planning of a
republic (Figure 1).

Let us explain Figure 1. The first task in improving the’ organizational sys-
tem of management of the national economy of a republic is elaboration of the
scheme of development and location of productive forces of the republic, which
must include a comprehensive assessment of the natural and socioeconomic
prerequisites for further development and location of productive forces:
environmental protection and rational utilization of natural resources, and also
the principal directions of production specialization and comprehensive develop-
ment of the economy, including location of the productive forces of the republic.
In particular, the {ssue must be resolved concerning the rational direction of
aconomic devslopment of the territory and formation of the system of TPC of the

=In: Ecological Sustatnability qf Regtonal Development, Proceedings of & Workshop held in Vi1-
nius, Lithuanis, USSR, 22-28 June 1987. L. Kairiukstis, A. Buracas, and A. Straszsak (Eds.), 1988,
Systems Research Institute, Polish Academy of Sciences, Warsaw, Poland.

l)lﬂ.erlnls of the Plenary Meeting of the CPSU Central Committee, Noscow, Politizdat Poblishers,
1985, p. 12.



~174 -

RS Jnl o Levels ol liznzgement of Organizational
‘ Structures
- L iy A7 ae- P fr
z [-o3ex ol determining the
| 2 the system qf
! & republic ’
1

The scheme of developmens
end location of tne produc-
]tlve forces of a republi cr—

1
The model oif a dynamic
inter-branch balance ?f

RSN BN
]

Tepublic
T
e : 1 i .
.>Xel o determining the Determining the compositior
smposition of the lLPC of the WMPC in each TPC o
republic ‘4 | \ a republic
. The model of determining ‘!
1 the composition of produc<
' 'tion associations located
21T | over the entire territory
! ; 07 & republic r_—__w
l | L
oo Y
© |Molels s3I development and Mocels oi developmen: o,
L_.;o:ation of WPCs with ta=- '4 ssociations FT
ng into account ithe egta 1 T
r—A 3 TPCs .7 . 1
H 1
' (] Y . ‘
Specification of the compo- Specification of limiis of
- sition of WPl of a republic the system of TPC 9
- and MPC in TPC (identifica- T
*ion of the newly-created
oranches) {0 |
Y T T
' T S W I
iThe system of, |System of mo \System ol mo- System of
models of the dels for the dels of forma- |models of
—®ormation of \formation of tion of OSW off"|formation
' l“ne organiza-~| {03M of MPC the Gosplan of 0Sm of
'tional system| ' 5 13| |the Council
i menagement: 97 il1nis-
{ ters r?"

!

!

T e
SR



-175 -

union and republic. Here the task of determining the system of TPC is most
imporiant at each stage. The solution of the task of determining the limits of the
system of TPC is implemented on the basis of evaluation of labor, land, water, raw
material, fusl, energy resources, transport conditions, construction, the existing
locations of economy and population, the possibilities of cooperation, combination
and sconomic purpose of production concentration. If limits of the system of TPC
do not coincide with the administrative frontiers, then the latier should be
revised so that the compact single economic task would be resolved within the
limits of one administrative unit, according to a single plan, with a single manage-
ment.

At the second level the task of building a dynamic interbranch balance of the
republic i being resolved. Here one should take into account both the develop-
ment of the existing branches and the emergence of new branches. If the solution
of that task at the second level is difficult, then for the solution of subsequent
tasks (in particular, the task of determining the composition of the multibranch
production complexes (MPCs)), it iz possible, in our view, to make use of the
reports of the interbranch balance of the republic with the subsequent solution
of the task of identification for the newly-creetsd branches.

At the third level, on the basis of the results of the solution of the tasks for
the first two levels, issues are considered concerning the improvement of Lhe
branch structure of the national economy of the republic. In the final analysis
the sectoral structure must be such that the efficiency of management should
increase in the branch pattern and coordination of the territorial and branch
interests should be improved.

In the multilevel system of management, coordination can be simple, if the
number of agreed-upon reciprocal ties diminishes. For example, al present to
increase the efficiency of enterprises manufacturing and processing agricultural
products, regional and district agro-industrial associations have been created.
However, these associations for the adoption of managerial solutions shouid coor-
dinate their activities with all ministries to which the enterprises are subordi-
nated. The relevant integration of branches and the setting up of the organ coor-
dinating the activity of the entire agro-industrial complex of the republic will
resuit, in our view, in a considerable improvement of coordination of terrilorial
and branch interests. This was especially emphasized at the April Plenary Ses-
sion (1985) of the CPSU Central Committee: "Under the impact of departmental
interests, district and regional associations very often cannot in due measure
agree upon and resolve the issues of comprehensive development of agriculture
and the branches connected with it ... measures should be carried out, which will
make it possible to manage, plan and finance the agro-industrial complex as a sin-
gle whole at all levels.”” A similar conclusion can be reached in this respect in
regard to other multibranch complexes.

The efficiency of the system of management of the multibranch complexes
will largely depend on the correctness of its structure, that is, the sectora! com-
position. Therefore, at the third level, using the results obtained in the sotution
of the tasks of the first two levels, and the qualitative interconnections of
branches of the national economy of the republic, it is necessary to resolve the
task of optimization of the sectoral structure of the multibranch complexes.

?‘rha coordination of the activity of a subsystem of ¢ higher level 15 aimed st the coordination of
the reciprocsl ties between the subsystems at s lower Jevel.

3]!0'."1‘15 of the Plenary Mesting of the CPSU Central Committee, Noscow, Politizdat Publishers,
1985, p. 14,
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The results of location of the productive forces, the determination of the
limits of the system of TPC and composition of the multibranch complexes make it
possible at this level to determine which multibranch complexes should be
developed in each TPC of the republic. In cerlain cases, the location of raw
material resources, the branch reciprocal ties in the production of a certain
type of producl and so on call for the creation of associations of production
facilities located in the entire territory of the republic. The task of determining
the composition of such associations is also being resolved at the third level.

At the fourth level, we practically determine the space and production
structlure of the republic for the years to come, and the development and location
of the multibranch complexes and the development of associations taking into
account the established TPCs. According to the results of these tasks, specifica-
tions are made of the limits of the systems of TPC, composition of the MPC of the
republic and the composition of the MPC in each TPC.

The results obtained at the levels III-IV make it possible to carry out the
tasks of molding the organizational structure of management of TPCs, MPCs, the
State Planning Committee and the Council of Ministers of the republic. The result
of resolving the entire range of tasks of a given system is the structure of
management of the national economy of the republic, proceeding from the long-
term aims of a given region, formed on the basis of combining branch and terri-
torial principles of management. To determine the efficiency of the system of
managing the national economy of the republic synthesized in conformity with the
need for development and location of productive forces, and also for determining
the dynamics of achieving the set goals, it is necessary, in our view, to build a
complex of simulation models of development of the republic's economy.
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4.9 BIO-RATIONAL SYSTEM OF FARMING IN THE LITHUANIAN SSR (USSR)

A Onaitis

Assistant Director of the Lithuanian Order of the

Ked Banner of Labour Research Institute of Agriculture
Kaunas, Cirionys

Lithuanian SSK, USSR

.

The Lithuanian SSR occupies an area of 65,200 sq km, i.e. 6,520 thousand
hectares, 3,683.9 ha of which is farm land. Soil and climatic conditions of Lhe
Republic are characterized by a great diversity and by a gradual change from
west to east.

In the western zone of the Republic covering the Pajuris Lowland and the
iemaitija Upland, winters are moderately cold with frequent thaws, rather cold
springs and summers, rainy and long-lasting autumns. The mean annual precipita-
tion varies from 700-800 mm. The sum of temperatures higher than 10°C tctals
only 1900-2000°. Mineralization of organic matter is hindered in this region. The
soils are subjected to rather strong and persistent leaching. The following soils
prevail in this zone: sandy soils, sandy loam, loamy soils underlying clay derno-
podzolic, derno-podzolic-gleyic, acid soils satiated with mobile aluminium. Inter:.-
sive farming is hindered if they are not limed.

In the central zone of the Republic running from North to South occupying
the Central Lithuvanian Lowland, the climate is more continental. In its northern
part mean annual precipitation is only 500-600 mm. The sum of temperature:
above 10°C totals about 2100-2200°. Water percolates into the soil about 240-250
days per year. In its southern part, about 600-700 mm of precipitation fall, and
the waler percolation pariod is 250-260 days. During this period the sum of posi-
tive temperatures (higher than 10°C) totals 2200-2400°. In the Southern part of
this zone, the vegetalion period is nearly two weeks longer than in the Northern
part. The following soils prevail: derno-calcareous, derno-gleyic, slightly
leached or podzolized, mainly loamy soils, drained with closed drainage. In the
central zone the most intensive farming takes place, and the majority of crops
are concentrated there. On drained soils, the efficiency of fertilizers is quite
high.

In the Eastern zone of the Republic occupying a hilly Baltic Highland and
zandric plains, climatic conditions are more continental: winters are snowier,
summers are dry and often cool. The mean annual precipitation is about 600-700
mm. The period of water percolation into the soil is 230-240 days; in the South-
ern part this period is 240-260 days. In the Northern parl the sum of positive
temperatures (higher than 10°C) is about 2000-2200°, in the Southern part it is
2200-2400°. In the hilly part of the zone, the following soils prevail: eroded
sandy loam, loamy soils, skeletal and bouldery soils on the slopes and tops of
hills, and marsh-ridden, often peaty soils in Lthe lowlands. In zandric and other
plains, dei'nopodzolic, sandy and sandy loam, prevail often underlying loam, acid

*In: Ecological Sustuinabdtitty of Regtional Development, Proceedings of e Workshop held in Vii-
nlus, Lithvenis, USSR, 22-26 June 1987. L. Kajrivkstis, A. Bursces, and A. Straszek (Eds.), 1988,
Systems Resesrch Institute, Polish Academy of Sciences, Warsaw, Poland.



-178 -

soils. Mineral fertilizers are highly effectlive in Lhis zone.

Lithuanian SSR according to its soil-climatic conditions of farming is divided
into three zones: Eastern, Ceniral and Western. Agricultural production is
organized accordingly.

Because of close interaction of the factors controlied by man, as well as
active action of meleorological factors, the farms in the Eastern zone in 1971-
1975 produced 15.1, 1876-1980 - 15.1, and 1981-1985 - 18.8 centimeters of plant-
growing material annually from a hectare of farming land. in the farms of the
central zone the production was the following: 25.1; 27.2; 31.6 centners, and in
the farms of the western zone it made up to 14.4; 16.8; 20.1 centners. To one hec-
tare of farming land, 1B0 kg of nutrient matter NPK mineral fertilizers and 12
tons of organic fertilizers are applied to one heciare of ploughed land. From
organic fertilizers, the balance of nutritional matter is replenished by 95-100
kg/ha of NPK. Mineral NPK fertilizers are replenished in the following ratio:
1:0, 4-0, 5:0, 8-0, 85.

As has already been mentioned, derno-podzolic loams and sandy loams defi-
cient in organic matter and in mobile phosphorus prevail in the republic. 28.97
of all soils are very poor in phosphorus. Average provision with phosphorus
reaches 11.3 mg in 100 g of soil On the soils of this type, phosphorous fertilizers
are very effective, but their deficiency makes up about 20-30Z. The provision of
crops with nutrient matter makes up only 807 of its need.

Besides, 26.62 of soils in the Republic have a level of acidity which reaches
pH 5.5 and less. Liming is very useful on such soils. In the farms of the Republic,
more than 20C thousand hectares of acid soils are limed every year. An effective
liming system for acid soils was worked out and introduced into production. On
the whole area of farm land, an intensive production of plant production as well
as of animal husbandry is carried out. In 1986, a year of not very favourable
meteorological conditions, the yield of grain crops was 26.4, of potatoes 176, and
of sugar beet 259 centners per hectare.

The level of milk production in 100 hectares of farming land is higher than
800 centners, of meat 200 centners. In 1986 76.2% of the winter crops were
grown according to intensive technologies in our republic, the average yield of
which made up 29.2 centners per ha, 942 of sugar beet, the yield of which was
263.5 centners per ha, 38.51 of potatoes the yield of which made up 202 centners
per ha and 68.11 of long-stalked flax, the yield of which was 4.8 centners per ha
of fibre.

Intensification is carried out through the improvement of zonal systems of
farming, a great part of which occupies improvement of plant nutrition and pro-
tection of the surroundings from pollution with chemical materials.

In the process of intensification, not only the problem of yield increment of
agricultural crops is studied but also Lthe problems of getting the required amount
of protein, carotin, amino acids and carbo-hydrates, as well as the study of eco-
logically and economically grounded norms and rates of chemical measures, in
which fertilizers occupy the leading role.

It is imporiant to note that ip 1986 owing to the means and measures of inten-
sification, a notable stability of the yields of grain crops, perennial grasses and
sugar beel was revealed. During the last three years, the efficiency of fertiliz-
ers was stabilized. 1n 1983 from 1 kg NPK 4.24, in 18684 - 4.85, in 1985 - 4.59 kg,
and in 1986 - 4.7 kg of produce was obtained. The greatest efficiency - 5-8 kg
from 1 kg of NPK occurred, where yielding capacity was highest. The efficiency
of fertilizers depends not only on the removal of nutritional matter by the plants
but also on the influence of a whole complex of factors.
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The system of fertilizer application as a component of the whole eco-rational
system of farming was worked out for the programmed yield. It consists of
organic (application of organic fertilizers) and mineral (application of mineral
fertilizers) parts. In the soils of the Republic, the organic - mineral system of
plant nutrition is most effective in intensive technologies. In trials carried out
on light according to their mechanical composition during two rotations, organic
fertilizers secured a yield of 60,400, mineral fertilizers a yield of 64,200, mineral
and organic fertilizers together 68,600 of fodder units per ha. Application of
mineral and organic fertilizers secured the greatest efficiency of fertilizers and
the required safety of the surroundings.

Summing up, with a great number of trials with fertilizers, it was determined
that fertilizers among the whole complex of intensification factors, depending on
the level of intensity, give the greatest part of grain yield increment (Table 1).
But fertilizers alone are not so effective without the interaction of other factors
Thus, fertilizers should be distributed in such a way that they would give maximum
yield increment and would secure the safety of the surroundings.

Table 1. Grain yield increment due to the action of different factors of intens:f-

ication.
Agricultural crops and the level of vield centners per ha
No Title of the Winter Winter Spring
’ factor Wheat Rye Bariey Oats
30 50 25 35 30 45 30 40
Crop rotation
and precursors 12 12 11 S 10 10 8 ) 8 ]
Soil culti-
vation 12 S 15 9 12 10 10 10
3. Fertilizers 25 25 30 30 25 25 22 22
Sowing time,
rate and seed
introduction
| depth 11 5 5 7 10 10 1z 15
5 Seed variely
" and quality 11 12 8 8 12 15 12 15

Chemical and
6. mechanical
weed control 9 1 5 S 11 8 10 B

Pest and
7. disease
control 15 14 12 15 13 15 15 15

Chemical

mesasures

against

lodging 0 10 8 13

9. Harvesting 5 6 6 8

|~)O
[
[
1
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Distribution of fertilizers for the programmed yield is carried oul through
the plans of fertilizer application which are compiled by electronic calculating
machines, separately for each farm of the Republic. Distribution of fertilizers
begins from the distribution of the resources of organic fertilizers and of the
supply of mineral fertilizers for the regions, farms and fields of crop rotation.
The main principles of the distribution of the supply of mineral fertilizers are the
following:

1. About 31 of a yearly fund of fertilizers is left in the reserve of Agroprom of
the Republic and is meant aas help for economically weak regions, for some
specialized farms and farms which suffer natural calamities.

2. For crops of state importance, fertilizers are alloted at optimum rates,
recommended by the Lithuanian Research Institute of Agriculture and the
research station of agriculture in order to get the programmed yield.

3. In order to increase soil fertility and Lo reach the greatest efficiency of
fertilizers, additional amounts of fertilizers are alloted to the soils poor and
very poor in mobile phosphorus and in exchangeable potassium.

4 The main part of the fund of fertilizers is distributed among regions; in
regions it is distributed proportionally to the nutrient matiter removed with
an average yield of plant-growing produce during the last three years.

In order Lo improve the conditions of expanded productivity, according to
the method, limits are determined for all the farms of the Republic, which guaran-
tee the minimal amount of fertilizers for them. According to these limits, notl less
than 45-50 kg of nitrogen are alloted for one hectare of farming land. Phos-
phorous and potassium fertilizers are alloted according to the ratio of nutrient
matter in the republican fund of mineral fertilizers.

The distribution of the supply of mineral fertilizers according to these prin-
ciples leads tc a reduction of the differentiation of regions and farms according
to the amount of applied fertilizers, it also improves the ratio of nutrient matter,
secures an increase in the level of their assimilation by plants and minimizes the
possibility of environmental pollution. )

The following distribution of fertilizers increases the efficiency of minera!
fertilizers on average by 51 and the productivity of one hectare to 33 fodder
units. This helps increase the yield by 117 thousand tons and helps to avoid nega-
tive consequences of environmental pollution with nitrates and nitrites.

The next stage in rational distribution of fertilizers for the programmed
yield is Lo work out plans for fertilizer application. This is done in the following
way:

On the basis of data on mineral fertilizer applications, the structure of the
sowings, results of agrochemical soil inspection, precursors and sequence of
crops, fertilization plans are worked out for all farms in the Agrocalculating Cen-
tre of the Republic. The Centre distributes soil fertilization plans to farms, in
which the rates of fertilizers are indicated for each crop and fer rqually fertil-
ized plots. This plot must not necessarily coincide with the field of crop rotation,
but it must be sown with one crop and have clearly expressed contour boundaries.

In the field, fertilization plans according to the reference calendar applica-
tion of fertilizers is planned in two periods: spring and autumn. In connection
with this, the supplies of ferlilizers are divided into two main groups - for spring
and autumn application.

Mineral and organic fertilizers are distributed according to average, but not
maximum and minimum rates (manure - 40-60 tons per ha) drawn uwp for every
agricultural crop. Depending on soil conditions (Table 2Z) average rates are
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adjusted accordingly. The correction coefficient for irrigated soils is as follows:
nitrogen fertilizers - 1.3; phosphorous fertilizers - 1.1, and polassium fertilizers
- 1.3. In order to avoid environmental pollution with nitrates and nitrites, the
rales of nitrogen fertilizers for spring feeding of winter crops are specified
according to the results of soil and plant diagnostics. For this reason when vege-
tation is renewed, soil samples are taken from a depth of 60 cm. The samples are
analysed by the central research station for the Republic. Information about
specified rates is disseminated by teletype. For the correction of rates of nitro-
gen fertilizers for subsequent feeding, plant samples are analysed by the "Indam"”
method. Nitrogen fertilizers at rates higher than 60 kg/ha of nitrogen are
applied two to three times. Thus the possibility of nitrate accumulation in water
and in other parts of the scological environment is eliminated.

Table 2. Correction coefficients of the rates of fertilizers depending on so0il

conditions.
Soil indices Type of fertilizers !
nitrogen phos- potassic
phorous *
Groups according to the
content (in numerator -
~P,04. in denominator -
1.4 1.
K20) ! 1.3 1.4
n - 1.0 1.2
1.1 1.2
0.7 0.7
m - 0@ 07
0.6 0.7
v - hraree —_ ;
! 0.7 0.7 i
0.5 0.5 !
v-v1 - 0.6 G :
Mechanical composition:
sand 1.2 0.8 1.2 i
sandy loam 1.0 1.0 1.0 ,
light loam . 0.9 11 0.9
average and heavy loam 0.8 1.2 08 '
bog soil 0.8 1.1 1.0 ;
Acidity level pH 45 0.8 0.8 09 |
4,6-55 11 0.9 1.2 .
5.6 1.0 11 1.0 i

Fertilizers feed the weeds as well as the crops. So plant nwirilion is
integrated with weed, pest and disease control. In the institute, trials are car-
ried out to determine the critical period of competition between crops and weeds,
i.e., to determine the period at which crops are most susceptible to weeds, at
which weeds require only small applications of herbicides, at which herbicides
must be applied and when herbicides can be dispensed with. In these trials, the
effectiveness of integration of agrotechnical, chemical and organizational meas-
ures is revealed.
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Critical periods of weed and crop plant competition have been determined in
four integrated situalions, inciuding different combinations of sowing rate (2 and
4 million per ha grains) with fertilizers (NgoPgoKgp, and withoul fertilizers. The
results of the trials have shown that for soils heavily infested with dicotyle-
donous weeds, particularly in years with anomalous weather resulting in late sow-
ing, for exampie, the weed susceptibility of barley (Nadia, Ida, Gintariniai) begins
to manifest itself from the 2-3 leaves stage till shotting stage (from 10-20 to 30-40
days after sowing). During this most crilical period, the intensive precautions
must be Laken.

In not so heavily infested soils, the critical period is considered to be from
the bushing-out stage to the shooting stage (30-40 days after sowing).

In the thick sowings of these trials (4 million per ha), weeds made up 44-48%;
in Lhinner sowings (2 million per ha) 57-62% of the total number of plants. The
conclusion can be drawn that a thick sowing decreases the weed population and
thus produces a more abundant yield without additional chemical measures.

According to the data of the trials carried out in our institute, spring barley
sown on the tenth of April secured a yield of 54.4 centners per ha. When the bar-
ley was sown 15 days later, the number of weeds doubled and the yield of barle:
was 3 centners less. Barley sown on the 10th May yielded only 40.6 centners per
ha or for 14 centners less than the yield of early sowing.

This example shows that by means of precise and timely agrotechnical meas-
ures, optimal vield can be secured with a minimal amount of chemical control or
even without it

It is important to note that according to mean data of the XIth five- vear
period, the increase in yield due to fertilizers was 25-30%, due to biologically
active chemical measures of weed control, biological stimulation and regulation of
plant growth was 15-20%, and due to introduction of new, more intensive varieties
was 12-151

The conclusion can be drawn that plant-yield intensification measures and
measures of environmental contral are practiced in our Republic in an integrated
way This increases their effectiveness and helps in the solution of problems
raised by the Food Programme
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4.10 PATH STUDIES OF THE DEVELOPMENT OF AGRICULTURAL
PRODUCTION IN THE FEDERAL REPUBLIC OF GERMANY: SYSTEMS
ANALYSIS, SCENARIOS, AND COMPREHENSIVE DAPACT ASSESSEENT

Hartmut Bomsel

Environmenial Systems Analysis Group
University of Kassel

D-3500 Kassel, F.R. Germany

1. Introduction

The objective of the study "Technology Assessment of Alternative Agricul-
tural Production Paths” was the development of a systems analytic instrument
suitable for agricultural policy development. The study was commissioned by the
West German Federal Parliament (Bundeslag). The instrument was designed to
assess the bandwidth of the possible development paths of agricultural produc-
tion in West Germany and of its agricultural, ecological, economic and sociat
consequences under the influence of new technical and agricultural policy
developments over a time period of several decades. (The term ‘technology
assessment’ was used in a wider sense to include general policy assessment)

The study therefore had two major objectives:

The development of a method of technology assessment for agricultural pro-
duction.

2. Application of the method in a sample study in order to assess its usefulneus

[

The following is a condensation of the essential results with respect Lo the
following aspects:

. the essential componenis of technology assessment, especially with respect
to agricultural production
. the elements of the instrument and their linkages

. the purpose of the technology assessment

. critical evaluation of the method

. recommendations for further development

. application of the method to three development paths of agricuitural produc-
tion '

. preliminary results.

sIn: Ecolopical Sustainability of Regional Development, Proceedings of & Workshop held In Vii-
nlue, Lithuanie, USSR, 22-26 June 1987. L. Kairiukstis, A. Buraces, and A. Streszak (Eds.), 1988,
Systems Research Institute, Polish Academy of Sciences, Warsaw, Polsnd.
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2. The Essential Parts of a Technology Assessment Study

A technology assessment study for a complex system requires four distinct
components:

1) A systems description appropriated to the given problem, which must con-
tain all significant system elements and their causal linkages. Normally, the
system structure will be translated into a computer simulation model which
allows computer simulation.

2) A complete description of the initial system state i.e. the initial conditions
necessary for starting the calculations.

3) Sceparios for the temporal development of external influences over the
time period considered. Of necessily, the scenario data will consist of (mutu-
ally consistent) assumptions concerning plausible and likely development
conditions. Several scenarios characterized by different guiding aspects
should cover the total spectrum of possible exogeneous influences in order
Lo assess the resulting consequences and developments.

4) A criteria system based on the viability requirements of the system con-
sidered, which will be used for comparative evaluvation of the different
development paths.

3. The Components of the Method and their Linkages

The basis for the assessment approach is the description of a prototype farm
by the sum of tis individual processes of plant and animal productionn with their
respecltive material and monetary inpuls and outputs. Prototype farms are
defined for each productionn region; their developmsnt over the time period
under consideration is controlled by region-specific scenarios. By aggregating
the farm data to the region and finally to the nation, the corresponding regicnal
and nationa! indicators of agricultural productionn and their consequences (e.g
for food productionn and environment) are obtained. The production resvits are
compared with the food demand resuiting from the populationn development and
nutrition scenarics. The final resvlts are evaluated using a comprehensive set of
evaluation criteria, which are chosen to refiect the natiopal supply security and
viability interests. We give a brief description of the components of the system
model and of their linkages:

Production processes: 23 different processes of plant productionn and 5
different processes of animal production are presently implementsd. These also
include identifiable future developments (e.g. renewable rescurces). Each of
these processes in characterized by some 30 parameters describing the specific
material and monetary inputs and outputs. Since each of these processes can be
operated at different ievels of intensity, S different intensity leveis are defined
and applied to most processes. For each of these intensily levels the corrsespond-
ing input and output parameters are defined for each productionn process on the
basis of empirical data. It is assumed that these technical and monetary data
change with time, and corresponding scenarios for the temporal development are
incorporated in the method.

Description of farm prototypes: The regional prototype farm is described
by a region-specific mix of productionn processes (and region-specific intensities
of productionn) (Figure 1). The data of the prototype farm are defined to be as
close a possible to the data of the official agricultural statistics (Agrarbericht
1984 and other sources). These initial conditions are assumed to change with
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Figure 1 Representation of ragional prototype by its productionn processes

time, where the changes in the type and the amount of productionn of each of the
prototype farms is laid down in scenarios. At the farm level the material, mone-
tary, ecological etc, consequences of the corresponding agricultural productionn
are computed via some 110 intermediate variables, among them a set of indictor
variables which are used to evaluate the current system state of the regional
farm prototype. The most important resulls are recorded by some 75 state indic-
tors for sach scenario point in time (every 5 years).

Regional productionn: The production results for each agricultural
region follow by aggregation of the data of the regional prototype farm via the
regional number of farms and the regional agricultural area. The results are
collected in some 35 state indicators.

Nstional productionn: The national production data are obtained by sum-
mation of the regional data over all of the 15 agricultural regions.

National food demand: The demand for food products is computed via the
population development and considering age-specific food consumption data. The
results are very much dependent on the scenario assumptions for the average
national diet (Figure 2). Comparing these demand data with the productionn data
leads to specific hints concerning productionn deficits or surpluses to be
expected.
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Evaluation method: The resuits of the computations of the state indicators
on the regional and national level are compared to a2 set of evaluation criteria
which were selected to allow a comprehensive assessment of the development with
regard to the food supply, and the viability of farms and of society.
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4. Application of the Method

The application of the method requires several preparatory steps:

Regional disaggregation: In order to be able to consider the regional
differences based on the natural and historical development in the Federal
Republic of Germany, the total agricultural area is disaggregated into 15 agricul-
tural regions (Figure 3, Figure 4). These regions were oblained by aggregation
of some of the 42 agricultural areas of the official agricultural statistics. For
each agricultural region the initial data of prototypical farm were defined on the
basis of the data of the agricultural statistics and other sources.
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Scenerio A|  Scenerio B | Scerwrio C
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Figure 5 Production trends in the 3 scenarios

(A - Intensification
B - Business-as-usual
C - Ecological)

General development acenario: In order Lo describe the systemic zlterna-
tives and their consequences, the spectrum of the possible external developments
(technical progress, agro-economic conditions and agro-political policies) must
be collected in corresponding plausible and consistent scenarios. We collect the
most relevant development perspectives in three scenarios (A - 'intensification’,
B - 'business-as-usual’, C - 'scologization’) (Figure 5).

Technical scenarios: The verbal scenario descriptions have to be
translailed in corresponding qQuantitative parameters or time functions to allow
computation. For the technical and economic parameters, identical conditions
were assumed for all of the regions for a given scenario.

Regional scenarios: For the regional farm development, certain parame-
lers must be quantified and specified specifically for each region and for each
scenario (farm production area, volume of each production process, introduction
of new processes stc.).

Following the prescription and quantification of the scenario assumptions,
the temporal developments of production data and production consequences are
compuled for sach regional prototype, aggregated to the region al and national
level and compared to the demand data, and finally evaluated using the
comprehensive set of criteria. '
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Purpose of the Technology Axsessment: The Description of
the Development Spectrom

There are certain limits of application lo the method which should be men-
tioned. The techuology assemsment developed here is not a forecasting
method. Its sole purpo=se is the identification of the spectrum of possible
future development paths and their likely conaequences. The approach used
can only be used for crude assessments at the level of the individual agricultural
region and can therefore not be used for regional detailed analysis, unless
several regional prototypes are introduced. In addition, the approach can only
be used to obtain crude estimates concerning the future situation of the different
production processes. More exact results could be obtained by more detailed
analysis. Finally, not much weight should be attached to the monetary calcula-
tions at the farm level, at the regional level and at the national level, because
price and cost data can only be estimated with very great uncertainty. However,
these analyses should provide relatively accurate assessments of problem areas
to be expected in the future.

On the whole, the technology assessment should be judged in the same way
one looks at a good cartoon:

The important point is not the precision of the description but the
validity of the results. We hope to have reached a reasonable compromise for
dealing with a complicated problem.

6. Critical Evaluation of the Hethod

We do not restrict our use of the word 'technology assessment’ to merely the
techriical aspects of agricultural development. Rather, we also include the
corresponding organizational, agro-political, economical etc. developments.

The validity of the technology assessment approach for agricultural produc-
tion is judged by us to be as follows:

1. The approach is structurally valid for the resolution given (farm level,
regional level, national level). Structural validily foliows as a corsequerce
of the approach, which is based on the real system structure.

2.  The behawvicral validity of the examples compuled by us so far is prob-
lemztical, since behavioral feedbacks were not includsad in the assessment
This aspect can easily be improved by changing the instrument usec 0«
interactive scenario development and impaci assessment, working in time-
steps). This is possible without changing the instrument.

3. The method does not produce forecasts, but it rather describes develop-
ments which can be expected in respnnse to certain external conditions No
assessment of the probability of these conditions is made.

4. The empirical wvalidity is assured by basing the technology assessment o
the maierial flows in the system. However, there is some nesd to improve the
consisitency of the data set, which had to be coliected from different
sources. However, the empirical validity of the monetary factors is a funda-
mental problem, and not peculiar to the present approach.

S. The assessment approach is characterized by the fact that it is based solely
on real farm level data (i.e. material flows) Therefore, there 1s nc need for
parameter estimation (by statistical correlations, or regression analysis) of
data which have no real counterpart.
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6. Using the farm structure as the basis of the approach means that the instru-
ment is more transparent, more easily changeable and testable and that the
real parameters used can easily be replaced by more accurate values.

7. The instrument provides application walidity, since the consequences of
arbitrary scenarios can be computed and can be evaluated by applying
user-specific criteria weights. The characteristic consequences of different
production alternatives and of their impacts on the development of the total
system can therefore be assessed and evaluated. ’

8. The completeness of the impact assessment of development alternatives
depends primarily on the completeness of the scenarios considered, since in
our representation of the production system, it does not by itself generate
any characteristic dynamics.

9. The method allows the identification of problem areas connected with
material flows and of their ecological, economic, social elc, impacts.

10. Because of its modular character, the instruoment can easily be improved by
including additional system variables, and by more detailed description of
certain processes or regions.

7. Recommendations for Further Developrent

On the basis of our experience we recommed the following improvements:

. An effort to improve the consistency of data from different sources in order
to remove inconsistencies and certain imprecisions at the farm, regional and
national level.

. computation of the technology assessment in time steps of 5 or 10 years, with
a careful evaluationn of scenario parameters for the next time step, taking
into aceeount the system development so far. In particular, an attempt should
be made to include the financial resuit of the farm operation in the choice of
parameters for the future development of the farm and of the number and
size of farms i a given region.

‘. Independent evaluationn of the scenario resuits by representatives of dif-
ferent interest groups, who should also use their own criteria weights in the
assessment procedure.

8. Application to Three Development Paths of Agricultural Production

The objective of the study was the development of an instrument for technoi-
ogy assessment in agriculture and its exploratory application to three deveiop-
ment scenarios. The first priority was to find out whether for a technology
assessment in connection with the development of agricultural production a suit-
able instrument could be developed which would allow the reliable assessment of
important impacts and consequences. Our research focussed on this side of the
study in particular.

Since the suitability of the instrument had to be tested by application to con-
crete scenarics, we also report some results for the scenarios A ‘intensification’,
B 'business-as-usual' and C 'scologization’. These results should not be taken too
seriously at this point since we fully recognize certain inconsistencies of the data
set used and of the nonilerative scenario procedure. Both points should be
reworked In follow-up-studies. However, we are certain that with some small
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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 quality;

- 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, network 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 1l m v

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

viable seadlings, %
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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 sector 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 economy 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 output 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) = ay + 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 =11-1,...,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
(I BDW+AIF, + (146,) 5 (1 B)ap=1 + (1480 3 + &

Fy = —BZ :
k S)(
T-1 T-1
_ (B4BRE, + L +BD( T B8y + L+B)r s + b7
r-r = — =

St

The annual values of the necessary volumes of main funds (?t.) are established

from the productive fgnc!.ions. Th_e annual incremant values of fund (4,) are
calculated by applying f, instead of ¥,. 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:

vy
=5
1

Limitation for production, labor funds and volume of capital investments:
T T . hd *
d ] 2 mJ. K OJ = 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 those 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,

al P + af P+ o =g .
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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);
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- volume of capital investments in the main productive funds, (million roubles);

~  material elemenis of capital investments, (million 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;
5) 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 predicted;

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
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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:



- 225 -

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 productivity
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 (I) by the volume of the mature stands ).

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 Sustatnability 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 Instilute, Polish Academy of Sclences, Warsaw, 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
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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 respec