














































































































































































































































6.  Using the  farm s t r u c t u r e  as the  basis of t h e  approach means tha t  the  instru-  
ment is more t ransparen t ,  more easily changeable and iestable and tha t  the 
rea l  parameters  used can  easily be replaced by more a c c u r a t e  values. 

7. The instrument provides a p p l i c a t i o n  va l id i ty ,  s ince the  consequences of 
a r b i t r a r y  scenarios can b e  computed and can  be evaluated by applyine 
wer-specif ic  c r i t e r i a  weights. The charac te r i s t ic  consequences of different  
production al ternatives and of t h e i r  impacts on t h e  development of the  total 
s p i e m  can t h e r e f o r e  be assessed and evaluated. 

8. The oompletencss of t h e  impact assessment of development al ternatives 
depends primarily on t h e  completeness of t h e  scenarios considered, s ince in 
o u r  representat ion of t h e  production system, i t  does not by itself genera te  
any charac te r i s t ic  dynamics. 

9. The method allows t h e  ldentiflcation d problem areas connected with 
maierial flows and  of t h e i r  ecological. economic, soaial  e tc ,  impacts. 

10. Because of Its modular c h a r a c t e r ,  i h e  lnstrnment can  easi ly b e  improved by 
including additional s p b m  variables,  and by  more detailed descript ion of 
cer ta in  processes  o r  regions. 

7 .  &co-ndationa f o r  Further D o c l o p m e n t  

C)n t h e  basis of o u r  experience we recommed t h e  following improvements: 

An ef for t  t o  improve t h e  consistency of data from different  sources  in o r d e r  
t o  remove inconsistencies and cer ta in  imprecisions a t  t h e  farm, regional and 
national level. 

computation of t h e  technology assessment in time s t e p s  of 5 o r  10 y e a r s ,  with 
a careful  evaluationn of scenar io  parameters  f o r  t h e  next  time s tep ,  taking 
into a c c r u n t  the  system development s o  f a r .  In par t icu la r ,  an  atiempt should 
be made to include the  financial resu l t  of the  farm operat ion in t h e  choice of 
parameters  f o r  t h e  fu ture  development of t h e  farm and of t h e  number and 
size of farms i n  a given region. 

lndependent evaluationn of the  s c e n a r i o  resu l t s  by represen la t ives  of dif- 
f e r e n t  in te res t  groups,  who should also use t h e i r  own c r i i e r i a  weights in t h e  
assessment procedure.  

8. A p p l i c n t i o n  t o  Three D c r e l o p l a e ~ t  P a t h s  of  Ag-ricnltnral P r o d u c t i o n  

The object lve of t h e  study was the  development of a n  in st rums^^! f o r  technol- 
ogy assessment in agr icu l ture  and Its exp1orator)r application t o  t h r e e  deveiop- 
ment scenarios.  The f l r s t  p r ior l ty  was to find out  whether f o r  a technology 
assessment In connection with t h e  development of agricultural  production a suit- 
ab le  instrument could b e  developed which would allow t h e  rel iable assessment of 
important  Impacts and consequences. Our r e s e a r c h  focussed on this  s ide of t h e  
study In par l icu la r .  

Since i h e  suitablllty of t h e  Instrument had to be tested by application to con- 
o r e t e  scenarico,  we a l so  r e p o r t  some resu l t s  f o r  t h e  scenarios A ' iniensification'. 
B 'businessas-usual '  and C 'ecologization'. These resu l t s  should not be taken too 
seriously at #is point s ince we fully recognize cer ta ln  inconsistencies of t h e  da ta  
s e t  used and of t h e  noniLeratlve scenar io  procedure.  Both points should b e  
reworked In follow-upstudies. However, we are cer ta in  # a t  with some small 



improvements a relatively rel iable instrument f o r  technology assessment in agri-  
cu l ture  rill be  available. 

Despite these  reservations we feel t h a t  severa l  of t h e  assessments of this  
preliminary application of t h e  instrument are certainly valid, even though they 
d o  not  devlata f r o  results  being discussed now in o ther  agricultural  policy stu- 
dies. In part icular .  t h e  instrument allows t h e  testing d many c u r r e n t  assump- 
tions and speculations. In this regar .  basing t h e  assessment on material flows is  a 
c r u c i a l  and ement ia l  feature.  

The syt~tam study based on a a t a r i a l  flows is augmented by t h e  comprehensive 
e v a l u a t i m  with r e s p e c t  to t h e  essential c r i t a r i a  of t h e  development of t h e  agri-  
cu l tura l  syslsm. This mearrs t h a t  c ruc ia l  problem areas are easily identified. 

The instrument aarr applied b t h r e e  developmen1 scenar ios  of agricultural  
production: 

In 8cemrio A 'intenaif~cation' t h e  essential  element is  t h e  reduction of 
t r a d e  res t r ic t ions  and marlfet d i S t o r t i 0 ~  which would lead to a s t ronger  in tens~f -  
ication of agficultnral  prcducMon in p a d i c u l a r  regions f o r  economic conditions 
are taken  out  of agricultural  production. 

In scenario B 'bwine - - I '  t h e  major theme is  the  assurance of con- 
tinued operat ion of t h e  most prcductive farms in the i r  c u r r e n t  form. This means 
t h a t  markets  cannot  be liberalized in t h e  way planned in scenar io  A .  For this  
reason ,  a similar intensification and concentrat ion of production cannot Lake 
place. 

In mce~rio C 'ecologiratiom' t h e  major impulse is  a more conscious orien- 
tation of agricultural  production towards decreasing ecological impacts and sup- 
porting na tura l  nutr ient  cycles,  coupled with a n  at tempt to suppor t  the  tradl-  
tional small family farm structure. 

Despite t h e  preliminary na ture  of t h e  study, we presen t  h e r e  some i m p o r b n l  
resu l t s ,  which we feel to have some genera l  validity. Figure 6 shorn  the  t rends  of 
agr icu l tura l  land use in t h e  t h r e e  scenarios f o r  all of t h e  Federal Republic of 
Gsrmany. 

1. Food consumption in t h e  Federal Republic of Germany will d r o p  by some 201 
in t h e  next decades. mainly a s  a resu l t  of demographic developmenL. 

2. Demand reduction f o r  animal products  has  disproportional effect  on agricul-  
t u r e ,  s ince this  a f f e c b  t h e  g d n  production (for feedstock) significantly. 

3. I t  Is not posslble to s e c u r e  t h e  operat ion of t h e  c u r r e n t  numbers of farms 
under  t h e  c 0 n d i t i 0 ~  of f r e e  a g r i c u l t d  market ,  with increasing yields and 
decreas ing  demand. 

4 .  There  a r e  only a few possibilities to al leviate this dilemma: to reduce  t h e  
a c r e a g e  f o r  plant  production and t h e  number of farms signlficantly, o r  to  
intensify production. or l o  subsidize production and i t s  subsequent des l ruc-  
Llon, or to subsidlze food expor t s ,  or to decouple t h e  internal  market  p r ices  
f o r  agr icu l tura l  products  form the  world market. bringing them (o a level 
high enough which would guaranLee t h e  continual existence of a g r e a t e r  
number of exhns ive ly  producing farms. 

5. The scenar io  'intensification' which a s s u r e s  survival only f o r  t h e  most pro- 
ductive farms using intensive production, while l a r g e  unprcductive a r e a s  



would be h k e n  out  d production, certainly has  Lhe mosl s e v e r e  social and 
ecological impacts. On t h e  o t h e r  hand. this is  a scenar io  which under t h e  
c u r r e n t  conditions seems to have the  best  economical and political chances.  
% e r e ,  a problem with high decision p r e s s u r e  becomes obvious if t h e  develop- 
ment of socially unaccephble  conditions i s  to b e  avoided. 

6. The scenar io  'business*-usual' which assumes only incremental policy 
changes to avoid t h e  mart obvious negative impacts a l so  must be assessed a s  
having overwhelmingly negative consequences. In this  case ,  subsidized pro- 
duction of agricultural  products  continues to b e  a necessity. 

7 .  The s c e n a r i o  'ecologization' in which a n  at tempt is  made to p r e s e r v e  Lhe 
c u r r e n t  small farm production p a t t e r n  as much as possible by exentsivation 
does not  show t h e  most f a v w n b l e  ecological and soda1 impacts, bu t  i t  a l so  
has  to dea l  wtth difficult problems of economlc and political acceptance.  The 
technology assessment f o r  this  scenar io  again shows t h e  necessity f o r  timely 
decision and action in o r d e r  to favour desirable developments by switching 
policies, and by blocking unwanted developments in time. 

The resu l t s  of the  comprehensive impact assessment f o r  t h e  t h r e e  scenarios.  
using 16 re levant  o r ien tom,  a r e  show in Figure 7. 
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Figure 6 Field Production a r e a  Scenarios f o r  the  Federal  Republic of Ger- 



Figure 7 Resulb of Comprehensive Viability Assessment Using Basic Orientor 
Approach 





4.11 MANAGEMENT OF FOREST EESOWCES IN LITHUANIA* 

V. Anhnaih m d  D ~ ~ P N  
L i t h u a n i a n  Academy 8fAgriculture 
Xauna6. DSrwnys. L i t h w n i a n  SSR. 

f i r e s t  ruourcas .  The forest land in Lithuania amounts t o  2134 thousand ha, 
including 1882 Lhousand ha of forested area .  About 69% of the forest  land is 
managed by s ta te  forest  enterprises under the supervision of the Ministry for Sil- 
viculture and Forest Industry; l@% of b e  forest  land is in the  charge of collective 
f a r m  and the r e s t  1s run by s ta te  farms and various ministries. The forest  land 
comprises 27.n of the  Lithuanian hrritory. I t  is to bs extended to 30% by the 
year  2005 a t  the expense of l ~ d  unsuitable for  farming. 

The nwst widely distributed t r ee  species a r e  the conifers (pine and spruce) 
amounung to 572 of the forest  area;  40% is occupied by birch, alder and aspen, 
and 32 by h a r d w d  t r ee  species (oak and ash). 

A cha racbr i s t i c  feature of Lithuanian forests is the  inadequate distribution 
of age-olass. The average age of Lithuanian forests is 40 years, with only 4.9% of 
mature stands, an extremely low percentage. The surplus of younger stands is a 
result of p t  World W a r  I1 reforestations of huge clear-cuttings. However. 
today's premature stands a r e  growing and af ter  20 years, t he re  will be no lack of 
mature stands. The timber volume per ha is also increasing. In 1956 i t  consisled 
of just 70 m3/ha but in 1983 i t  had already reached 164 m3/ha. The average 
volume of the  nature  stands in the s ta te  forest  enterprises is equal to  219 m3iha. 
but in the collecUve farm forests 111 m3/ha only. The mean annual volume growlh 
is 3,6 m3/ha and the current  annual growth is 6.8 m3/ha. The mean site class is 
2.1 (by the M. Orlov system) and the mean s t w k  density is 0.7. 

Siia c h s m l o n .  Site evaluations in Lithuania have been developing In 
two ways. S. Karazija (1879) in the  Lithuanian Forest Research lnslitute has 
worked out a s i b  clasfffioation 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 m d :  

a) d m a t i o n  of the mxt essential and obvious indiaes of the forest  types; 

b) study of t he  ecological and economic a t t r ibubs  of the forest  types; 

c )  elaboration of the  silvicultural s p b m s  on the basis of forest  type. 

Using soil characterist ics a t  measuring s i b s .  two other scientists. M. 
Vaitshp and dB. Lahamuskas (1966). modified and expanded the  edaphic net by P. 
Pogrebnjak. So, a second s i te  classification scheme based on soil charactsrist ics 
has been worked out. It Is known as the  soil typological classification. 

'In: Bceiogtcal .%statnabCl(ty @Regional hwlopment. Procecdlnls  of a Workshop held In V I I -  
nlua. Llthuaala. USSR. 22-26 Jane 1987. L. KalrlukSrla, A. Buracaa. and A. Straazak (Eda.). 19.98, 
Syatsma Praearch InatlttIta. Poliah Acadamy of Sc lanceq  Warsaw. Poland. 



S i n c e  1966  f o r e s t  i n v e n t o r y  a n d  s i l v i c u l t u r a l  p lanning  h a v e  b e e n  c a r r i e d  o u t  
o n  t h e  bas i s  of soi l  typology .  Both s i t e  c lass i f ica t ions  mentioned a b o v e  - t h a t  of 
t h e  f o r e s t  t y p e s  a n d  t h a t  of t h e  so i l  t y p e s  - a r e  complementary  a n d  t h e y  cons t i -  
l u t e  a  united ecological-geochemical  c lass i f ica t ion  of Li thuanian  f o r e s t s .  The  si l -  
i - l cu l tura l  s y s t e m s  worked  o u t  o n  t h e  b a s i s  of t h a t  c lass i f ica t ion  t a k e  i n t o  a c c o u n t  
t h e  lead ing  f o r e s t  func t ion  f o r  t h e  g i v e n  a r e a  a n d  c o n t r i b u t e  to f o r e s t  manage- 
ment improvement  

Multrple-use o r g a n i z a t i o n .  S o c i e t y  d e s i r e s  many g o o d s ,  s e r v i c e s  a n d  quali-  
t ~ e s  ( t i m b e r ,  w a t e r  a n d  s o i l  p r o t e c t i o n ,  game,  r e c r e a t i o n ,  b e r r i e s ,  mushrooms,  
e t c  ) p r o d u c e d  s imul taneous ly  by  f o r e s t s  Because  of t h e  a b i l i t y  of t h e  f o r e s t  t o  
p r o m d e  mult iple s e r v i c e s ,  management a c t i v i t i e s  c a n  b e  implemented Lo p r o d u c e  
m o r e  o r  l e s s  a n y  p a r t i c u l a r  p r o d u c t .  Multiple u s e  i s  in tended  to p r o d u c e  a set of 
f o r e s t  s e r v i c e s .  All goods  a n d  s e r v i c e s  p r o d u c e d  by  t h e  f o r e s t s  a r e  ca l led  func- 
t ional  f o r e s t  r e s o u r c e s  (FFR) to s e p a r a t e  them f r o m  t h e  f o r e s t  r e s o u r c e s  a s  a  
whole F o r e s t  r e s o u r c e s  as a whole a r e  c o n s i d e r e d  as a t e r r i t o r i a l  t o t a l i t y .  A11 
t h e  f o r e s t  qua l i t i es  a r e  c o n s i d e r e d  to b e  n a t u r a l  f a c t o r s  with a n d  without  soc~al 
use  The n a l u r a l  f a c t o r s  with s o c ~ a l  u s e  a r e  ca l led  func t iona l  f o r e s t  r e s o u r c e s  
b e c a u s e  the:, r e s u l t  f r o m  t h e  f o r e s t  f u n c t i o n s  The  number  of t h e  FFR o n  a g iven  
t e r r i t o r y  and  a t  a  g i v e n  time d e t e r m i n e s  t h e  q u a n t i t y  of t h e  s i l v i c u l t u r a l  t a r g e t s  
a n d  t h e  quant i ty  of f o r e s t - u s e  t y p e s .  

Ttie v a r i o u s  uses made of f o r e s t  land r e f l e c t  t h e  r e l a t i v e  i m p o r t a n c e  t h a t  
s o c i e t y  a t t a c h e s  to a l t e r n a t i v e  p u r p o s e s  f o r  which f o r e s t s  c a n  b e  p r o t e c t e d  a n d  
managed The f o r e s t s  in Li thuania  a r e  divided i n t o  two g r o u p s  a c c o r d i n g  Lo t h e i r  
f u l ~ c L ~ o n s .  t h e  f i r s t  g r o u p ,  which involves  many s p e c i f i c  c a t e g o r i e s ,  s e r v e s  
mainly r e c r e a t i o n a l  a n d  p r o t e c t i o n  p u r p o s e s  whilst t h e  s e c o n d  o n e  i s  in tended  f o r  
t i m b e r  p r o d u c t i o n .  I t  should  b e  mentioned t h a t  t h e s e  f o r e s t  g r o u p s  a r e  c h a r a c -  
t e r i z e d  by d i f f e r e n t  t r e e  s p e c i e s ,  r o t a t i o n  a n d  s i lv icu l tura l  t r e a t m e n t  sys tems  
The a r e a  of t h e  f i r s t  g r o u p  of f o r e s h  i s  36.3% or 5 7 5  thousand  h a ;  t h e  r e s t  of t h e  
f o r e s t  land i s  o c c u p i e d  by f o r e s t s  of t h e  s e c o n d  g r o u p .  Among t h e  c a t e g o r i e s  of 
t h e  f i r s t  g r o u p ,  o n e  c a n  mention so-called g r e e n  b e l t s  s u r r o u n d i n g  o u r  towns a n d  
c i t i e s  (357 thousand  h a ) ,  p a r k s ,  h e a l t h  r e s o r t  f o r e s t s ,  f o r e s t s  f o r  w a t e r  p r o t e c -  
t ion  (80700 h a ) .  f o r e s t  b e l t s  a long  roads a n d  r a i l w a y s  (63700 h a ) .  e t c .  

T h e r e  is a n  i m p o r t a n t  t r e n d  in t h e  u s e  of f o r e s t  land in  Li thuania .  R e s e r v a -  
t ion  of f o r e s t  l and  f o r  noncommodity p u r p o s e s  i s  g r a d u a l l y  i n c r e a s i n g .  Examples  
of s u c h  a c t i o n s  i n c l u d e  t h e  c r e a t i o n  of t h e  Li thuanian  National  P a r k  (1974) on  a n  
a r e a  of 291  km2, a n d  v a r i o u s  r e s e r v e s .  70% of t h e  National  P a r k  t e r r i t o r y  i s  
c o v e r e d  by f o r e s t s .  T h e r e  are t h r e e  t o t a l  r e s e r v e s ,  35 l a n d s c a p e ,  2 7  landscape-  
h i s t o r i c a l .  15 geologica l ,  6 o r n i t h o l o g i c a l ,  1 0  bo tan ica l -zoologica l ,  24 b o t a n i c a l .  
1 3  ich tyologica l ,  2 entomologica l ,  4 h y d r o l o g i c a l ,  a n d  3 2  c r a n b e r r y  p a r t i a l  
r e s e r v e s  in  Li thuania .  T h e  t o t a l  area of r e s e r v e s  is m o r e  t h a n  2000 km2. In a l l  
t y p e s  of r e s e r v e s ,  f o r e s l s  p lay  a n  i m p o r t a n t  r o l e .  

The  f o r e s l s  of L i thuania  are managed on  t h e  b a s i s  of t h e  s u s t a i n e d  yield 
p r i n c i p l e .  We c o n s i d e r  t h i s  p r i n c i p l e  f r o m  t h e  b io logica l  viewpoint  of a  p r o d u c -  
t i v i t y  p r o c e s s  in f o r e s t r y ,  f o r  i t  i s  a lways  n e c e s s a r y  to h a v e  a c e r t a i n  growing 
s t o c k  p r e s e n t  to p r o m o t e  t h e  r e n e w a b l e ,  mult iple use of t h e  f o r e s t  ( t imber .  
r e c r e a t i o n ,  s o i l  a n d  w a t e r  p r o t e c t i o n ) .  In c e r t a i n  p e r i d s  of human l i f e ,  o n e  or 
a n o t h e r  f o r e s t  p r o d u c t ,  or func t ion ,  may p r e v a i l ,  b u t  a l l  t h e  changing  demands  
c a n  b e  m e t  on ly  when t h e r e  i s  a cont inuous ly  p r o d u c i n g  s t a n d  complex .  

The  l e a s t  unit  f o r  mult iple-use management o n  t h e  s u s t a i n e d  yield p r i n c i p l e  
in Li thuania  i s  a  f o r e s t  e n t e r p r i s e .  t h e  mean s i z e  of which I S  30000 h a .  Each  
f o r e s t  e n t e r p r i s e  c o n s i s t s  of 8 -10  f o r e s t  d i s t r i c t s ,  which h a y e  an  a v e r a g e  a r e a  
of 3 0 0 0  h a .  A c o m p a r t m e n t  i s  t h e  smal les t  p e r m a n e n t  s u b d ~ v l  :!on of a f o r e s t .  As 
a r u l e  i t  i s  r e c t a n g u l a r  a n d  h a s  a n  a r e a  of 40-50 h a  The  smallesL unit  of 



inventory,  planning and treatment  is a subcompartment (a s tand ;  Te iwaeche)  A s  
a resu l t  of intensive and silvicultural act ivi t ies .  t h e  mean size of a s tand in o u r  
f o r e s t s  has decreased  t o  2,O ha.  This i s  considered Lo be a negative phenomenon 

Introduction of t h e  sustained yield princrple into p rac t ica l  f o r e s t r y  is the  
main task of t h e  special  f o r e s t  survey  and planning se rv ice  ( F o r s t e i n r i c h l u n g ) .  
which i s  responsible f o r  ca r ry ing  out  inventories  on a s tand b a s s ,  preparing 

f o r e s t  t rea tment  plans and drawing maps a t  t h e  level of each  f o r e s t  e n t e r p r i s e  a t  
ten-year  intervals .  During stand inventories ,  f o r e s t  soils have been described 
and charac te r ized  since 1966 in o r d e r  Lo acqui re  more foundations f o r  silvicul- 
Lural planning. After  the  inventory has  been performed,  a special  soil map is 
p r e p a r e d .  Natural ly,  many of the  s tand foundations do  not coincide with the  dif- 
f e r e n t  soi l  types.  

SusLained yield on t h e  multiple-use basis i s  a per fec t ly  regulated s t a t e  The 
concept  of a t a r g e t  f o r e s t  i s  an  expansion of t h e  normal f o r e s t  concept .  The t a r -  
g e t  f o r e s t  i s  an ob jec t  of interdepartmental  and intradepartmental  regulat ion.  I t  
should b e  mentioned t h a t  such  a system is more sui table under a central ly planned 
economy. The t a r g e t  f o r e s t  must b e  composed of t a r g e t  s tands  and a t a r g e t  s tand 
must meet t h e  requirements  of the  corresponding f o r e s t  g roup  o r  ca tegory .  

The functional s t r u c t u r e  of the  t a r g e t  f o r e s t  depicts  the  t e r r i t o r i a l  in tegra -  
Lion of f o r e s t  husbandry purpases  worked out  on t h e  PFR study b a s ~ s .  Theory and 
r e s e a r c h  suggest  t h a t  f o r e s t  husbandry purposes  can  be independent, comple- 
mentary o r  competitive. These relat ionships a r e  important  guides t o  declsion 
making. 

The main f e a t u r e  of the  f o r e s t  spat ial  division to meet the  requirements  of 
t h e  multiple-use husbandry is the  t imber volume level. There  a r e  t h r e e  timber 
volume levels  in t h e  t a r g e t  fo res t :  maximal, reduced ,  and "other ."  Maxims1 
t imber volume i s  intended f o r  Limber production,  water  and soil protect ion In 
f o r e s t s  intended f o r  rec rea t iona l  se rv ices ,  game, b e r r i e s ,  and mushrooms, timber 
volume should b e  reduced  as a resu l t  of the  lowered stand densi ty.  Other  timber 
volume levels  may be a p p r o p r i a t e  in f o r e s t s  intended f o r  scient if ic  and cul tural  
purposes  ( r e s e r v e s ,  national p a r k s ,  f o r e s t s  of his torical  importance,  e t c  ) 
Sca les  have been developed to evaluate f o r e s t  land and growing s tands  according 
to t h e i r  suitability f o r  t imber production. game. b e r r i e s ,  r e c r e a t i o n ,  e t c .  in 
Lithuania. 

For  final yield regulat ion,  some a r e a  methods a r e  used.  They a r e  based on 
ro ta t ion  and age-class dis tr ibut ion of t h e  management c lasses .  These a r e  com- 
bined on t h e  level of a f o r e s t  enLerprise a f t e r  the  s tand analysis has  been c a r -  
r ied ou t  and  they a r e  charac te r ized  by the  dominant t r e e  spec ies ,  rotat ion and 
a r e a s  of age-classes in Len-year intervals .  When estimating t h e  allowable cu t  f o r  
such  a management class .  we s e e k  a normal age-class d i sk ibu t ion  Lo ensure  a sus-  
Lained yield. The rotat ions of t h e  main t r e e  spec ies  a r e  given in Table 1 

Problems. F o r  many y e a r s  t h e  srrall s ize of t h e  s tands  and administrative 
unils h a s  been  considered to b e  of benefit.  The sequence and distr ibut ion of 
s tands  and administrat ive units have  been exclusively determined on the  basis of 
biological requirements .  The main problems facing our  f o r e s t r y  t d a v  
a r e :  decreas ing  Labor r e s o u r c e s  in f o r e s t  e n t e r p r i s e s  on t h e  one hand, and 
growing demands f o r  t imber on t h e  o t h e r .  Such a situation has  made i t  necessary  
to in t roduce  industr ial  production methods in to  f o r e s t  husbandry,  t o  change  
management forms and unils, and  to revise t h e  principles  of t imber production 
planning. 



Table 1. Tree species rotat ion (years). 

Fores t  nroun 

Tree  species Group I 
Protect ion fores t s  

Group I1 
Exploitation fores t s  

Pine, ash 
Spruce  
Oak 
Aspen 
Alder, birch 

Maps of our fores t s  depict  a mmalc of small s tands due Lo t h e  var ie ty  of soil 
types and InLenslve silvtcultvral a c U v t U a .  In many cases. they show e r r a t i c  
forms. Such a s t r u c t u r e  makes t h e  InLroduction of modern logging machinery 
both difficult and uneconomic. There  a r e  two approaches  where e f for t  should be 
concentrated in o r d e r  Lo solve th l s  problsm: en la rge  t h e  c l e a r  felllng a r e a s  and 
minimize the  distance between then .  

The f i n 1  method gjves us t h e  opportunity Lo Improve Lhe form of t h e  stands 
by making them right-angled. The optimal form of a stand is considered Lo b e  a 
rectangle. the  long side of length of about  1000 m. facing t h e  direct ion of prevail- 
ing gale winds (west) in Lithuania. One real izes that .  in such a case.  the  nonobli- 
gatory c l e a r  felling follows t h e  boundaries of an existing mature stand. Slight 
differences between soil types have no importance and. therefore ,  r a t h e r  than 
culLivaLe mature stands charsc le r ized  by different  tree species,  a s  is t h e  case  
with some mature stands. we aim Lo regenera te  a p u r e  stand. The width of a c l e a r  
felling a r e a ,  i.e., t h a t  of a fu ture  regenera ted  stand,  Is  limited. The width of a 
felling s t r i p  depends on  t h e  soil type, t r e e  spec ies  being regenera ted ,  and t h e  
group of forests;  the  width i s  usually 150-200 m. One of the decisive fac tors  lim- 
iting t h e  width of t h e  s tands  is  t h e  t h r e a t  of windblow. the damages from which 
a r e  g r e a t e r ,  t h e  broader  a n  even-aged stand is. This problem i s  especially acu te  
in spruce  fores t s  s i tuated in t h e  western p a r t  of Lithuania and bordering t h e  Bal- 
tic Sea. This i s  why the  c l e a r  felling s t r i p s  a r e  commonly aligned from east  Lo 
west, i.e.. against t h e  main wind direction, because i t  is  known t h a t  younger and 
lower stands have a g r e a t e r  resistance to wlnd and, therefore .  should shield t h e  
o lder  and hlgher tress. Investi#atiom c a r r i e d  ou t  in the  a r e a s  of s e v e r e  wind- 
blow have proved t h a t  t h e  most effective protect ion against fronLal wind at tack 
can  be afforded by having a 5 m height difference between two neighboring 
stands. This is  especially Impartant when stands exceed an age  of 40-50 years .  
Subsequently, ad jacent  c l e a r  falling s t r i p s  must have an age separat ion of. a t  
least. 6-10 years .  The goal is, therefore ,  Lo cresLe a stepped stand s e r i e s  from 
the  f i r s t  age-class s tand until t h e  outting age s tand  and to forfie t h e  wind to  
travel  up these s teps ,  thereby  gradually losing s t rength .  W e  woul~3 like to point 
out  t h a t  when concentrat ing t h e  logging opsratlons. increasing t h e  felling areas 
and t h e  stands to make the  most d t h e  particular machines Introduced, we do not 
forge t  t h a t  t h e  f o r e s t  i s  a biological entity. t h e  s t r u c t u r e  cd which should be 
brought Into accordance with the  new economic situation in f o r e s k y .  

'Ihe second s t e p  in the  logging concenlraUon p r w e s s  i s  a c o r r e c t  placing of 
the  felllng s t r i p s  In t h e  a r e a  of a f o r e s t  en te rpr i se .  This s e r v e s  to minimize the 
distance h a r v e s t e r s  have Lo move among those s tands  which a r e  scheduled f o r  
cutting In t h e  same y e a r  and Lo maintain t h e  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  f o r e s t  en te rpr i se :  



- position of mature stands according t o  the  dominanL t r e e  species;  

- position of worker se t t l emenb;  
- road network intensity and quality; 
- t e r r a i n  type of the  felling s t r ips ;  
- annual yield (allowable cu t )  from each t r e e  species management class 

(consLant f o r  aach  ten-year period). 

Thanks t o  such a methcdology. in recent  y e a r s  we could increase the  aver -  
a g a  c l e a r  felling size to 3.5-4.0 ha. This is a basis  f o r  increasing Lhe average  
a r e a  of f u t u r e  stands. 

A new problem we a r e  facing nowadays in Lithuania is  the worsening environ- 
ment. Weslerly winds bring acid rain and sulphur dioxide while some of o u r  own 
fac tor ies  and t ra f f ic  a r e  heavy sources  of a i r  pollution. In some places dying o r  
dead t r e e s ,  and even dying stands,  can  be seen.  To g e t  a r e a l  picture of Lhe 
situation. we a r e  going to implement a f o r e s t  monitoring system on t h e  whole Ler- 
r i t o r y  of Lithuania. In f a c t  t h e r e  will b e  l h r e e  f o r e s t  monitoring systems, each 
designed t o  meet special  goals. 

Fores t  inventory based on t h e  complete stands survey makes available a wide 
range  of dah-based  information on stock volume, volume increment, damage:. 
heaiLh of the  stands.  cutting quantity, reforestat ion,  siLe quality, network of 
roads ,  silvicultural measures, e tc .  Each inventory takes one decade.  

Forest  r e s o u r c e s  monitoring is  concentrated on the main t r e e  species of 
Lithuania. Stands a r e  selected along a 4 km gr id .  Ninety Lrees of dom~nanL 
spec ies  and predominant importance will be numbered and permanently mariced 
Defoliation and t imber quality will be assessed by a specially trained Learn ever?  
y e a r .  The survey  in the  sampling stands will include t h e  assessmenL of the 
vegetat ive cover ,  insects ,  diseases,  anthills, b i rds  of p rey ,  and damage by game 
Chemical needle-analysis of identical t r e e s  will be c a r r i e d  out .  In such a way 
i n d i c a b r s  of lhe  la tes t  situation. t rends  and regional dislribution of a i r  polluL~on 
will be ga thered .  

Silvicu!ture quality monitoring's objectives a r e  t o  evaluate Lhe si!\.icultural 
measures c a r r i e d  ouL in t h e  f o r e s t  en te rpr i ses  by Lhe local fores te rs .  A speclal 
control  system has been worked ouL aimed a t  comparing Lhe characLerisLics of 
planned and actua! s tands.  

For example, t h e  plantation quality can be estimated on the basis of Lhe fol-  
lowing charac te r i s t ics  (Table 2). 

Table 2. Plantation quality control  

Index 

Quality mark 

1 I1 I1 I I V 
good sat isfactory bad dead 

1. QuanLi ty of dead 
plant seedlings, X 25 25-50 51-BO 

2. Quantity of unpromising 
seedlings among t h e  25 25-50 51 -80 00 
viable seedlines. X 



Modeling a n d  f o r e c a s t i n g .  All decisions on resource  management involve 
some form of forecas t s .  The main Loo1 f o r  forecas t s  is  modeling. The foresL is a 
complex biological entity. S o  i t  is  quite difficult t o  model al l  processes taking 
place in the  fores t .  The importance of modeling can  be  summarized as foliows: 

1. Models clearly demonstrate charac te r i s t ics  and regulari t ies  or Lhe 
phenomena investigated. 

2. Models c o n t r i b u k  Lo t h e  optimal s t ra tegy  of forest .  management. 

3. Models help us d e b r m i n e  thase  parts of the  system which need f u r t h e r  
investigation. 

Q u i k  conriderable success has been achieved in ' ~ i t h u a n i a  in modeling 
volume increment, growth and stand productivity charac te r i s t ics ,  taking into 
account  anthropogenic impacts. Some models have been developed f o r  final and 
intermediate yield regulation. All models a r e  based on  t h e  lessons learned from 
pas t  f o r e s t  productivity experience.  based on regulariLies of volume increment. 
growth and stand productivity, and descript ions of these processes in mathemati- 
ca l  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 a r e  collected in a book The L a w s  a n d  R e g u l a r -  
i t i e s  o f  S t a n d  Croroth a n d  S t r u c t u r e  ( b y  V .  Antanaitis, A.  Tebera,  and J 
Skepetiene,  1986). 

Modern models intended f o r  the  stand growth and productivity description 
t a k e  into account  t h e  following factors:  

1. Climatic conditions. 

2. Si te  types. 

3. Level of environmental pollution. 

4 .  Calendar year .  

5. Tree  spec ies  composition. 

6 .  Age. 

7 Density. - 

8 .  Tree  species '  genetic  charac te r i s t ics  

9. Provenance of t h e  stands.  

10. Silvicultural measures. 

However, existing models are incomplete from t h e  following points of view: 

- models a r e  insufficiently coord inakd  with the  environment; 
- various t r e e  spec ies  a r e  s u b j e c b d  to r e s e a r c h  of different  intensity; 
- modals are empirical and do not revea l  t h e  causal  relationships; 
- anthropogenic impacts a r a  insufficiently r e f l e c b d ;  
- t h e  tobl biomass dynamics of t h e  t r e e s  i s  not reflected;  
- models a r e  not linked to dendrochronology; 

accuracy  of the  models b not known. 

If we a r e  seeking Co define t h e  stability of f o r e s t  ecosysbms and to establish 
f o r e s t  monitoring sysbms.  we canriot be sat isf ied with the  models based on an 
equilibrium concept  (as general ly assumed). Models have to include i r revers ib le  
processes  and have to be linked Lo dendrochronological r h y t h m  since these 



rhylhms influence both t h e  process  of biomass formation and the  duration of s u c -  
cession. 

Main  development goa ls  

1. An increase  of t h e  land forested by 2-3% 

2. An increase  of s land produclivily and quality through t r e e  species 
optimization. 

3. An increase  of smallsized wood production by 300 Lhousand m3 f o r  t h e  
furn i ture  induslry. 

4. An Increase of t h e  labor  f o r c e  by 1000 in t h e  silvicultural s e c t o r .  

5. Keeping t h e  f o r e s t  s e c t o r  supplied wilh highly productive tools and 
machinery. 
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The f o r e s t  should be co&dered as a basic component of t h e  regional system 
where f o r a s t r y  consists of regional economic sec tors .  Air pollution, water and 
soil contaminaLion having a n  a d v e n e  influence on t h e  growth and productivity of 
f o r e s t s  a r e  concomitant of intensive regional economic developmsnt. In tu rn .  the 
s t a t e  f o r e s t s  in many respec ts  determine t h e  volume of timber harvesting and t h e  
development of t h e  fores t  s a c t o r  as a whole. Therefore,  t h e  maximum annual 
allowable Limber cutting must be analyzed in close inLerrelationship between t h e  
development of t h e  environment and national economy as a whole. 

Let us consider  management of t h e  f o r e s t  s e c t o r  in the  framework of 
regional  development on t h e  pa t te rn  of t h e  Lithuanian SSR.  

The optimal var ian ts  of development of different  regional economic sec tors  
(including those  of t h e  f o r e s t  s e c t o r )  have been established according t o  
accepted  c r i t e r i a .  A system of models f o r  regional devalopment analysis has  been 
m d  (Figure 1). 
In t h e  analysis of regional productivity (the m ~ d e l ) .  these variants  a r e  based on 
d i f fe ren t  scenarios.  Simultaneously. the  volume of possible emissions inLo the  
environment (an ecological block) a r e  assessed depending on the volume of 
production and  o n  non-productive activity. Expenses f o r  a i r  and water  
purif icat ion and f o r  damage due to environmental contamination a r e  ascertained 
in  th i s  block too. The model descr ibes  regional economics and i t s  interrelatron 
with t h e  environment. The anthropogenic impact on single recipients  is analyred 
more profoundly on  t h e  basis  of models a t  t h e  following levels. They enable 
g r e a t e r  detai l  of t h e  charac te r i s t ics  according to single recipients  to be 
obtained and t h e  model of regional productivity specified. Some of the  indices 
from model I of t h e  higher aggregation level a r e  used to assess the 
c h a r a c t e r i s t i c s  of a i r  pollution causing deteriorat ion of f o r e s t  growth. Some 
f o r e s t s  a r e  even  killed. The reduction of increment and t h e  killing of fores t s  
changes  t h e  magnitude of Umber harvested.  

Feedback o c c u r s  through t h e  influence of t h e  changed volume of timber 
harves ted  In t h e  model of regional reproduction.  Rrs t ly .  t h e  volumes of 
production and t h e  values r e l a b d  to them in t h e  wood-processing economic 

=In: Proceedlnp of tke Workshop or b l # ~ @ u l  SpllrlrublUty d PrylPnJ D m l s p m c a ~  
Vllnlas. Llthoanla. USSR (22-28 Jona, 1Sl7). I.. Kalrlokstls. A. Burncam and A. SLraszak (Ed.?..), 
1986. Systems Remeerch In.tlLute. Pollah Academy of Sclcnces. Warsaw. Poland. 
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Figure 1. Modelling scheme of t h e  fores t  s e c t o r  in t h e  framework of regional 
reproduction. 

s e c t o r  vary immediately. Secondly, a change in t h e  volume of wood processed 
affects  t h e  production process within t h e  s e c t o r  and wood consumers. Thirdly. 
information on changes in wood processing under t h e  influence of this  o r  thaL 
amount of pollution ailovs us to estimate economic fores t  damage due t o  a i r  
pollution according to one kind of recipient  (wood). The same approach  is  
feasible t o  estimate the  impact on o t h e r  recipients  too. Thus, ecological 
consequences of t h e  previous var ian t  may b e  considered in t h e  subsequent s t e p  of 
Lhe l b r a l i v e  calculations. 

2. B e g i o d  Prudartirity-Yodel of the Lithammian SSR 

2.1 Major prinapls  of model cmPrtrnction 

An integral  charac te r i s t ic  of a n  economic act ivi ty In a region o v e r  a cer ta in  
period Is Lhe tohl sum of indices representing t h e  processes  of c rea t ion  and 
distribuiion of g r o s s  national product  (GNP) (Buracas and Rutkauskas. 1984). A 
production phase of the given processes  in t h e  economy s e c t o r  may be described 
by t h e  following balance equation: 



where: 
Xl(L) = g r o s s  ouLpuL of i produced in a region in y e a r  L; 
Ml(L) = volume of expenses of producL i f o r  producLive consumpLion of 

all s e c t o r s  of t h e  regional economy in year  L; 
q ( t )  = volume of expenses of production i fo r  produclive capital  investments 

in al l  s e c t o r s  of t h e  regional economy (the incremenL of 
the main productive funds. t h a t  of unaccomplished consLrucLion 
and o t h e r  producUva capital  Investments); 

Bi(t) = expenses of production i f o r  reproducing all kinds of 
ecological resources  and f o r  eliminating .Lhe consequences of 
envimnmental changes; 

Ill(L) = o t h e r  kinds of consumption of producL i and i t s  losses. 

The cor re la t ions  of reproduction a r e  given in Lhe system of "submodels" 
charac te r iz ing  the  items of the  baIance equation. We will briefly describe each 
item. 

I .  Es tab l i shment  of the  vo lumes  of gross  o u t p u t  d e p e n d i n g  o n  the fac tors  of 
p r o d u c t i o n .  

The volumes of production and t h e i r  determinjng facLors a r e  compared on 
the  basis  of Linear production functions: 

whece 
Fl(t) = mean annual volume of the  main productive funds in s e c t o r  i 

in y e a r  L; 
Dl(t) = average  annual number of workers in s e c t o r  i; 
ao. . . . . a3 =parameLen of Lhe variables.  

2. Assessment  of the  overaLl volume of p r o d u c t i o n  c o n s u m p t i o n  i n  a sector. 

In o r d e r  to determine the  necessary fiow of production from s e c t o r  i t o  
s e c t o r  j. t h e  coefficients  of d i r e c t  material expenses al, being predicted in an 

ezogenous way a r e  applied. Then t h e  flow will be: 

The overa l l  volume of production s e c t o r  necessary for  t h e  p r o d u c t ~ v e  
consumption in al l  s e c t o r s  will be t h e  following: 

3. D e t e r m i n n t i o n  of t h e  vo lumes  o f p r o d u c t i v e  c a p i t a l  i n v e s t m e n t s .  
The volumes of t h e  requirement of the  productive capiLal investments in 

s e c t o r s  a r e  calculated by t h e  models describing t h e  process  of productiviLy 
funds. The models a r e  based on  t h e  following assumptions: 

a )  t h e  funds assigned for  t h e  start of a y e a r  change towards t h e  end of i l  
proport ionally to coefficient PL = I-%. where at is  t h e  coefficient of 
elimination of t h e  main productive funds in y e a r  L; 



b )  t h e  volume of fund input  i s  a r e s u l t  of t h e  p roduc t ive  c a p i t a l  investments  of 
t h e  given y e a r  and p rev ious  y e a r s  1. Besides, e a c h  unit of fund inpu t  in y e a r  
L contains  a c e r t a i n  p a r t  of Up(t),  p = 1.1-1, .... 1.0 which i s  a r e s u l t  of t h e  
cap i t a l  investments  of y e a r  1-p, where  

c )  input  of t h e  main p roduc t ive  funds i s  c a r r i e d  o u t  y e a r l y  in conformity  with 
t h e  coe f f i c i en t  of uniformity of fund input.  The coe f f i c i en t  i s  a c c e p t e d  f o r  a 
sector in a n  exogenous way. The a v e r a g e  annua l  funds are assessed  
accord ing  to the  formula: 

wherg  

F, = mean annual  funds in y e a r  1; 

Ft = volume of funds f o r  t h e  start of y e a r  1; 

S t  = coeff ic ient  of uniformity of fund input .  

Lel  At be  t h e  volume of input  of t h e  main p roduc t ive  funds in y e a r  1. 11 i s  
t hen  possible  to ca lcu la t e  t h e  mean annual  values  with t h e  a id  of t h e  fund 
e!imlnatlon (aL)  value and t h e  known fund value f o r  t h e  end of  b a s e  y e a r  (F,). The 
following scheme i s  then  used: 

The  annua l  va lues  of t h e  n e c e s s a r y  volumes of main funds  (<) a r e  e s t ab i i shed  
from t h e  p roduc t ive  funct ions .  The annual  inc remen t  vaIues  of fund (4) a r e  
ca lcu la t ed  by applying 7, i n s t ead  of Ft. F o r  t h e  f i r s t  y e a r  of  t h e  p e r i o d  p red ic t ed  

The  values  f o r  subsequen t  y e a r s  a r e  a s c e r t a i n e d  a c c o r d i n g  Lo Che same 
p r inc ip le .  



Fur ther ,  the  volume of capital investments in the  main productive funds is 
determined allowing f o r  condition (b). These funds a r e  necessary Lo provide a 
desirable level of t h e  average  annual funds: 

The value of t h e  demand of the  corresponding products  a r e  assessed on the 
basis  of the  calculatad values of the  demand f o r  the  capiCal inveslmenls and on 
t h e  matrices of material  s t ruc tures :  

f o r  al l  j). The formala is  t h e  following: 

4.  Assessment of the  e l p e n s e s  for r e p r o d u c t i o n  of t h e  ecological resources  a n d  
damage  c a u s e d  by a i r  po l lu t ion .  

The given calculation is  based on the following scheme. 

- determination of emissions - establishment of t h e  level of expenses f o r  reproducing (purifying) nalura!  
r e s o u r c e s  (air ,  water); - ascertaining t h e  level of damage as a function of t h e  non-reproductive par t  
of t h e  r e s o u r c e s  exploited; - assessment of t h e  total  level of ecological costs .  

Emission volumes a r e  determined by means of sLaL~st~cal  eva lua t~on  
m c o r d i n g  b t h e  resu l t s  of 0bSerVati0nS of Xi and PjJ t h e  parameters  of functlon 
p a r e  sstirnated: 

*ere 

Pi, = emission volume j in s e c t o r  i ;  

pi) = emission j in s e c t o r  i p e r  unit of act ivi ty inlensity; 

XI = index of act ivi ty intensity in s e c t o r  i. 

The emission s t rength  i s  divided into a purified vfi) and an  unpurified (PI:) 
wt. 

PlJ =P; +P: 



The expense? for  purification of ecological resources  (B;) consist of capilal  
investments in t he  funds f o r  na ture  protsct ion and exploitation expenses f o r  
these funds (35): 

B; = 2,; + 3; . 

The volume of funds necessary fo r  purlficatlon (7;) a r e  ascertained as a 
function of fund capacity (f,,). which fs established aocordlng Lo Lhe standard or 
statistically: 

'4 "0';) . 

The volume of capital  InvasLmenLs necessary f o r  Ule funds of na ture  
pmtec t lon  are detcrmlned In the  same w a y  as those f a r  producLive funds: 

2; = "(P4) . 

The volume of expenses f o r  exploftation are assessed by t he  volumes of funds 
f o r  exploitation: 

34 =Z(P;1) . 

Damage induced by emission (Q,,) is expressed  by abatement costs of t he  
consequences of emission activity in environment deteriorat ion:  

Q4 =qF'G) . 

The Lotal value of ecological expenses (B,,) is  obtained by the  formula: 

Minimizing ecol-wical c o s b  i s  a n  optimization cr i te r ion  of the  development oi 
t h e  regional  economy. 

5.  The v a l v e  of other k i n d s  of consumption i n  the  given m o d ~ c a t i o n  o f a  
modeL established os t h e f i n a l  item. 

When necessary.  I t  is  possible Co differentiate t he  given value. The task of 
optimizing regional development on t h e  basis  of the  cor re la t ions  described is s e t  
for th  below. 

ind ic ts :  

Index of sector-producer; 
Index of secLorsonsumer;  
Index of period calculated (five-year periods); 
voiurne d production of i In period r;  
weff ic ien t  of d i r ec t  expenses of production sector 1 Lo 
produce a product  unlt In sector j; 
volume of an  in te rmediab  product  of sector i; 
mean annual volume of main funds In sector I; 
number of working population in s ec to r  I; 
time; 
final product  in s e c t o r  i; 
. . at* = parameters of producUon function; 



b,' = 
q' = 
w; = 

v: = 

9; = 
d{ = 
v1 = 

= :; = 
K,' = 
5; = 
P1' = 
alp. . . 
pw = 
P)' = 
r;. = 

a:". . . 

zy .; 

b,.' = 
w; = 

v;. = 
3;7 = 
a;". . . 

Q: = 

a l p ,  . . 

parameters ol funds for  production; 
wlume d capital inveslmenk in sector i over period 7 ;  

coefficient of a matrix of material structure of 
oap ih l  investments; 
wlumc of production of cap ih l  investments in fund- 
creating sectors; 
volume of net f M  product In sector  i; 
labor productivity In sector  1; 
funds for  labor in sectors 1; 
valw se t  for  labor producUvity; 
values se t  for the funds for labor; 
Umltation se t  for volume of capital inveslmenk; 
s t ructure  of net final product; 
volume oC emisdon in sector i; 
. . ap f parameters of the function determining emission strength; 
quantity of pollutants purified; 
q ~ a n t l t y  of unpurffled pollutants; 
volume of funds for  nature protection allocated for  pollutant 
purification: 
. . a:* = parameters of the function determining the quantity of fund: 

for  nature protection; 
volume d capital investments in funds fo r  nature protection; 
parameters of nature protectIan fund productivity; 
coefficient of a maLrix of material s t ructure  of capital investmenls 
In funds fo r  nature protection; 
volume of production of capital investments in funds for  purification. 
exploitation expenses for  natural protection funds; 
. . afe = parameters of the function determining the volume of 

exploitation expenses; 
economic losses f o r  the regional economy due to unpurified 
emissions into the environment; 
. . a?* = parameters of the function determining the volume of 

economic lasses. 

A model. 

Interrelation between the volume of production and Its determining factors:  

X,' =  or"^,' + ar*~,' + a r q  + +rT4 . 

Correlation between the grass  output. iiltsrmediate and final product: 

Eqr?ations of dependence of the capital investments on production volumes and 
productivity fund parameters as well as on the dynamics of capital investmenls: 



EquaLions forming neL final production in t he  s e t  s t ruc ture :  

y;-vT=y: ., 

LimihLion fo r  production. labor funds and volume of capital investments: 

dya rn ; ;  @;as;. 

Dependence on the  volume of pollutants on tha t  of production and o the r  factors:  

aY1x; + ~T*D; + oY'F; + aik4t + a:* = P; . 

CorrelaLion between the  purified and unpurified p a r t  of pollution: 

p;=py+ppT. 

Dependence on the  volume of na ture  protection funds on the  quantity of pol luhnts  
purified: 

Dependence of capital  investments in na ture  protection funds on t h e  volume of 
productivity conditions of thcse funds as well as on the dynamics of c a p i h l  
investments: 

Equations of expenses f o r  explolhtion,  na ture  protection and economic losses: 

alm~;T + a;'% + ale = 3 7  . 



Overall volume of ne t  final product  maximized in the se t  s t ruc ture  wilhout 
ecological expenses: 

In the  above case. the  ecological expenses a r e  estimated f o r  one kind of 
pollutant. Calculation of severa l  kinds entails no difficulties. 

In t he  f l n t  s t ep  of the  i terat ive calculations. the  volume of economlc losses 
induced by ernissfon (Q;) may not be  included in t he  cri terion.  Subsequently, i l  is 
established in d h e r  models and entered into t h e  cri terion of optimization of the  
following Ib r s t Jom.  

1 )  quantity of economic rectot-6 presented In t he  model; 

2) volume of main proZucUve funds f o r  t he  start of the  period predicted;  
3) lag of capital  investments; 

4) coefficients of safe  keeping of main productive funds: 

5) lag coefficients; 

6 )  coefficients of uniformity of fund input; 

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

8) values of parameters  a of functions linking endogenous values in the  model; 
f o r  each  s ec to r  of the regional economy. 2-8 values a r e  s e t ;  values 2-7 a r e ,  
non-production fund pa r ame ten ;  

9) matrix of coefficients of d i rec t  material expenses: 

10) matrix or coefficients of material s t r uc tu r e  of capital investments: 

(WIJ; i.j 11.2 ..... n) ; 

The marsix must meet the  condition: 

One matrix in e n b r e d  in to  each f i v c y e a r  period;  

11) vec tor  of the  final prcduct  s t ruc ture ;  one vecLor i s '  entered  into each five- 
y e a r  period p r ed i cbd .  

Information obtained as a resu l t  of a decision (according to the  s ec to r s  of 
t h e  m g i d  economy): - volume of g r a s s  odpUC (mllUon roubles); 
- number of working people. (thousand people); 

- I n k m e d i a t e  product. (~dl l ion  roubles): 

- f inal  product. (million roubles); 



volume of capital inveshenta in the main productive funds. (million roubles); 

material elemenls of capital investments. (million roubles); 
volume of the main productive funds, (million roubles); 

net final product; (million roubles); 
volume of emission in the a l r  (or in the soil. in the r a t e r )  d w  to  production 
(thousand tons/year); 

purified emission (thousand tom/year); 
funds fo r  nature protection (for p r d e c U a  of ai r ,  water. etc.) (million 
roublw); 
capital Investments In the funds for  nature protection. (mirillion roubles); 

material structure of the capital investments in nature protection funds 
(million roubles); 
exploitation expenses for  nature protecuon funds (mllUon roubles); 

damage induced by a i r  pollution (million roubles); 

Because of different settings of the h a k .  changes a r e  possible In indices 
obtained. 

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

2.2 A n  i n t c k o r  a d p i s  of t h e  deweloprent  of tht torut &or 

A variant of calculations fo r  predicting regional ecaomicanvironmental 
development has been applied by singling out 30 economic s e c t o n  (products). Of 
these, 5 relate t o  the production of the rood-processing industry: 

1) the production of the wood-processing industry; 

2) the production of wood sawing; 

4 other  kinds of production of wood-processing Industry; 

5 )  the production of the pulp and papar Industry. 

The development of single sectors in the system of the whole economy of a 
region may be ana lped  along these Uws: 

1)  assessment of the variants of production volumes fo r  sectors  in the forest  
sector.  They mvst balance with the development of all other  sectors in the 
period predicted; 

2) establishment of the resouroes, volumes necessary for production (capital 
invwtments, the number of working population. the volumes of productive 
consmnption, etc.); 

3) evalmation of the effects d regional m o o n d c  development (different 
variants) on the r a t e  and proportion of Ute development of sectors in the 
forest  motor.  

The analysis of s e c t w  funcUonlng tendencies in the forest  sec tor  and the 
necessity of achieving a oertain situation in prospects. enabled the dynamic 
variants of the sector to be worked out. The necessity of an essential increase in 



g r o s s  ou tput  ands igni f ican t  limitation of the resources  were considered i n  the  
analysis. For instance. t h e  number of working people must not increase due Lo 
augmentation of labour productivity ek. 

Some c h a r a c t a r i s t i c s  of t h e  dynamics of s e c t o r s  (one var ian t  obtained a s  a 
model output)  are presen tad  in Figure 2. 

' 
The given var ian t  of t h e  developmsnt of five s e c t o r s  is  balanced with t h e  

development of t h e  whole regional  economy and  with necessary  resources  f o r  a 
long period In t h e  fu ture .  As shown in t h e  diagrams, t h e  increment of g ross  
ou tput  in t h e  wood-processing sectors is mainly achieved due  to an increase in 
labour productJvIty and in t h e  volumes of major productive funds. The l a t t e r  
tendency is Lypical of t h e  development of t h e  regional economy cur ren t ly  in 
Lithuania. USSR. However. i t  is not dispensable f o r  4 long period in t h e  fu ture .  
Other oar re la t ions  between t h e  reproduction funds a l l o w  var ian ts  with 
decreasing fund capac i ty  to be obtained. 

The main vdw of Lhe model lies in t h e  feasibility of multivariant analysis of 
d i f fe ran t  b n d a n c i e  

2.3 The mnalyais of the impact of anthropogdc activities on the 
enriro-nt. 

S o u r c e  emissions depend on t h e  intensi ty of productive and unproductive 
act ivi ty of people. Prevention of a i r  pollution requi res  c e r t a i n  expenses. In the  
model of predict ion of regional  productivity. the  expenses f o r  purification of t h e  
ecolagical r e s o u r c e s  are considered as a sum of capital  investments in the  funds 
f o r  na ture  pro tac t ion  and expenses f o r  t h e i r  exploitation (BO). The r e m a i n l n ~  
unpurified pollutants cause  a d v e r s e  consequences. Apart from the ecological 
costs (Be), economic damage (Q) due  Lo these  consequences (BO + Q) i s  another  
component. 

'Ihe two compunents of ecological c o s t s  a r e  interdependent: the  g r e a t e r  t h e  
one. t h e  l e s s e r  t h e  o ther .  Hence, a question of optimal cor re la t ion  between t h e  
two parts ar i ses .  The dependence between t h e  expenses f o r  na ture  protect ion 
(go), damage due  to pollution (Q) and t h e  level of environmental contamination 
A c u l a t e d  according to t h e  model is presented graphical ly in Figure 3. A minimal 
value of Ule Lob1 ecological costs (B' + Q) i s  achieved a t  a cer ta in  level of 
e n v i r o n m e n w  c o n b ~ ~ i ~ t i o n  PoB. In t h e  model of regional productivity 
minimizing ecological cogts under d h e r  conditions is one  of t h e  c r i t e r i a  of 
optimal soc iosconomic  develapment of a region. 

One of t h e  possible dynamic var ian ts  of atmospheric pollution under 
oancrete conditions of economic development of t h e  region is  shown in Figure 4 .  
The u p p e r  diagram c h a r a c t e r i z e s  t h e  dynamics of t h e  cos t  f o r  a i r  protect ion.  
while t h e  lower o n e  indicates changes in t h e  volumes of noxious emission. in t h e i r  
purif ied part a n d  in a i r  pollution depending on t h e  magnitude of production and 
t h e  p r e s e n c e  of funds f o r  air protect ion.  

The indices of environmental contamination were calculated according t o  the  
model f o r  ecological productivity which was e labora ted  a t  t h e  All-Union Research 
Inst i tute of S p t a m  Investigations of t h e  Stab Committee of Science and  Technics 
a t  t h e  Academy of Science of the  USSR (Krutko e t  a l ,  1982; Pegov e l  a l .  1985). 



G r o n  output 
Number of workcm 

I 

1 - logging 

2 - wood cutting 

3 - furniture , 

4 - other w o o d  products 

5 - pulp and paper industry 

figure 2. Scenarica of forsst sector development tendencies 



Figure 3. Dopendency of atmmpheric emissions (pH) upon atmospheric prolec-  
i n v e s h e n l s  (BO) and dependency of damage (Q) upon emissions 
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Figure 4. Scenarios of atmospheric emission volume changes depending on in- 
crease of atmwphere-prolective funds. 



The p a r a m e t e n  :' redistr ibution and transformation of polluLants with the  aid of 
auxil iary variao!es,  such as t h e  coefficienls of pollutant transformation were 
allowed f o r  in t h e  modal. The transformation coefficients establish the p a r t  of 
pollutants of l h e  given type processed as a resu l t  of absorption,  precipitation. 
decomposition. e tc .  In general .  p ~ l l u t a n t  transformation is  described in the  
following way. Industrial emissions e n t e r  the  air and water. In the water the  
pollutants, toge ther  with agricultural  fer t i l izers ,  a r e  par t ly  deposited in the  
p r o c e s s  of flow. P a r t  of them decompme under t h e  Influence of microorganisms.  
Air pollutants a r e  c a r r i e d  away by the wind beyond the  boundaries of a region. 
Within the  a i r  shed of a glven Lerritory, the  remaining pollutants par t ly  
decompose under  t h e  influence of ultra-violet radiation. During the  process  of 
decomposition t h e  pollutants a r e  absorbed by vegetation. The remainder get  into 
soi l  where they accumulate. Additionally. pollutants' g e t  inLo the  soil Logether 
wilh leaf fall and needle sheddlng. Some of the  pollutants a r e  c a r r i e d  away with 
t h e  harves t .  

The model provides t h r e e  ways of settlng t h e  region being simulated: d i rec t .  
automatic and standard.  We have adapted the model with a u b m a t i c  setting or the  
region. The following indices characterizing Lithuania, USSR a r e  en te red  into 
t h e  model: 

1) Geographical  bel t  - moderate 

2)  Geographical  zone - mixed fores t s  

3) Relief - a plain 

4) Soil - sandy  loam 

5 )  Swamp formation - moderate 

6 )  Filtration from t rans i t  r i v e r s  - 1 . 5  mm/km 

7 )  Farming lands - 572 of t h e  a r e a  of a region 

One of t h e  scenar ios  of t h e  model permits the  determination of the  
environmental contamination due t o  a i r  pollution. on the  amount of pollutants in 
water ,  and on t h e  quantity of fe r t i l i ze rs  applied. We have realized the  following 
scenar io  of pollutants and fert i l izers:  in the  a i r ,  the  pollutants comprise SOZ - 
0.075 t ~ n s / h a .  NO - 0.014 t o n s h a .  C H - 0.032 t o n s h a ;  in farmlands soil, ni tr ic  
fe r t i l i ze rs  amount t o  0.062 tonsha:  rdhile phospheric fe r t i l i ze rs  and manure 
amount Lo 0.032 Consha  and 5.7 tons/ha respectively.  Some results  of the  
scenar io  a r e  presen ted  in Figure 5. 

4. The Analpis of Charyea of the State of M Tomats Attributed to 
Emrironrsental C h a q e a  
For  t h e  analysls  of t h e  dynamics of forests .  taking into account  

environmental changes,  two models were applied: "Pollution and Forest  Damage 
(POLLAPSE)" e labora ted  by Grossmann (1985) and "Determination of t h e  volume 
of al loxable c u t  according b long-term dendroclimatic fluctuations and 
pollution". 

The WLLAPSE model which depends on t h e  quantity of pollutants in the  
a t m m p h e r e  p r e d i c t s  t h e  indices of a i r  pollution and soil contamination, evaluates 
changes  In t h e  biomass of wood, in leaves (needles), and in soil organisms, e t c .  
The following input  d a t a  (constants) were en te red  into t h e  modal while adapting i t .  





x, = 4.2 X loZ 
wn = 1.46 X 10' 
Ibi = 6.3 x lo3 
wrf = 18.2 x loZ 
n e l  = 24.3 x lo5 
bci = 5.0 x lo5 
1G = 22.4 X lo5 
sf = 47.1 X 10' 
x, = l2.4 x loZ 
In = 12.7 x loZ 
bn = inilial soil conbminalion.  Lons: 

x, = normal value of repea ted  contamlnalion, tans;' 
w n  = normal biomass of wood p e r  a r e a  unit. bns /km '; 
lbi = initial a i r  pollutio Lons; 
wf = fores ted  a r e a ,  km'l 
n e l  = initial quantity of needles (leaves), Lons: 
bci = soil contamination by unstable pollutants, tons; 
1G = s tab le  pollutants o v e r ?  20-year period. tons; 
sf = non-forested a r e a ,  km ; 
x i  = level of a i r  pollution, tons; 
In = normal a i r  poilulion. tans. 

The following indices of a i r  pollution were used in the  scenar io  (million Lons): 

According t o  t h e  POLLAPSE model. t h e r e  is  a possibiliLy t o  reach  different  
hypotheses on a i r  pollution impact on f o r e s t  dieback.  From Lhe point of view of 
quantity, this  is  expressed  by entering difierenL values of indices P l .P2  and Pg  
PI  = the  importance of a i r  pollution by non-phytwxidants f o r  the  damage: PZ = 
importance of soil contamination; and Pg = importance of photooxidants The 
resu l t s  of t h e  calculations according Lo different  hypotheses on foresL damage 
a r e  presen ted  in Figure 6 (according t o  the indices of change in the  biomass) 
Figure 7 shows t h e  daLa of change in the  charac te r i s t ic  of fores t s  (so11 
contamination, quantity of soil organisms, mass of needles, volume of s tands)  in 
conformity with t h e  hypothesis of t h e  fores t s  damage, charac te r ized  by indices 
P, = 3. P2 = 8 ,  P, = 2. 

Crrrrently, t h e r e  a r e  not  enough monitoring da ta  on f o r e s t  ecosysLems Lo 
enable a n  evaluation of t h e  durabil i ty sf single hypotheses of the POLLAPSE 
model. Obviously, according ta some of these. t h e  ex ten t  of foresL decline 1s 
increased.  

For  t h e  evaluation of f o r e s t  productivity dynamics depending on climaLic 
fluctuations, t h e  dendrochronological method is  applied (Kairiukstis and 
Dubinskaite. 1986; Kairiukstis e t  al.. 1986). It is  assumed tha t  long-term cycles 
a r e  more significant f o r  t h e  magnitude of t h s  volume of mature stands and amounL 
of allowable cutt ing.  

To assess  t h e  ta ta l  impact of severa l  long-term dendrochronological cycles 
on stand volume, t h e  following formula i s  used: 
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a - scenario of air pollution 

b - .oil pollution 

c - needla 

d - # i l o r # a w  

e - wood b i a v a  

Figure 7.  Indices of the influence of atmospheric and soil pollution on the forest .  



where y(t)  = indices of supplementary influence of long-term cycles on the  
growth of t r e e s ;  AJ = cycle amplitude; TJ = cycle duration; YJ = cycle variation 

phase;  t = one year .  

Table 1 gives p a r a m e t e n  of t h e  cycles. The diagrams of single cycles and 
the i r  loLal value a r e  shown in Figure 8. 

Table 1. Description of long-term dendrocUmaUc cycles. 

Cycle 
number 

Supplementary 
influence of 

cycle indices 
(amplitude). 2 

Phase  
Cycle 

durat ion 
y e a r s  

The dendroclimatic indices o v e r  the  period of s tand growth re f lec t  t h e  
change In f o r e s t  prcductivity. Hence, t h e  timber volume increment is  not 
constant  in time. Therefore,  an average  index f o r  t h e  cutting r a t e  should be  
estimated To achieve this  goal, a s e r i e s  of dendroclimatic indices have been 
formed. 

where: 

n = t r e e  species;  
Nn = number of age  classes (10 years )  in rotat ion period; 
t = d e n d a r  year  of fslllng of stands. 

The average  (within Ule r d a U o n  period) index of change in f o r e s t  
productivi ty is calculated as: 

'in 

C %n(') . ban 
4 ( t )  = 

In 
C 4. 
181 





where i is  t h e  index of a n  a g e  class .  

The allowable c u t  i s  es t imated using t h e  a v e r a g e  r e a l  volume of mature  
s t ands  in Lithuania ( fo res t  inventory.  1980). I t  i s  a f fec ted  by climatic 
f luctuat ions and t h e r e f o r e  t h e  cyc le  impact on t h e  volume must be eliminated: 

where:  
V: = b a s e  volume of s t ands ;  
A, =product ivi ty  change as a r e s u l t  of t h e  climatic impact o n  t h e  

s h n d  volume, 2; 
V, =volume of ma tu re  s t a n d s  in y e a r  1980.  

The a v e r a g e  volume Lo b e  c u t  in mature  s t a n d s  (m3/ha) i s  es t imated a s  
follows 

where C i s  t h e  coeff ic ient ;  Lo est imate  t h e  e x a c t  value of t h e  coeff ic ient ,  a 
special  s tudy is necessa ry ;  we assume t h a t  C = 1 .  

Table 2 gives  t h e  r e s u l t s  of estimation of Limber volume in t h e  matu re  s t a n d s  
taking into considerat ion long-term dendrochronological  f luctuat ions.  These d a t a  
indicate  tha t  long-term cl imat ic  f luctuat ions have  n o  essent ia l  influence on Limber 
volume of the  mature  s t ands .  The product ivi ty  of s t ands  d e c r e a s e s  due  Lo t h e  
impact o f  ail- ~ o l l u t i o n .  The inf luence i s  s t i l l  g r e a t e r  in pe r iods  of shor t - t e rm 
f luctuat ionc Such pe r iods  a r e  unfavorab le  f o r  t r e e  growth. If one assumes a 
reduc t ion  of 30% of normal increment ,  t h e  mean t imber  volumes of t h e  mature  
s t ands  will be  a t  the level p r e s e n t e d  under  t h e  l a s t  column of Table 2. 

5. As-ent  of Timber Hameating 

To determine t h e  r a t e s  of allowable c u t  a s  one  of t h e  main kinds of t imber  
ha rves t ing .  t h e  model OPTINA (Deltuvas, 1982;  Kair iukst is  et a l . ,  1986) kar; 
app l i ed .  The input  t o  the  model i s  t h e  following. 1 )  Areas  of age  c lasses ;  2) 
Number of age c iasses  in t h e  ro ta t ion  pe r iod ;  3 )  Average volume of ma tu re  
s t ands ;  4 )  Timber p r i c e s .  

The model r u n s  i n  t h e  following way: f o r  e a c h  spec ies ,  a n  allowable c u t  i s  
determined and t h e  minimal o n e  i s  s s l e c b d :  

where :  



Table 2. Compar~son of scenarios of timber volume dynamics in malure slands.  

Volume of mature stands,  m3/ha 

Scenario 1 

Years (cycles and 
a i r  poUution 
a r e  not taken 
tnLo account) 

Scenar io  2 Scenar io  3 

(allowing f o r  cycles 
(allowing f o r  and decrease  in 

cycles) f o r e s l  produclivily 
by 30% induced by a i r  

pollulion 

f = passible a r e a  yield f o r  a 10-year period;  
f l  = aroa of t h e  hist age  c lass  in t h e  ro ta t ion  period (beginning from malure 

slands); 
f2 = area of t h e  las t  but  one  (premature)  a g e  c lass  In Ute rotat ion period,  

and so on; 
n = rotation period (number of decades);  
a = ooofffcient. 

F u r t h e r  Input data (age classes)  f o r  t h e  subsequent  10-year period is formed 
and  t h e  allowable c u t  Is de t s rn ined  f o r  th i s  10-yaar period.  

Supplementary limitations a r e :  t h e  allowable c u t  f o r  each subsequenl  
decade must not  b e  lower than  t h a t  of t h e  previous one  and i t  m\rsL no1 exceed Lhe 
normal cut .  The volume Lo be felled (M) is set by multiplying t h e  allowable c u l  
y e a  (r) by  t h e  volume of t h e  mature elan& (V). 

The o t p u t  is t h e  dynamics of t h e  a g e  c lass  a r e a s  and allowable c u t  (ha.  3 . :  
w m a n d  m . millron roubles)  in  prospects .  



Envi ronmenbl  changes  a r e  considered in t h e  model by t ransforming t h e  
input  d a t a  on t h e  a g e  c lasses  and on t h e  volume of ma tu re  s b n d s .  Changes in the  
magnitude of allowable c u t  depending on Lhe impact  of a l r  pollution, on t h e  s t a t e  
of f o r e s t s  and allowing f o r  Lhe two hypo theses  (sect ion 4 )  a r e  i l lus t r a t ed  in 
Figure 9: 

1. damage of t h e  f o r e s k  accord ing  Lo Lhe model; 

2.  d e c r e a s e  in foresL producLiviLy u p  to 30Z taking into accoun t  long-term,  
dendrmhrono log ica l  cycles;  

Both scenar ios  indicaLe more o r  l e s s  s ignif icant  r e d u c t ~ o n s  in t h e  magnitude 
of t imber  ha rves led  under  condilions of environmenLa1 contamination. An 
applicaLion of Lhese d a b  f o r  r e p e a t e d  calculat ions accord ing  Lo Lhe model of 
r eg iona l  product ivi ty  enab les  t h e  optimal v a r i a n k  of product ion t o  b e  found 
They minimize t h e  total expenses  f o r  n a t u r e  p ro tec t ion  and f o r  t h e  losses  due t o  a 
d e c r e a s e  in magnitude of t imber  ha rves ted  as well as f o r  o t h e r  kinds of damage 
induced by env i ronmenbl  conbmina t ton .  

The meLhod p resen ted  enab les  some ecological  consequences of Lhe 
development of Lhe national economy f o r  Limber ha rves t ing  t o  b e  cons ide red .  11 
is  based on a n  inLersecLora1 analysis  of regional  developmen1 Special  melhods 
a r e  appl ied t o  determine Lhe s t a t e  of t h e  environment  which impacts  on f o r e s t s  a s  
wel! as t imber  ha rves t ing .  

The method suggested may b e  improved along t h e  following l ines:  

1 improvement of t h e  information bas i s  f o r  modeling; and 

2 specif icat ion of input  s c e n a r i o s  f o r  analysis  of quest ions such  as r a t e  and 
p r o p o r t ~ o n  of nat ional  economy development, sc ien t i f i c  and Lechnical 
advance  in f o r e s t  e n t e r p r i s e s  and in o t h e r  s e c t o r s ,  and  so on.  
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4.13 RECREATIONAL FOREST USE IN LITHUANIA USSR* 
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Kauncrs. G i r w n y s  
L i t h u a n i a n  SS?, USSSR 

1. The Baaic Facton of Recreational Forest Use 

The b a s i c  f a c t o r s  of r e c r e a t i o n a l  f o r e s t  u se  a r e  biological,  humaniLarian and 
socioeconomic.  Optimizing r e c r e a t i o n a l  f o r e s t  u se  i s  noL only a n  imporLanL p a r 1  
of t h e  p rob lem of n a t u r e  proLecLion but  i t  i s  a l s o  a problem of human life on t h e  
E a r t h  as a whole. The P r o g r a m  adop ted  aL t h e  27 th  Congress  of the  Communisl 
P a r t y  of t h e  Soviet  Union enunc ia t e s :  'Eve ry th ing  f o r  man's s a k e . "  

The human requ i remen t s  e m b r a c e  n o t  only physical  r e q u ~ r e m e n t s  n e c e s s a r ?  
Lo sus t a in  l i fe ,  bu t  a l s o  physiological  ones .  including sani ta t ion.  t h e  r equ i remen t7  
f o r  p u r e  food,  w a t e r ,  a i r  and  s p a c e .  Man s t r i v e s  f o r  a n  e c o l o g i c a l l ~  p u r e  r ec - rea -  
Lional environmenl .  

The humani tar ian r equ i remen t s  a r e  t h e  following: t o  know Lhe environment 
Lo en joy  t h e  beau ty ,  t h e  sounds  and  t h e  o d o r  of n a t u r e ,  t o  deve lop  o n e ' s  pe r sona l -  
i ty  a n d  to s t r i v e  f o r  in t e l l ec tua l ,  ideological  satisfaction of one ' s  p e r s o n a l ~ t ?  

The demand of t h e  populat ion of t h e  Li thuanian SSR f o r  f o r e s t  r e c r e a t ~ n r l  
was deLermined by sociornetr ic  methods [2]. The invest igat ions  were  conducted by 
u s  in  1976 ,  1980  and  1984 with t h e  h e l p  of ques t ionna i re s  ( n e a r l y  16.000 q u e s t ~ o n -  
na i r e s ) .  They r e s u l t e d  in e lucidat ion of t h e  main t endenc ies  of r e c r e a t i o n a l  
f o r e s t  u se  a n d  in  t h e  e s t ab l i shmen t  of Lhe dependence  of r e c r e a t ~ o n a l  r e q u i r e -  
ments  o n  t h e  most important  n a t u r a l ,  socioeconomic and demograph ic  i n d ~ c e s  of 
t h e  Repub l i c .  These r equ i remen t s  w e r e  a s sessed  taking inLo accoun t  the  Lheorpt- 
i ca l  fundamenLak of r e c r e a t i o n a l  geography  and p rac l i ca !  r equ i remen t s  f o r  
r e c r e a t i o n a l  l andscape  formaLion (16.  201. The o b s e r v a n c e  of Lhese pr inciple5 I S  

a n  indispensable  condition of in t e rd i sc ip l ina ry  inLegraLion of t h e  findings in sol..-- 
ing t h e  problem of opLimizing r sc reaLiona l  n a t u r e  uLilizaLion at l a r g e  and r e c r e a -  
tiona! f o r e s t  u s e  In p a r t i c u l a r .  

In  1985 ,  t h e  r e c r e a t i o n a l  load on  a f o r e s t  in  t h e  Republ ic  comprised 1 4  7 
million vis i tor-days.  By t h e  y e a r  2000,  i t  will i n c r e a s e  to nea r ly  23 million 
vis i tor-days p e r  year. 

.In: Ecolo~feal~usininnbility qfRegiona1 Ikuclopmrnl, Proceedings  of m Workshop held I n  \'!I- 
d u e .  U t h u a d l .  USSR, 22-26 June 1987. L K l l r l u k s t l s ,  A. ~ u r & a a .  and A.  Strmsaak (Eds. ) .  1988. 
Symterm R e s e a r c h  Institute. P o l l s h  Academy of S c l e n c e s .  Warsaw, Poland. 



2. Pactom Bertrictiq B e c n r t i o n s l  P o d  U s e  

The s i tuat ion with r e s p e c t  t o  f o r e s t  u se  i s  mainly determined by t h e  r e q u l r e -  
m e n b  of t h e  nat ional  economy, t h e  community and populat ion f o r  f o r e s t  r e s o u r c e 5  
and p r o d u c k  (wood, berr.ies,  mushrooms, game. r e s i n ,  e t c . )  and by f o r e s t  p r o t e c -  
t ive  pecu l i a r i t i e s  (in t h e  b r o a d  sense ) .  The intensi ty  of f o r e s t  management i s  of 
impor tance  Loo 

C u r r e n t l y .  702 o f  t h e  demand of t h e  nat ional  economy of t h e  Lithuanian SSR 
f o r  w o o d  i s  met locally [ I ,  63, I t  i s  impossible to meet  t h e  r equ i remen t s  f o r  wood 
complete ly  due  l o  l ack  of ma tu re  s b n d s  (4.21) 151. However ,  t h e  a g e  s t r u c t u r e  in  
f o r e s k  in  t h e  v e r y  n e a r  f u t u r e  ( a t  t h e  beginning of t h e  Z l s t  c e n t u r y ,  ma tu re  
%Lands s i l l  i n c r e a s e  by 202) will improve and t h e i r  p roduc t iv i ty  will i n c r e a s e  ( t h e  
mean annua l  volume inc remen t  .-il l  i n c r e a s e  by 0.046 m3/ha). By t h e  y e a r  2000. 
:he r e q u i r e m e n k  f o r  wood will be  met fully f rom local  r e s o u r c e s  [B. 91. 

The  demand f o r  b y p r o d u c k  i n c r e a s e s .  The  annua l  yield of mushrooms in t h e  
' c r e s t s  of t h e  Republ ic  compr i ses  o n  a v e r a g e  54 thousand tons ,  whilst t h a t  of 
~ l e r r i e s  30. Only 1 5 2  of t h e  p r o d u c t i c l  of mushrooms and 2 0 1  of b e r r i e s  are used.  
!i3wever. t h e  intensif icat ion of f o r e s t  management and t h e  inc reas ing  r e c r e a -  
!tonal l m d ,  r e d u c e  t h e  yield of mushrooms s i n c e  t h e  condi t ions  of t h e i r  h a b i t a t s  
%,ill de t e r io raLe  Over  t h e  l a s t  2 0  y e a r s  t h e  a r e a  of b e r r y  plantat ions  d e c r e a s e d  
b? 252 12, 181 Only 302 of t h e  demand of t h e  nat ional  economy f o r  b e r r i e s  and 
L!ie r e q u i r e m e n k  of t h e  p o p u l a t ~ o n  f o r  h e r b s  a r e  met  [ I ,  21. Cur ren t ly ,  t h e  
number  of l a r g e  game (pa r t i cu la r ly  e l k s )  s l ight ly  e x c e e d s  t h e  allowable r a t e  [ I l l .  
Tt:e r e q u i r e m e n t s  of indus t ry  f o r  r e s i n  a r e  insuff ic ient ly  met. 

The  s i t u a t ~ o n  with r e s p e c t  to f o r e s t  u se  i s  r a t h e r  c r i t i c a l  on  t h e  whole 
T n e r e f o r e ,  t h e  inc reas ing  r e c r e a t i o n a l  r e q u i r e m e n k  will b e  mainly meL th rough  
intensif icat ion of f o r e s t  management f o r  r e c r e a t i o n .  According to o u r  calcula-  
tions. t h e  a r e a  a t t r ibuLed t o  r e c r e a t i o n a l  f o r e s k  in t h e  Li thuanian SSR will s t a -  
bilize by t h e  b e g ~ n n i n g  of t h e  21s t  c e n t u r y  

The  legis la t ive  bas i s  f o r  development  of r e c r e a t i o n a l  f o r e s t  u se  i s  confi rmed 
in t h e  Const i tu t ions  of t h e  USSR and t h e  Li thuanian SSR,  and in t h e  P r o g r a m  of 
t h e  Communist P a r t y  of t h e  USSR and in a number  of Union and repub l i c  leveis  

Mater ia l - technical  pass ibi l i t ies  f o r  development  of r e c r e a t i o n a l  f o r e s t  u se  
a r e  c h a r a c t e r i z e d  by t h e  following. 

1 )  manpower l eve l s  ( t r a ~ n i n g  of s p e c i a l i s k  - e n g i n e e r s ,  t echn ic i ans  a n d  ski l led 
worke r s ) ;  

2 )  t h e  p rov i s ion  of ma te r i a l s  and  t echn iques  (u i th  t echn iques  ad jus t ed  t o  t h e  
work in  f o r e s t  p a r k s  and  in o t h e r  p a r t i c u l a r l y  va luab le  r e c r e a t i o n a l  f o r e s t s .  
wt th  ma te r i a l s ,  with means of informat ion a n d  with Lools); 

3) t h e  p rov i s ion  of technology (special ized r egu la t ion  of t h e  management of a 
d i s t r i c t .  e l a b o r a t i o n  of p r o j e c t s  and  t echn iques  f o r  s ing l i r e  ou t  r e c r e a t i o n a l  
a r ea  f o r  a s h o r t  p e r i o d ,  f o r  d e s i g d n g  f o r e s t  p a r k s ,  zones  of r o c r e a t i o n  in 
na t iona l  a n d  n a t u r a l  p a r k s ,  in  r e s a r v a t i o n s  a n d  in  o t h e r  t e r r i t o r i e s  with a 
s p e c i a l  function); 

4) t h e  p r o v i d o n  of w o r k e r s  ( the  number  of p e r m a n e n t  and  s e a s o n a l  w o r k e r s ) .  

Spfdalists i n  r e c r e a t i o n a l  f o r e s t  use are no t  Crained in  t h e  Republ ic .  
Engineers a n d  l echn ic i ans  (of a g e n e r a l  n a t u r e )  in  f o r e s t  management as well a s  
Cschniclans  f o r  plant ing of trees a n d  s h r u b s  in towns a n d  se t t l emen t s  mainly work 
in these f o r a s b .  

P r o v i s i o n  of ma te r i a l s  e n b i l s  no diff icul t ies .  ~ a c k  of spec ia l  t echn iques  and  
w o r k e r s  has the most  r e s t r i c t i v e  inf luence o n  t h e  development  of  r e c r e a t i o n a l  





fores t  use. Special s m a ~ l s c a l e  techniques and micro t rac tors  a r e  also needed. 
Large-scale planting is  insufficiently mechanized. 

The level of provision of technology is r a t h e r  high. Recreat ional  fores t s  
a r e  established by a special  division of the  Lithuanian f o r e s t  e n t e r p r i s e  of A-U/C 
'Zesprojekt ."  The designs of f o r e s t  parks .  short- term recrea t iona l  s i t es ,  sanita- 
Lion, e tc .  a r e  elaborated by t h e  experimenLal project-construcLion - technologi- 
cal  bureau of t h e  Ministry of Forest  Management and Timber Industry of the  
Lithuanian SSR. 

Natural conditions in t h e  t e r r i t o r y  of t h e  Republic are r a t h e r  favorable f o r  
t h e  development of recrea t ion .  In summer. 442 of the  days  a r e  sunny, whilst 782 
of t h e  days a r e  without precipi tat ion.  A normally dressed  pe- feels  comfort- 
ab le  on sunny days  in May and September and on cloudy days  in July and August. 
Forest  cover  const i tutes 27.92. mere a r e  2543 lakes  with a r e a s  of more than  0 .5  
ha .  725 r i v e r s  a r e  longer than 1 0  km. The length of t h e  s h o r e  of the  Baltic S e a  
in the  Republic is 99 km. In winter. conditions a r e  less favorable f o r  t h e  
development of recrea t ion  since mild winters prevail  with insufficient snow and 
part ial  thawing. Winters without any s t a b l e  snow cover  a l so  o c c u r .  

Forest  management f o r  r s c r e a t l o n  contr ibutes to t h e  development of the  
road network (514 km/1000 kmz). Recreat ion c e n t e r s  provide accommodation f o r  
nearly 760 thousand people [7]. In 1 3  of 44 regions. the development of r e c r e a -  
tional f o r e s t  use i s  hindered by environmental con.tamination induced by indus- 
t r i a l  en te rpr i ses ,  farming and transporl[3] .  

The recreat ional  capacity of t h e  fores t s  of t h e  Republic was assessed using 
a method c rea ted  by us [12]. The resu l t s  demonstrate t h a t  from the  standpoint of 
recrea t ion .  the  most valuable f o r e s t s  a r e  a t  Neringa, in t h e  regions of Ignalina 
and Shvenchioniai (Figure 2). 'Ihe fores t s  of t h e  Moletai, Lazdijai and Varena 
regions a l so  have significant recrea t iona l  value, whikit those  of the  Birrhai ,  
Akmene. Mazheikiai, Skucdas, Kedainiai, Jonava. Pakruojis. and Kapsukas regions 
a r e  of less  value. 

In o r d e r  Lo p r e s e r v e  t h e  fores t s  valuable f o r  recrea t ion ,  i t  is necessary Lo 
use them rationally-..and t o  optimize the i r  ecological and recreat ional  capacity.  
The LtLer was evaluated f o r  al l  f o r e s t s  of the  Republic according t o  o u r  methods 
and standards.  The g r e a t e s t  recrea t iona l  capacity was found in t h e  fores t s  of the 
Varena and Shvenchioniai regions. The fores t s  of Vilnius. Trakai. Plunge. Shiau- 
liai. Shalchininkai. Panevezhys. and J u r b a r k a s  regions also have g r e a t  r e c r e a -  
tional capacity.  

The potential ecological recrea t ion  capacity f o r  all forests of t h e  Republic 
comprises 133  million v i s i t o r d a y s  p e r  y e a r  (oonditionally assuming tha t  al l  visiLs 
are attributed to recreat ion).  

Ecological education of t h e  populaUm is of importance in developing 
recrea t ion .  People unaware of ecological f a c t o r s  are not carefu l  enough while 
making f i res  in t h e  fores t .  They l i t t e r  t h e  ground, damage the  vegetation and 
anthills, destroy f o r e s t  l i t t e r ,  make noise, contaminate water and soil, and van- 
dalize campground furn i ture  and o t h e r  objects .  The f o r e s t  loses i t s  a t t rac t ion  
and new visi tors  g o  to o t h e r  f o r e s t  t e r r i to r ies .  Low ecological education r e s -  
t r i c t s  t h e  utilization of protected f o r e s t  landscapes f o r  recrea t ion  and especially 
i h m e  which a r e  valoable and can b e  readily damaged [I. 141. 



Pig.  2. Assessnent of r e c r e a t i o n a l  ( 8 )  and ecologica l  (b) capac i ty  
of f n r e s t s  of the Lithuan4an SSR according t o  a d ~ i r 3 s : r e -  

+ive  reg ions .  Recreat ionel  capacityr, pcirC,:: I - > L C ;  

2 - 15.1-20.0; 3 - 10.1-15.0; 4 - 5.1-T0.C: 5 - < 5 .  
E c o i c g c a l  capac i ty ,  rzi l l ion vis i tor-days p e r  y e a r :  1 - >8: 
2 - 6.1-8.C; 3 - 4.T-6.C; 4 - 2.1-4.0; 5  - 4 r 



3. T h e  F a c t o r s  ktcrmir& Eke-tional F o r a t  U s e  

It is  necessary to c r e a t e  an  organizational s t r u c t u r e  f o r  recreat ional  fores t  
use on different  hierarchical  levels of fores t  management and planning a s  well m 
allocation of funds f o r  organizational-economic measures Lo remove conflict 
situations. Conflicts a r i s e  between the increasing requirements of the population 
f o r  fores t  recrea t ion  and the  degree  to which these  requirements a r e  met. 
Simultaneously. t h e  corresponding stat= for  each  Link regulating t h e i r  activity 
in time and space  must be worked out. 

Special funds f o r  fores t  management f o r  recrea t ion  s o  f a r ,  a r e  insufficient 
[13, 193. 

The funds allocated for  constructing and repair ing roads and f o r  implement- 
ing fire-prevention measures a. -D a lso  used to provide recreat ional  amenities and 
services.  

The most important  b s k  of fores t ry  r e s e a r c h  institutes is  t o  e labora te  c sys- 
tem of organizational-economic measures. They should include t h e  selection of 
recrea t iona l  fores t s ,  t h e i r  assessmert  and projection. fores t  management ( s b r t -  
ing with f o r e s t  plantations and ending with felling) and recrea t iona l  se rv ices  and 
amenities on t h e  t e r r i t o v .  Organiza t iona l~conomic  measures must differentiate 
according to t h e  prevailing recreat ional  act ivi t ies ,  according t o  the  intensity of 
recreat ional  utilization of the  t e r r i t o r y  and according t o  natural  and anthropo- 
genic conditions 113, 15, 183. 

4. E l a b o r a t i o n  of a Syatem of Organiza t iona l -Economic  Xea- 

A system of organizational+conomic measures f o r  recrea t iona l  fores t s  i s  an  
interact ive complex of fores t  management. service.  amenity and organizat~onal  
measures. Optimization of recrea t iona l  f o r e s t  use means purposeful actions lead- 
ing t o  the  bes t  combination of existing processes  in the  fores t  ecosystems which 
maximally meet recrea t iona l  requirements of the  population. The cos t  of protec-  
tion and development of these  fores t s  must be minimized. Two groups of local 
anthropogenic f a c t o n  influencing biological mass exchanges, energy  flow and t h e  
quality of the  biota in recrea t iona l  f o r e s t s  have been singled out  (Figure 3). 1) 
consumption f a c t o n  ( the impact of the  recrea t iona l  load) and 2) economic fac tors  
( the e f fec t  of economic measures). 

Consumption f a c t o r s  a f fec t  succession processes adversely.  They cause 
deteriorat ion of t h e  ecosyslems with r e s p e c t  to both ecology and socioeconomics. 
Economic f a c t o r s  conditionally stimulate positive succession processes stabiliz- 
ing the  behavior of e c m p t a m s .  They also f a v o r  positive successional processes 
which optimize t h e i r  utilization f o r  recreat ion.  i.e.. with r e s p e c t  t o  socioeconom- 
ICS. 

Thus, t h e  measures included In a n  organizational-economic system must regu- 
la te  recrea t iona l  load, ensure  environmental protect ion and improve f o r e s t  
recrea t iona l  conditions (Figure 4). 

OrganIzaUonal measures embrace t h e  c rea t ion  and development of organiza- 
Uonal s t r u c t n r e s  on al l  levels of f o r e s t  management. They a r e  also re la ted  t o  t h e  
organization of t h e  Lerri tory and recrea t ion  on t h e  AU-Union, regional and local 
scale.  

The major questions of organizing the  t e r r i t o r y  in t h e  Republic and in a 
region a r e  tackled in a CompLa Scheme of Nature I f o t e c t i o n  in the  L i t h u a n i a n  
SFR 1173. Methods of mathematical modeling a r e  provided f o r  organizing t h e  
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t e r r i t o r y  on a local scale.  Optimizing of spat ial  s t r u c t u r e ,  spec ies  composition 
and functional zoning of a recrea t iona l  f o r e s t  in a complex way is feasible with 
t h e  aid of the  model, which i s  based on t h e  integrat ion of medico-biological and 
aesthetic-amotional requirements of Lourists and on the res i s tance  of fores t  
ecosystems a t  minimal c a t .  

Organizing recrea t ion  belongs to t h e  nonproductive s p h e r e  of man's activi- 
t ies .  Effective functioning of th i s  s p h e r e  is possible only within t h e  framework of 
an organized,  planned and managed branch [lo]. Many problems of organizing 
r e c r e a t i o n  remain to b e  solved. 

The most important  measures of f o r e s t  management are planting, felling. 
amelioration and f o r e s t  protect ion.  The building of roads  and paths,  recreat ional  
campsite construct ion,  t h e  development of a rat ional  information system and 
faci l i t ies  f o r  tour i s t s  a r e  needed to provide amenities and serv ices .  These prob- 
lems must b e  solved ming modern f o r e s t  biology applying the newest techniques. 

The process  of optimizing reoreat ional  f o r e s t  use is  conditioned by a com- 
plex of na tura l  and socioeconomic fac lors .  I t  i s  also re la ted  Lo measures embrac- 
ing the development of balanced and specialized fores t  managemenl. the improve- 
ment of the  material-technical basis f o r  management, a decrease  in  i h e  adverse  
anthropogenic impact on t h e  environment. t h e  ecological education of people, a s  
well as refinements in the  legislative basis f o r  recrea t iona l  f o r e s t  use. 
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4.14 CONTROL OF A FOREST POLICY SYSTEM AM) ITS OPTMIZR4G 
SIMULATION' 

Takuro Kishine 
Kyoio Univers i ty .  
Ft~cuLty ojAgricuLture 
Sizkyo. Kyoto m, Japan 

1. Control o f  a P o r e d  Policy System a~ a Socia l  System 

F o r e s t  pol icy i s  a method of a r t i f i c i a l  con t ro l  which p u r j u e s  s u p r e m e  s p i r ~  
tual  as well as mate r i a l  va lues  th rough  opt imal  f o r e s t  utilizalion f o r  publ ic  s e r -  
v i c e  and  economy (i.e. .  t imber  p roduc t s )  on t h e  assumption t h a t  t he  f o r e s t  i s  a n  
ind i spensab le  sp i r i tua l  as well as mater ia l  r e s o u r c e  f o r  t h e  s u p p o r t  of human 
beings .  This i s  b e c a u s e  a f o r e s t  policy system i s  a soc ia l  system and t h e  p r i n c ~ p l e  
of i t s  c o n t r o l  i s  almost t h e  same  a s  t h e  automatic  con t ro l  of a n  eng inee r ing  system 
e x c e p t  f o r  t h e  e x i s t e n c e  of human beings  themselves  in t h e  c o n t r o l  sys t em.  F r o n ~  
t h i s  po in t  of view, t h e  c o n t r o l  t h e o r y  of t h e  g e n e r a l  soc ia l  system i n c l u d ~ n y  t h e  
f o r e s t  sys t em i s  p r e s e n t e d  in F igure  1. 

2. D e r e l o p e n t  o f  a n  Optimal Allocation System Model of a F o r e s t  Area 
- OA Model - 
Figure  2 shows  t h e  c o n t e n t s  of a simulation model of t h e  social  system i n  Fig- 

u r e  1 with r e s p e c t  lo t h e  f o r e s t  system.  This mathematical  model cons i s t s  of tuc. 
t y p e s  of f o r e s t  system.  This mathematical  model cons i s l s  of two t y p e s  of s u b -  
mathematical  models; o n e  i s  t h a t  of a t echn ica l  sys t em f o r  t h e  optimal zone a l loca -  
t ion a n d  opt imal  working division of f o r e s t s  th rough  p r inc ipa l  componenl  
analysis :  P.C.A. ( c l u s t e r  ana lys i s  i s  a l s o  used if i t  i s  needed) ;  and  t h e  o t h e r  is 
t h a t  of a pol i t ical  sys t em f o r  t h e  optimal a l locat ion of a f o r e s t  a r e a  f o r  economic 
a n d  publ ic  s e r v i c e  u s e  lo maximize t h e  combined Lotal f o r e s t  r e v e n u e  of t h e  
economic f o r e s t  and  t h e  publ ic  service f o r e s t  t h r o u g h  economet r i c  ana lys i s  

2.1 Optimal a l l oca t ion  -em model o f  f o m t  a m  by principal 
component analyuis - OA model : - 
T o  a t t a i n  the opt imal  a l loca t ion  of f o r e s t s  of a coun t ry .  i t  i s  useful to make 

meshes  of the t o t a l  f o r e s t  area and  estimaLe t h e  g e n e r a l  c h a r a c t e r i s t i c  value,  i e .  
p r i n c i p a l  componen t  of  e a c h  mesh by  p r inc ipa l  component  ana lys i s  (P.C.A.) ,  and  
t h e n  a r r a n g e  Ule optimal zone  a n d  optimal working division a c c o r d i n g  to those  

.In: EcoLogfcal Sustafnabflity p/Rcgionol RvcLopnunl. Proceedings of 8 Workshop held I n  V I I -  
nlus. Wthuanls. USSR. 22-26 June 1987. L. Kelrlukatls. A .  ~ u r d a s ,  and A. Stras2ak (Ed..), 1988. 
Systems Research Inatltutc. Pollsh Academy of Sciences. Wsrsaw. Polend. 



Figure 1. Control of a social sy%Lsm 
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Figure 2. MaLhematlcal models of forestry as a social system 



pr inc ipa l  components with t h e  highest  value. From th i s  point of view, th i s  model 
may b e  cal led Optimal Allocation System model: type  I, i .e.  OA model: 1 in s h o r t .  In 
th i s  way, t h e  to ta l  f o r e s t s  of t h e  coun t ry  a r e  c lassi f ied in to  t h e  f o r e s t  types  of 
t h e  mountainous in te r io r .  l h e  middle zone,  and t h e  s u b u r b s ;  f u r t h e r m o r e ,  each  o f  
them i s  divided, in Lo t h e  working Lype. of t h e  economic f o r e s t  and t h e  public s e r -  
vice fo res t s .  The de ta i l s  are as follows. 

Optimal  z o n i n g  s y s t e m  model of forest a r e a  

By P.C.A.. f o r e s t s  may b e  classified in to  t h e  f o r e s t  Lypes of t h e  mounlainous 
in te r io r .  t h e  middle zone,  and t h e  s u b u r b s  accord ing  Lo e a c h  mesh which h a s  t h e  
indexes  based  o n  n a t u r a l  condi t ions i.e.. environmental  f a c t o r s  such a s  Lempera- 
t a r e .  p rec ip i t a t ion .  a l t i tude ,  n a t u r e  of land,  vegetat[on, r i v e r s ,  l akes ,  s c e n e r y ,  
e t c .  

Opt imal  w o r k i n g  d i v i s i o n  s y s t e m  model of forest  a r e a  

W e  a l s o  s e t  up t h e  working division design of f o r e s t  utilization a b o u t  each  
f o r e s t  Lype classif ied by t h e  al locat ion of f o r e s t  accord ing  t o  P C.A. In c o n c r e t e  
t e r m s ,  we divide t h e  f o r e s t s  of t h e  mountainous i n t e r i o r ,  t h e  middle zone,  and t h c  
s u b u r b s  in to  economic f o r e s t ,  public s e r v i c e  f o r e s t s  i .e . ,  wa te r  r e s e r v o i r  f o r e s t .  
nat ional  land maintenance f o r e s t .  r e c r e a t i o n  fo res t .  e t c . .  accord ing  t o  each  mezh 
which h a s  t h e  indexes based  on economic condi t ions such  a s  p r o p r i e t a r y  s i lua-  
Lion, utilization fo rms  of fo res t s .  s i t e  condi t ion,  e t c . .  and social  condition such  a s  
village cons t ruc t ion ,  depopulat ion,  urbanizat ion,  and h i s t o r i c  and noteworth? 
s p o t s ,  e t c .  

In t h e  following, t h e  t h e o r y  and method of pr incipal  component analysl:: on 
t h e  "optimal a l locat ion planning of fo res t s " ,  p a r t i c u l a r l y  on t h e  "optlmal w o r k ~ n g  
division planning of f o r e s t s "  i s  c l a r i f i ed ,  taking t h e  example of f o r e s t s  of Osaka 
p r e f e c t u r e  in Japan .  

H e r e ,  t h e  p r inc ipa l  component  analysis  i s  def ined as "theory Lo r e d u c e  v a r i -  
ous  kinds of c o r r e l a t e d  c h a r a c t e r i s t i c s  t o  a mutually unre la ted  small number  of 
g e n e r a l  c h a r a c t e r i s t i c s " .  F o r e s t s  have  s o  many kinds of individual c h a r a c t e r i s -  
t i c s  s u c h  as g e o g r a p h y ,  soil,  vegetat ion,  r i v e r s ,  l andscape  and s o  on ,  and econom- 
i ca l  o r  soc ia l  condi t ions Like p r o p r i e t a r y  s i tuat ion,  utilization forms of f o r e s t .  
economic locat ion condi t ions and  h i s to r i ca l  s i t e s  e t c .  These individual c h a r a c -  
t e r i s t i c s  r e p r e s e n t  a v e r y  complicated ecological  and social  system, maintaining 
mutual r e l a t ions  among them. T h e r e f o r e ,  i t  i s  impossible t o  g r a s p  t h e  g e n e r a l  
c h a r a c t e r i s t i c s  of a f o r e s t  as a whole if we examine e a c h  c h a r a c t e r i s t i c  one  by 
one.  

In  such  a case. if we c a n  summarize t h e s e  va r ious  individual c h a r a c t e r i s t i c s  
InLo a few mutually independent  g e n e r a l  c h a r a c t e r i s t i c s  o r  g e n e r a l  indexes 
(which is ca l l ed  a p r inc ipa l  component).  m'th t h e s e ,  we may understand t h e  
o v e r a l l  or g e n e r a l  c h a r a c t e r i s t i c s  of t h e  f o r a s t  p rec i se ly  a n d  c lea r ly  This 1s 
t h e  r e a s o n  why we a d o p t  In  t h i s  s tudy t h e  p r inc ipa l  component analysis  f o r  t h e  
optimal a l locat ion planning of f o r e s t s .  Namely, by t h e  p r inc ipa l  componcnl  
analysis .  if we c a n  c l a r i f y  t h e  pecu l i a r  g e n e r a l  c h a r a c t e r i s t i c s  of r e s p e c t i v e  
f o r e s t s  divided inLo meshes,  th rough  s u c h  working division as displaying Lhe 
p e c u l i a r  g e n e r a l  c h a r a c t e r i s t i c s  of e a c h  f o r e s t  in a mesh, as a whole, w e  c a n  
de te rmine  t h e  "optimal working planning" of t h e  concerned  f o r e s t s ,  t h a t  IS ,  in this  
c a s e ,  of t h e  whole f o r e s t s  in Osaka p r e f e c t u r e .  



Next, let  us apply principal component analysis on the  fores t  in Osaka pre-  
fec ture .  The general  charac te r i s t ics  i.e. the  principal components of t h e  fores t s  
of Osaka prefec ture  a r e  as shown in Table 1. At this  point. i t  is  important t o  c la r -  
ify which original individual charac te r i s t ics  a r e  represen ted  by t h e  newly deter-  
mined general  charac ldr i s t ic  through principal  component analysis, because 
without this check,  we cannot understand the  content  o r  t h e  meaning of t h e  gen- 
e r a l  characteris t ics .  To achieve this, in t h e  principal component analysis, we 
should measure t h e  fac tor  loading. Here.  the f a c t o r  loading is  defined as "the 
simple correlat ion coefficient between cer la in  general  charac te r i s t ics  (principal 
component) and i t s  original individual characteris t ics",  and by measuring this  
fac tor  loading, we can know which principal component has  high correlat ion with 
which individual charac te r i s t ics ,  and therefore.  i t  is  possible to decide precisely 
the  contents  of t h e  concerned principal component. Concretely. we can name 
each  principal component. 

Table 1: Determination coefficient 

F i n t  P.C. Z1 
Second P.C. Z2 
Third P.C. Z3 
Fourth P.C. Z, 

1 Principal ' cowponent 
1 (P.C.1 

From the point of view in this  paper ,  the  f a c k  loading is  estimated Lo each 
principal component in Table 1 which have high coefficients of determination. 
Here ,  the  principal component with high determination coefficient means the  gen- 
e r a l  charac te r i s t ics  with a high degree of explanation. In t h e  case  of fores t s  In 
Osaka prefec ture ,  in the  o r d e r  of f i n t ,  second, th i rd ,  and four th  principal com- 
ponent. the  determination coefficient i s  high. 

Figure 3 visualizes t h e  results. t h e  fac tor  loading is t h e  simple correlat ion 
coefficient between the  genera l  charac te r i s t ic  and i t s  original individual charac-  
te r i s t i cs  as mentioned above, s o  tha t  all of them a r e  within t h e  c i rc le  with radius 
1.0, and the  more t h e i r  positions come near  the  c i rc le  the  s t r o n g e r  the  cor re la -  
tion between the  original individual charac te r i s t ics  and t h e  summarized charac-  
te r i s t i c  i.e. principal  component. Therefore,  we can give t h e  meaning t o  each 
principal  component respectively a s  follows. 

Determination 
coefficient 

Firstly observing Figure 3.1. we can s e e  t h a t  Zl of the f i r s t  principal com- 
ponent has strong positive correlat ion with original individual charac te r i s t ics  
No. 3, No. 4 ,  and No. 5. Fur ther .  No. 3. No. 4 ,  and No. 5 r e p r e s e n t  t h e  f i r s t  s t r a -  
tum fac tor  i.e. water  r e s e r v o i r  function, the  second stratum f a c t o r  i.e. soil con- 
servation funcllon, and soil compositior! fac tor  i.e. water r e s e r v o i r  and soil con- 
servation function respectively. As a result ,  we can  explain the  content  of the  
f i n t  prlnclpal component Zl as a summary of various f a c t o r s  of t h e  fores t  like 
flood and mountainous d i sas te r  prevention functions. For this  reason. this  kind of 
principal  component may be called "the component of national land conservation 
function". 

Cmula t ive  I 
determination I 
coefficient 



Facure 3-1 LI -%: f a c t o r  loadlnr 
7 

F l ~ u r e  -3-3 7 ,  - / 4  f a c t o r  laadlng 

Figure 3: Paclor Loading 



Next. the second p r h c i p a l  component Z2 has  a s trong positive correlat ion 
with original individual charac te r i s t ics  No. 1 .  and No. 2.  No. 1 and No. 2 a r e  Lhe 
fac iors  of soil composition and soil productivity respectively; ultimately, the con- 
tent of the second principal component Z2 represen ts  those fac tors  such a s  good 
soil condition and high productivity which direct ly effect  t h e  timber production. 
Thus, this  principal component Z2 may be named a s  "Lhe component of timber pro- 
duction function". 

On the o t h e r  hand, individual charac te r i s t ics  of No. 10 which a r e  located 
very close t o  the  original point of the  coordinate of No. 6. No. 7, No. 8, No. 9, and 
No. 11, which a r e  s o  n e a r  the  original point. t h a t  individual charac te r i s t ics  have 
Little o r  no correlat ion with the  f i r s t  and second principal components Z1, Z2. 
Some of these individual charac te r i s t ics ,  however, have very  strong o r  quite 
strong correlat ion with o t h e r  principal components as is s h o r n  in Figure 3-2 and 
Figure 3-3. That is,.from Figure 3-2, Lhe individual charac te r i s t ics  No. 6, No. 7, 
No. 8. No. 9, and No. 10 have quits  s trong correlat ion with t h e  third principal 
component Zj; these five individual charac te r i s t ics  a r e  r i v e r s  and lakes,  con- 
venience of movement, mixed f o r e s t  construct ion,  and famous s i tes ;  s o  t h a t  the  
third principal component Z3 summarizes those various fac tors  of r i v e r s  and 
lakes where people enjoy health and r e s t  in good condition, where i t  is easy t o  
walk along well a r ranged  hiking rou tes  and t h e  like, and a l s o  Lo s e e  beautiful 
fores t  construction and famous si tes .  Therefore the.third principai component Z3 
represen ts  the  suitable f o r e s t  recrea t ion  function. For  this reason ,  we may call 
these kind of principal componenb as "the component of f o r e s t  recrea t ion  func- 
tion". 

Similarly, from Figure 3-3, seeing t h a t  the  individual charac te r i s t ics  No. I3 
has very strong cor re la t ion  with the four th  principal  component Z4, and since No. 
11 is degree  of vegetation. the fourth component Z, r e p r e s e n t s  the  charac te r i s -  
t ics  indispensable f o r  the maintenance of t h e  ecosystem of t h e  concerned fores t .  
Therefore,  we can  call this principal component. '%he component of ecosystem 
preservation funciion". 

At this s tage,  t h e  above four  principal components a r e  summarized in Table 
2. 

XbLe 2:  Naming of t h e  principal  component 

Principal 
component 

Name 

First  P.C. Z1 
Second P.C. ZZ 
Third P.C. Z3 
Fourth P.C. 2. 

National land conservation function 
TImbsr production function 
Forest  recrea t ion  function 
Ecosystem preservation f u ~ c t i o n  I 

The following i s  t h e  computation of t h e  "general charac te r i s t ic  value" s o  
called "score" of e v e r y  principal  component of each  mesh of whole fores t s  in 
Osaka prefec ture .  Here,  the  general  c h a r a c t s r i s t i c  value is t h e  estimated value 
by substituting each argument on t h e  r i g h b i d e  of t h e  regress ion  equation of the 
principal component f o r  a respec t ive  datum (in Lhis example. evaluated vaiue of 
the  f o r e s t  function obtained through t h e  mesh investigation). The reason  why we 
calculate t h e  genera l  c h a r a c t s r i s t i c  values is that .  Lo the  respective principal 
component of each mesh. the  value a r e  t h e  respective principal  component of 
each mesh, the h igher  i l s  computed value. t h e  more precisely t h e  principal 



component r e p r e s e n t s  the  individual charac te r i s t ic  of the fores t  in the  con- 
cerned  mesh; s o  :I we c a r r y  ou t  t h e  f o r e s t  utilization plan aiming a t  the principal 
component with highest value, we can  optimize t h e  functioning division i.e. work- 
ing division of t h e  whole fores t .  The detail is  as follows: 

First  of all, compute t h e  s c o r e s  of the  principal components with high de te r -  
mination coefficient ,  and plot  the  value in the  plane decided by two principal com- 
ponents (this f igure  i s  called the  sca t te r ing  c h a r i  of scores) .  In this example, a s  
the  principal components with high determination coefficient a r e  Z1, Z2. Z,, and 
Z4, we a r e  ta make t h r e e  meaningful c h a r t s  with t h e  combinations of Z1-Z2. 
Z1-Z3. and Zi-2,. Figure 4 shows the c h a r t  of 2;-Z4 plane as an  example. 

Figure 4. Sca t te r ing  c h a r t  of scores 

Next s t e p  is the  choice of t h e  principal  component which r e p r e s e n t s  the  con- 
cerned  mesh, by comparing the  s c o r e s  in t h r e e  kinds of sca t te r ing  c h a r t s  simui- 
taneously. Here.  1 propose t h e  choice select ion procedure  shown in Figure 5. 

This f igure  shows a procedure  f o r  selecting Lhe represen ts t ive  principal 
component of each  mesh by the sca t te r ing  c h a r t  of scores .  The method s t a r t s  
wtth t h e  division of t h e  c w r d i n a t e s  a x e s  of each  sca t te r ing  c h a r t  of s c o r e s  into 
t h r e e  equal  p a r t s  between maximum and minimum values. naming them H (high), M 
(middle), and L (low) from t h e  top. Then, f o r  example, if Lhe s c o r e  of a cer ta in  
mesh fal ls  in the  "a" zone, both the  f i r s t  and Lhe second principal  components 2,.  
Z2, have  strong ef fec t s  on t h e  mesh, s o  Lhat t h e  "optimal allocation planning of 
f o r e s t "  i s  eiLher the  public se rv ice  usage as required by t h e  f i r s t  principal com- 
ponent  Z1 or the  economic usape as given by t h e  Limber production functiori 
represen ted  by t h e  second principal  component Z2. Of course ,  the  principal com- 
ponent with t h e  higher s c o r e  should be c h m e n  p r i o r  Lo the  o t h e r  principal com- 
ponenL in t h e  same mesh. In another  case ,  if t h e  s c o r e  of a cer ta in  mesh is  plol- 
tad in t h e  'TI" zone, this  means t h a t  the  f i r s t  principal  component ZI is  Loo strong 



Figure 5. Choice seleclion procedure  of represen ta t ive  principal  component 

while Lhe second Z2 i s  no1 s o  s l rong;  t h e r e f o r e ,  iL i s  Lhe "optimal working division 
planning of foresL" Lo choose t h e  public se rv ice  usage; and vice v e r s a  in the  case  
of Lhe "c" zone. If Lhe s c o r e  fal ls  in the  "d" zone, we know t h a t  both Lhe f i r s1  and 
second prtncipal components Z1, Z2  a r e  weak, and t h e r e f o r e  Lhese meshes a r e  
unsuitable fo r  national land conservat ion o r  timber production. 

The selecLion procedure  mentioned above holds good in t h e  sca t te r ing  c h a r 1  
with Lhe axes  Z1-Z2; however. Lhe procedure  d i f fe r s  according Lo Lhe combina- 
Lions of Lhe principal  components on t h e  axes.  A s  a resu l l ,  we have Lo examine all 
combinalions of principal  components on Lhe a x e s  in Lhis way. But pracLically, i l  
i s  almost impossible lo fulfill Lhis kind of operat ion (2880 meshes in Lhe case  of 
Lhe fores t s  in Osaka pre fec lure ) .  For Lhis reason,  I have developed a subsLiLuLe 
melhod as follow. 

ln t h e  new method, s c o r e s  of e a c h  principal  component of all meshes a r e  
f i r s t  calculaled,  and then,  classified (by color-code) as high, middle, low as shown 
in Table 3. A color-coded map i s  Lhen drawn of Lhe concerned f o r e s t  a r e a  by 
e a c h  principal component, and finally on Lhe bases of th i s  map, t h e  principal  com- 
ponent i s  selected with highest  s c o r e  in each mesh b represen1  Lhe principal  
component of the concerned mesh. 
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7bble 3: Color-coding of t h e  P r i n c i p a l  Component  

P r i n c i p a l  c o m p o n e n t  %! 23 z 4  

T h e  "optimal a l l oca t i on  p lanning of f o r e s t "  o f  t h e  c o n c e r n e d  a r e a  c a n  b e  
a t t a i n e d  b y  s e l e c t i n g  t h e  p r i n c i p a l  componen t  with t h e  h i g h e s t  s c o r e .  F i g u r e  6 
show t h i s  p r o c e s s .  

S c o r e  

High H 
Middle M 

L Low 

2.2 O p t i m a l  allocation rpte m o d e l  o f  f o r a t  area by e c o n o m e t r i c  
a d p i s  - OA model: Ll- 

.. 
b lue  o c h e r  p ink  g r e e n  ; 
p u r p l e  p u r p l e  p u r p l e  p u r p l e  
o r a n g e  o r a n g e  o r a n g e  o r a n g e  

Prntotype o f  OA m o d e l  IL I n  t h i s  ma thema t i ca l  model ,  t h e  opt imal  a r e a  
a r r a n g e m e n t  of the economic  f o r e s t  a n d  pub l i c  s e r v i c e  f o r e s t  i s  s e l e c t e d  t o  max-  
imize  t h e  combined  t o t a l  of e conomic  n e t  r e v e n u e  a n d  pub l i c  s e r v i c e  n e t  r e v e n u e  
b y  man ipu l a t i ng  t h e  f o r e s t  age "1" o f  e a c h  g r o w t h  f u n c t i o n  of e conomic  a n d  p u b l ~ c  
s e r v i c e  f o r e s t s .  t h a t  i s :  

G r o w t h  f u n c t i o n  of e conomic  f o r e s t :  i .e.  

G r o w t h  f u n c t i o n  of t h e  pub l i c  s e r v i c e  f o r e s t  s u c h  as t h e  w a t e r  r e s e r \ . o ! r  
f o r e s t :  i .e.  

Q; = Q; 0 )  

Q; = ~ ; / ( l + e x ~ ( a ; + b ;  ( t )  

G r o w t h  f u n c t i o n  o f  t h e  pub l l c  s e r v i c e  f o r e s t  s u c h  as a r e c r e a t i o n  f o r e s t  i e 

Q; = Q; ( t )  

Q; = K; / ( l+exp (a ;  + b; t ) )  

S i n c e  t h e  work ing  s t a n d a r d  o f  f o r e s t  d i f f e n  among t h e  economic  a n d  t h e  
p u b l i c  s e r v i c e  f o r e s t s ,  t h o s e  g r o w t h  f u n c t i o n s  QA. Q;. Q;. too, f o r m  respect ive!? .  
d i f f e r e n t  c u r v e s  a c c o r d i n g  lo v a r i a t i o n  o f  t h e  p a r a m e t e r  Y", as shown in  F i g u r e  
7.  

T h e r e f o r e ,  i n  so f a r  as t h e  g r o w t h  f u n c t i o n  of e a c h  k ind  of f o r e s t  I S  

e s t i m a t e d ,  the op t ima l  a l l o c a t i o n  o f  t h e  economic  f o r e s t  area a n d  the pub l i c  ser- 
v i c e  f o r e s t  area which  r e a l i z e s  t h e  maximal Lotat  n e t  r e v e n u e  o f  e conomic  and  
p u b l i c  s e r v i c e  r e v e n u e  i s  a t t a i n e d  b y  man ipu l a t i ng  t h e  f o r e s t  a g e  "t" i n  t h e  fo l -  
lowing m a t h e m a t i c a l  model.  F rom t h i s  po in t  of view. t h i s  model  may  b e  c a l l e d  
Opt imal  A l loca t i on  S y s t e m  mcdel:  t y p e  11, i.e. OA model: I1 i n  s h o r t .  H e r e ,  o n l y  t h e  
p a t t e r n s  o f  w a t e r  r e s e r v o i r s  a n d  of f o r e s t  r e c r e a t i o n  are g i v e n  a s  a n  e x a m p l e  
See T a b l e  4. 

I n  c o n c r e t e  t e r m s .  t h i s  ma thema t i ca l  model  i s  s u c h  t h a t .  with r e g a r d  to t h e  
e c o n o m i c  n e t  r e v e n u e  model .  Lhe g rowing  s t o c k  per u n i t  area of e conomic  f o r e s t  
QA is determined so as Lo e a c h  "1" t h r o u g h  t h e  g r o w t h  func t i on  QA =QA ( t ) ;  t h e  
econcnuic net r e v e n u e  of Lhe whole  e conomic  f o r e s t  area VA is .  in  f a c t ,  t h e  



Figure 6. Optimal working division of foresl  area  In Osaka prefeclure 



function of the economic forest area BA. Similarly. as to the public service reve- 
nue. the growing stocks per unit area of public service forests Q*, Q; are fixed 1 
according to every "t" by the growth functions Q; =Q; (t). Q; =Q2 (t). This time. 
too. public service net revenuus of the whole public service forest areas v:. V; 
a r e  functions of the public service forest areas g.  B;. respectively - ~ h &  
mathematical model. therefore, is the t4etsrmining model which maximizes the 
total revenue V as the objective function under the tolal forest area in B as the 
restriction; and thrae types of eoonomic forest and of public service forest areas 
BA. B;. B; detsrminad undsr the "t" are  the optimal allocated area. In short, the 
maximal economic-public service net revenue is atlainad by utilizing the b l a l  
f o r d  areas in this ratio of e a d c  forest and public service forest area. 

Figure 7. Growth functions of the economic and public service forests 



T h I U  4 Prototype of OA model: ; 

I . Econcmlc net revenue model 

( @ h" I - c ~ p d - b * f  

i s -g' .d 

\ P . s . 1  @ r l f r '  

[. Public service net revenue Ddel 

Water reservo~r net revenue model 

Q h, '  I-crp a1'-131'f 

Recreation net revenue model 

Total publ~c service net revenue 

I . Objective function 

1 Restrictions 

tcplamtion of letters 

@ Grov~ng stock per unit area of economic forest 
h"' Upper limlt of growing stock of econcmlc forest 
t Forest age 
S Logsupply 
@ Econanlc forest land area 
P' Logprice 



\-' : Revenue of economic forest 
: Ratio of added value of forestry 

Q1' - Groving stock of vater reservoir forest 
hl '  : Upper limit of groving stock per unit area of vater reservlor 

forest 
C? : Production cost of econm~c forest 
r : Interest ra te  
L : Amount of vater reservoir of forest 
k : Coefficient of vater reservoir of forest 

( i . e . .  amount of precipitation storage per unit stock of forest 
BI *  : Water reservoir forest land area 

: Revenue of vater reservoir forest 
PIo : Unit price of vater tvater ra tes :  
CI' : Production cost of vater reservoir forest 
&;.' : Groving stock per unit area of recreation forest 
K2* : Upper l i m i t  of groving stock per unit area of recreation forest 
. : Total number of visi tors in forest 
n : Number of visi tors per unit stock of forest 
B?' : Recreation forest land area 
P2' : Unit price of recreation i n  forest i e . .  rate of visiting 

fo res t ,  
C2* : Roduction cost of recreation forest 
C'2' : Revenue of recreation forest 
\" : Total revenue of public service forests 
V : Sum of econunic revenue and public service revenue 
B : Total forest land area 
S : Minimum log supply of forest necessitated 
L: : Minimum vater reservoir of forest necessitated - 
.& : Minimlmr number of visi tors in forest necessitated 

Unknovn numbers: 

A? K2' .  d. a , ' .  a?'. b y  b l ' ,  b.'. @, B I ' .  B-' 

Given variables: 

Technical variables : k .  n. B .  S. k.  

Economical variables: p b .  PI'. PZ1. @ .  CI.. C:' . i 

Instrumental variable: t 





4.15 FUTURE POLICIES AND INTERNATIONAL COOPERATlON M REDUCING 
FOREST DAMAGE* 
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L e t  me begin  by s t r e s s i n g  t h e  i m p o r t a n c e  of IIASA as a n  o r g a n i z a t i o n  of 
i n t e r n a t i o n a l  s c i e n t i f i c  c o o p e r a t i o n  a n d  as a n  o r g a n i z e r  t o g e t h e r  with a c a d e m i e s  
in  o t h e r  c o u n t r i e s  of meet ings  s u c h  a s  t h i s  o n e .  IIASA s e r v e s  as a c a t a l y s t  of 
i n t e r n a t i o n a l  c o o p e r a t i o n  o n  t h e  s c i e n t i f i c  l e v e l  a n d ,  f o r  a p r o j e c t  l i k e  t h e  
F o r e s t  S tudy  of t h e  B i o s p h e r e  P r o j e c t ,  a l s o  as a link Lo commerc ia l  l i fe ,  f o r e s t r y  
and  t h e  f o r e s t  i n d u s t r y .  I  b e l i e v e  we n e e d  t h a t  wide a p p r o a c h .  

L e t  me t h e n  t r y  t o  name a few f u t u r e  po l ic ies  which 1 c o n s i d e r  t o  b e  of signi- 
f i c a n c e  f o r  t h e  f u t u r e .  

1. The n a t u r e  of biological  s c i e n c e  i s  no  d o u b t  s u c h  t h a t  l inks  and  mechan-  
isms of  t h e  k i n d s  involved h e r e  c a n  s c a r c e l y  b e  c l a r i f i e d  with 100% c e r t a i n l y .  
R e s e a r c h  a n d  c o u n t e r m e a s u r e s  in t h e  s h a p e  of emission c o n t r o l  a n d  f o r e s l  
management  mus t  t h e r e f o r e  p r o c e e d  in  p a r a l l e l .  I n t e r n a t i o n a l  c o o p e r a t i o n  must 
t a k e  p l a c e  a n d  r e s p o n s i b i l i t y  must b e  a c c e p t e d  o n  a n  i n t e r n a t i o n a l  b a s i s ,  with 
a c t i v e  involvement  on  t h e  p a r t  of f o r e s t r y  a n d  t h e  f o r e s t - p r o d u c t s  s e c t o r .  On 
s u c h  huge  i s s u e s  a s  t h e s e ,  o u r  watchword should  b e  t o  th ink  globally and acL 
loca l ly .  

2. We n e e d  to e s t a b l i s h  a n  o v e r a l l  p i c t u r e  encompass ing  t h e  e n t i r e  c h a ~ n  of 
e v e n t s  f r o m  c h e m i s t r y  and eco logy  to economics  and  m a r k e t  e f f e c t s .  We h a v e  Lo 
a n a l y z e  t h e  economic  c o n s e q u e n c e s  of emiss ions  - in t h e  c a s e  of f o r e s t r y  and Lhe 
f o r e s t - p r o d u c t s  s e c t o r  - of e a c h  c o u n t r y  a f f e c t e d ,  how a i r  po l lu tan ts  affecL 
t i m b e r  s u p p l i e s  a n d  m a r k e t s  f o r  f o r e s t  p r o d u c t s .  T h e r e  will b e  d i f f e r e n l  e f f e c t s ,  
of c o u r s e ,  in  t h e  s h o r t  and  long t e r m .  Only a y e a r  or two h a s  in f a c t  p a s s e d  s l n c e  
r e s e a r c h e r s  a n d  i n t e r n a t i o n a l  bodies  fully r e a l i z e d  t h e  s i g n i f i c a n c e  of t h i s  
a s p e c t .  to t h e  e f f e c t s  of air pollut ion o n  v e g e t a t i o n .  

3. Funds f o r  b a s i c  r e s e a r c h  a b o u t  e f f e c t s  of n a t u r a l  s t r e s s  f a c t o r s  on  viLai- 
i ty  of trees a n d  s t a n d s  must b e  i n c r e a s e d .  I think we should know m o r e  a b o u t  t h e  
n i t r o g e n  e f f e c t s ,  n i t r o g e n  l e a k a g e  f rom soil  and  m o r e  a b o u t  t h e  o z o n e  mechan- 
isms. In t h a t  s e n s e  i t  w a s  v e r y  st imulat ing t o  h e a r  a b o u t  t h e  environmenLa1 p r o -  
g r a m  of t h e  Li thuanian  R e p u b l i c  and i t s  f inancing t h r o u g h  v a r i o u s  s o u r c e s .  

The  b e t t e r  u n d e r s t a n d i n g  a n d  t h e  ab i l i ty  t o  manage  t h e  c o n s e q u e n c e s  of 
f o r e s t  d e c l i n e  must  d e a l  with comple te  e c o s y s t e m s  with b io logica l ,  technical 
s o c i a l ,  economic ,  a n d  psychologica l  p o i n t s  of view. 

*In EcoLogicol SustainabiLify cf Regional Developmenf. Proceed ings  of e Workshop held I 11 . I I  
nlua.  LlLhusnla, USSR. 22-26 June 1987 L Kalr luksLls .  A Buracas .  and A S L r s s z s k  (Edr ) 1988 
S y s L e m s  Research  InaLlLuLe. Po l i sh  Academy of S c l e n c c s ,  Warsan ,  Poland 



4. Ongoing monitoring of damage to fores t s  by a i r  pollutants must of course  
continue Data should be compared annually. Results must be updated; this 1s a 
necessity, However, t h e r e  i s  a s t rong  need to g e t  an  international harmonizaLion 
of the  monitoring. Relevant comparisons due to different  o r  changed monitoring 
o r  sampling a r e  t o  some ex ten t  impossible Funds f o r  basic r e s e a r c h  musL be 
raised f o r  developing improved large-scale monitoring methods. The use of 
in f ra red  photography technique and intensive r e s e a r c h  t o  improve and complete 
the  method with satel l i te  images should b e  favored.  

I I S A  can  play an important ro le  here .  too, as catalyst  and faci l i ta tor  of  
development of such improved methods of remote sensing and internationally 
accepted protocols  f o r  ground and remote-sensing d a t a  collection f o r  decline 
estimation. 

5. I t  i s  important to encourage and make use of the  two information c e n t e r s  
located in Bratislava and Hamburg. Their  unique possibility to t a k e  t h e  lead in 
t h e  p rocess  of d a t a  communication should b e  well taken c a r e  of. We need e a r l y  
warning systems from ecological as well as from economic standpoints. 

6. 1 would like t o  underline t h e  importance of a functioning process  of 
knowledge t r a n s f e r  between represen ta t ives  from science,  industry. fo res t ry .  
an2 p o l i t ~ c s  Messages a r e  not always understood and made use of in a p r o p e r  
way. Demands and questions a r e  not  always phrased  precisely enough. Important 
I-esults should be communicated until r e c e i p t  i s  confirmed. The process  must be 
intensive, open and c o r r e c t .  We have  something to lea rn  h e r e .  To my mind this  i s  
t f u t u r e  policy also in general  understanding. International agreements  - such 
a s  emission control  programs - have to b e  locally accepted.  In a situation where 
the  local s t ra teg ies  a r e  not effect ive o r  significant. even t h e  b e s t  international 
inlentions a r e  not likely t o  function. 

7.  Basic risk-management thinking should be adopled a l so  to environmental 
matters .  Fores t ry  and industry must deal  with f o r e s t  decline a s  a potential r isk 
o r  t h r e a t  and not just something t h a t  might i n t e r f e r e  some time on t h e  markets .  
something only f o r  environmentalists, politicians and scient is ts .  

I think we have to be more pragmatic .  I have already s ta ted  t h a t  r e s e a r .  'I 
and act ion mrzst r u n  paral lel .  Let  us s a t  both t a r g e t s  simultaneously: p rec i se  and 
d e e p  knowledge f o r  scient if ic  understanding and explanation on one side,  and a 
pragmatic  utilization of avai lable knowledge and c u r r e n t  techniques on the  o t h e r ,  
as early-warning systems f o r  industry t o  plan according t o  and f o r  the  policy 
decisionmakers, t h e  politicians, to r e a c t  upon a f t e r  a c r i t i ca l  evaluation. Let us 
aim a t  both ta rge t s .  

Also on this  pollution matter ,  i t  must be accep ted  in society t h a t  action needs 
b be Laken without knowing in advance e v e r y  detai l  of t h e  eventual  t ru th .  

8.  More al lent ion h a s  to be paid Lo Lhe r o l e  of managing or not managing Lhe 
f o r e s t s  as well as p r o p e r  management of pollution-damaged f o r e s t  t r a c t s .  
Healthy and thriving f o r e s t s  can  c o p e  b e t t e r  wilh s t r e s s  fac tors .  Through clean- 
ing and  thinning operat ions,  unnecessary competition i s  avoided. Select ion of the  
r igh t  kind of seedlings improves res i s tance .  I am aware  of t h e  productivi ty plan 
f o r  t h e  Lithuanian fores t s .  I t  r e p r e s e n t s  a n  important  measure f o r  the  fu ture .  

The forest-damage t h r e a t  ca l l s  f o r  inkns i f ied  s i lvicul ture,  b e t t e r  f o r e s t  
hygiene and good soil c a r e ,  as well a s  a ground management adapted t o  local 
p re requis i t es .  





































































































































Figu re  1. Dolni Vestonice (d i s t r i c t  of B rec l av ) ,  S o u t h e r n  Moravia,  C S S R  
Br i ckya rd  e x p o s u r e  a t  t h e  foot  of Pa l ava  Mts. :  The s t r a t o g r a p h i c  
s i tua t ion  i s  c h a r a c t e r i z e d  by a l t e rna t i ng  ?-elloi,.- lees? i a y e r c  and 
d a r k  co lou red  so i l s  

t e m p e r a t u r e  r a n g e  du r ing  summer s ea son .  On t h e  o t h e r  hand ,  t h c  black humo:- 
l a y e r s  r e p r e s e n t  so i l  forming u n d e r  t e r r e s t r i a l  condi t ionr ,  i e  the: r e f l e c t  limes 
when t h e  s i t e  was d r y  and  open  t o  s u b a e r i c  humus en r i chmen t  o v e r  a number  of 
y e a r s ,  enough f o r  visible humus accumula t ion .  If t h e r e  we re  any  doub t  of th i s  
conclus ion ,  addi t iona l  ev idence  i s  given by a r cheo logy ,  v i 7 ,  sherdr ;  of p r e h i > -  
t o r i c  p o t t e r y  (F igure  3) h a v e  been  found in o n e  t h e  humous hor izons  (F igure  4 ) .  

They d a t e  t h i s  time-span t o  t h e  younge r  Holecene ,  no t  more  than  a b o u t  3000 
years ago .  S imi lar  o b s e r v a t i o n s  are avai lab le  f rom more  t h a n  60 s i t e s  with expo-  
s u r e  of Holocene f r e sh -wa t e r  lime depos i t s  in d i f f e r e n t  p a r t s  of Cen t r a l  E u r o p e  
Because  t h e  d r y  p e r i o d s  at s u c h  s i t e s  are p rac t i c a l l y  t h e  s ame  in al l  p a r t s  of Cen- 
t r a l  E u r o p e ,  we h a v e  conf i rmat ion  t h a t  cl imatic c h a n g e  took p l ace  without human 
i n t e rven t i on  dur ing  t h e  l a s t  millenia. T h e r e f o r e ,  i t  c anno t  b e  exc luded ,  and  we 
must  t e s t  r a t h e r  c a r e fu l l y ,  w h e t h e r  r e c e n t  cl imatic change  i s  of na tu r a l  o r i g in  o r  
i s  d u e  to human ac t i v i t i e s ,  t echnologica l  p r o c e s s e s ,  a i r  pollut ion,  s o  on .  O the r -  
wise, we may b e  f a c e d  with a n o t h e r  c a s e  o f  mismatches in t h e  s e n s e  d e s c r i b e d  by 
U.  Sved in  (in t h e  p r e s e n t  volume). 

His tor ica l  ev idence  of an th ropogen i c  envi ronmenta l  impacts  is given by sLrn- 
t i g r a p h y .  Again two example s  may b e  suf f ic ien t  t o  demons t r a t e  and  eva lua t e  thiq 
t y p e  of f ield odse rva t i ons .  



Figu re  2. Jena-Wollnitz ( d i s t r i c t  of J e n a ) ,  Thur ingia .  G D R .  E x p o s u r e  nf a 
Holocene c a l c a r e o u s  tufa  s equence :  White l a y e r s  of f r e s h  wa t e r  
lime depos i t s  a l t e r n a t e  with b lack  ones  indicating c o v e r e d  humps 
hor izon5 of p r ev ious  supe r f i c i a l  rendiz ina  so i l s .  

The f i r s t  o n e  i s  a  dune  e x p o s u r e  n e a r  F i s chbeck ,  d i s t r i c t  of I l ave lbe rg .  GI?R 
Again we s e e  a l t e rna t i ng  bu r i ed  humus accumula t ion  between yedimentar?. depc- 
s i t s  (F igure  5).  Moreover ,  a r cheo log i ca l  da t ing  by p r e h i s t o r i c  p o t t e r y  ic por.r.1- 
b le ;  o n e  of t h e  u r n s  was found in a c e m e t e r y  d a t e d  t o  t h e  Pre-Roman I ron  Aze  
a b o u t  2500 y e a r s  ago .  

The da t ing  i s  s imi la r  t o  t h a t  of t h e  f r e s h w a t e r  lime depos i t s  d i scussed  ear- 
l i e r ,  b u t  s e v e r a l  d i f f e r e n c e s  in de ta i l  may b e  mentioned.  

- The l a y e r s  under ly ing  and  cove r ing  t h e  bu r i ed  humus hor izon  c o n s i ~ l  of s and  
d u n e  depos i t s .  

- Many comparab l e  e x p o s u r e s  h a v e  b e e n  examined (a c a t a logue  of available 
r e c o r d s  f rom t h e  lowlands of n o r t h e r n  Poland  and  GDR h a s  been  p r e p a r e d  by 
a common working g r o u p .  However,  n o  pe r i od  c a n  b e  found in which blow in^ 
s a n d  in  d u n e  areas o c c u r s  on  a r eg iona l  s ca l e .  The  ven t s  r e f l e c t e d  hv s t r a -  
t i g r a p h y  are of local  c h a r a c t e r  in t h i s  c a s e .  

- T h e r e  i s  a high d e g r e e  of c o r r e l a t i o n  be tween a r cheo log i ca l  ev idence  and 
t h e  a p p e a r a n c e  of bu r i ed  so i l s  in dune  a r e a s .  Thus,  i t  i s  obvious.  Holocene 
blowing s a n d  i s  c lose ly  connec t ed  with t h e  loca l  p r e s e n c e  of p r e h i s t o r i c  man. 
F o r e s t  c l e a r i n g  f o r  t h e  p u r p o s e  of s e t t l emen t ,  f ield-work,  or c e m e t e r i e r  
h a v e  opened  t h e  s i t e s  f o r  s and  r edepos i t i on .  In t h i s  c a s e ,  s t r a t i g r a p h y  ma? 
r e v e a l  cases of human impact  t o  t h e  loca l  envi ronment  in p r e h i s t o r i c  timer 



Figure  3. Jena-Wollnitz (d is t r ic t  of Jena) ,  Thuringia.  G D R .  P r e h i s t o r ~ c  pcL- 
t e r y  dating t h e  uppermost of t.he c o v e r t  humos horizons in the  FP- 

quence of Holocene f resh-water  lime deposi ts  ( r igure  2)  1: the  late 
Bronze Age. 

Another view i s  provided by floam loam d e p m i t s  of inundated riverbank: a:- 
in t h e  nex t  c a s e  showing a n  exposure  nor th  Lo E r f u r t  in Thuringia. GDR (Figure 
6). 
The bur ied  humus horizon below t h e  fine-grained floam loam permits dating of 
these  deposi ts  t o  t h e  young Holocene per iod.  The accumulation may be illustrsl.ed 
by two p ic tu res  of t he  r ive r s ide  meadows of t h e  Elbe s t r eam n e a r  Luther-.?adt 
Wittenberg, GDR (Figure 7 ) .  
One i s  t aken  a t  t he  time of loam, t h e  o t h e r  two weeks l a t e r  (Figure 8). 
In riverside-stratigraphies we again find a l ternat ing buried humus horizons a!td 
sedimentary  deposits.  In th is  case  of fluviol origin (Figure 8). Older and yourge r  
floam loam a r e  s e p a r a t e d  by buried soils and thus  distinguishable. Occasionsil?. 
they a r e  dated by archeoiogy o r  radiocarbon techniques,  Thomas Litt f r o m  I-lailc 
demonstra ted  r ecen t ly  that :  

- There  is no floam loam accumulation o lde r  than  t h e  time of t h e  neol- 
i th ic  introduction of ag r i cu l tu re  in to  Central  Europe,  and 

- The distribution of t h e  e a r l i e s t  floam l w m s  c o v e r s  exact ly  t h e  same 
a r e a  a s  t h e  e a r l y  neolithic sett lements t h a t  introduced ag r i cu l tu re  
to t h i s  a r e a  (Figure 9). 

' 

Thus, t h e  conclusion i s  justified t h a t  t h e  e a r l i e s t  far - reaching human impact 
on t h e  environment was connected with e a r l y  ag r i cu l tu ra l  land use causing soil  
eros ion.  

The methodical deta i ls  suppor t ing th is  conclusion a r e  in teres t ing:  

1) Evidence of human impact t o  pas t  environments even be fo re  t h e  appea rance  
of any wri t ten  r e c o r d  i s  possible through co r re l a t ion  of geological and 
archeological  field-observations. 



Figure  4 dena-Wollnitz (d is t r ic t  o f  J ena ) ,  Thuringia.  GDR. The uppermost  
humos horizon of rendzina soi l s  a l te rnat ing  with marl-like l aye r5  of 
f resh-water  lime deposi t s  and bur ied  by s lope  d e b r i s  of t h e  C p p e r  
Holocene (Medieval) age .  

2) The main tool t h a t  binds t hese  two disciplines i s  s t r a t i g r a p h y  

3) The tetrpora! d is t r ibut ion  of datings concerning bur ied  soils  on a regional  
s c a l e  indica tes  t h e  ex i s t ence  of climatic changes  independently from human 
p r e s e n c e  (as  in f r e shwa te r  lime deposi t s ) .  

Human impact  t o  t h e  environment began ser ious ly  with t h e  introduction of 
ag r i cu l tu ra l  landuse  during e a r l y  neoli thic time. Fu r the rmore ,  ca re fu l  c a s e  s tu-  
d ies  meriL a di f ferent ia ted  analys is  of t h e  avai lable  r e c o r d  consider ing.  

- d i f f e ren t  k inds  of anthropogenic  impacts to environment;  
- d i f f e ren t  t y p e s  of geomorphological  conditions,  so i l s  and  vegetation.  a t  l e a s t  

of dist inguishable t ypes  of landscape  units,  and  ( las t  not  l ea s t )  
- d i f f e ren t  pe r iods  cover ing d i f f e r en t  s t a g e s  of technica l  and social  develop- 

ment of human socie ty .  

An example  will i l l u s t r a t e  o u r  r e m a r k s  (Figure 10). This c a s e  conce rns  a n  
a r e a  of in tens ive  f ru i t -cul ture  n e a r  Dresden in Saxony,  GDR, where  he rb i c ide  
appl ica t ion  h a s  c l e a r e d  t h e  weeds from unde r  t h e  t r e e s  whereas  t h e  strip: 
between t h e  t r ee s -a re  cove red  by g r a s s .  The co lou r  of t h e  g ra s s l and  s t r i p s  is  a 
d a r k  g r e e n ,  t h a t  of Che s u r f a c e  under  t h e  t r e e s  i s  a l ight one ,  due  t o  a moss c o v e r  
t h a t  h a s  r e p l a c e d  t h e  weeds. In t h e  fo reg round ,  t h e  grass land s t r i p s  a r e  i n t e r -  
r u p t e d ,  and we s e e  t h e  same light g r e e n  co lou r  a s  unde r  t h e  t r e e s  in t h c  



Figure 5 Fischbeck (dis t r ic t  of Havelberg) ,  GDR. Dune s t r a t ig raphy  inc lud-  
ing t h e  humus horizon (bah) of a bur ied r a n k e r  profile in a sc-- 
quence of Holocene wind-blown sands. The humus horizon is daled 
by p reh i s to r i c  po t t e ry  t o  t h e  so-called Ear ly  I ron Age (Pre-Roman 
period). 

background. This i s  why in t h e  background the  t r e e s  a r e  standing on a g e n t l c  
slope. Superf ic ia l  run-off follows t h e  s lope gradient ,  but in the  foreground i t  
r e a c h e s  a depress ion crossing t h e  t r e e  borde r .  There ,  superficial  run-off from 
neighbouring s lopes  is  collected, concentra ted,  and directed into a new course  
crossing t r e e  and grass land s t r ips .  In t h e  case  of herbic ide  contamination, t h e i r  
dispersion i s  not r e s t r i c t e d  t o  t h e  s u r f a c e  under  t h e  trees but  cover s  t h e  s t r i p s  
between them, too. The r e su l t  i s  a bio-indication of t h e  contamination pa t t e rn  in 
t h e  fruit-culture a r e a .  I t  may b e  noticed t h a t  th i s  p a t t e r n  can  easiiy be seen  on 
a i r  photographs. 

Compiling a l l  t h e  evidence discussed he re ,  four  main s b g e s  of human impact 
to environment can  b e  distinguished. 

1) Stage of  agr icul tura l  land occupation and land use (table 1); 

2) Stage of complex land use  (table 2); 

3) Stage of industrial  production (table 3); 



Figure 6. Stot ternheim (dis t r jc t  of E r fu r t ) .  Thuringia,  GDR. Gravel-pit expo- 
s u r e  a t  a r ive r s ide  location. A humus horizon res t ing on gravel  is 
cove red  by young Holocene floam-loam deposi ts  of fluvial or ig in .  

4 )  Stage  of sc ient i f ic  technical  revolution (table 4) ;  

Human impact t o  the  environment h a s  r eached  a high and e v e r  increa:iir~c 
intensity,  reaching ou t  t o  t h e  global scale .  This si tuation i s  t h e  r e su l t  of more or  
l e s s  continuous development of t he  in ter re la t ions  between human society and 
na tu re .  Extrapola t ion of c u r r e n t  t r e n d s  in the  cour se  of t h i s  h is tor ica l  p r o c e s  
a r e  given in Table 5. 



Figure 7 .  Lutherstadt Wittenberg. G D R .  Floamed banks of t h e  Elbe s tream.  

Figure 8 Lutherstadt Wittenberg. GDR. S u r f a c e  a t  a r ivers ide  s i t e  covc!red 
by r e c e n t  iloam-loam depos i t s  from t h e  inundation visible in Figure 
7 .  



F i g u r r  9. Wallendorf ( d i s t r i c t  of M e r s e b u r g ) ,  GDR E;xpncure of vier-side 
s t r a t i g r a p h y  compr is ing  a l t e r n a t i n g  l a y e r s  of f luvial  laom and 
humus hor izons .  A r e p e a t e d  c h a n g e  be tween  f luvial  depos i t ion  anti 
s u p e r f i c i a l  pedogenes is  a t  t h e  s a m e  s i t e  is r e c o r d e d .  

F i g u r e  10 R o h r s d o r f  ( d i s t r i c t  of P i r n a )  n e a r  D r e ~ d e n .  S a x o n y .  G D K  B i o p ~ r ~ d ! -  
c a t i o n  of r e c e n t  h e r b i c i d e  contamina t ion  in t h e  a r e a  of i n t e n s l i t  
f r u i t - c u l t u r e  (del.ailed explanaLion in t h e  LexL) 






































































































































