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Pekka Kauppi
Hannu YI i -KoJola

MONITORING AND ASSESSMENT
AND NATIONAL SCALE

OF FOREST DAMAGE IN REGIONAL

1  ( 1 1 )

Con t r l bu t i on  to  the  In te rna t i ona l

on the Assessment and Monitor ing

in  Fo res ts

1 .  Abs  t  rac  t

Co-operat ive Progranune

o f  A i r  Po l l u t i on  E f fec ts

Methods  o f  f o res t  damage  assessmen t ,  app l i ed  1n  va r ious

coun t r i es ,  a re  be ing  ha rmon ized  under  the  ausp ices  o f  t he

Convent lon for Long Range Air  Pol lutants and the ECE/FAO

T imber  Commi t tee .  The re  i s  cons ide rab le  need  fo r  such

harmon lza t l on  as  the  me thods  fo r  t he  t lme  be ing  a re  qu i te

d i ve rse .  I t  j . s  use fu l  as  the  f i r s t  s tep  to  l ea rn  to  under -

stand why the methods are so di f ferent.  The reasons may be

r e l a t e d  t o  t h e  o b j e c t i v e  o f  t h e  s t u d y ,  t o  t h e  a v a i l a b i l i t y
o f  r e s n r r r c a q  a n d l . r  a r . r t F l . . f  i < a  1 _ . \  f h a  e r r ^ f  I  a 1  a a A / a r

t empora l  sca le  o f  t he  assessmen t  and  to  the  quan t i t y  o f

a i r  po l l u t l on  obse rved  i n  the  respec t i ve  fo res t  a rea  e tc .

Such  poss lb le  reasons  a re  o f ten  j -n te r re la ted .

I t  is suggested that a bindlng agreement should be made

on  a  requ l remen t  t o  l oca te  the  p lo t s  sys temat j . caL Iy  o r  a t

random in such a way that regional asaessments are val id

and  the  accu racy  o f  t he  resu l t s  can  be  quan t i f l ed .  F reedom

shou ld  rema in  fo r  cho i ces  conce rn ing  the  p rac t l ca l  rea l i za -

t j . on  o f  such  samp l ing  p r i nc ip les .  A  sma l l  number  o f  c r j - t i ca . l

va r i ab les  shou ld  be  de f i ned  as  ob l i ga to ry  va r iab les .

Regard ing  these  va r j , ab les ,  e f f i c i en t  s tandard i za t l on  o f



m e a s u r e m e n t S h o u l d b e o r g a n l z e d b e t w e e n c o u n t r l e s l n o r d e r
. to f lnd a basls for lntercomparlsons. Freedom should be

glven to national prograns to measure addit lonal varlables'

For 1986 and largely for 1987 most countr les have already

t a k e n d e c l s i o n s w h l c h r e s t r l c t t h e h a r m o n l z a t l o n o f m e t h o d s

ln such a short term. Bulld-up of new professlonal personnel

takes t lne up to 2 to 5 years. I t  is obvlous that the

harmonlzatlon of damage assessment should be vlewed as

a cont lnuous  process  w l th  a  t ime hor izon  o f '  say '  ten  years '

Data  ana lys is  and the  presenta t ion  o f  resu l ts  shou ld  be

made comparab le .  An example  is  shown us lng  F inn ish  da ta  in ' -

o rder  to  ind lca te  some procedures  fo r  ex t rac t ing  ln fo rna t ion

from the data measurements. The concluslon 1s drawn that

monltorlng and survey shoufd be organlzed in such a way

tha t  f tex ib i l i t y  i s  quaranteed ln  da ta  ana lys is .



2.  Survey  obJec t lves

I n  198O 's '  many  European  coun t r l es  have  conduc ted  l a rge

scale surveys and assessnents of  the extent of  forest

danage. Alr  pol lut ion damage has been the lssue of largest

concern. These assessments'  however '  appear as the f l rst

nat lon-wlde systematlc lnvest igat ions of  forest datnage

ln general  .

S ta t i s t l ca l  me thods  and  sampt lng  techn lques  can  l a rge l y  be

deduced  f rom those  app l l ed  l n  f o res t  resou rce  l nven to r l es .

Hav ing  been  s ta r ted  i n  1910 ' s  l n  Norway  and  deve loped

con t lnuous l y  eve r  s ince  by  p ro fess lona l  o rgan iza t i ons  1n

many  coun t r i es ,  f o res t  resou rce  i nven to r i es  have  accumu la ted

a  r i ch  sc ien t l f i c  t rad i t l on  o f  samp l ing  op t im lza t i on  and

d a t a  a n a l y s i s .

The  f i r s t  obJec t i ve  o f  a  fo res t  damage  su rvey  i s  t o  ob ta ln

unb lassed  es t ima tes  o f  t he  se lec ted  damage  va r lab les  f rom

a l l  f o res ts  i n  a  g i ven  coun t r y  and ,  ana logous l y ,  f r om c i r ca

5  to  50  sub reg ions  o f  t he  coun t r y '  subd lv l s ion  depend ing

on  a  number  o f  f ac to rs .

The  second  ob jec t i ve  i s  t o  ob ta ln  unb iassed  t lme  se r ies  o f

damage  deve lopmen t .  Th i s  i s  a  ve ry  demand ing  goa l  because

the  da ta  shou ld  be  unb iassed  bo th  i n  t ime  and  i n  space .

The  measuremen ts  taken  i n  a  pa r t l cu la r  yea r  shou ld  rep resen t

the whole forest area ln such a way that the accuracy of

es t ima tes  can  be  quan t i f i ed .  Moreove r ,  t he  measuremen ts

taken  i n  subsequen t  yea rs  shou ld  be  cons i s ten t .

The  th i rd  ob jec t l ve  1s  to  ana l - yse  the  re la t i onsh lp  be t  een

fo res t  da .Tage  and  a i r  po l l u t i on  l oad .  Bas i s  fo r  t h i . s

ana lys l s  can  be  ob ta j , ned  i n  seve ra l  ways .  F i r s t l y ,  one  can

t r y  to  i den t i f y  damage  va r iab les  tha t  a re  spec i f i c  as  such

t o  a  g l v e n  t y p e  o f  a i r  p o l l u t l o n .  S e c o n d l y ,  o n e  m a y  s e t  u p

in teg ra ted  measuremen ts  i n  a  fo res t  s tand  tha t  i s ,  measure

spec i f i c  o r  non -spec i f i c  damage  van iab les  and  re la te  the



.  r esu l t s  t o  po l l u t i on  va r iab les  measured  a t  t he  same s i t e '

Thlrdly one can measure damage vartables and pol lut ion

var lables uslng i .ndependent observat lon networks, over lay

the  reg lona l  pa t te rns  and  t ime  se r ies ,  and  i n  th i s  way

ana lyse  the  re la t i onsh iPs .

3 .  Na t l ona l  cha rac te r i s t i c  s

The average concentrat ion and deposi t ion of  sulphur in

Europe vary from one forest region to another by a factor

o f  app rox j -ma te l y  30  (F lg  1 ) .  S im i l a r  da ia  i s  no t  ava l l ab le

fo r  o the r  po l l u tan ts  bu t ,  t heo re t l ca l ' l y ,  on l y  a i r  poL lu tan ts

wlth very long retent ion t imes in the atmosphere w11l appear-

l n  un i fo rm quan t i t l es  i n  a l l  f o res ts  i n  Eu rope .  Carbon

d iox lde  (CO^)  i s  one  o f  t he  few  examp les  o f  r rpo l l u tan ts ' r '

o f  t h i s  t ype .  I t  i s  obv ious  tha t  a i r  po l l u t i on  l s  a  l a rge

p rob lem in  some fo res t  reg ions  and  a  much  sma l l e r  p rob lem

ln  some o the r  reg lons .

Fo res t  a rea  i n  t he  European  USSR i s  l a rge r  t han  tha t  i n

F R c  h v  2  f a c t o r  o f  c a  4 0 .  I n  H o l l a n d  t h e r e  a r e  a p p r .  2 5

taxpaye rs  pe r  hec ta re  o f  f o res t  l and  as  opposed  to  the  no t

no re  than  o .13  1n  F in land :  a  d l f f e rence  by  a  fac to r  o f  l - 80 .

Such  d i f f e rences  have  a  g rea t  l n f l uence  on  the  cu l tu re  o f

fo res t r y  and  upon  the  resou rces  ava i - l ab le  fo r  s tudy ing

certaln forest regions. . ._-/

A  s ing le  un i fo rm gu ide  o f  i ns t ruc t l ons  fo r  t he  fo res t

damage survey in al l  European countr j .es would be a rather

un rea l l s t i c  goa l  .  I t  wou ld  necessa r i l y  imp ly  tha t  t he

resources  a re  used  i n  an  i ne f f l c i en t  way .  By  no  means  does

th i s  underm ine  g rounds  fo r  t he  ha r rnon iza t l on  o f  me thods .

A  s t ra tegy  i s  p roposed  in  the  fo l l ow lng  tha t  s t r i c t

s tandards  a re  i n t roduced  fo r  l oca t i . ng  samp le  p lo t s  e i t he r

sys temat i ca l l y  o r  a t  random,  and  fo r  se lec t i ng  the  samp le

t r e e s  a t  t h e  p l o t  i n  a  s t a t i s t i c a l l y  s t r j . n g e n t  w a y .  S u c h



a s ta t l s t l ca l l y  re levant  sample  des lgn  wou ld  p rov lde  a  bas ls

for reglonal datnage esti tnates and for the quanti f lcat ion of
' the  accuracy  o f  these es t lmates .  Deta l l s  o f  the  method,  such

as  the  gr id  s lze ,  p lo t  s ize '  number  o f  sarnp le  t rees  e tc .

coufd be declded at natlonal tevel .  Str lct unlform standards

are also proposed for a sma]I number of key varlables.

A ten ta t i ve  l i s t  o f  such key  var lab les  ls  p resented

(Appendtx ) .  Nat lona l  s tud les  are  lnv i ted  to  take

measurements on addlt lonal varlables whlch later could be

lntroduced as European key varlables.

4 .  Es tab l  i  sh l and deve lopi a  na t i ona l

41 .  Sampl lng lntensi ty and damage var iables

Sampl ing intensi ty in a nat lonal  study depends on the

seve r l t y  o f  t he  a l r  po l l u t l on  p rob lem '  on  the  s i ze  o f  t he

forest area, the terraln and road network'  and on the

resources  ava11ab1e  fo r  t he  i nven to ry .  Samp l lng  wou ld  have

to  cove r  a l ]  f o res t  l and  i nc lud ing  fo res t  edges .  S .anp l i ng

lntensi ty mlght vary even withln a country i f  only an

unb iassed ,  p rede te rm ined  s ta t i s t i ca l  me thod  1s  app l i ed .

Sampl ing tnethod must be sel .ected based on the info! 'mat ion

regarding the range of var lat j .on of  the forest var iables.

Spat ial  and temporal  var iat ion determi-ne the ' tnoise" and

the  des l red  l n fo r rna t i on  de te rm ine  the  r r s igna l r r .  The  s lgna l -

t o -no l se  ra t i o  can  be  used  as  a  gu ide  fo r  t he  samp l ing

in tens i t y .  I t  i s  cos t -e f fec t i ve  to  use  a  dense  g r i d  i n

po l l u ted  reg ions  and  a  spa rce  g r i d  i n  l ess  po l l u ted  reg ions .

P r io r  t o  any  dec i s lon  abou t  samp l ing  i n tens i t y '  bas i c

agreement should be achieved regardj-ng the key var iables.

Crown  dens i t y  has  been  used  i n  many  coun t r i es  as  a  bas i c

v a r i a b l e .  I t  h a s  b e e n  c r i t i s i z e d  b e c a u s e

i )

1 1 , /

i t  l s  d l f f i c u l t  t o  d e f i n e  a  r r r e f e r e n c e  t r e e " ,

de te rm ln ing  c rown  dens i t y  i s  based  on  a  v i sua l

and  no tab l y ,  on  a  somewha t  sub jec t l ve  measuremen t ,



i l l )  c rown  dens l t y  i s  a  non -spec l f i c  va r i ab l -e  tha t  l s '

l t  i s  no t  dependen t  on  a i r  po l l u t i on  on l y '  and

l v )  c rown  dens i t y  l s  i n  a  s t r i c t  co r re la t i on  ne i the r

wlth t ree growth nor with the remaining l i fe- t lme

o f  t h e  t r e e .

In  sp l te  o f  t h i s  c r i t l s i sm the  va r labLe  r r c rown  dens i t y r r  i s

cont inuously used, because no construct ive suggest ions have

been made regarding a more appropr late var iable '  Many

v a r i a b l e s a r e w e l l s u i t e d f o r l a b o r a t o r y i n v e s t l g a t j ' o n s a n d

1n intensive studj .es on smal l  p lots but 
-none of them have

as  ye t  been  deve loped  fo r  use  i n  l a rge  sca le  assessnen ts '

Need le  d i sco lo ra t i on  i s  ano the r  s imp le  va r lab le  tha t  has

been appl ied. I t  invotves the same problems as crov' /n densi ty

but ln many areas also needLe di .scolorat ion is regarded a

use fu l  va r i ab le .  -  I n tens i ve  resea rch  i s  needed  to  examine

the measurenent techniques of crown densi ' ty and needle

d l sco lo ra t i on  and  a l so  to  sea rch  o the r  va r iab les  su i tab le

for J.arge scale damage assessment.  Special  emphasis should

be  g i ven  to  examln ing  the  po ten t j -a1  o f  ae r ia l  pho tog raphy

and rernote renslng.

The impact of  darnage on stand growth and tree mortal i ty

wou ld  need  to  be  s tud ied  i "n  de ta i l  i n  t he  fu tu re  '  T ree

g rowth  has  been  re la ted  to  c rown  dens i t y  i n  a  na t i on -w ide

lnven to ry  a t  l eas t  i n  Sweden .  Pe rmanen t  pLo ts  can  no t  be

used  fo r  t h l s  pu rpose  because  samp l ing  a  t ree - r i ng  co re

l s  a  po ten t i a l  damage  to  t ree .  Add i t i ona l  t enpora ry  p lo t s

shou td  be  used ,  t he re fo re ,  g j - v j -ng  p rope r  emphas is  to  the

s ta t i s t l ca l  p rocedure  i n  es tab l i sh ing  those  p lo t s '  I n

na t l ona l  su rveys  they  shou ld  be  connec ted  to  the  ne twork
' n f  

f h e  . r r m e n e n t  o L o t s .  D a t a  a n a l y s i s  s h o u l d  p a y  m u c h

a t ten t i on  to  cons t ruc t i ng  the  t ime  se r ies  o f  t he  vo lume

growth  o f  en t j - re  s tands  ra the r  t han  i us t  l ook ing  i n lo

the  t i "me  se r ies  o f  r i ng  w id th .  Mode ls  a re  needed  fo r  t ak ing

in to  accoun t  t he  c l ima t i c  f ac to rs  as  we l l  as  the  fac to rs



t h a t  a r e  s i t e - s p e c l f i c ,  s p e c i e s - s p e c i f i c  o r  r e l a t e d  t o  t r e e

age  and  s tand  deve lopmen t .  A11  these  p rocedures  a re

sc ten t i f i ca l l y  ra the r  demand lng .

42 .  Sa rnp  1e  p lo t s

A  sys temat l c  g r l d  o f  sampte  p lo t s  has  been  used  when

conduc t i ng  s ta t i s t l ca l l - y  va l i d  assessmen ts  o f  f o res t  damage .

C lus te r i ng  has  been  app t i ed  i n  o rde r  t o  reduce  the  cos ts  o f

measurement.  Accuracy of  the resul ts f rom this type of data

can  be  ca l cu la ted  on  a  rou t l ne  bas i s .

Pe rmanen t  samp l -e  p lo t s  a re  es tab l i shed  fo r  mon i to r l ng

purposes .  when  es tab l i sh lng  these  p lo t s  i t  i s  o f  u tmos t

imn^? . tan . r  t ha t  t he  au tho r l t l es  and  the  fo res t  owner  do

no t  know the  exac t  l oca t i on  o f  t he  p1o t .  O the rw ise  the

samp le  no  l onger  rema lns  unbLassed .  Pe rmanen t  p lo t s  mus t  be

selected systemati-ca1ty or at  random thus ensur lng that the

s tand  age  d i s t r i bu t i on ,  t ree  spec les  d l s t r i bu t l on  e tc .

adequa te l y  rep resen t  t hose  o f  t he  fo res t  reg ion .

In  reg lonaL  su rveys  t rees  cou ld  be  samp led  us ing  a  re lascope

and  the reby  l nc reas ing  the  p ropab i l l t y  o f  l a rge  t rees  to

fo rm the  samp le .  I t  1s  eas ie r ,  t hough ,  t o  app ly  f i xed -a rea

p lo ts  i n  wh ich  p l -o t  boundar les  do  no t  g row o r  sh r i nk  ove r

the  i n te rva l  be tween  two  measuremen ts .  F ron  the  s ta t i s t i ca l

po in t  o f  v i ew  1 t  i s  e f fec t i ve  to  max im ize  the  number  o f  t he

p lo t s .  The re  i s  a  ce r ta in  m in lmum s i ze  fo r  t he  p lo t  because

many var iables rnake sense only when measured as the average

o f  a t  l eas t  5  o r  10  t rees .  Measur ing  ve ry  sma l l  p lo t s  l s

ne l the r  cos t -e f fec t i ve .  Sma l l  p lo t s  can  be  used  i n  dense

fo res ts  and  v l ce  ve rsa .

43 .  Samp le  t rees

Two leve l s  o f  i n tens i t y  can  be  used  i n  se lec t i ng  the  samp le

t rees .  The  f i . r s t  l eve l  i s  used  fo r  measuremen ts  tha t  a re

fas t  t o  ca r r y  ou t  such  as  t ree  spec ies ,  b reas t  he lgh t



d lamete r  (D  1 .3 )  and ,  pe rhaps '  c rown  dens i t y '  The  second

Ieve l  w111  inc lude  l ess  t rees  so  tha t  more  l abo r ious

measurmen ts  can  be  taken  (e .9 .  o the r  s tem d lamete rs '  more

detal led canopy var iables and measurement of  epiphyt ic

I  ichens )  .

In monltor lng programmes a method must be developed such

tha t  t he  samp le  t rees  can  be  i den t i f i ed  a f te r  t he  t ime  ln -

terval  betweeen two measurements.  No obvious numbers or

s lgns  shou ld  be  l e f t  on  the  t rees  because  they  n igh t

i n f l uence  the  t rea tmen t  o f  t he  s tand .

New samp le  t rees  a re  needed  to  rep lace  those  tha t  have

been  removed  o r  t ha t  have  d led .  A  sound  s ta t i s t l ca l

p roced .u re  shou ld  be  deve loped  a l so  fo r  t he  se lec t l on  o f

the  new samp le  t rees .  I t  may  be  more  adequa te  i n  p rac t l se

to  es tab l i sh  new pe rmanen t  p lo t s  ra the r  t han  to  se lec t

new samp le  t rees  f rom the  o1d  p lo t s .  New ly  es tab l l shed

h^h i  l . ^ l . . i nd  ne tworks  dO no t  need  Such  a  rep lacemen t  ve ryu r v . r 4  v v r  r r r S

soon so cna! there is plenty of  t  j -me for solv ing such

prob lems

44 .  T lm lng  o f  rneasu remen t

Many  fo res t  va r i ab les  a re  sub iec t  t o  a  seasona l  cyc le '

and  th i s  causes  a  p rob lem o f  t he  p rope r  t im ing  o f  t he

measuremen t  .

Somet i rnes  i t  may  no t  be  poss ib le  to  conduc t  t he  measuremen ts

w l th in  a  spec i f i c  t ime  o f  t he  season .  One  so lu t i on  then  i s

to  take  measuremen ts  f rom d l f f e ren t  pa r t s  o f  t he  reg ion

throughout the summer but to do that in a randomized order

so  tha t  t he  seasona l  va r l a t i on  1s  i nc luded  i n  the  I ' no i se " .

Ano the r  op t i on  i s  t o  desc r ibe  the  seasona l  pa t te rn  o f  each

va r iab le  i n  d i f f e ren t  pa r t s  o f  t he  reg ion  and  to  s tandard i ze

a l l  measuremen ts  to  co r respond  to ,  say ,  h j . gh  summer  va l -ues .

Such  co r rec t i ons  a re  techn ica l l y  ra the r  demand ing  because

the  co r rec t i on  coe f f i c i en ts  mus t  be  de r i ved  f rom a  samp le

w h l c h  r e p r e s e n t s  a I l  f o r e s t s  i n  t h a t  r e g i o n .  I f  t h i s



requ i remen t  i s  no t  f u l f l l l ed  then  the re  w i l l  no  l onger  be

a  poss lb i l i t y  o f  quan t i f y i ng  the  accu racy  o f  t he  resu l t s .

I n  a l1  mon i to r i ng  p rog rammes  i t  may  be  cos t -e f fec t l ve  to

measure  l a rge  samp les  a t  re la t i ve l y  l ong  i n te rva l s  and

se lec t  sma l l  subsamp les  fo r  more ' f requen t  measuremen ts .

Th ls  way  i t  w1 ] l  be  poss ib le  to  r r zoomr r  t he  ecosys te rns  fo r

more  de ta i l ed  i nves t i -ga t l ons  and  ye t  ma ln ta in  the  s ta t i s -

t i ca l  bas i s  f o r  gene  ra l  i  za t j . on  .  When  so  do ing  i t  i s  o f

ul t imate importance that the subsample is an unbj.assed

s ta t i s t i ca l  samp le  w l th  re fe rence  to  aL1  the  va r iab les

tha t  a re  i nc luded  i n  the  measuremen t  scheme.

5 ,  Da ta  ana lys i s

51 .  An  examp le

Measurements of  th is example are taken from a plot  of  3OO

square  me te rs  l oca ted  i n  Cen t ra l  F ln land  i n  a  6s -yea r -o1d

pure  s tand  o f  Norway  sp ruce .  20  t rees  w i th in  the  p lo t  co r -

respond  a  s tand  dens i t y  o f  667  t rees  pe r  hec ta re .  S i x  t rees ,

w i th  ave rage  he igh t  o f  19 .7  m,  a ] "e  c lass i f i ed  as  dominan t

t r e e s .  W h e n  l o o k l n g  l n t o  t h e  d l s t r i b u t i o n s  o f  t r e e  h e l g h t ,

t ree  d iamete r ,  s tem basa l  a rea ,  s tem vo l -ume and  c rown

.  dens i t y  i t  i s  obv ious  tha t  de fo l i a t i on  i n  t h i s  s tand  i s

concen t ra ted  i n  }a rge  t rees  (F ig  2a -2c ) .

52. Output var i  ab Ie s

521  .  Mean  c rown  dens i tY

The  a r i t hme t i c  mean  c rown  dens i t y  o f  20  samp le  t rees  i s

8 1 . 5  p e r  c e n t .  F o r  t h e  6  d o m i n a n t  t r e e s  i t  i s  7 8 . 3  p e r  c e n t .

The  a r i t hme t i c  mean  c rown  dens i t y  we ighed  w i th  t ree  basa l

a r e a  i s  7 8 . 2  p e r  c e n t ,  a n d  t h a t  w e i g h e d  w i t h  t r e e  v o l u n e  i s
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522 .  F rac t i on  o f  resou rce  damaged

Fo l l ow ing  a  de f i n i t i on  tha t  a l l  t r ees  w i th  c rown  dens i t y

o f  8O pe r  cen t  o r  I ess  a re  damaged  we  f i nd  tha t  45  pe r  cen t

o f  t he  t rees  on  th l s .p lo t  a re  da lnaged  (F j -g  3a )  '  We igh ing

t h e d i s t r l b u t i o n w l t h s t e m b a s a l a r e a t h e r e s u l t i s o b t a i n e d

tha t  53  pe r  cen t  o f  t he  resou rce  i s  damaged  (F ig  3b ) '

S l rn l t a r l y ,  we igh ing  the  d i s t r i bu t i on  w l th  s tem vo lume i t

appreas that 6l  per cent of  the resource ls damaged that is '

t r e e s w i t h a c r o \ r / n d e n s l t y o f S O p e r c e n t o r l e s s c o n t a i n 6 l

pe r  cen t  o f  t he  to ta l  vo lume o f  t he  t ree -s  on  th i s  p lo t

(  F i s  3 c ) .

523 .  Amoun t  o f  t he  hea l thy  resou rce

On way to analyse how severe is the damage is to assess

whe the r  o r  no t  t he re  i s  a  su f f i c i en t  amoun t  o f  hea l thy  t rees

(o r  basa l  a rea ,  o r  vo lume)  to  fo rm a  sa t l s fac to ry  fo res t

s tand .  Us ing  da ta  f ro rn  th l s  examp le  p lo t  one  may  f i r s t  l ook

in to  Jus t  t he  dominan t  t rees  and  cons ide r  sup ressed  t rees  as

un impor tan t .  The  s1x  dominan t  t rees  exh lb i t  c rown  dens i t y

va lues  o f  60 ;  60 ;  7O;  90 ;  9O and  1 "00 .  Th ree  dominan t  t rees

have  c rown  dens i t y  va lues  o f  80  o r  rno re .  Tha t  co r responds  to

l "oo  t rees  pe r  hec ta re ,  o r  5 .8  n r2  o f  basa l  a rea  and  5 l  m3  o f

vo lume pe r  hec ta re .  These  resu l t s  can  be  compared  to  the

s tandards  tha t  a re  ava l l ab le  fo r  65  yea r -o ld  sp ruce  s tands

g row lng  on  th i s  k ind  o f  s i t e ,  and  i n  th i s  way  deve lop

addlt ional  var j -ables to galn more informat ion about the

damage .  The  s i ze  o f  t he  p lo t  i n  t h i s  examp le  nay  be  somewha t

too  sma l l  f o r  Jus t i f y l ng  th i s  t ype  o f  va r i ab les .

524 .  O the r  va r lab  Les

I t  i s  ve ry  d j . f  f  i cu l t  t o  i udge  i n  a  generaL  way  wha t  k ind  o f

va r lab les ,  i n  f ac t ,  wou ld  be  the  impor tan t  ones .  Ve ry  much

depends  on  the  na tu re  o f  t he  fo res t  a rea .  Fo r  commerc  j ' a l

f o res ts ,  used  ma in l y  f o r  t imber  p roduc t i on ,  damage  to  o ld
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t r ees  may  no t  be  impor tan t  because  the  ro ta t i on  pe r iod  j - s

short  anyway. For nat ional  parks damage to o1d, the most

beau t i f u l  t r ees  may  be  i us t  t he  mos t  impor tan t  t h ing .

Sc len t l s t s  shou ld  be  i nv i t ed  to  deve lop  new va r iab les .

Leaving the discussion open to any new suggest ions for

data analysis j -s an ef feet ive way to learn more about

the nature of  forest damage. New understandlng wi l I  then

serve as a basis for reducing the darnage.

Conc lus ions

Large freedom in choosing the method of damage survey

ass i s t s  l n  t ak ing  l n to  accoun t  t he  na t l ona l  cha rac te r i s t l cs

as  rega rds  fo res ts ,  po l l u t l on  p rob lem '  pe rsonne l  '  t r ad i t l on

and  the  ava i l ab le  resou rces .  I t  a l so  p romotes  i nnova t l ve

ideas  o f  ga in ing  new in fo rma t ion .  Some l im i t s  t o  th i s

f reedom a re  needed ,  however ,  t o  ob ta in  comparabLe  resu l t s

f rom va r ious  coun t r i es .  A  compromise  1s  sugges ted  tha t

s t r i c t  requ l remen ts  a re  ag reed  upon  the  p r i nc ip le  o f  t he

samp l ing  me thod .  Samp le  p lo t s  mus t  be  d l s t r i bu ted  i n to

fo res t  i n  an  unb lassed  manner  so  tha t  t hey  rep resen t  t he

who le  fo res t  reg ion .  Samp1e  t rees  mus t  a l so  be  chosen  ln

a  s ta t l s t l ca l l y  s t r i ngen t  way .  A  bas i c  se t  o f  key  va r iab l -es

.  a re  de f i ned  as  ob l l ga to ry  va r iab les .  F ree  cho ise  i s  a l l owed

fo r  samp l ing  i n tens i t y ,  f o r  t he  de ta i l s  o f  samp l ing

techn ique  and  fo r  add i t i ona l  va r i ab les .

A l1  da ta  i s  submi t ted  to  the  Coord ina t l ng  Cen t res  tha t  a re

reques ted  to  ca r ry  ou t  ex tens l ve  da ta  ana lys i s .  Sc ien t i s t s

f rom pa r t i c i pa t i ng  coun t r l es  a re  i nv i t ed  to  deve lop  new

methods of data analysls that would improve the understand-

1ng  rega rd ing  fo res t  damage .  The  coo rd ina t i ng  ac t i v i t y

shou ld  be  v j -ewed  as  a  con t l nuous  p rocess  tha t  shou ld  l as t

fo r  a t  l eas t  t en  yea rs .
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DATA VARIABLES

(1 )  Genera l :  -  coun t r y
- forest rdgion or admLnlstrat ive unl t
-  x / y  co -o rd ina tes
-  e leva t i on
-  da te  o f  reco rd
-  t opography :  d i rec t i on  o f  s IoPe

s lope  s teepnes
pos i t i on  on  s lope

-  d i s tance  o f  t he  cen te r  o f  t he  P lo t
from the edge of the stand/type
f rom sou rces  o f  -em lss lon  ( road ,

s e t t l e m e n t ,  f i e l d ,  o t h e r s  )
-  recen t  changes  i n  s i t e  cond i t l ons

( 2 )  S o i l  d a t a :  -  l a n d  c l a s s
-  m ine ra l  so11 /pea t l and
-  y i e l d  c l a s s
-  g round  vege  ta t l on
-  so i l  t ype  (  FAO-C l  ass l f i ca t i on  )

( 3 )  S t a n d  d a t a :  -  t r e e  s p e c i e s
-  age  c lass
-  deve lopmen t  c  l ass
- basal  area
-  recen t  f e l l i ngs :  t ype / t ime  o f  occu r rance
- damage: top /crown/ t runk

obsious reason for damage -
damage  s l l v i cu l t u ra lLy  s ign i  f j .  c  an t  /

i ns ign i f i can t
-  crown densi  ty
-  d i  s c o l o r a t i o n
-  ep iphy t i c  l i chens :  spec les /abundance

(4 )  T ree  da ta :  -  t r ee  number
- azimuth and di  stance
-  t F A A  c r i a ^  i  a  c

-  c rown c lass
-  d i a m e t e r  a t  b r e a s t  h e i g h t  ( D B H )
-  he igh t
-  l owes t  l im l t  o f  t he  l i v i ng  c rown
- damage :  top /crown/ t runk

obslous reason for damage
damage  s i l v i cu l t u ra l l y  s lgn i f  j - ca rL t  /

ins l  gni  f i  cant
-  c rown  dens i  t y
-  d i  sco lo ra t l on
-  ep iphy t i c  I i chens :  spec ies /abundance



Flgurc 1. SuIPhur depoalt lon

(g . t -2 .  y " -1 ) .  o " t "

1n  Europc  ln  1980.

from ECE-EMEP, graph fron IIASA.

1 Q

t a

1 1 .

1 l

1 9 .

c t .

"7

b -

5 .

3 .
3 .
2 .
l .
1 .



Dr.t
(ctn)

HE,t6HT
(r'r)

1pg6 (nrl
TREE ( nr)

STEH
\,OLUllE

( t )  ' . l o

l!0

51EII
BASAL
AREA
(crnt)

TREE(nr)

EO
CROWN
DENS|IY .^

\%)  
q '
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vrl th dashed bars were consldered donlnaqt or codomlnant
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