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SUMMARY

Throughfall monitoring results from Scandinavia and other parts of Europe has

been evaluated for its use in estimation of atmospheric deposition to forest

ecosystems. The general conclusion is that the method is useful tool in estimating

deposition to forests and for producing information about the status of the forest.

It can be used separately or in combination with deposition models. For

aerodynamically complex terrain such as forest edges throughfall monitoring is

the only realistic altemative to estimate sulphur depositbn.

The method was found useful for elements for which the interaction with

vegetation is small compared to the throughfall fluxes. This is the case for

sulphur in most parts, except maybe in remote areas such as the northem

Scandinavia. The method cannot be used directly for estimating the deposition of

nitrogen to forests due to interaction with the canopy, with the exception of areas

with an extnemely high nitrogen deposition such as in parts ol the Netherlands

and maybe during wintertime when the biologic activity is low. The throughfall

results for nitrate and ammonium will however provide useful information on the

nitrogen load in the forest. Throughfall data for sulphur and ammonium tn areas

clo.se to ammonia emission sources indicate a co-deposition of ammonia and

sulphur dionide. .ds for nitrogen, base cation deposition cannot be estimated

from throughfall data, due to the internal cycling of these ions.

There are large variations in throughfall fluxes between different forests, due to

factor such as forest structure and exposure of the site. Spruce and fir trees have

a large filtering capacity, larger rhan pine and deciduous trees.



THROUGHFALL MONITORING AS A MEANS OF MON]TORING DEPOSITION TO

FOREST ECOSYSTEMS _ EVALUATION OF EUROPEAN DATA

1 .  INTRODUCTION

At  an  i n te rna t i ona f  mee t i ng  i n  SkokLos te r  i n  Mdrch  1988 ,  c r l t l ca l

f oads  o f  su lphu r  and  n l t r . ogen  we re  de f i ned  f o r  d l f f e ren t  k i nds  o f

e c o s y s t e m s  ( N i l s s o n  &  G r e n n f e f t ,  e d s ,  1 9 B B ) .  T h e  c r i t i c a l  l o a d s

were  de f i ned  i n  o rde r  t o  avo id  ha rmfu l  e f f ec t s  on  t he  s t ruc tu re

and  func t i on  o f  t he  ecosys tem.  The  sens l t l v i t y  o f  one  ecosys tem

is  d i f f e ren t  t o  ano the r .  The  c r i t i ca l  l oad  o f  su lphu r  t o  avo ld

r -  , l i r r ^ r ,  i ^ n  ^ a n a n , - l c  h r l F l \ ,  ^ n  r h a . h a m . : 1  w o : r h a r i n .  a h i l i r \ /

of the soi l  r{hich in turn depends on soi l  composit ion and

tex lu re .  C r l t l ca l  f oads  f o r  n i t r ogen  can  be  de f i ned  t o  avo id

d i < r  . - h r * . o s  . l | A  t ^  A  r t ' - n h j ^ F - i ^ r  a : '  W e l l  a s  - O  a v o f o

. -  L r a L a  l e d k o g e  ( N - s d L u r a - i o n )  d n d  d c i d i f i c a L i o n .  l m p o r L a n L

fac to rs  a re  t he  i n i t i a l  nu t r i en t  s ta tus  o f  t he  ecosys ten  and

i t s  ab i l i t y  t o  t ake  up  n i t r oqen .

Based  on  t he  c r l t i ca l  l oad  concep t ,  ECE dec ided  t o  map  the
- a r ^ -  i v  c f  F | r ^ n ^ a -  a . ^ s v c l a r  s  ' . 1  . r . d a r  - . )  n o - L n l  o u L  L h e

a reas  l n  wh i ch  t he  c r i t i caL  l oads  a re  exceeded ,  As  a  f u tu re

consequence  t h i s  n l gh t  f o rm  a  bas i s  f o l :  op t lm l z i ng  con t ro f

s t ra teg ies .

Bes ldes  t he  mapp ing  o i  sens i t i v i t y ,  t he  depos i t i on  Load  mus t  be

o e  e  r i . l e d .  E v e n  o - l  d  
- o c d L  

s c a - L e ,  v d r L a L  o n s  : n  s e n s i t i v i t y  a s

we l f  as  i n  depos i t i on  can  be  cons ide rab fe .  To  make  p rope r

i i r d -aman iq  j - hA  l - . a l  . r . i t i ca l  l oads  shou ld  be  cons ide red  i n  v i ew

. "  _ h a  |  . - . ,  , ! a n ^ c i  - .  . n .

A L  p r e s e n .  d F p o s - L - o ' r  d a t a  a r e  a v a - - L a b l e  m d i n l y  a s  r o n i  L o r i n g

da ta  f r om the  EMEP1)  o r  t he  EACN ' � )  ne two rks ,  These  p rov ide  da ta

on the wet part of the deposit ion and on air pol lut ion concen

t r a t i o n s .

I )  European Monitorlng and Evaluation Proqramme

a  |  .  aha - r :  q t - " v  Ne two rk



T h o  w p r  d t r n o s i r i o n  m a ^ < , r r c . l  F q  h r r l r  ^ . a . i 6 i , ^ r  i ^ .  L , i r l  ^ n  , ,

r e p r a s e n t  r h e  t o L d l  d e p o s . i L i o n  a L  s n o o l h  o p e . l  L e t o  c o n d i t i o n s

L ' h 6 r a  / l z 1 /  / l 6 n ^ c  r  i ^ n  i c  ^ r  m ' n ^ .  i h ^ ^ 7 r : n - 6

D c p o s i L ' o n  t o  ' o T e s t s  a n d  o L h o r  L y p e s  o t  v e g e L d L _ o n  l o r ,  w . ) t c \  L h e

d r y  d e p o s r L .  o n  p r o c e s s e s  a r e  i - n p o r L d r  L ,  _ s  l . L a l . y  c a l c L l o l e d

based  on  a i r  po f f u t i on  concen t ra t l ons  and  t heo re t i ca t  mode fs .

- h e  r e d s o n  T o .  ( h ; s  i s  L n e  - a c k  o f  p r d c L - c d _  r o u t i n e  p r o c e d L r e .

t .  m F a s r r ] . a  r h a  . l . v  . l c o n < i l  i ^ n  n ^ y r  : n d  l h , i a  r h a  F ^ r a r  / i a ^ ^ c  i ^ h

- h e  n e L h o d s  r s e d  u p  t o  n o w  r o .  m o n _ L o r - L n g  o r y  o e p o s - r ' 0 1 ,  L h e

o d d v  . o y r p l . : r  
' o n  

F n d  l h c  d r ^ . i  c n t -  h o r h ^ . l e  r a d i ,  i  r a  < ^ h . r

a ^ , i ^ m a n l  ^ n d  a v l - a h c i v a  m ^ h i r ^ ,  i n -  a r  r ^ r r .

t h e o  e ,  L c a l f y  c d f c u f a E e d  d e E d  o . e ,  n o w e v e r ,  n o t  s u  ' c : e  L  L o

d e s c r .  b e  L h e  L o L a l  ( d r y  a n d  w e ! )  d e p o s i - i o n  l e v c l  a r d  - t .

va r i a t l ons .  The  EMEP-node l ,  f o r  examp fe ,  ca f cu la tes  t he  depo -

s ' E i o r  o f  s u - p h u r  d . l d  n - L r o g e n  o v e r  E u r o p e  o s  o  n e a n  v a _ u F  o v e t

1 5 0 x 1 ) 0  k m ,  g - r - d  s q u a r e s .  W i L n i n  E h e s e  s q L a r e s ,  L n e t e  o r e  l a r g e

loca f  va r i a t i ons .  Mon i t o r i ng  o f  t h rough fa l f  has  been  found  to
' n e d s u r e  E h e  E o t d l  d e p o s i L r o n  L o  l o r e s c  e c o s y s E e n s  o L  s o m e

p o l l u r a n E s  b o l h  i n  E L r _ o p e  a n o  - n  t h e  U . S .  ( s e e  b e . o w ,

OBJECTIVE

A L  L h e  W o r k s h o p  o n  m a p p - i n g ,  t f e  s e c o n d  o r e p o r a L o r y  m e e r - n g  h e l d

i n  V ienna  i n  Ap r i l  1989 .  i t  was  dec ided  t ha t ,  i n  add i t aon  t o  t he

manua l s  f o r  mapp lng r  c r i t i ca l  ] oads  and  l eve l s ,  a  spec ia f  manua l

s h o u f d  b a  p r e p a r e d  f o r  - l a p p  n o  L h e  d e p o s r t ' o 1 .

T - l  p l d r  n  r 9  L l _ e  w o r k  o I  p - r e p a r i n g  t h e  n d r L a - L  L h e  f o l l o w ' l g

suggestions were made :

-  r o "  n d o o - L n g  L h e  d e p o s - c i 0 1  o v e r  E u l o p e ,  d c t  . a l  n o n ' c o l _ n 9

data  are  necessary .  A  "s tandard ized"  ne twork  o f  th rough
fa l l  mon i to r ing  s ta t ions  in  con i fe rous  fo res t  s tands  is
proposed.  However ,  i t  w l l f  take  a t  feas t  one or  two years
i ^  h ^ \ / a  ^  n a l - h r ^ y k  i h  ^ ^ a . ^ ,  i ^ n  h 7 ^ A  ' - i n ^  , - . { a r i



I r n i r  1  j - h a n  n r e s a n t l v  a v a i f a b l e  d a t a  n U S L  a s  f a r  a S

6 ^ e e i h l a  h a  c x r r d n 1 . ) l . r r . . '  ^  ^ ' ^ l  , . 4  i 5 ' ^ r n a i ' - n  ^ n

' ' . , a ^ 6 r  r -  i  ^ i  i n , ! . r . F d , ,  i p D O S - L L f o n .

I h a  h i 6 . f  i l . a  ^ r  .  r .  q r ' r . l w  i c  r ^  a v ; l l r a t o  1 - l a  ^ v _ r : l . a b ] e  d d t a  ! o

see what  a re  the  re la t ions  be t r ' reen veqeta t lon  s t ruc tu re ,  a i r

n ^ ]  r r r l r ^ r  ^ n d  d a n o s i t i o n -  a n d  h o w  t h e  d a t a  C a n  b e  u s e d  f o r

mappingr .

D r i r a /  1 . /  t l 6  . n a n ^ c : r i ^ a  - r  < '  1 h . , -  ^ . d  r  i l  . . . r F '  F r a e  o f  i n L e r e s L .

Data on chloride and sodium is needed to excLude the seasaft

con t r i bu t l on ,  Fu r the r ,  da ta  on  base  ca t i ons  depos l t i on  i s  o f

ampor tance  as  t h i s  w iL I  g i ve  an  add i t i onaL  sou rce  o f  bu f f e r i ng

when  ac id i f i ca t i on  i s  conce rned ,

FACTORS TNFLUENCING THE AERODYNAMTC STRUCTURE OF THE SITE AND THE

FTLTERING CAPACITY OF THE POREST STAND

Except for the air polfut lon load, there are two main factors

!, ihlch w111 determine the amount of dry deposit ion. One is the

, ^ , ^ ^  / n : m i ^  ^ r  l h a  m ^ . i r ^ r i r d  < i  c  . n d  i t _  ^

The  o the r  i s  t he  f i l t e r l ng  capac i t y  o f  t he  rec ip l en t .

Tn order to make dry deposit ion measurements comparable with data

I r o m  o L n e r  s - E e s ,  i L  - s  l m p o r t a n L  L o  d e s c r i b e  d n o  q L a n f l f y  ( d s

fa r  as  poss lb l e )  t hese  pa rame te rs  wh i ch  i n f l uence  t he  d ry  depo

s l t aon  p rocess .

1 ! 6  e a r ^ ^ v l F F  i .  ^ t - r ' . l r r e  o f  t h e  s i L e  c a r  b e  d e s c r i b e d  b y  s u l ' f a c e

roughness ,  t ha t  i s ,  t he  e f f ec t  o f  vege ta t i on  on  w ind  movemen ts .

u i ^ h  \ / 6 ^ 6 F : f i ^ n  / r ^ . a c r c l  ^ v  1 ^ . d a  h a i d h r  . l i l l a . e n . e s  i n  \ , / a . ' F r a -

L  o n  r . / i - - L  i i d u c e  m o r e  L , l l b u l e n c e  L h a n  s t o Y t  v e g e L a L - L o n  ( g r a s s ) .

l nese  novemen ls  w i l L  a - so  be  i " ' l f  l uenceo  by  c .he  l opog rapny  o I  Lhe

c i r a  . r n l  q  r r r o  n d r n o s -  A  f - r c c -  r l , y c . r e d  L o w a r  d s  L h e

o o r i r a r c  b r i n d  d i r e c r i o n  w - l f  b e  r o r e  e x p o s e d  L o  d i r  p o l  u L i o n



( h a n  a  s l o p e  f a c i n g  r h e  o p p o s i t e  d i  r e c l j o n  o r  a  f o r e s !  o n  f - o L

- o n d .  l ' l y  d s  h e l l  a s  p d r c h y  L e r r d i n  w i t h  o p e .  l d n d  m - x e d  w - L h

fo res t s  and  f o res t  edges  w i l l  l nduce  more  t u rbu fence .  These

cond l t i ons  shou ld  be  desc r i bed  ds  f d r  as  possab le ,  e .g .  by

ae rodyna fu i c  c fasses  (Davenpo r t  1960 ) .  The  ae rodynamic  s t ruc tu re

o J  L h e  s L r  r o L r o . r g s  s l o u ' d  b e  g r v e r  I n  d i  ' e r e n L  w - n d  o . r e c L - o n s .

The other main factor inf luencing Lhe dry deposit ion is the

.  1 - a r i . ] -  . r n F . i t v  n '  r h p  ' ^ h c - r .  - l  ^  4 - l 6 s L .  A  L r e e  w i L h

feaves  w i l l  have  a  l a rge r  su r face  t han  a  t r ee  w i t hou t  any  l eaves

and  as  expec ted  t o  be  a  no re  e f f i c l en t  f l l t e r .  The  s t ruc tu re  o f

t he  t r ee  o r  f o res t  s tand  mus t  be  desc r i bed  i f  t he  mon i t o rang

r e s u - L L s  a ! e  L o  b e  e x L r a p o f a L e d  I o !  c o n c l u s - o n s  o v e - r  - a r g e r  a r e a s .

A  num l l e r  o f  pa rame te rs  have  been  used ,  a fone  o r  i n  con l c i na t i on l

-  f , 6 6  c n 6 - i  6 c

l n a i  d h f  ^ f  f  r ^ ^  / h l

-  c r o w n  p r o j e c L . o n  ( r d o r L s  o  c r o w l . ,  . 1 )

c a o v . / n  d e n s :  L y  ( d e n s i L y  c l d s s e s )

s tem d iame te r  (m)

s L e m  o e n s , L y  ( a u n  c e r  o '  t . ' - r  k s ,  l _ d - ' )

-  b l onass  (n3  )
' 1 a ^ f  

^ r a :  i n d a Y  i m r . m - r )

c d n o p y  c o v e r a g e  ( n r . h a - '  )
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4. THROUGHFALL MONITORING AS A }IEANS OF MONITORING TOTAL DEPOSfTION

T h e  s o - L L r L e  f l u x  i n  s L a n d  o ( e c i p  L d L l o n  c o n s i s L s  o l  w e -  C e p o s i L  o n

^ ^ - ,  I  \  . ] a ^ ^ c i  r i ^ n  ^ n r ^  r n a  l ^ r a ( l  . i n ^ n \  a n . l

-  s  n o d j  I - e d  b y  c a n o p y  j n L e r a c  . i o n  p r o c e s s e s  ( a b s o - r p L i o n  o r

A , - h  r  r '  1 p . r ! e .  1 o p 1 \  l r  - h a  ' ^ l  . . d i a -  l - ( e e  s e c t i O n S  i E

w -  I  D e  o - s ^ L s s e d  c o  w n a L  e x L e n -  t h e  s t a n d  p - e c i p - l a - i o n  d d l a  c a n

b e  L s e d  L o  e s E r ' n a E e  L h e  a L m o s p h e r j c  d e p o s i r i o n .

4 . l  Su fphu r

T a b l e  1 .

T.ble L. Eslljmt-io of tle toralL depositi@ cGpared to tlrmrdfaLl a.d @Fit frd a catcln€nc jn tiE G3rdsld sludt
(rtuttlelq, 1985).

- r  s e v e r d -  s . J d i e s  E h e  L h r o L - g h l a l l  m e L t o d  h d s  b e e n  I o u n d  L o  g i v e

^ ^ ^ / l  6 c  m : , a c  ^ a  f h a  f ^ r ^ r  d a ^ ^ q i r  i ^ n  d f  c r l l . n i r r  F o .  e ! ^ m o l e

i 1  r n e  C a r d s - o  s E u o y  ( d u - . D e r q ,  l 9 B ) )  t h r o u o h l a l l  d e p o s ' L i o o  w d s

i .  _  - y a - r a . l  , r i l l  . r r - n h  r -  - n n  r l ^ a  . a t . t n F l f  a s  W e f l  a s

mode l  ca l cu la t i ons .

Estimation of the totaL deposition compared to

throughfall and ouLput fron a catchment in the

C A - d s j o  s L u d y  ( H u l t b e r q ,  1 9 8 5 )  .

(ffiase of 2 fndrolcqical !€aE) l.O2 '

o1]y WaLolcqr -al ye& 80/81) 0.'8r_69

liqee ot 2 hvdrolcqicdl ydsr 0.45 (444/

3 , 8  8 , 8  5 . 4  6 . 7  2 . i - 6 . 4

1 0 . ?  6 , 5  \ 2 . 9

8 , 8  1 0 . 1  4 . 4

42-9  7 . ' � l  r I .8  78 .5  24 .8-31 .1  8 ,6  10 .8

4 2 . 9  4 , 1 8 1 . 6  2 5 . 1  5 . 1

4A.4  0 .021 78 .5  2A.A 4 .24

' caklnated fr6 dt in pripltali@ a.d fi' co!:espcFdlrg to so?-rptal<e in !€setaL!@.

Gar ten  e t  a f .  ( 1988 )  conduc ted  rad ioac t i ve  35S  s tud ies  i n  r ed

m a p - e  d . ] d  y e l . o u /  o o p l d r  t - e e s ,  r o  e v a l J o L e  t h e  d p p l ' ^ a b - l - L y  o t

the throughfal l  nethod to estir ,ate the atmospheric sulphut depo-

s i t l on .  Du r i ng  a  104  days  pe r i od  i n  t he  q ro r . / i nq  season ,  i n te rna f

c y c l i n g  w a s  0 . 0 5 4  a n d  0 . 0 4  g s n - :  f o r :  m a p f e  a n d  p o p f a r ,  r e s p e c -

t l ve l y ,  be lng  abou t  ?% o f  t he  t o ta l  su lphu r  depos i t i on  i n  t h i s

n 6 ,  i ^ d  ' r  h a  ^ ^ ^ l ^ .  e r r n . l  c h - w a ^  r a l ^ l  i w a  h i o h  . r

amoun ts  du r i ng  t he  l ea f  f a l l  pe r i od  (0 .15  qsn  ' � ) ,  wh i l e  t he  map le

s tand  d id  no t  sho r , /  i nc reased  i n te rnd l  cyc f l ng  i n  t h i s  pe r i od .



f ' - 1 1  ^ ^ 1 ^ F r i c ^ n  ^ l  t h a c a  p v n F /  i T A r  c  k  h  d e n ^ c  i  n  e S L _ m a , e s

f r om a i r  concen t ra t i on  measu remen ts ,  i t  was  conc luded  tha t  t he

r  L v ^ , 1 ^ h f : l  l  m 6 r h ^ / l  h ^ ,  h  ^ : c 6 ^ , ' c  ^ n / ]  : a / ^ c ^ l  c '  I  ^ h ,  v

depos i ! i on  and  t haL  i nLe . rna f  cyc f i ng  -Ls  a  m-no - r  conL r -buLo r  Lo

i n a  c i  l ^ h ,  r  f l r l v  r d  f h a  f ^ r a < f  f l . ^ r  i n  h a F \ r i  l w  q l i l n h r . r  n . l l r l r a d

a r e a s  ( c a r t e n  e t  a 1 . ,  1 9 8 8 ) .  M e i w e s  a n d  K h a n n a  ( 1 9 8 1 )  e s t i n a t e d

I e a c h - n g  f r o m  l e a f  ! i s s u e s  i n  a  s u l p h u r  p o l  l u E e d  a r e d  i n  c e i t r d l

F , ' r ^ ^ a  l - , \ 7  l h a  c '  l n h  . : i  l ^ .  ^ F  f , 6 e h l  r  f a l l a n

fea f  L i t te r  w i th  f resh  t i ssue.  The i r  ca lcu fa t ions  sugtges t  tha t

0 .22  gsn- ,  cou ld  be  leached ou t  f rom senescenL feaves  o f  beech
^ n / l  n  1 q  d c h -  r  f y ^ m  < ^ | f . A  l a ^ \ r a c  i . ^ h 6 7 .  a l  i  l

( 1986 )  sanp led  d ry  depos i t i on  on  f eaves  and  pLa tes ,  i nc i den t

p r e c i p i t a ! i o n ,  t h r o u g h f a f f  p f u s  s t e m f f o w  a n d  L h e  c o n c e n L r a t i o n  o f

alrborne part lcles and vapors in a mixed hardwood forest in a

mode ra te l y  po l l u ted  a rea  i n  t he  U .S .A .  F rom these  measu remen ts

I  i r ' - - r a  I  s r  ' 1  n l - r  r  . v . 1 :  t  o  o '  i F  1 l  i c  ' r r - S t  w e s

a c r  i m : r a d  r ^  l i a  n  n o  d q m  2 \ / r  I  I  n . ] h a . .  a t  ^ l  /  l a 0 6 \  . - . -  '  . 6 ^

that sulphur was not retained by the fol iage and that so,

a d s o r b e d  b y  L h e  l e a v e s  w ' l l  b e  l e a c h e o  o y  s u o s e q L r a n L  ! a i n  e v e n l s .

F a c c h a n ^ a .  / 1 O ? " 1  ^ ^ h d r r . r - a d  . : F ^ h r r  
- l A r . h i h ^  

a v n A l  i m a n l

. i  | ^ . l a . n  : : I  a . . l  , r ' 4  n ^ i  f r " 1 . l  c ' . r - ' f i c d n r  f o - ' a r

l each ing  o f  su fphu r .

c o f l i c - L n - n g  t h e s e  t j n d i ' r g s  i L  c a n  b e  a s s J m e d  L h a -  - n ( c r n d l  s  i l p h u r

c y c l i n g  i n  f o r e s t s  l n  g e n e r a l  w i l l  b e  l e s s  t h a n  0 , 2  g  n ' � y r - r ,

T h e l e l o r e  
' L  

c a n  b e  c o n c l u d e o  t h a r  s u . L p h u r  f l L x e s  i n  L h r o u g h I d f . L

i n  cen t ra l  and  wes te rn  Eu rope  a re  ma in l y  caused  by  a  ve ry

e L L  L c - L e n -  I i f r e r j n g  o f  a i r  p o l l u r a n t s  b y  L h e  t o r e s t  a n d  L h a r .

r h 6 c 6  |  '  w a c  ^ n 1 . ,  m > r ^ i n ^ l 1 1 ,  ^ y ^  i n t l r r 6 h . 6 . l  h \ /  ^ ^ h ^ h \ 7  a v . h ^ n ^ a

: 7 6 : .  r h 6  '  h r ^ ' , ^ h l : l  l  f l " y a c  a . a  ^ ^ 1  w  c l  i - h r - l \ t  h  ^ h a .

L n a n  o u l k  p r e c i p i l a t ' o n  f l u x e s .  A c  s u c h  l o c a L i o n s  d r y  d e o o s i - i o n

f o  . L o ! e s L s  - L s  a  m i n o -  c o ' l E y i b u E o r  E o  t o E a l  a f m o s p h e r i c  d e p o s i  E r o n

F r . r  i  r .  a / n F  |  . w . .  : n o  ^ T  s r  
' 1  

o h ,  r  - n . . t 1 - -  h a  a  c .  r . r .  - .  ^ a n t

,  .  L ^  |  ̂  . a d \  r  ̂  r h a  r h i ^ r r ^ h f  r ' t  l



N1trogen

r ^ l r a f r  a r  ^ l  / l A C q l  r a n ^ r l - a . l  y a f a h r i ^ F  ^ f  i h ^ r d ^ h i .  F i  r 7 ^ d a h  ^ F

0 . 2 1  L o  0 . 4 6  g n n ' y r ' b y  d e c - d u o J S  I o r e s L  c a n o o i e s .  - n d - L c a L i o n s

+ ^ r  - ! n ^ ^ \ /  c ^  | ^ ' . n d  l - \ \ /

H u l t b e r g r  ( 1 9 8 3 )  a n d  H a s s e f r o t  &  c r e n n f e f t  ( 1 9 8 7 ) .  R o e f o f s  e t  a l ,

l  l o p 1 \  . h ^ ! J 6 n  f t F r  n ; n a  r 6 a r r - 6 c  . i r  f a k a  r b  \ t H  . r ^ n  
a n  A , n m o n i  U m

s o - L l L - o n .  R e l  e n L i o n  o l  n i L r o g e n  c a n  b e  i I - t u s - r ' a L e d  b y  L h e  n e a s u r e -

r q { . n  . s  o I  L "  e  s o L  L h e  r  S w e d  i s h  n  o n  L o r  i n g  n e L v . / o r  k .

Conve rse f y ,  n i t r ogen  a l so  can  be  l eached  ou t  o f  t he  canopy ,  ma in f y

o s  o r g d n i ^  n i L r o g e n  ( C a . L i s l e  e -  a - . ,  1 9 6 6 ;  A l e n a s  &  S k . j r b y ,  1 9 B B ;

t . a " b ^ . a , " . ,  1 9 ? ? ) .  F . u x e s  o l  o r g a n r c  n -  L r o g e n  r n  L h r o J g h l a l l  a r e
' e o s u r e d  o n . y  o c c a s i o n a - L - y .  l L  w d s  n o L  p o s s i b l e  L o  d r a w  c o n c l u -

s i o . l s  o n  r h a  o r g a n i c  n i r r o g F n  f l u x  i n  r h r o u g h f a l f  b a s e d  o n  l h e

d o L o  s e t s  i n  l h e  p r e s e n !  s r u d y .

I t  can  be  conc luded tha t  the  inorgan ic  n i t rogen f fux  in  th rough-

fall to sone extent wil l be an underestinate of the atmospheric

depos i t ion .

t -  F o r ' ' i  v  n . l - r  a d  r ' y a F q  S U c h  d s  T h e

^ a ^ ^ c  r  i ^ .  !  c  c ^  l : r - a  F h , f  r } r 6  r r ^ r r L a

s u . h  a . ! e a s ,  L ' r - o u g h ' d l 1  c a n  b e  u s e d  t o

s a t 1 0 n .

N a t - h 6 Y l  ^ n d c  f h a  n i  f r ^ d a h

i c  ^ ^ h h r z ^ h l v  e m r - l  I  T h

^ r , r h 1 -  i  f v  l - h 6  i - ^ t : l  , . l a ^ ^ -



4 . 3 Basic caLions

To  ca f cu la te  so l f  ac i d i f l ca t i on  ra tes ,  t he  amoun t  o f  ( non

sea  sa l t )  bas l c  caL ions  b rough t  i n to  t he  f o res ted  ecosys tem by

atmospheric deposit lon has to be knoi4n. The atmospheric input of

bas i c  sa l t s  t i ke  ca rbona tes  w111  coun te rac t  t he  soaL  ac id i f i ca -

t l on ,  by  rep len i sh ing  Lhe  bas i c  ca t i ons  l eached  ouL  o f  t he  so i l .

The  bas l c  ca t i ons  o f  i n te res t  a re  ca l c i um,  magnes ium and

po tass ium.  T t  i s  no t  poss ib l e  t o  de r i ve  t he  a tmosphe r i c  depos i t i on

to  f o res t s  d i r ec t l y  f r om the  bu l k  p rec ip i t a t l on  f f ux  o r  t he

throu€thfal l  f lux. The bufk precipitat lon f lux wil f  underesti i rate

the  depos l t i on  t o  t he  f o res t ,  because  i t  neg lec t s  t he  f a l t e rang  o f

pa r t i c f es  by  t he  f o res t .  Th i s  f i f t e r i ng  e f f ec t  shou ld  be  t aken

in to  accoun t  i n  t he  es t ima t l on  o f  bas l c  ca t i on  depos i t i on .

A substantial part of caLcium, magnesium and potasslurn in

th rough fa f l  can  be  caused  by  i n teLna f  cyc l i ng  o f  t hese  e lemen ts

( B r e d e r m e i e r ,  1 9 B B ;  P a r k e r .  1 9 8 3 ) .  I n  c o n t r a r y ,  a f s o  i r r e v e r s l b l e

uptake of calcium and nagneslum have been found (Alcock and

M o r t o n .  1 9 8 1 ;  A b r a h a m s o n  e t  a l . ,  1 9 7 6 ;  w h i t e  a n d  T u r n e r ,  1 9 7 0 ) .

The re fo re  t h rough fa l f  f t uxes  e i t he r  can  be  ove res t ima tes  o r

unde res t ima tes  o f  a tmosphe r i c  base  ca t i on  depos i t i on .

To determine the magnitude of the atnospheric deposit ion of base

ca t i ons  t o  f o res t s ,  t h ree  app roaches  have  been  used  ( Iwens ,

1 9 8 9 b )  ,  ( - a b l e  2 )  .

Three op t ions  to  ca lcu la te  depos i t ion  o f  non sea-saLt

ca fc iun ,  mag ines ium and po tass lun  to  fo res t  f rom bu lk

prec ip i ta t lon  and th roughfa l l  measurements .

Tab le  2 .

a o o i o d c t l  
- o r m J L a

D E P X  =  B P X

DEPX = TFX

D E P X = B P x * T F N a / B P N a

DEPX =  ca l cu la ted  a tnosphe rac  depos i t i on  o f  ca t i - on  x  t o  f o res t ;

B P x , - F x  ' e s p e c L - i v e l y  D u l k  p l ' a c - L p l L o E i o n  a n d  r h r o u q n f o -  I  f l u x

o f  ca t i on  x ;

BPN. ,  tFN  =  respec t i veLy  bu f k  p rec ip i t a t i on  and  t h rouqh fa f l

f lux of sodir.rm.

h r r r  l :  h v 6 - i  n i  r ' : t  i  ^ n

throughfal l

f i f t e rang r



T h e  b u l k  p r e c i p i r a t l o n  a p p r o a c h  y i e l d s  a  - n i r i - n u n  e s L i r n a L e  o l  L h e

F r m - < b h c r : .  d a b - e i  I  i - n  r -  r h a  f . r a < r  T h o  f h r ^ r r d h f : 1 1  . l a 6 ^ e i l : ^ n. " . , . ' . " . ' " ' .
^F  base  ca t l ons  t o  t he  f o res t  so i l .  bu t

. l ^ a <  h ^ r  d i \ t a  a . 1 4 : r  i n < i d h t  ^ f  r h a  a  r ^ l  n a  ^ l m ^ e n h a r i .  i h h l r f

r _ ^  f h a  f ^ 7 a  c  I

T h e  f 1 l l e r j n g  a p p l o a c h  o n l y  y i e l d s  u s e f u l  r e s u l  L s ,  w h e n  c a l c - L r . r m l

mdgnes ium/poLdss ium -oea . r  - Lng  pa r t i c -Les  a re  i n  che  same  s i ze  rdnge

as  sod ium bea r rnq  pa r t i c f es .  No t  much  deLa i f ed  l n fo rma t l on  o f  t he

s j z e  r a r g e  o t  L h e s e  s u b s t d n c e s  i s  a v a i l a b l e  - i n  
-  

i L e r a L u r e ,  o u c  i n

general i t  is assumed tf ,at alf  these substances belong to the same

d z ^ i . n  ^ T  ' a l : i  i v a  l ^ r d a  : r  m ^ a h h A r i ^  n : 7 f i . l a c  I l c i h d  h r a c a h f  A a \ r

k row ledge ,  t he  f i l t e r i ng  app roach  i s  t he  besE  es t i na te  f o r

a tnosphe r i c  depos i t i on  o f  bas i c  ca t i ons .  The  o the r  two  app roaches

s h o w  r h e  l . i m i c s  o f  u n c e r t a i n t y .

VARfABILITY IN THROUGHFALL DATA DUE TO THE FOREST EDGE EFFECT

fn  add i t l on  t o  t he  va r i ab i l i t y  o f  depos i t l on  i n  f o res t s  w l t h

rega rd  t o  f o res t  s t r uc tu re  t he re  i s  an  e f f ec t  o f  i nc reased

o e p o s i u  o r  a L  L 1 e  f o - e s L  e d g e s .

F ^  f ^ 7 6 c f c  ^ ? a  r l c l r : l l v  + q ^ , . - L '  - .  - ^

a  ve r t i ca f  f l ow  f r on  t he  a tmosphe re  t o  t he  f o res t  su r f ace .  A

E . r r o p e a n  t o r e s E  i s  n o w e v e r  c o  a  l a r g e  e x t e n t  i n h o m o g e n e o u s  w i t h

m a n y  e d g e s  f e c i ' r g  c l e d l  c u E ! i " r g s ,  l a k e s ,  o p e n  f i e l d s  e t c . ,  r a h i c h

w i l l  make  a l so  t he  ho r l zon ta l  f . I ow  o f  po f . I u tan t s  lmpo r tan t .

Throughfalf  monitoring in Sweden, Denmark and The Netherlands

( H a s s e l r o t  &  G r e n n f e l t ,  1 9 8 7 ;  G r e n n f e l t  &  H a s s e l r o t ,  1 9 8 7 ;  B e i e r  &

c , r d e r s e '  ( ' 9 8 9 ) ;  T v e n s  e t  a l  . ,  
' 9 8 8 ;  D - d d i j e r s  e t  a 1 . ,  1 9 B B )  h a v e

shown the deposit ion pattern at forest edetes. The results have

a l so  po rn ted  ou t  t he  necess i t y  t o  be  aware  o f  t hose  va r i ab i l . i t i e s

when  quan t l f y l ng  t he  depos l t i on  f o r  assessmen t  o f  e f f ec t s .

T h e  l o r e s t  e d g e  w i l l  d i s : u " b  l h e  v e r t i c a f  w i n d  p - r o l i l e  a n d  i n d u c e

air turbuLence which wil l  increase the dry deposit ion. The trees

aL  Lhe  edge  w i l l  i n  l h i s  way  co l I ecL  more  po -L -LuLan ts  rhan  e . / i  I  I  Lhe

t rees  i n  t he  n idd le  o f  t he  s tand .  Th i s  dec rease  o f  depos i t l on  f r om

the front into the forest has been found to be exponentiaL

( B e i e r  &  c u n d e r s e n ,  1 9 8 9 ) .



t 0 1 0

f h a  d a n ^ < i  t  i ^ n  a t  r h a  f y ^ h r  i  q  . 6 n q i  d o l  i h l  \ /  h  i d h a ,

t ha t  i n  t he  open  f i e l d  dnd  a l so  t o  t ha t  w i l h l n  t he  f o res t .  I n  a l 1

the  s tud ies  t h i s  edge  e f f ec t  i s  obse rved  bu t  t he re  i s  a  d i f f e r

a n - a  i n  i  f c  m : - n i  f r r . l a

- L n  D e n m a r k  ( N o r w a y  s p r L c e )  L h e  d e p o s - . - L o n  a L  L h e  I r o n L  ( f i g u r e  l )

i c  h i n h 6 r  ^ r 7  ^  l ^ - , ^ .  ^ l  l n  , n  - ^ m ^ ^ 1 6 ^  l ^  r - h 6  l ^ \ , ,  l z  ^ . 6 ^ i ^ r f ^ r , ^ .

For  mos t  i ons  t he  l nc rease  l s  a  f ac to r  10 .  Fo r  sea  sa f t  pa r t i c f es

r \ I ^ '  r r . l  r -  - l  l - h a  l ^ . r ^ r  i a  n a ^ r l r /  2 n  r - ^ m ^ : r a . l  r ^  . l A h ^ e i r i ^ r  i .

r h A  F ^ r A c F  r h A  . l A n ^ < i  F i ^ n  l ^  l h a  a d d a  i  -  ^  f ^ ^ i  ^ r  2 - L  h i d h a r  f ^ ,

mos t  o f  t he  i ons .

. r L a  q w a d  i c h  r a c r  
' l  

r c  / n i r e t  r ^ i . F  a  t l - a  r h -  d e n . . ' L i o r  a -  L n e

F 7 ^ h r  i c  ^  f ^ . r - ^ r  q - 1 n  h i d n a r  l h ^ n  l h a  h i r l l  h r a . ' n i r ^  ^ n  r f r d ' r ) ^

2) . Also the swedish neasurernents showed a maximum effect for sea

s d l t  p a - r i c e s ,  ( f a c t o r  o l  1 0 ) .  T h e  f o r e s L  e o g e  o p p o s i L : o r  i s ,

h igher  by  a  fac to r  o f  2 -3  than tha t  ins ide  the  fo res t .

t -  i  ) - e  n r  '  . l  c t r  r v  f - ' ) ^ . , . t ] , r <  f i  - l  - h a  r t r r r  a S !  l l e  l r o n L

w e r e  p l a c e d  1 0  m  i n r o  t l ^ e  ' o l e s t  ( f ' g u r e  l ) .  A E  ! h  s  d ' s E d ' l c e

the re  was  an  i nc rease  f o r  mos t  i ons  by  a  f ac to r  o f  3 -10  i n

re la t i on  t o  open  f i e l d  depos i t i on .  A  f ac to r  o f  nea r  20  was  seen

r r  / s e r  c a  l l  n . e l a l  o n  I n  h e  d F n c s i  - n  i n  L h e

I o l e s - ,  L h e  d e p o s i t ' o n  a E  l 0  m  d i  s l a n c e  f r o m  L h e  e d g e  - s  2 0 - 1 0 0 %

h jgne r  -o r  su -LohaLe  and  d f l Lno r  i  Jn  d1d  d  f dc !o -  o f  2  3  h rghe l  " o r

sod ium.

l h e s e  d - l l e r e n c e s  . n  E h e  f o - e s t  e d g e  e f f e c E  a r e  r o s E  p r o b a b l y  d u e

to  da f f e rences  i n  t he  edge  and  f o res t  s t r uc tu re .  One  obv ious

d i  t e " e n c e  : s  L h a -  d - f f e r e n t  L - r e e  s p e c i e s  w e r e  s r u d i e d ;  s p r L c e ,

n ine  ^nd  Do l l d l ac  f i r  Tho re  a re  a l so  o the r  f ac to r s  bes ide  t he

d e . l s i L y  o ' ! h e  s t a n d s ,  s u c n  a s  o i  r t e r e n c F s  i n  e d g F  o i r e c L l o n  d n d

" i '  p o - l u t i o n  l o a d  w h i c h  ! . r j l l  a f f e c c  l h e  r e s u l L s .

I L  i s  n o -  c f e d r  L o d d y  h o \ 4  m L c h  d  " n o . L m d l l !  p a L c h y "  l a n d s  o p e  w i , .

a T a 6 - r  l h a  / l 6 n ^ c i r ' ^ n  1 a \ / a l  ^ n  a  l a . ^ a  c - ^  a  \ 7  h ^ L , 6 \ : 6 7  i r

i s  obv ious  t ha t  t he  i nc reased  depos i t i on  mdy  have  a  l oca f  e f f ec t

^ .  r h a  \ r i f : l i r \ r  ^ F  t h a  F . 6 a c  :  I h 6  6 ^ d 6
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6. 1 ceneral

6. DATA USED IN THE EVALUATION

Monitoring data from Europe have been found prinarl ly vla the

l i t e ra tu re .  No  sys tena t l c  l nqu i r i es  have  been  nade  to  a i r
po l l u t i on  and  f o res t  au tho r i t i es .  As  a  consequence  ou r  da ta  comes

m a i n - L y  t r o m  r e p o r L s  o l  d i f f e r e n L  r e s e a r c h  p r o j e c c s .  L a - g e I y  w e

be .L ieve  t ha t  t h i s  i s  a  re f l ec t i on  o f  r ea l i t y .  The re  a re ,  as  f a r

as we know, very feir off icial monitoring networks in operation

and those we know of have not been runnlng for more than a few

years (Norway, Finland, and some counties in Sweden) .

C o n s i d e r i n g  m e a s u r e m e n L s  o I  c h r o u g h f a L l  d e p o s i E i o : r ,  , 1 e  d e p o s j

t i o n  v d r j a b - I - L t y  s h o u l d  b e  d - L s L i n g u j s h e d  a L  d i t f e r e n L  s c a _ L e s :

7.  Wl th ln  fo res t  s tands
- In forest stands one can distinguish the trunk area and

the canopy area. In the trunk area mainly water from

stenf low is  penet ra t lng  in  the  so i l .  In  the  canopy area
main-Ly  water  d r -Lpp ing  f rom Ehe Lree  ca . ]opy  or  la_ l ingr

th rough gaps  in  the  canopy is  reach lng  the  fo res t  f1oor .
FLuxes near the trunk can be up to 11 tlnes higher than
I l u x e s  f u r l h e r  a w a y  l - r o m  l h e  l r e e  L r u n k  ( - v e n s  e L  a l , ,

1989a)  .  Throughfa l l  f luxes  vary  f rom t ree  to  t ree  due to
d i l l e r e n c e s  i n  c a n o p y  s t r u c t u r e  ( l v e n s  e t  d f . ,  l . 9 B B ) .  T n
th is  s tudy  we do  no t  cons ider  these smaL l  sca fe  d i f fe rences
but  these phenomena shoufd  no t  be  over foo(ed  whe. t  rd ( ing
s tand prec lp i ta t ion  sampfes .  Co l lec t ing  representa t ive

sarp les  o f  s tand prec ip i ta ! jon  requ i res  many rd1dom

c o -  I e c L o r s  o r  i n t e g T a L - L n g  p j p e  c o l  L e c L o r s  ( T v e n s  e L  a . l  .  ,
1 9 8 8 ;  R a s m u s s e n ,  1 9 B B ) .

-  Depos i t ion  processes  a t  fo res t  edges  n igh t  be  d i f fe ren t
f rom processes  in  the  in te r io r  o f  fo res ts ,  due to  spec i f i c
aerodynd. .n ic  p roperE ies  or  fo resL  edges {see Chdp! .e -  5 ) .
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2.  Between s tands

l n e  s L d r d  s E r u c t u r e  i n t l u e n c e s  L n e  l - L - L e r i n g  c a p a c j L y  o I
i  h 6  l ^ r a c l  T m n ^ r r : h 1 -  h ^ z : m a f a r e  m i . h l  ^ a  I  r a .- _  -e  spec  l es

r r r a -  i ^ '  ^ , ' c  - ^ h i  f a 7 ^ r l e \  r i A A  h A i n h r  a l : n . l  . l a n a  r \ /  : n . l

- : h ^ n \ ,  d a n c  i r  \ /  r c a a  f r r y l  h 6 r  . a ^ r i ^ n  1 l

l ne  de rodynan i c  s l l ucu re  o f  Lhe  su r round -Lngs  o f  t he

m ^ n i  1  ̂ , i  n ^  c i  f a

3 .  Loca l /  r eg iona f
-  D i s tance  and  exposu re  t o  sou rces  o f  t he  a i r  po l l u t i on

: n n ^ r l F n c e .

4 .  I n te rna t i ona l

At this scale Level the genera.L emission patterns and

T A r 6 ^ . ^ l ^ d r ^ F l  . ^ F . r ' - i a r c  F r p  - t  r F i .  ' n n ^ - t ^ n c e .

To  eva lua te  t hese  e f f ec t s  we  comp i l ed  two  g roups  o f  t h rough fa l l

da ta  l

T h e  S w F d i s n  d a L a  s e L ;  c o n t d i n ' n g  o a t a  o n  c n r o u g h l a ] - I  i n s i d e

forest stands from southern Sweden evafuated nalnly in

re fa t i on  t o  f o res t  and  s i t e  cha rac te r i  s t i c  s  .

-  t h e  E u ! o o e a n  d d l d  s e ! ;  c o n t a i n - i n g  d a l a  o n  L h - r o u g h f d l l  w j t h i n

fo res t  s tands  f r om Eu ropean  s i t es  eva fua ted  as  l ong - te rm

n a : r c  r ^ n a  I  v a F r c l  F n d  n F i a - v  i i  " F l a t i o n  t o  k i n d

a f  i r 6 a  : . . r  n ^ ' r  r ' '  i o n  l O a d .
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6 . 2 Swedish data set

The  Swed i sh  da ta  se t  ( f i gu re  4 )  con ta lns  t h : rough fa lL  resu l t s  f r om

fou r  Swed i sh  coun t i es .

P r g .  4 . . ' r ^ r i f ^ r i r -  - r  r h  ^ , . .  : 1 1  _ n  s o L - h e . n  S w e d e - l  .

T h e  S w e d i s h  d a t a  s e t .

n  ' . i n d  l o a a  c a n ^ 1  i n -  ^ l  r h 7 ^ r l d h f : l l  ^ n / l  h r i l L  n r a .r .  - - , I r  u o L  u r  w o s

made a t  36  s i tes .  Most  o f  them were  spruce s tands  (26  s i t .es )  bu t

a  I e L V  p i n e  s t a n d s  ( 7  s i r e s )  a n d  o e c i d u o u s  s L d n d s  { 1  b ' r c h ,  2

h a ^ . 1 ^ r  w 6 ' a  a l s ^  - e n r a c F - r t - . 1  1 - F h l a  r l  - h a  r

r : - l a  ^ .  n - a l 1 ^ l v  h . a c i c  . r ' l  v a F .  " . r i l  T h p  S L a r L e d  1 9 8 6

- . 4  h > c  h a A a  . - : d  a -  l v  p ] { i a r l 6 d  T h a  l ^ r  \ w i a  '  a - . r e t e r s  h d . e

h a a r  1 6 r c r m ' " e d ' n  t l ^ r o  r o h t a f  l :

cn  - -  N tn  -  t \ | l . ]  r - l

Stemf low has  no t  been neasured.
c i  r A c  A n ^  d a e ^ r i h 6 / i  h v .

v  - A  ^ f  f r 6 a  ^ d a  n a i ^ n l

R i ^ m : . c  / n 6 6 . l l 6 c  : n r l  h ' : n - h 6 c l  n 6 r  h r

\ r ' 1 h F .  ^ f  l r | | . l l , s  o e L  h a

Altitude

Topography  (c lass)

Wind exposure  (c lass  )
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Tab le  3

S  ta t i on

Fo res t  cha rac te r i s t i c s  o f  t he  Swed i sh  da tase t .

Yea r  B ionass
(kgdw,/ha)

Tree
"p . .1 . "  

*  )
Fores t  Fores t  Trunks
a g e  ( y e a r s )  h e i q h t ( m )  ( p e - r  h a )

B 12  DAL
B 22 GUN
B 32  HJA
B 42 ttAL

B  52  ING

B 62 HAM

B 72  RYS

B 82 G?'I,I

B  9 2  S K I

B1O2  KAL

H  1 2  S 0 S
H 22  ROS

H 32  BRA

H 42 MAS

H 52  NOR

H ?2 MAR

H 82 MAG

H 92 AHL

H1O2 SVA

Hl12  FAR

K  1 2  L T D

K 22 ARB

K 32  BET

K 52  ENE

K 72  0SA
K 82  KRO

K 92 KNA
K 1 O 2  N O T

K 1 1 2  G O D

S 12  TUN

S 22 DAL

S 42  SKA

S 52  ARK

S 62  LUR

S ?2  VTO

S 82  KL I

366 ' t  2
2 6 5  6 3
r7042
39244
2 6 5 7  L
3 8 4 6 5

4 4 2 4 2
3 0 8 5 2
3 5 0 3 7

9458

41592
14147
3629r
4 2 7  3 2
41084
3 8 8 0 7
1 3  4 4 6

1 3 8 4 0
3 9 6 8 0
3 52 ' t  9

3 8497
3 9 3 6 6
28463
12585
t2834
29 543
39526

3 4 6 9 3
482 ' t  I
3 5 8 2 0
42638

5'7
4 5
5 0

6 5
1 1 0

3 5
5 5
5 5

' t0
.12

B 5
6 0
6 0
4 0
5 5
8 5

5 2

8 0
8 0
3 0
'74

3 0

'70

3 0
2 5
4 0
5 0

deciduous trees

B B
B 8
8 8
8 8
8 8
B B
B 8
B B
8 8
8 8
8 8
8 8
8 8
B B
B B
B B
B 8
8 8
8 8
8 8
8 8
8 8
8 8
8 8
8 8
8 8
8 8
8 8
8 8
B B
8 8
B 8
8 8
8 8
8 8
8 8

1

t

2
1
1

1

3
1

1

1

2

1
1

2

1

I

1
1

2

1

1'3

1
1

1
2

2
1
1

3

1

1

1

1

5 0 0
f 3 3
'7 44

3 6 7

8 1 1
6 1 1

277

1 s 0 0
8 0 0
s  6 5
5 4 4

5 3 8

56'7
46'7

5 5 5
1 1 5  0

9 s 6
6 3 0

7 2 2

4 1 8
4 3 3

1425

4 2 2
7283

6 0 0

1 5 2 5
2 6 2 5
1 1 0  0

6 2 2

2 0

2 0
2 5
'l-7

1 8
2 7
2 2
3 0
2 8
2 0
2 3

1 d

2 0
I'7

2 0

2 3

2 4
2 6
1 3

2 2

2 2
2 6

1 3
1 1
2 2

*)  
1  =  "p . r . r " . ,
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6 .3  Eu ropean  da ta  se t

T h r o u g h f " l  l  ( s t a n d  p r e c i p i t a L i o n )  a n d  b u - t k  p - L e c i p r L a L i o n  m e a s r ! e

m e n t  s  c a r r i e d  o u L  a L  1 6 6  d i l r e r e n r :  s i t e s  i n  F u r o p e  w e r e  c o n p i l e d

f ron  l i t e ra tu re .  No  so f i t a r y  bu l k  p rec ip i t a t i on  measu rem.en ts  we t :e

cons ide red .  Th rough fa l l  measu remencs  d i f f e r  g rea t l y  1n

a )  d L l r a L i o n  o l  L h e  m e a s u r e m e n c  p e r i o d ,  b J  c h e m l c a l  p a r a m e t e r s

( i ons )  de te rm j .ned ,  and  c )  me thods  used ,  because  t hey  have  been

nade  w i t h  d i f f e ren t  goa l s  i n  v i ew .  I n  t h i s  r epo r t ,  a  se fec t i on  o f

d a L a  h a s  b e e n  m a d e  u s i n g  t h e  l o l l o w i n g  c r i t e r j a :

The neasurenent  per iod  shou ld  be  representa t ive  fo r  a  whoLe

y e a r .  D a c a  o b t a i h e d  I r o m  o n l y  o n e  p a r t  o f  t h e  y e a r  c o u l o  g i v e

n is lead ing  resu l ts  when ex t rapo la ted  to  annua l  f igures ,  Due

to  th is  c r i te r ia  many measurements  o t  the  Nord ic  mon i to r lng

proqrans  (espec ia l l y  F in land and Norway.  where  s tand prec ip l -

ta t ion  is  no t  co f fec ted  in  w in te r )  have been exc luded.

The samples should be representatlve for the whole stand
n r a . i n i l a r  i ^ h  T h i c  r a ^ r  i r a c  n r n v  . ^ l l A . 1 ^ r c  n a r  e ^ m n ] a  c i l 6

Si tes  w i th  on ly  few co lLec tors  have been exc luded.

Measurements  have to  come f rom 1975 or  la te r ,  O lder  da ta
probab ly  do  noL le f lec t  the  presen l  day  s i tua t ion  o f

depos i t ion .

The genera f  characLer is l i cs  o f  the  s i tes  a re  g iven jn  Tab le  4

The da ta  se t  inc ludes  a  la rge  par t  (29  s i tes )  o f  the  Swed ish

d a t a  s e t  ( I V L .  1 9 8 9 ) .



l i  : , . I  1  1 i , 9  L
1 . 1  9 , ,  l 1 r n q  I
i :  l l e  1de  i
i ;  H e  1 d e  :

i  A 1 p t , a 1
4  Laege rn  I
5  Laeqe .n  2
a irdvls

-l! ti I, r-a t hyr,r

t C  E l  l b d n k

I 9 a

I e - H a n s e n , 1 9 8 8
I  e - H d r r s e r r .  1 9 8 8
1 e - H a n s e n , 1 9 B B
l e - H t s n s e n . l 9 B e

Tab le  4 .  Gene ra l  cha rac te r l s t i c s  o f  t he  Eu lopean  ' l a t ase t '

NAME NATION LONG LATT PERIOD REFERENCE

I  V i e l s a i m  1  B  5 . 5 5  5 0 . 1 7  ( 5 ) 8 5 - ( 4 ) 8 6  L a i t a t  &  F a q o t . 1 9 6 7
, l  V r e I s d l r n  2  E  5 . 5 5  5 0 . 1 7  { 5 ) 8 5 - ( 4 ) 8 6  L a i t a t  &  F a q o t , 1 9 8 7

C H  8 . 4 5  4 7 . 1 O  ( 6 ) 8 6 - ( 6 ) 8 7  K I o t r , 1 9 B 8
C H  8 . 2 2  4 7 . 2 9  { 6 ) 8 6 - ( 6 ) 8 7  K ] o t i . 1 9 8 B
C H  8 . 2 2  4 7 . 2 9  ( 6 1 8 6  ( 6 ) 8 7  K 1 o l i , 1 9 B B
C t l  9 . 5 0  4 6 . 4 8  ( 6 ) 8 6  ( 6 ) 8 7  K I o t i . l 9 B B

7  K o n r g s l . e r n  D  8 . 2 8  5 0 . 1 1  ( : L ) 8 3 - ( 6 ) 8 5  c e o r g l j  e t  d ] . , 1 ! 8 6
E , l r e b e i r a i r l l  9 . 2 9  5 0 . . 1 5  ( 1 ) 8 3 - ( 6 ) 8 5  L l e o r s r i  e t -  d ] . , 1 q 8 6
9  W i t z e n h i i u : r e r r  D  9 . 5 1  5 1 . 2 0  ( 1 ) 8 3 - { 6 ) 8 5  G e o } q i r  e t  a 1 . . i g B a ,

D  9 . 2 5  5 1 . 4 5  1 9 6 9 - 1 9 8 5  B r e d e r m e i e r , l 9 B B
D  9 . 2 5  5 1 . 4 5  1 9 6 9 - 1 9 8 5  B r e d e r m e i e r , . I 9 B B
D  1 0 . 0 0  5 3 . 0 0  1 9 8 0 - 1 9 8 5  B r e d e r m e i e r , I 9 B B
I )  1 0 . 0 0  5 3 . 0 0  1 9 8 0 - 1 9 8 5  B r - e d e r n e  I  e r ,  1 9 B B

i 4  s . h . r , l i u c h  i  D  9 . 1 0  4 8 . 3 0  1 9 7 9 - 1 9 8 3  B u e k l n g ,  &  S t e i n 1 e , 1 9 8 8
L 5  S c h o n l - . L r c h  2  D  9 . 1 0  4 8 . 3 0  1 9 7 9 - 1 9 8 3  B u e k i n g  &  s t e i n l e , i 9 8 B
i 6  F e i d l e r g  1  D  B . A 2  4 7 . 5 I  1 9 8 6  B u e k r n g  &  S t e r n l e , l g 8 8
1 7  F e l . l l : , e r E  2  D  8 . A 2  4 7 . 5 1  1 9 8 6  B u e k i n g  &  S t e i n 1 e . 1 9 8 8
l B  W r r r g s t
19  Ha rz
: c  H i  i .
21  Hd rs t  e
22 Spanl ' .-  ck

D  9 . 0 2  5 3 . 4 3  f 9 B 3  E r e d e r m e r e r , l 9 B B
D  l i j . 2 5  5 1 . 4 5  1 9 8 3  B r e d e r m e i e r . l . 9 B S
D  9 . 4 0  5 2 . 0 0  l 9 B 4  1 9 4 5  B r e d e r m e i e r , 1 9 8 8
D  9 . 5 0  5 1 . 3 5  1 9 8 2 - 1 9 8 5  B r e d e r m e r e r ' - 1 9 8 8
D  1 0 . 5 0  5 1  . 3 5  I 9 A 2 - I 9 a 5  B r e d e r m e i e r  .  1 9 B B

2 3  O b e r w a r n e n s t .  : l  D  1 , L . 4 7  4 9 . 5 9  ( 7 ) A 4 - ( 6 ) A 6  H t s n t s c h L  1 9 8 7
: 4  W u e i f e r s r e u t h  D  1 1 . 4 6  5 0 . 0 4  ( 7 ) 8 4 - { 6 ) 8 6  H a n t s c h l , l 9 B 7
2 5  K l c s t - e r h e d e  D K  L  2 5  5 6 . 2 8  1 9 8 5 - : 1 9 8 7  R d s m u s s e n . l 9 B B

i7 St 1-,--,din
18  L I ] bo1  g  I
:9 Ll l  L1c1 q :

D K  9 . 2 5  5 6 . 2 1  1 9 8 5 - 1 9 8 7  R a s m u s s e n , l 9 B B
D K  1 2 . 1 9  5 5 . 5 6  1 9 8 5 - 1 9 8 7  R a s m u s s e n . l 9 B B
f I ] K  4 . 2 6  5 6 . 1 - 7  ( 6 1 8 5 - ( 6 ) 8 6  H o m a n d  &  B i
D K  L 2 6  5 6 . I 7  ( 6 1 8 5 - ( 6 ) 8 6  H o \  ) a n d  &  B i

l C  F r - . " , e r  i k ! . b , r r g  : l  D K  1 2 . 2 1  5 5 . 5 7  { 6 ) 8 5  ( 6 ) 8 6  H o . , m a n d  &  B i
3 l  F r e d e . r k s b o . q  2  D I (  1 2 . 2 1  5 5 . 5 7  { 6 ) 8 5 - ( 6 ) 8 6  H o w a n d  &  B i
_12 A,r l ,uf  >� F  7 . 0 0  4 4 . 0 2  ( 1 0 ) 8 6 - ( 9 1 8 7  F r o b s t  &  D a m b r 1 n e , 1 9 B B
: J  T l l l r n g i l i o L r r - n e  1  G B  0 . 2 0  5 1 . 1 0  1 9 8 1  S k e f f l n g t o n , l 9 8 l
j . 1  T i  i  i  l r g b , - _ , - L r r e  :  c B  O . 2 A  5 1  . I A  ] . 9 8 1  S L , A f  f  1 . d f  , - n  t a R f
l 5  T 1  I  L i n g b o r u  r t e  J  G B  - 0 . 2 0  5 1 . 1 0  1 9 8 : L  S k e f  f  j n s l t o r r , l g B J
- 1 ;  l i 1 1 n l n i , r h a . i i  6 F  - 5 . 2 8  5 6 . 0 5  t , 4 ) 7 5 - ( 4 ) 7 7  M i l l e r  &  M r 1 l e r , l 9 8 C
: 7  L e a i r n c h d n  G E  - 4 . 5 0  5 6 . 5 0  ( 4 ) 7 5 - ( 4 ) 7 7  M i l l e r  &  M i 1 l e r . 1 9 8 0

G E  - 4 . 1 9  5 6 . 1 9  ( 4 ) 7 s - ( 4 ) ? 7  M , !
G B  2 . 5 0  5 5 . 1 0  1 4 ) 7 5 - ( 4 ) 7 7  t q t
G B  - 2 . 5 0  5 s . 4 0  ( 4 ) 7 5 - ( 4 ) 7 7  M l

I e r  &  M i l I e r . 1 9 B O
l e r  &  M i  l 1 e r , 1 9 B 0
l e r  &  M 1  I i e r , 1 9 B 0

4 1  F e t t e r e s s o  G B  - 2 . 2 0  5 6 . 5 5  | 4 J 7 5 - ( 4 ) 7 7  M i l l . e r  &  M i 1 l e r , 1 9 8 0
. 1 :  E d l n b u r g h  G B  3 . 3 0  5 5 . 5 0  1 9 7 9  N r c h o i s o n  e t  a I . , 1 9 8 0
4 3  A s c o t  1
.14 Ascc l-  2

G B  - 0 . 6 8  5 1 . 1 0  ( 9 ) 7 6 - 1 9 ) 7 7  A l c o c k  &  M o r t o n . 1 9 8 1 . : 1 9 8 5
G B  - 0 . 6 a  5 1 . 1 0  1 9 ) 7 6 - \ 9 ) 7 7  A l c o c k  &  M o r t o n . 1 9 8 l . 1 9 8 5

4 5  B e d d g e l e r t  I  G B  4 . 1 2  5 3 . 0 8  ( 6 ) 8 4 - ( 6 ) 8 5  s t e v e n s , . l 9 8 7
4 6  B e t j C g e l e r t  2  G B  4 . 1 2  5 3 . A A  ( 6 ) 8 4 - ( 6 ) 8 5  S t e v e n s , 1 9 B 7
,17 Neds trand N  s . 4 8  5 9 . 2  ( 1 ) 8 8 - ( 1 2 ) 8 8  N I 3 K . 1 9 B 9
. 1 8  l { l n t e r s \ r i j k  1  N L  6 . 4 4  5 L . 5 A  { 1 1 ) 8 1  ( 1 1 ) 8 2  V e r s t r a t e n  e l  a ] . , 1 9 8 4
: 1 9  W l n t e r s w r j k  2  N L  6 . 4 4  5 1 . 5 8  ( 1 1 ) 8 1 - ( 1 1 ) B Z  V e r s l r a t e n  e t  a l . . 1 9 8 4

- continued -
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5 i  C d r i ! , r n a
: :  I i :  - i  t , r  r  J k
53  i l n r  l Le re r l
. , 5 .1  Z . l  hen  I
55  c ; . r d  s . l  on
56 : l , j . I r - -  VBrn
57 T.ir ,ners J c,
-:B Y.ir ef .rr-s
5 ! r  H l r  l  t . r svagen
t r - ' f ) e i n r r s h u l t
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;1 :1\ i I '. i ..,i5ina ! d
r,t  i . : .- , I  Lf r. . isnr.1,1
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? :_ i  M . t sh r  i  1 t
'  ' r l  
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7 :  Md l_bd .k
' r a  

l i a !  ; r  e  t  9 l , e t  q
7 7  A t , l  a
-9 : lvi i rv. l f  e: i{  r ,qelL
7'r Fard.l
!  i  L r . i hu  i ' .
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N L  6 . 1 4  5 2 . 0 5
N L  5 . 1 5  5 1 . 3 5
N L  5  . 4 6  5 2  . I 1
N L  5  . 4 3  5 2 . r 4
N L  6 . 2 1  5 2 . 0 0
s  1 1 . 3 0  5 8 . 0 0
s  1 3 . 0 6  5 6 . f J 3
I  1 3 .  0 6  5 6 . 4 2
5  1 5 . 3 3  5 7 . 4 9
F ,  1 2 . 2 2  5 7 . L 6
5
S
5
5
s
t
5
s
s
3

5

5
5
5
s
I
s

5
5
5
9
5
s
5
s

) 8 5 - ( 1 0 ) 8 7
) 8 7 - ( 5 ) 8 8
) 8 7 - ( 5 ) 8 8
) 8 0  ( 9 ) 8 1
) 8 4  ( 9 ) 8 5
) 8 4 - ( 9 ) B s

) 8 4  ( 1 2  )  8 5
8 6 - ( 1 2 ) B B
8 6 -  (  1 2  ) 8 8
8 6 - ( 1 2 ) B B
B 6 -  ( 1 2  )  8 8
8 6 - ( 1 2 ) 8 8
a 6 - ' ( i 2 ) B B
8 6 - ( 1 2 ) B B
8 6  { r 2 ) 8 8
8 6  ( 1 2  )  8 8
8 6  { 1 2 ) B B
B B - ( 1 2 ) 8 6
8 8 - ( 1 2 ) 8 8
8 8 - ( 1 2 ) B B
8 8  ( 1 2 ) B B
B B  ( 1 2 ) B B
B B - ( 1 2 ) B B
B B - ( 1 2 ) B a
B B _ ( 1 2 ) B B
B B _ { 1 2 ) B B

)  a I  ( . 4 )  A 2
19 B:L

3 8  ( 1 2 ) 8 8
a 7  |  L 2 )  a a
8 7  ( 1 2 ) B { 3
a 7  |  1 2 )  A A
8 7  ( 1 2 ) A B
a7-  (  1 -2)  AA
8 7  (  1 2 )  B B
a 7  ( r 2 ) a a
a7-  {  L2)  aA
8 7 - ( 1 2 ) B B

v .  B reeme  n
v .  B re  emen
I v e n s  e t
K l e i j n  e t ,
K l e i J n  e t
Grenn  fe  I  t
G r e n n f e l t
G renn  f e  i  t
G r e n n f e l t
A l e n d s  &
I V L , 1 9 8 9
r v L ,  1 9 8 9
I V L , : 1 9 8 9
t v L . 1 9 8 9
I V L , 1 9 8 9
I V L , 1 9 8 9
r v L , 1 9 8 9
I V L ,  1 9 8 9
T V L , 1 q B 9
I V L . 1 9 8 9
I V L ,  1 9 8 9
r v L ,  1 9 8  ! )
I V L ,  1 9 8 9
I V L .  1 9 8 9
r v L . 1 9 8 9
I V L , 1 9 8 q
IVL ,  ] "  q8g

I  V L ,  i 9 B 9
1 V L . 1 9 8 9
1 V L . 1 9 8 9
I V L , 1 9 8 9
I V L ,  t -  9 8 9
r  v L  .  1 9 8 9
I V L  ,  1 9 8 9
I V L ,  1 9 8 9
IVL ,  1 ! ] 89
I V L , 1 9 8 9
T V L  _  1 9 8 9
l V L .  1 9 8 9

e t  a | . , 1 9 8 8
e t  a 1 . . 1 9 8 2

a 1  .  , 1 9 8 8
a l .  , 1 9 8 9
a 1 . , 1 9 8 9
e t  a l . , 1 9 8 5
& Hasse l ro t  ,  1981
&  H a s s e  I  r o t  ,  1 9 8 ?
&  H a s s e l r o t , l 9 8 ?

S k d r b y ,  1 9 8 8 a ,  b

( 1 0
( 5
( 5

( 1 0
( 1 0
( 1 0
( 1 0
( 1 2
( 1 )
( 1 )
( 1 )
( 1 )

{ 1 )
( 1 )
( 1 )
( 1 )
{ 1 )
( 1 )
( 1 )
( 1 )
( 1 )
( 1 )
( 1 )
( 1 )
( 1 1
i 1 )
{ 1 )
1 )

t
L
I
1
I
1
I
l



' )o

The  s i t es  a re  no t  d i s t r i bu ted  even l y  ove r  Eu rope  ( f i g .  5 ) ,  91% o f

t he  s i t es  a re  concen t ra ted  i n  5  coun t r i es  ( sweden ,  Fede ra l
p a h , ' ^ 1 1 -  ^ l  n 6 ,  m A n \ 7  l l n i r 6 d  L i h d d ^ m  n a n m ^ r L  ^ n . l  T n a  N l a l h a r l ^ n . l a 1

Even  w i t h i n  coun t r . r es ,  t he  d i s t r i bu t i on  i s  ve ry  uneven .  I n  The

Ne the r l ands  7  o f  t he  B  s l t es  a re .Loca ted  i n  t he  same  coun ty ,  and

in  Sweden  a l l  s i t es  a re  i n  t he  sou the rn  pa r t  o f  t he  coun t r y ,

6 .3 .1  Geog raph i ca f  d i s t r i bu t i on  o f  measu remen t  s i t es

L  i 4  . 6  L  '  L " n . r ( r h f  . r  
' r  

I  c t F  i .  s  i a  q | l - ^ o e

d F - . r  s e ! ' .

W  t r " u  o f  t h e  " s w e d i s h  d a t a s e t ' t .  s e e  f i g . 1 .
* when two or more stations are located within

a few km from eachother, thev are represented
bv  on lv  one do t .
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6  " l  ?  a h a n i . ^ -  n - r - . l n e f e r s  d e L e . m i n e o

At  nea r f y  a l l  s i t es  su lphu r  f l uxes  have  been  measu red  (Tab1e  5 )

Tab fe  5 .  Number  o f  s i t es  l v i t h  t h rough fa l l  measu remen ts  pe . r  i on .

) -
so;  Nol c 1 - _  +

N  
+  2 +  ) +  +

K  c a -  M g -  Hl h  aIon

S i tes 8 4 4 84 9'18 '73

Annon ium and n i t ra te  have been measured a t  73  s l tes  and 78  s r tes ,

respec t ive ly .  Potass lum,  ca lc lun  and magnes ium have been measured

d t  a b o u r  h d l t  o t  t h e  s i E e s .

a  n . i - r  ^ ' - h a  c - : r d  n - a . i n ' - , r f ' ^ r  i c  r i  r a  - ^ , ! a r . c , l . o n  o _

sea -sa l t  pa r t i c l es .  These  a re  neu t ra l  saL t s ,  wh l ch  do  no t  con t r i -

b u L e  ( o  . c - L a i c  ( L n  c a s e  o !  s u l p h u r )  r e a c t i o n s  j n  t h e  f o r e s E  s o ' 1 .

Ton  f f uxes  i n  bu f k  and  s tand  p rec ip i t a t i on  can  be  co r rec ted  f o r

t he  con t r i bu t i on  o f  sea  sa l t  pa r t i c l es ,  us lng  sod ium o r  ch lo r i de

a s  s e a  s a f c  t r a c e r s  ( A s m a n  e c  a f . ,  1 9 8 3 )  t h e  - L m p o r - d n c e  o f  ! h ' s

co r rec t i on  can  be  i f Lus t rd ted  by  t he  f ac t  t ha t  caLcu la ted

s e a - s a l t  c o n t r i b u t i o n  c o  L h e  t o c a l  s u l p h u r  f L u x  - n  s L a n d  p r e c r -

p i t a t i on  was  ' /  
. 9%.  Sea -sa f t  con t r i bu t i ons  up  t o  45% o f  t he  t o ta l

s ] l l b h r r r  i r  s l - . n d  n r F . i n i t a t i o n  w e r e  f o u n d  a t  c o a s t a l  s a t e s ,

A t  13  f oca t i ons  (10  o f  t hem w i t h i n  200  km f ronL  t he  sea  coas t )

both sodiun and chloride were not measured in stand pr:eclpitat ion

Fo r  t hese  l oca t i on  i t  l s  no t  poss lb l e  t o  es t ima te  t he  con t r i bu -

i ^ r  ^ -  . a F  -  r -  c  . l i  r a . r ' l v  f  r o m  L h e  d d L a .

6 .  3 ,  3  S i t e  cha rac te r i s t i c s

' I h a  m :  i ^ r  h a  f ^ r a e r  c r ^ n / l c  / A r 9 { \  u , : c  f ^ z m a  r

a c n a - : l I v  c n , ' , - 6  / r ^ h l 6  ^ l



Tabfe  6 .  Tree  spec ies  _ in  the  European da taset

Con i f e rous Deciduous

P.rne

Mixed

To ta f

5 5

L 2

3

2

7 2

Beech

oak

B.i rch

Maple

Mixed

To ta l

8

2

3

1

2

1 6

one site conlains some deciduous trees

Stand charac ter ls t i cs  a re  g iven in  tab le  7 .

The da ta  se t  g ives  in fo rmat ion  on  t ree  spec les  and s tand age,
bu t  lacks  su f f i c ien t  da ta  on  o ther  fo res t  s tand charac ter ts t rcs .
Only the Swedish data g_ives a quite good informatlon (age,
he igh t ,  t ree  dens l ty ,  canopy b iomass o f  con i fe rs ) .  , I ,here tore ,

the  re fa t lonsh ip  be tween s tand charac ter is t i cs  and th r . ] r rdh f^ .1  .1

wi l f  be  d iscussed separa te ty  fo r  the  Swed ish  da ta .

The da ta  se l  i s  a lso  lack ing  sys temat ic  in fo rmat ion  on  exposure
of the sites and aerodynamic structure of the surroundings of
the  mon l to r ing  s i tes .
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NAME

1  V i e l s a l m  1
2  V r e l s a l m  2
3  A l p t a 1
4  Laege rn  1
5  Laege rn  2
6 Davos
7  K o n i g s t e i n
B Grebe naLl
9  W i  t ze  nhausen

L 0  3 o 1 1 r n g  1
1 1  S o l  I  i n g  2
1 2  H e i d e  1
1 3  H e i d e  2
L4  Schonbuch  1
15  Schonbuch  2
1 6  F e i d b e r g  1
17  Fe  l  dbe rg  2
LB  Wl  ngs t
79 Ha,rz
2 0  H 1 I  s
21  Ha rs te
22  Spanbeck
23  Obe rwarmens t .  1
24  Wue  I  f e r s reu th
25  K I  os te rhede
26  Tange
27  5 t  r odam
2 8  U l b o r g  1
29  U lbo rg  2

l 1  F Y A d a r  i  L e h ^ r -  ,

32 Aubure
' l ?  

T i  I  I  i  n - h ^ '  ' r n a  I

1 4  l _ i 1 l  i n r t h ^ , ' r n a  ,

: 5  T i l l  i n a h ^ ' , r n a  1

3 6  K i l m i c h d e l
37  Leanachan
38  S t ra thy re
39  Ke rshope
40  E l  i bank
41  Fe f t e re  sso
42  Ed inbu rgh
43  Asco t  1
44 isaot 2
45  Beddge  I  e r t  1
46  Beddge le rL  2
47  Neds t rand
48  Wrn te rsvT i  Jk  1 .
49  W i  n te r sw i  Jk  2

Tab le  7 .  S tand  cha rac te r i s t i c s  o f  t he  Eu ropean  a la tase t .

SP AGE HEIGHT DENSITY DBH CAN. COV. remdrks
y r  m  t rees /ha  cn  9o

1  c a ,  3 0
1  c a .  9 0
1
1  1 0 0 - 1 3 0
1 1  1 0 0 - 1 3 0  c a .  3 5
1 25-30
1 60-80
1 6  0-80
1 60-80
1 1  1 3 4
1  1 0 3
1.2  105
2  1 0 0
1  6 0  2 5  3 0
1 1  8 0  2  0 - 3 5
1 r -  20-15  0
1 5
1  9 5
L 4 0
t "  100
L L  9 6
l .1  86
L 4 0
t 4 0
1 6 7

1 4 r
1 1  2 6  6 . 4
1  2 6  7 . 7
1 1  2 6  9 . 7
1 .  2 6  1 2  . 3
1  8 0
1 . 2  4 0 - 5 0  1 1 - 1 8
1 3  4 0 - 5 0  1 1 - 1 8
2 40-50 11- t  8
1  25-30
1 2  5-30
L 25-30
1  2 5 - 3 0
1 25-30
1 2s-30
2  2 7  9 - 1 0
1 3  3 0
2 3 0
l. 48 16
1  3 3  1 3
1  5 0

l L , L 2

1 0 4  L
2 7 5

8 5 8

3 6 9 6
2414

6 . 6
9 . 0
9 . 6
1 3 . 3

4 0 0 0
7670
2 5 4 2

800
3 9 0 0

2 6
1 6

- continued -



2 3 b

"al i l l . r l : f  . ,r1,
5l Cdnlp i  rrd
::  ' f i ' ,  :  +-wr Jk
53  Gard€ l_e  n
5 : l  Ze  l hem 1
55 G.l l 'ds j  on
56  S i )d ra  Vdm
57  Tonne .s , i  o
5 l  Y d r e  f o r s
5 ! r  Hu  1 l  asvag  e  n
i j  i l  D d l d n s h u l t
6 l  Gung :v t s  1a
i : -  l i  j a r t s  j od ra id
13  H , r  l  aba  ck
'r1 1- ' :rql n t  or!)
t :  HdnrLrarby
a a  n . . - - c r . - 1  f l F f

a7  Ca l : ung  i  s t o rp
,._l : ;- l , t  I  i  rng;iun la
f t  K . i l I g a r . l s m a 1 a
' - ' l  

: r .  - r l t  a f  r , . l
t l  R . , s s a I  e l
-- : i r  n ntt l i  I  I
l ' i  Meshu I I- . i  

l ; ,  ,r 'nr"1n:: t ,rrF,

: 6  M , r  r  g r_e t t  be t_g
' 7  A h l a
l l l  S.;:Lr var eslr-a,g-- n
?r. Far da
l i j  L  1 .L r r ,  r  I '
t1 Or lrei-g
:r l le ' :  eras
a3 Ener-yd.i
il.] Os aby
15  K rokshu  1 t
'1, I indpane -
[ 7  N o t t  e  b  1 c k
r , c  G . , d e e h L I t

s 5 0 - 1 1 1 0

t 4 - 2 4  3 1 4 - 8 6 0  l 0 . 1 - 1 6 . 4
5 2 0
244

\ 7 , r a
2

4
L

L
r , 2

1
1
1

1
l-

l 1
1
1
1
2

L
2
L
L
1
:L

1
2
1
1
1 3
1
.L
l
2
2

i 9 -64
37

8 0
4 0
8 7
6 0

6 0  8 0
5 7

5 0
7B

6 5
1 : t 0

5 5
5 5
6 1
7 D
7 2
8 5
b 0
6 0
4 0
5 5
B 5
B 1
7 A

5 2
2 5
B O
9 0
3 0
7 A
7 3

75 -96

1 0 0

2 5 - 3 0

2 0
1 5
2 9
1 5
2 A
2 5
T 7
1 8
2 T
2 2
3 0
: B
2 A
2 3
2 4
1 B
2 0
1.7

5 0 0
733
744

a l l
6 1 1
2L1

1 5 0 0
4 0 0
5 6 6
544

5 3 8
5 6 7

5 5 5
t "  150

9 5 6
6  3 0

6:t 1
7 2 2

474

1 4 2 5
548
4 2 2

bro
DTIL

bm
i-rnr
olil

bn)

bnr

bm
brn
brl
bnl
br!
bllr
bm
bm
bm

I i : i f l a r l a t i on  ( , f  codes
' l F  =  t r e e  s p e c j e : j :  1 = P i c e a ;  2 = F i n u s ;  3 = A b t e s :  4 = p s e u d o t s u E a ;  i 1 = F a g , r s

L 2 = Q u e r c u s :  1 3 : B e t u l u s ;  1 5 = A c e r j  1 7 = A 1 n u s ;  1 8 = p o p u t u s
i j i l  G l lT  =  l r ee  he igh t
: l l .T: l I : iY : dlrr. ,u.11-, of : j lems pef t tectdre
f 'E l i  -  t l r an re te r  o i  i r ee  s tem t s t  b re , l s t  he tgh t
r -A l J .  ' _ ' 1 l v  -  pe ! - c_ -n tua I  canopy  cove rage
L I t :  meab_L l re  o f  oboveg l_ound  b iomass
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At 64 sites stemflow (SF) iaas not accounted for in the total

s  A r  d  ^ . e .  i  1 :  a f r  ^ r  / c p l  T n a  i m n ^ r t ^ n . p  - t  a t  a m l  l ^ u ,  , . l a - 6 n ^ .  ^ n

t r ee  spec ies  and  s tand  age  and  can  be  es t ima ted  acco rd inq  t o  t he

fo rmu la :

6 . 3 . 4  C o n ! r  i b L L i o n  o L  s c e m f l o L a  L o  L o L a I  s E d n d  p r e c _ p - L L a t i o n

S F  =  q

Tab fe  8 .  Va lues  o f  pa rame te - r  c {  { - )

S P

T h  r i h l a  C  r ^  r d h  a < r i m ^ t 6 c  l ^ r  ^  : r a  d i r / d h  u ' ^  ^ h  ._ lave  oee - t

de r i ved  f r om da ta  i n  l i t e ra tu r . e  (A f cock  &  Mor ton ,  1985 ;  I vens  e t

a l . ,  1 9 8 8 ;  J o h n s o n  e t  a f - ,  1 9 8 6 ;  L a i t a t  &  F a g o t ,  1 9 8 7 ;  M a y e r . ,

1 9 8 7 ;  M i L l e r  &  M i l f e r .  1 9 8 9 ;  N i c h o l s o n  e t  a l . ,  1 9 8  ;  N i h l g a r d ,

1 9 7 0 ;  R a p p .  1 9 7 1 ;  R a p p .  1 9 ? 3 ;  V a n  B r e e m e n  e t  a l . ,  1 9 8 9 ;

V e r s t r a t e n  e t  a l . ,  1 9 8 4 ) .  I n  g e n e r a l ,  s t e m f l o w  c a n  n o t  b e

n e g l e c t e d  f o r  d e c i d J o u s  s L a n d s  d n d  y o u n g  c o n i  t e y o u s  s L a n d s .

T o L o l  s t a n d  p r e c i p i L a - i o n  m i g l ^ E  b e  u n o e r e s c ' n a ! e d  L p  L o  l O %  . n

such sites when stemfford is not taken - into account. The contr i

bu t i on  o f  s temf l ow  to  t he  t o ta l  f l ux  t o  t he  f o res t  f l oo r  was

s h o i t n  f o  b e  r o - e  i n p o r t a n t  r o r  ' r e e  a c , L o i L y  ' H - J  - 1 a ' l  t o r  o ( h e l

l o n s .

a -  ) -  ) l
Age  So ;  NO?  C l  NH;  Na  ca -  Mg- '

( y e a r s  J

, ,+

spec les

deciduous

coniferous

coni ferous

con i fe rous

a f l

< 2 0

20-90

> 9 0

a  . 7 2

0 . 2 4

0 . 3 1 - 0 . 0 3 4 * a g e

0 . 0 0

0 . 2 6

0 . 5 0

0 . 6 4 - 0 . 0 7 * a g e

0 . 0 0
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R E S U LT S r- R oM,,E_v3.L,u4I Lqi_\ o I jH E q !/E S IS H 4! D-_,f 4E_f ,UBalf 4N _ !4

Spatiaf variations in throughfall of sulphur and nitrogen ln

southern Sweden

I ' F  . r  l r ^ " r  -  4 - r - . < t I i . . t  r " ^ . r ' l  \ r  r r o  r e l w , ' 1 (  j 1  c / - )  l - f  p r n  S w e d e n

/ l _ \ _ c o ^  ^ n  f h )  ^ r r ^ h f  : t  !  \  c h ,  , .  . .  ! r  , r  . _  ^ , . -  ^ h r r ro u  '  y  " ,  v , ' s r  - u  '  ! - r . u r

. r a n ^ c i  r i ^ h  l 6 \ r a l e  ^ n . l  ^ l c -  l ^ ' d a r  v ^ . i a r i ^ . c  r h F n  f i v < r  a y b a . 1 - a . i

t  r 1 ^ t i r d  A  w a c i l i n -  l O A q l

A  . p . . : i -  . ^ ,  ^ h r t i r w  : c  ^ y n a . t a d  d  r e  |  - ' n r  j e S  i n V O l V e d

i n  samp l l ng  and  ana l ys i s ,  The  va r j " ab i l l Ly  obse rved  ove r  sou the rn

Sweden  i s ,  howeve r ,  l o  a  na jo r  pa r t  due  t o  vd r i a l i ons  i n  d r y

depos i t l on .  The  we t  depos i t i on  va r i es  l ess .  be tween  B -11  kg  S /ha -  t

. w a - r  T h 6  \ / r '  i r r  i ^ n  i n  r ^ r i ^  f i A r w F A n  r h ' - j i . h f a l l  a h d  h l ' 1 k  b i a . i -

^ i r - l  , ^ n  L r i l l  r a f l - . f  r h o  \ / : r i ^ r  i ^ n  i n  d r v  d a n ^ < i t i ^ h  f f i d ' r r a  ? l

- f d  d - v  . l o . . c i r ' ^ .  \ , A '  i ^ _ : ^ r q  ^ r F  r . \  ^  e . l '  d u e  L O

d i f fe rences  in  fo res t  s t ruc tu re  and s i te .  There  are  no  la rge

\ , _ r  j . r - i ^ . 1 s  - .  s r . l n L , , r  i . r . 1  , -  ^ . - t l r i j ^ r  ^ t 7 a r  i \ a  r - A a .

F o r  n i t r o g e n  ( N O 3  - - N

d i f f e r e n c e  i n  f o r e  s  t

em lss ion  and  l oad  o t

we l f  as  t he  nu t r i en t

The  re fa t i on  be t l i een

i n  f i g u r e  1 0  a n d  1 1 .

6  f  f ^ - f  L ' i  f f '  r 6 c n 6 - l -

example by

a n d  N H . '  N  ( f i g u r e  8  d n d  9 )  t h e r e  i s  a

s t ruc tu re  bu t  a l so  a  d i f f e rence  due  t o  l oca l

n i t r o g e n .  T h i s  w j l l  d L l e c t  t h e  d e p o s i L i o n  a s

s t a t u s  o f  t h e  t r e e s .

f h r ^ , , ^ h r : 1 1  r n . l  h ' , l L  ^ ' a - i ^ i t ^ r i ^ n  i c  c 6 a h

I t  i s  obv ious  tha t  there  is  a  "coas ta f "

. -  n |  " ^ o a a  1 ^ F d  - h i c  - 1 . . { h E  b e  c a u s e d  f o r

.  L d ! g e r  l o c d l  p m i s s l o n  a n d  - L o a d  d u e  ' o  d g r j c u l t u r a i  a c t i v i t i e s

on  t he  l ow lands  nea r  t he  coas t ,

-  l : r ^ 6 Y r e a c t i v e  I  o n g  - r a n g e  t r a n s p o r L e d  a i rt o

A S
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F r g u r e  6 .  t x c e s s  s u l p h u r  i n  L h r o u g h l a l l

The  Swed i sh  da tase t .

2 A
L 7

2 A

1 8

= o  z =  z i

11 spruce stands

tijr/ prne scanos

E!  deciduous stands



Frgu re  7 .  Ra t i o  be tween  th rough fa l t  and  bu l k  p r . ec ip i t a t i on
o f  su lphu r .  The  S \ red i sh  da tase t .

L - 4

3 - a

4 . o 1 ' 7 1 - g

2 - 2  1 - 9

11 spruce s tands

@ Pin"  s tands

E dec iduous s tands



F i g u r e  8 . Ni t ra te  in  th roughfa l  l
s l red ish  da tase t  1998.

{ k g  l t , h a - 1 y e a r - 1 ) .  l r h "

a

1 1

@  p i n e  s t a n d  s

spruce s tands
p ine  s tands

dec iduous s  tands



2 9

! r gu re  9 .  Anmon ium . i n  t h rough fa l f  1 t<g  l l . ha -1 . yea t -1 ) .  l h "

Swed i sh  da tase t  1988 .

11 spruce s tands

@ Pine stands

@ dec iduous s tands
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F igu re  10 .  Ra t i o  be tween  th roug fa l l

n i t r a te  (NO; -N ) .  Swed i sh

u s P u r l  L l u r r  v r

d a t a s e t  1 9 8 8 .

3  : . � - a

1 - 3

1 l - e _ :
o - 9

1 - 3

L ' 2 o

1 - O

_ o

o  - 1
o - 9

1 1  c n r r r ^ a  c ] - a n d c

/  1 1 )  n i n o  c + : n . 1 .
\t:7 '- "'

@ dec iduous s tands



F igu re  11 .  Ra t i o  be tween  th rough fa l l  and  bu l k  depos i t i on  o f

a rnnon ium {NHI -N ) .  swed i sh  da tase t  1988 .

o - 7
r

I  I  c ^ r , r - o  c + : n / l c

/':-\
!!jrl prne stanqs

L - 3  L - z

1 - O
o - 6  o - g

@ dec iduous s tands

1 . 5



ow I,ongitude

tA** ja.ai.s.as
. .466 i3

1.8a O.Bl .269
EGl26+.'a

3.s/..191
.og9

F i g u r e  1 2 .

c +  a n / l  n r , - - i n i + r + i ^ n  ^ €

s u  I  p \ u r  i n  L u r o p c a n  l o r e . L
- )  - 1

s t a n d s , g S m - y r _ -
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I
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*

sp ruce  s  t and  s

p i n e

de  c  i duou  s

no  co  r rec t  i on
f o r  s e a  s a  l t
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Longitude

F l g u i e  1 3 .

e + .  . . l  ^ - . ' - i - i + : + i ^ n  ^ f

r , '  - j . -  i , .  T  r ^ .  p r -  f ^ / r c , _

- 2  - t
s i a n d s , g N m ' y r - .

D r  f f e ren t  f o res t  s tana l s  a re

m a r . k e d  a s  i n  f i g u r e  1 2 .

1.€ ,;d;
t..Jo

1er'? 0.47
tfrEl

105
to.d .zoe-t ttt.'.-Entr o1e
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Longitude

F i g u r e  1 4 .

e + r n A  n r o - i n i + : + i ^ h  ^ f

ammonium in European fore st
- 1  - ' � ]

s t a n d s ,  g  N  r n  
- y r  _ .

D i  f f e ren t  f o res t  s tands  a re

1 r ,  r f 9  u r  c  f  z .

' ' - 
3.Jl'

046 'o.27

.041@
r.4dj?dsz-0.79'-q-01
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European da taset .T a b l e  9 .  B u I k  p r e c i p i t a L i o n  d a t a  f r o m  L h e

5 -504  N  NO3  C lNAME

:  V  j e . - 1  r . l f , :  I
:  V i e l s . i l r . r  2
I  , 1 1 P r . i , l
j  - : r . . : r  

n  l
_  

Laeqe  i  r  :
6  Davos
7  ! : . i 1gs l , e i  n
B  Gr  ebe  r ra r  l
: w i i :.-r nh i i;.r r-r n

i C  S o i l i n E  1
L l  S . r l l j n E ; l
i . , 1  He  1 ( l e  I

l 4 : i c h r r r b u . h  I
I  l  : r h  - ' i - | r r l ' i r  : l

,  ! e 1 l l . '  r

I  ? l ,r  i  r l i , ! ,1 . j  :
i 3  ! i r  l q  e t
I .- Hir ::
: :  H r  l s
' l  ! i a : _ .  i  I

. ' l  l i  : r , ; . r  : r ' . : r : : 1 : .
: 4  Wr : , . .  I  :  e l  i i  eu i l l

.  l : l  - i .  r  1 . . . r - 1 . -
:16 T i . l te

: i r  I l l b .  t _ c  i
- 1 ,  i i l i - ,  i !  l
30  i r ede r - i l . i s l i o rg
I  I  F r . i e r  r  l . i ahc  | q
l l  A r rb r  l . e
l l  T r  l l i J  g l i : r ! r r t *
3 4  T j l l r n l t l , o l l r n e
' : ' l  

I  i i  I  i  l ngb . r r r ne
l 6  K r i r r r i . h - r e l
l 7  i , e i a r .  hd !  L
.-,  E Sl1-.r l , t iy1-e
l l r  K . , - r ' i b , , ! r f
1 i : r  gL  i ] r n l ] {
. i 1  l . : l : e l  P i : r :
r ; :  Ed i  lSut gl l
' l r  A t .  ' :  1  i
l  - : i  Asc . t -  :
l l .  l , : j  l !  r  I  i r - t  L
lar tse,- i l iEE l  el t  :
l l  i l . r is i  -  rr.d
i t l  W i l r t e y ; r n i  i k  1
: .  t : : r : a l j ' r r  j j . : :

0 . 6 3
0 . 6 3
11 . Lr :l

4 . I 0
J  . : J D
2  . 5 4
2  . 2 4
2 . 1 0
3 . 5 0

0 . 5 4  5 .  B 0
0 .  5 4  5 . 8 0
0  . 3 4  4 . 0 9
1  . 4 7  0  . 9 2
1 - . 4 7  0 . 9 2

0 . 3 2
a . r 9
0 . 1 9
0 . 1 8

4 . 4 7  0  . 3 9
1  . 5 5  A . 7 A
0  . 3 5  1  .  C 0
0 . 3 5  t  . 0 0
4 . 4 2  0 . 5 r 1
4 . 4 2  0 . 5 0
t )  .  ?4  rJ  .94
a  . 4 4  0  . 4 4
o  . 4 7  A  . 4 3
a  . 1 7  0  . 4 3

0 . 5 6
0 . 5 4

1 . 0 3
0 . 9 9

a . ' 7 1  9 . 7 4
4 . 5 4  0 . 8 5
a  . 2 5  0 . 3 3
o .  z B  4 . 3 3
0 . 1 4  0 . : 1 8
C . 3 " 4  ( ' r  . . 1 3
4  . 3 4  0 . 3 3
0 . 2 0  0 .  J 3
0 . 2 0  0 . 3 3
0 . 1 . 1  C . 3 0

0 . 1 4  1 . 0 0
0 .  t l  1 . 1 0

t ) . 2 4  1 . 0 0
a  . 2 2  A  . 7 A
q . i 8  0 . 9 0

0 . 5 6
0  . 2 4  4  . 3 4
c . : B  4 . 3 4
o . 2 5  0  . 8 3
0 . 2 5  A . A 3
t J . 3 5  0 . 5 0
0 .  3 6  A . 7 9
0 . 3 6  0  . 7 9

0 . 0 0 ]
0 .  r 1 0  ?

a . D 7
0 .  f ; l
0 . 0 3
0 . O i r
0 . 1 1 r  { l  . 0 2 2
0 . 0 8  0  .  0 ' 1 3
0 . 1 l  0 . 1 4 t - r
C . 1 r r  L r  . o 8 t l
0 . 1 . 6  0 .  a i 8 c
c . 2 l  1 l  . l r ? 6
0 . : 1 1  1 1  . 0 : i ,
0 .  f ; 9  0 .  c 3 -
0 . . r e  c .  a t : t i
0 . i t  i r  . 0 4 3
c . : 1 1  c . a r 4 t
0  . , : i :  t l  .  t : l l
0 . 2 ' l  a .  r ) P a '
t l  .  r 6  c .  n : - l
L r .  l 5  0 .  i 3 r .
. ' r . 1 i  0 . 0 1 1
L . . l ' , r  i l  . C 5 i
r t  .  1 ! r  c .  ! 5 ?
{ i . 5 4  0  .  0 1 1 1
0 . : 4  | . 0 1 9
0 .  i a  a j  .  c 4 ]
0 . 6 3  0 . 0 2 f l
c . 6 I  0 . 0 : 6
0 .  i : i  c .  c ? 9
r . . 1 5  . 1  . 0 : ! ,
! . 0 f 1

0 . C f i l
0 . 0 6 +
-'r . 054

0 . 4 3
c . 1 6
a . 2 a '
0 . :J...1
D  . 2 7
c . 4 9
r ) .4 i l  l t i  05 !

0 . 6 7  0  .  0 7 ! l
o  . 6 7  0 . c 7 9
0 . : 1 6  ! . 0 5 8
0 . 2 0  0 . 0 1 2
0 . 2 n  0 . 0 1 2

1  . 6 4  C . 6 0
1  . 6 4  0 . 6 0
1 . 1 5  0 . 8 : J  0 . 6 2
0 . 9 9  D . 4 6  A . 4 4
0 . , , : : r  0 . 4 6  D . 4 4
0 . 2 9  0 . 2 5  0 . . L B
L  2 7  A . 3 7  f .  i 2
f . i 9  4 . 3 9  l t . 7 5
1 . 6 6  A . 5 4  1 . 0 5
2  . 3 4  0 . 8 5  L . 7 1
2 . 3 8  O .  8 5  1  . 7  r
' 1  

. . r 9  0 . 6 8  2 . 6 4
1 - . 6 9  0 . 6 8  2 . 6 0
4  . 7 6  0 . 4 1  0  . 7 7
t . 7 2  O . 2 5  0 . 5 8
1 . 3 3  0 . 6 5  : t . 4 0

1 . € 2  0 . 8 9  5 . 6 3
2  .  ? . 4  f :  . 7 5  !  . 4 2
i .  _ : i  a . 7 2  i . 3 0
i  . : { r  0 . 6 0  1  . 0 4
i . 4 7  A . a I  A . 9 7
- ' . : 1 3  O . 9 7
1 . - " 8  1 . 0 6
L . 5 t  O . 7 t  9 . 5 C
0 . 9 3  0 . 5 1  4 . 0 0
i  .  L - r3  0  . 70  : i .  CQ
1 . 3 0  0 . 5 6  9 . 4 A
: i . 3 0  c . 5 6  9 . 4 0
0 . 9 9  O . 5 2  2 . 3 0
t  . 1 ) . )  0 . 5 ?  2  . : J A

.L .. i4 , ,4 .  53 3 . 27
I  . 4 4  4 . 5 3  3 . 2 7
1 ,  . 4 4  O  . 5 2  

- !  
. 2 7

3 . 0 c
2 . 7 n
: . 9 0
2  . 2 A
I  . 4 0
: . 8 { l
1 . 3 5
3 .  S l
3 . 9 - l
2 . O 6  r t . 5 6  1 0 . . i 3
2 . 0 6  0 . 5 6  : t 0 . 4 3
1 . . 2 2  0 . 5 3  6 . 2 9
1  .  8 4  0 . 5 9  1  . 9 0
l . o 0  0 . 5 9  1 . 9 0

N-NH4

0 . 6 6
0 . 4 5
0 . 4 5
o . t 2

\  . 2 4
1 -  . 2 D
1 �  0 2
L . D 2
0 . 3 8

a  . 7 I
a  7 \
i . 5 5
" : .  .22
a  . 8 6
c . 6 3

0 . 3 6
0 . 9 0
a . 6 2
0 . 9 0

0 . 6 4
0 . 6 4
0 . 5 8
c . 5 8

0 . 2 9
o . i 7
a . 1 7
o  . 4 7
0 . 5 8
0 . 4 5
D  . 6 2
0 . 8 2
0 .  8 2
1 . 4 0
1 . 4 1 r
0 . 3 9
A  . ' 1 € l
0 . 6 3
r 1  . 6 3

L 2 t

0 . 5 0

5 . - 1 0
2  . 2 D
1. .7 {)
5 . 6 0
5 . 6 0
r  . 2 0
1 . : 0
0 . _.15

I

2

t
,l

- continued -
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:i 
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! l
: r l
: .1
t ' )

5 1
l ' j
5 f

ir l
a )
: c
' ]

7,:

7 4

7(,

'., i:

a : :

lin c 1.. :-. i t

K.rc t , \at . l
' i a1 ' d€ ,1_ . i

: e  l  Lex r  1
l r r r r l s - i ' , r r
S . ' , l t .  Vd ! ,

Y4 r  e i :  r _ i
i l  r  I : : , : i , , , 1 ! : r ,
; r r I : , i . . . i l , l I t
: l  _ : ,  ; . ,  : . 1 i l
! 1  I  i r r  t s . . , 1 1 1 ,  1 ; .

i ;o i  : i  t  : ,1 1,
i{-r:ri i r i_,,r'
: t l  i i . iL i .  r  g i '  i
' l  r  j i  r .  i  s  i , ,  r . [ r
: r . t :  I  l  i i r g s m r r l i l
I i ;  I  ]  q . 1 r ' ,  i : m a  ] � !
9 , : ' 5 t a r ' - d
1, . t . : , ; . : i r f . , ,_ i
P l  i l n i r r . i t

Nrrr l l r  ns t ,  crr ,
i l t .11 i ,e a i
l4al  g."r ' t - .  i - . . r :  j
A f . '  i
S v  r i  : : , I  e  a l , . , r g 9 l t

. . i n l , i , r *
' .  r ,  i  . j

' ) 6

. : . 1

- , i  . . )
;  : 1 . . 1 -  t l :
i i t  r . .  i .  r r r - -
) l i ' : - . 1 , , , , , , ; .
r - r  : .  a, : r I  I I  .  I  I

2 .  i B  A . 7 6  3 . 2 0
1 .  a 5  0 . 6 0
r . 5 4  0 . 5 2  2 . 9 4
I  1  |  F q

1 . 1 0  0 . 6 3
0 . 9 5  i . 3 4  : t . 5 0

0 . t 6
t  . 7 7
0 . 5 9
c . 9 4

c . 9 9  C . 4 5  C . 7 5
i  .  c 8  r t . 4 8  i r  .  o | j
e . 9 4  t . 4 1  O . t j _ 1
0 . l l  0 . 4 5  D . 6 a )' i . 0 1  

0 . 4 8  0 . 6 5
i . f i r l  0 . . 1 8  A . 6 4
0  .  l l 8  0 . . 1 4  0 .  r ; 5
4 . 9 1  i i  . 4 3  0 . 5 . 1
a  a 7  0 . 4 2  0 . 5 0
0 .  8 9  | . 1 a i  t r  . 5 0
\ . 2 4  A . 7 1  : . : 0
. f  .  L f ,  a t . 6 5  2 . a 4

1 . 1 5  A . 6 2  : . C 9
1 . : i r  t . a 5  : . 1 . 1
1 �  t j 5  C .  5 9  2 . 8 ! l
| . ( ) 7  | . 5 4  : t . 1 b
L . i 1  0 . 4 !  2 . 3 4
. : . c ) 7  1 . 4 7  1 . 5 2
1 . 5 F  a . 5 0  1  . 5 2
t . i :  ! . 4 5  1 . t : l
I i

a .  9 i l  L r .  4 i  : t .  B B
c . 7 8  D . 3 4  t J . a a
a . ' ) ' -  t . . t :  t . 6 . 1
a . 7 b  : . 3 0  t . 4 5
l . a 2  0 . : r 5  , 1  . 5 3
a . 7 4  a ) . , 1 2  A . 3 1

2 . 0 2  0 . 2 0  i \ . 7 8

1  . 0 8  0  . 4 5  0 . 8 8
1 . 6 8  0 .  8 8  D . 2 7
: 1  . 3 5  1 . I 2  0 . : l :
l  . : 4  c . 0 5  0 . 1 : :

0 . : t ,  0 . 0 1 9
c .  u : 1 9

C .  1 9  r - l  .  n ? 1
0 .  1 9
IJ  -  L5
L. .  :16

C . 1 r C 5
0 . 1 t 5 i
0  .  0 .41
0 . 0 . i 8
0. r, l ,- !6
0 . 0 4 6

0 . 1 r 4 t l
f- '  r t l :9
(r 04rl

i i . 1 l ! r i

0 .  r r 6 r r
t)  .  1l :r .1
0 . 1 l ! r l
| . 0 8 1
ti  .  Q7.)
0 .  t t , . !
| .  [ j 5 ' :
t ) . \ ) t  1
(i . r)71
.'r.. 0 5:

0  l taE
aj. rt.: i '1
c . ,  t 7
0  .  r r .1 :
l ) . l , . : t , ' .
l ) . t i , 9
c . 0 - r 3

i . 6 7
1 . 0 8

2 . 1 7

0 . 5 1
a  . 7 . )
I  . o t r

0 . 4 8
0 . : 3

0 . 5 4
c . 5 0
a  . 1 2
a . 4 7

0 . 6 8
O . 7 t r

0 . 6 9

a . 6 a
0 . 5 8
c . 5 : i
( )  . 4 4
a  . 3 ' )
o . 4 8
c . : 9
0 . 5 5
0 . 3 5

i l  . 3 1

0 . 3 : l



Tab le  10 .  S tand  p rec ip i t a t i on  da ta  f r om the  Eu ropean  da tase t .

5 -SO4  N ,NO3  C l

1 . : a  f . i 0
4 . b 4  i . 3 8
"  . 7 4  1  . 2 8  0 . 8 2
. : i  .  i l . l  : . 0 8  1 . 8 1
I . r i i  : . { t : t  i . 5 . 1
I  . 0 0  a r  1 9  0 . ; 2 8
1 . 7 4 .  1 . f 6  2 . 8 ] .
4 . 7 1  i . 1 9  L € , 6
1 . 7 , . 3  1 . 7 7  t 1  . 6 1
5  . : 3  1  .  i 0  3 . 3 4
: - . . 4 1  i . . i 3  : 1 . 8 3
: . 3 6  a i . 5 i  3 . 6 i
) . € t  i l  . 8 r .  . i . 5 5
2  6 ?  D . 4 i  0 . 9 6

' ' r l l  I 4 7  1 1  7 0
2  . 7 7  i  . 0 5  3 . 0 3
: . 1 : t  0 . 6 . 1  1 . 5 0
r r . 1 6  1 . 4 5  1 4 . 6 2
4  . 2 '

. l  .  1 3  t . 9 6  t . i ! \
5  . 7 3  1 �  2 3  2 . 3 ) .
a . 1 7  i . 1 . 4
1 . 3 3  1 . 1 2
: r .  B c  O . 9 a r  : 8 .  i 0
2 . 4 A  t j  . 5 3  7 . 0 0
: . 5 t r  I  a 7  1 . a a
7  . 1 4  L 1  . 5 9  1 0 . 1 0
2  .  a . :  i _ 1  . 8 :  i 8 . 3 0
I . \ ( ,  4 1  . 5 4  3 . 1 0
2 . 4 j  l t . a r l  6 . a r t
1 �  ! r 5  . L  . 0 7  i r . 5 0

l . 5 B  r t .  t a  a , .  - � j 5
!  r ' r . L  t . : t l  I . 1 . 1 :

4 .  ! l
4 . 9 C
r , . c i l
: . 9 0
5 .  - 6 0
4  . 4 4
)  . 3 7
3 . 1 8
: r  .  9 8  1  . I t i  2 3  . 6 6
2  . 3 A  D . A 0  1 4 . 7 2
2 . r . a  1 . 0 6  i 8 . 9 3
r ,  .  L 4  0 . 7 0  3 . 6 1
5 . f i N  0 . 8 3  2 . A 4

N-NH4 Nd

a . 7 9  0 . 2 9

c  . 9 2  A  . 2 6
0 . 0 i  a . 1 2

1 . 0 5
l J  . 7 5
1 . 1 9

L  . 2 i  L 3 5
1 . 5 1  1 . 8 2
c  . 8 4  1  . 8 6
r . 0 3  2 . 6 3
4 . 2 7  0 . 3 5
A . . ' J 7  A . 1 t t
D  . 4 1  0 . 9 0
\ _ ) . 4 6  0 . 6 5
4 . 3 2  7 . 9 5

L  1 : t
r . 2 5
1 . 5 0
1 . 1 r 3
0 . 9 1
0 . 8 9
r  . 4 2
1 . 4 1 1

" . 1-7
0 . 6 3

D . 4 a )
a . 5 5
; r  . 6 c
i )  . ' .2

K C,f

1 . 5 8  1  . 1 8
3 . 2 8  3 . 1 . i
: . 3 8  1 � 2 4
1  .  C :  0 . 6 8
1  . 6 6  1  . 4 5
L 7 7  i  . 4 6
2 . 8 1  2 . 1 6
2 . 8 1  2 . 4 1 ,
: . 8 5  3 . ) . 5
2  . 4 2  1 . 2 8
r . . - , 9  1 . 7 4
r  . 7 I  1  . . 1 0
r  . 2 a  0 .  B B
1 .85  .L  .  , rB
2 . 0 1  r ' r  9 5

2 . 6 7
1 . 9 8
3 . 3 6
2  . 3 i
2 . 7 2

3 . 6 2  1 . 5 9
\  . 7 2  1  . 4 9
2 . 1 0  1 .  c 4
1 . 5 0  r J . 9 t
2 .  ! ) 0  1  . 2 a 1
1  , 2 1  O ,  B B
2 . 2 a  f  .  i 7
1 . 1 2  i ] . E i
- t . 0 3  1 - r . 1 5
: . . r r : l  i  .  ;10

l 1

Mg H |ena! ! l

0 .  0 1 1  l . + s
l t  .  l l i . 3  t + :

O . 1 € ,  r -
0 . 3 3  r
0 . : l  r ,
0 .  t 6  t
0 . f 4  I - r . ] f  i  i
i-] .5l t l  . i  i . 'a t
0 . 4 4  D . L 5 I  ! -
c . 3 1 t  c  i 4 5  r : j
0 . 4 3  , . l l ' )  l r . l
0 . 8 . 1  0 . 1 1 5 0  l s
0 . 3 9  0 . 1 , r !  I  i : !
0 . 1 9  0 . 0 5 4  r
l . ! 2  0 . t 2 4  f
0 . 2 5  C . 1 3 5  t
0 . : 1  0 . 0 5 r r
1 . 4 3  0 . ( J ] ! a  t : i

t s
c . 5 8  0 . : 5 i r  t - - :
0 .  J 4  0  .  0 , 1 c  t 3
C . l l c  O . 1 1 1  t . g
0 . 3 i .  0 .  i 2 0  1 :
0 . 1 6  0 . 0 5 4  t
i  . 4 , .  0 . 0 5 4  t
0 . 5 9  r l  . 0 . : t  t
l _ t . 5 5  ! .  .  0 : 9  t
i . 7 - 1  t . 0 t  I  t
1 . 4 5  0 . t l a  1
. :  . 2 - /  t  .  a 1 ? ,  1
, - r  . 5  t  a t .  i  i : r  t
, r . : 5  t

0 .  l - 1
. i  i t4 i

a )  . 4 1 7  i .

' e

' i

NAME

V l e ' , s : i n  1
l i i e l s a l m :

: : 1 e . i a t -  l  l

:  r ,  i : r . i .  i i r
, : r  t  a l , e i r n ! t
; t i l : : r - t l , n r : , - r .

i : ,  :  L i r  1
' . . ,  

.  I  
' :

. .  r l  f .brr  ah i
:  I .  i . ] ) ) i t . i t  :
4 " . l . 1 l - , e r q  1
F . ' - : : i : . r t  ! r  . l
l , / t i r g r t
^ , 1 ' . : :

l i i l : f e

5 f  r : r b e  f  k
r_ ; ] ,  a :  r  wdt  r j )ea iE i
l { r - ;  - -  i  i  e r  : - , - r . - r r  t1  l  l

l ^ i  l  : i . t  1 , . . , : 1 , :

, l 1 ' I  l  a 1 l i .
' _ ; l l : , ,  

r g  i
' ' , I  

-  ] � :
F r  . - : l e i  r k . i l i , ) r  ! r
: ' , 1 . ' i . ! - i ] - . | .

L r . i : r L l r .

3 . 1 0
0 . 6 6
0 . 7 - a

1 0 . 1 0
3 . 9 0
i . 5 0
i . 7 a

1 1 . 3 C
1 . 4 0

r . : : 7
i : ' ; : - .  1 , -  . .
- - I I r r ' . . i i , . : t I , r
' ' -  

1 ' '  r r , 1 1 .  , r _ r  , :
r i i  L r r : , :  l . . i - . i

l l  I r i,arir
r - ' l  1: ,  ,  ' r  a j : i  :
: I r I.,t ir,LI gli
i  - a :  I  I

! r ' . , 1 i ! i .  i e r  I  . i
i e l i i l g e  1 e r - t  2
) i . , . i 5 i 1 d n d
I d r  i r i  e r _ s \ , / i  i l :  i
lJr  ,  i  i :  r  . iwt  :k  . l

4 . 9 0  1  . 0 6
5 . C 0  ) . . 1 4
3 . 5 0  i  . 6 3
: . 9 0  i . l 0
3 . : 0  ] � 3 C
6  . 3 4  2 . A 6

2  . 4 7
r  . 4 4

o . 7 a  1 2 . 7 5  1 .  t r 1
0 . 3 9  8 .  1 1  L 5 ) ,
D  . 4 D  1 1  . 1 7  I  . a 7
3 . 3 6  1  . 4 4  3 . 8 9
3  . 7 A  1  . A 4  4 . 4 1 ,

2 . 5 0  C  7 7  i + : .
2 . 6 C  a . f t - |  r . + s
2 . 4 4  t . 5 7  t + g
2 . 8 0  l l  . 5 f  r . + :
2  . 0 0  n  . 4 5  ' L + s

2 . 6 4  I 1  . 3 8  t i g
1 � 3 3  0 . 6 8  0 . i 2 6  t , + s
3 . 8 0  0  . 4 t J  l  - s
2  . 3 7  A . ' - 1 5  i -  + :
1 . 3 0  1 . 6 9  0 . i 7 8  t
0 . 9 8  1 . 0 7  0 . 1 9 5  t
1  . 2 7  1 . 3 5  0 . 0 6 e  L
I  . 7 , a  | . 6 5  0 . 0 1 3  t .  r s
1 . 5 4  C . 5 4  t

- continued -
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I-1.: l . , fr ,r ' l
a . '1 i l :F  i  n1

l ' - , : , . i \^ i  i  j l .
l , ' !  r . i -  r  e r r
Zi I  her.r 1
' l ,1raCs I 'rat
5,: j i rcr Val] l
Ti :r :  e, :=_;; - .
Y j r  e  i ,  , i _s
: i - ,  - : . 1 : : ' . ' i tEa t l
l l d I n r r s l r u 1 t
.t -!i.tq-,,,] I 1

: i j i r , f  i  - :  j  i r r ia  I  n
I l : , l : i i ) i i - - i i

l : - r !  I  . 1 t .  r l l
: 1 . . : r r . 1 . : , t ,
I l ,  : s b e I  ! t e t
r_ '  i r :_. : .  1.  '  ,1 r l
: i , . r l i i l i q : h a 1 i
l ; . r  I  I  r , r r  , '1 :1. ; , i  l  ' .

5 . 3 2  1 . 3 7  5 . 7 5  4 . 3 8
5 . 9 5  L 4 4  4  . 8 1
3 . , 1 1  1 . 9 t  8 . 1 3  9 . 7 7
3 . 9 3  i . 1 6  4 . 3 0
6 .  1 5  I  . 2 9  6 . 2 9
2 . 5 1  A . : 7  A . 1 7  0 . 4 2

0 . 3 0  0  .  : B
0 . 9 3  A . 6 2
1 . 0 1  1 .  . 3 2
L 4 7  r J . 9 5

2  . 5 7  0 . 5 5  2 . a 5  A . 3 2
i . 6 2  a . 7 I  t . , q 2  0 . 7 8
1 . 7 ) .  0 . 5 3  1 . 5 8  0 . 3 1
: r  . 7 3  0 . 6  i  . 1  .  { J . t  0 .  a 1 3
: . 5 C  0 . 6 3  \ . 7 t  0 . 4 8
) . 2 2  C .  b 5  I  . l l 0  ; 1  .  f j B
1  . 9 C  A . 7 r  2 . 1 5  C . 7 7
I . f i l  C .  - 1 ! r  I  a 7  t ) . 4 '
:  . 3 7  A . 6 1  ) : , . 1 4  0 . 3 6
L ' . 1  i t  .  ] a  I  .  - + . 1  0 . 3 5
1 . : r : l  l . 5 f r  4 . 9 6  D . a i 9
: . i i  . - . t ! ?  7  6 6  f J . 5 6
2 . 4 4  i . 7 1 ,  7  . r ) - a  0 . 3 6
i  ' r l ]  I r  : !  4 . . } i  0 . t 5
: . : . !  c .  i -  3  i 2  c . 1 B
: . : : 4  . ' . f  i  a . i . i  c . 5 l
3 . : 1 9  i . f r 5  9 . 1 ! t  ! . 0 4
2 . 0 ! ,  c ) . t ) : .  1 + . 7 7  0 . E 4
J . 2 4  t \ . 7 7  6 . 2 1  0 . 4 9
i  . 8 - 1  L r  . ' J :  2 . 5 9  A .  n
i  . a : 1  a . 5 j l  3 . 6 , 1  A . 2 A
: . 2 8  O .  i e r  1 . 9 6  A . 1 4
? , . 3 i  D . 4 2  3 . 6 2  0 . 2 0
i . . r a  { l  . 3 1  1 . 9 8  L . 2 3
1  . 7 5  0 . 3 5  : L  . 5 7  A  . 2 1
3 . 1 5  a r  . 6 - 1  2 . 3 O  A  " 3 j
1 . 5 2  0 . 2 8  7 . 1 " 6  0 . : 1 9
t ) . r 7  , : . 2 i  L c 2  N . t 5' - . : 6  0 . : 9  1  . 0 0  l l  . 1 5

2 . 7 7  4  . 3 1  1 , . 7 6

4 . : C  7 . i 2  1 . 5 . 1
2  . 3 3  2 . A A  L  0 B
2 . 9 1  2 . 7 5  !  . 7 2
1 . 2 3  . 1  . 2 9  i . 0 2

C . 6 6  0 .  L r 0 9
!  . 0 1 5

0 . 6 3  . ) . 0 0 5
0  . . 17
0 . 5 5
c . 6 7

i l l

r:

]:
I

i

- ' r1  
a i ,  : i i _a i r  e l j'  
i  ' r ' � : , r ' " : i

' ' -  l r j  r i , l L r :  I  I
'  

: {  i  l L  , ' . '
7  i  l :  r i l i . r t i : r ' i , , r a !
- :  l , i l r  t ,  r .  . t . .

0 . i . - 1 5
c .  i l B 4
i r  . 0 5 9
t )  . 0 7 3
0 .  c 8 :
0 .  i - r 6 9
0 j :r1.1

0 . 1 . 1 : 5
' r . a t l l
1 : l  . 0 " i 1
1,- 455
i-r . !t-l l
. r . 1 1 . - l
. . l i j : l
1 )  .  C?B
0 . 1 1 0
0  .  0 .1 { :
c . 1 1 3
0 . 0 5 . 1
0 .  D  g i l
| . 0 6 5
t r  . 0 7 0
t . 0 ? c
0 . 0 a r 4
0 .  C l a r
Ll .  {rr50
L ' :  .  C ! i
|  .  a r l 5
0 . 0 + 0
! . i 4 6

14 r i"tr r: ': i e 1,,-rg
r,1., I :
5vi i- !'.: 1 e si..Lr1le n
il.:i i_ i] .
I  . C i , r . ,  I  i
' l :  i - , , , r !
l l e t ! r - a 5
:r , ! !  y i la
0:-.i ],1./
l : r  i . l . ,shi r  I  ' .

l i re lar . r :_
l . l : ' - i . i r : r : l :
' : - , i l  e  i ' -hu i  I

' . i

q:t

!:-l
.i4
,t i
t r a
r: l : '
a !

t =on Iy  t h l ough fa11  i s  sa rnp  I ed

! + s = b o r h  c a n o p y  t h l o d g h f a I I  a n d  s E e m f l o w  a r e  g r v e n

ts=canopy  t h rough fa l - 1  and  s temfLow a le  g j . ven  as  a  sum
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7.2 Regional variat ions in throughfafl  of sulphur and nitrogen over

Europe

W i l r  i ' l  L . ,  r ^ n a  r h e r c  a y : < -  l , : r o e  . l i r  r a r a n . p c  n  h i ,  k  h 7 a ^ i n i i : r i ^ h

and  s tand  p recap i t a t i on  (Tab le  9  and  10  and  F igu res  72 ,13 , J -4 ) .

The  amoun t  o f  su lphu r  f ound  i n  s tand  p rec ip i t a t i on  was  s i gn i -
f ' . F .  1 \ '  , . - a r a r  F h . r  ' i a  r - \ , r ' l k  n r a ^ i h i t : r  i ^ n  / F r d  t \ \  i n , - t i ^ 5 r ' i  - ^

L h d L  f o r e s L S  c o l l e c L  a ! m o s p h e r i c  s u t p h u r  r L c h  n o - r e  e f f i c - e n c - t y

than  bu l k  co l l ec to r s .  Bu l k  p rec ip i t a t i on  o f  non  sea -sa l t  S -SO4

v a r a e s  b e t w e e n  0 . 2 8  a n d  2 , 6 9  g  n  , y r - 1 .  S t a n d  p r e c i p i t a t i o n  o f

S - S O {  v a r i e s  b e t w e e n  0 . 8 5  a n d  8 . 9 5  g  n - , y r  1 .  T h e  r a t i o  b e t w e e n

s tand  p rec ip i t a t i on  and  bu l k  p rec ip i t a t i on  and  i t s  va r l a t i on  ove r

E . - t r o p e  - d n  b e  S e e n  i n  f i g L L e  1 b d  a n d  b .

o  1 ,1 r r r c  15 .  Th rough fa l l  and  s temf l o l t ,  o f  su lphu r  i n  r e l a t i on  t o
bu l - k  p rec ip i t a t i on  o f  su fphu r {9  s  . - 2v . " . - 11 .  g r .

Eu ropean  da tase t .

.l

E

I

I

s - 3 o 1  b u r  e c .  P b i a r  ( ! / - r - y - )



Fagu re  16  Ra t i o  be tween  s tand  and  bu l k  p rec ip i t a t i on  ove r  Eu rope .

- !  l g u r e  t b a ,  S p r u c e  a n ( 1 f i r  s t a n d s .

F i g u r e  1 6 b .  P i n e  a n d dec ia l uous  t r ees .

l.u:':.;3

l!-i.rr
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B l r l k  n r a . i r i i r d l  i o n  o l  l \ r - N l l  r / ^ r i a q  h a l w a A n  n  , o  : h . l  )  1 ?

{ F i q .  l ) .  S L d n d  o r e c i o i i a r r o r  o l  N  N , - 1 4  v d r i e s  b e l " e e n  0 . 0 1  a n d

9 . 7 -  g ' n , y r  N i L r d L e  n j ' t o f e n  , s  L e s s  v o r i a b l e :  b u ' k  p r e c i p i -

r  '  . r  ' _ ! v v i . -  ' - a l - a 6 n  n  5  ^ . . 1  I  n 6  d  m . v .  '  ^ n . l  < t ^ F . l  h F A - i n i

l a  o .  v d r y i n q  b e r u . r e e n  0 .  l 9  a r d  2 .  1 4  g  m -  - y r  I  r l - i g .  1 8 )  .  T n

con t rd r y  t o  su lphu r ,  n i t r ogen  f l uxes  t o  bu l k  co l l ec to r s  exceed

h F  t l u x e s  r n  s t d n d  p r e c i p i L d L i o n  a t  s e v e r d l  s ' L e s .  T h _ L s  p r o b a b l y

i c . r i r e F d  h \ /  i r ' a v a r < i h  a  r ' n r . 1 k 6  ^ f  h i r  r ^ - a n  l - , \ ,  , h a. . - ^ ,  . . -  c a n o p y

' r r i r i  
l ' Ihroughfall and stemfl,ow of amnonium in relation to

Du lk  p rec ip i ta t ion  o f  a [unon ium 1g N n-2year -1) ,  The
European da taset .

E

9
!

9

I

!

$_N34 blr! P'<'Frorbn (e/62_yr)

Through fa f l  and  s temf l ow  o f  n i t r a te

bu l k  p rec ip i t a t j - on  o f  n i t r a te  (g  N  m

European  da tase t .

i n  r e l a t i on  t o
- y e a r  - ) .  

A h e

\  { . i  b u }  e c . P b t . r  1 ! , . n r - r l



Average bulk and stand precipitatlon fluxes are sunurarized for 6
European reg lons  in  Tab le  11 .

Tab le  11 .  Bu l k  and  s tand  p rec ip i t a t i on  f l uxes  o f  su fphu r  and
na t rogen  i n  6  b road  reg ions  i n  Eu rope  (g  m- :  y r  ! J .

REClON STAND STAND - BULK

s  s o r  N - N o 3  N - N H .  S - S O {  N - N O ,  N , N H I  S _ S O .  N - N O 3  N _ N H .

S - S w e d e n /  0 . 9 6  0 . 5 1  0 . 5 3  1 . 9 6  O . 6 0  0 . 4 4  1 . 0 0  O . 0 9  _ 0 . 0 9
S-Norway

D e n m a r k  0 . 8 8  0 . 5 8  0 . 6 5  t . i 3  A . i 4  A . 9 2  0 . 8 5  0 , 1 6  A . 2 i

c r e a r  1 . 8 ?  0 . 5 4  0 . 5 9  4 . 1 7  0 . 6 1  0 . 5 5  2 . 3 0  0 . 0 ?  0 . 0 4
Br  i  t a l n

N - G e r m a n y /  1 . 3 6  0 . 6 4  1 . 6 0  5 . 8 3  1 . 3 6  5 , 1 3  4 , 4 j  A . j 2  3 . 5 1
Netherlands/
Be lgium

c - c e r m a n y  1 . 6 8  0 . 7 0  0 . 9 4  5 . A 2  I . 2 g  7 . 3 9  3 . 3 4  0 . 5 8  0 . 4 5

S - G e r r n a n y , /  0 . 9 2  0 . 5 0  0 . 5 0  2 . A Z  A . 9 2  O . 5 A  t . 1 0  A , 4 2  O . 0 B
Switzerland/
E-France

S-SO.  i s  co r rec ted  f o r  t he  con t r i bu t i on  o f  sea -sa l t .
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Re la t i ve  l ow  amoun ts  o f  S -SO{ ,  N  NOr  dnd  N  NH{  a re  f ound  i n  sou th

Sweden /sou th  No rway .  Den \a rk  shows  s im i l - a r  s -SO.  depos i t i on  as  S -

Sweden , /S  No rway ,  bu t  s l i gh t t y  h rghe r  n i t r ogen  depos i t i on  l eve l s .

c - G F r c o n y  r s  ' h a r o c t e t ' i z e d  b y  b o t h  n i g h  s l l p h u r  a n d  n i L r o g e n

loads .  Lodds  o f  su lphu r  and  n i t r oe fen  i n  S  Gernany /Sw i t ze r l and /E -

F rance  a re  abou t  s im i f a r  t o  t hose  i n  Denmark .  I n  G rea t  B ra l t a l n

su lphu r  l oads  a re  s f i qh t l y  f owe r  t han  i n  C  Gernany .  buL  n i t r oqen

depos i t aon  i s  abou t  ha .L f  o f  t he  l oad  i n  C -Germany .  The  nos t

po l l u ted  reg ion  i s  The  Ne the r l ands /  Be lg i L rm /N-Germany ,  wh i ch  i s

cha rac te r i zed  by  bo th  ve ry  h l gh  su lphu r  and  n i t r ogen  depos i t i on .

I n  t h i s  a rea  t he  con t r i bu t i on  o f  N -NH{  t o  t he  t o ta l  n i t r oqen  f l ux

i n  s tand  and  bu f k  p rec lp i t a t i on  i s  70  t o  B0  %.  i nd i ca t i ng  t he

h lgh  a rdnon ia  po l l u t i on  i n  t h i s  r eg ion .  I n  t he  o the r  5  reg ions

abou t  equa l  amoun ts  o f  N -NOr  and  N -NH4  a re  depos i t ed .

o n  - h e  a v e r d g e ,  s L d n d  p r t c i p , L L d t i o n  m - i n u s  b u l k  p r e c i p i l  a L i o n  i s

neq ra t i ve  f o r  ammon ium in  Grea t  B r i t a i n  and  Scand inav ia ,  i nd i -

. ^ r i n d  < i o n i  f i . a n l  N - N H  r ' - ' ^ v a  ! \ w  ,  h e  I  r e a  c F r . n ' e S  i n  L h e s e

reg ions .  A  ve ry  impo r tan t  pa r t  o f  t he  n i t r ogen  i npu t  o f  f o res ted

ecosystems alf  over Europe is in the form of arunonia and

anmon iu rn .  The re fo re  nuch  a t t en t i on  shou ld  be  g i ven  t o  t he  ro l e

o f  r educed  na t rogen  componen ts  i n  impac t  mode fs  dea l i ng  w i t h

n i t r ogen  sa tu ra t i on  o f  ecosYs tems  '



1.3 Basic cation deposit ion over Europe

Depos i t ion  o t  bas ic  ca t iohs  in  European fo res ts  us ing  d l f fe ren t
approaches,  as  descr ibed ' in  secL ion  4 ,3 ,  have been ca lcu fa ted  bv
Ivens  ( ln  p rep .  )

Calculal- ion of the mean atnospheric atkafine cation deposit ion in
the  s tud led  f o res t s  g l ves  c l ea r l y  d i f f e ren t  r esu l t s .  depend ing  on
the  me thod  app l i ed  (Tab le  12 ) .  Us ing  p resen t  day  know ledge ,  t he
f l l t e r i ng  app roach  i s  t he  bes t  es t ima te  f o r  a tnosphe r i c  depos i t i on
of alkal ine catlons. The other two approaches show the l ini ts of
uncertainty. Calcium is the nost inportant component of the
alkal lne deposit ion, accounting for 69% of total atkal ine
deposit ion. Magnesiun and potassium contr ibute respectively g and
23% to  t o ta f  a l ka t i ne  depos l t i on .  To ta l  med ian  a l ka t i ne  den . ] s i j  i ^h
i s  - ? 7  m e q  m 2 y r -  1 ,

Tab le  12 .  Bu l k  p rec ip i t a t i on  f t ux  (Bp ) ,  t h roush fa l l  f f ux  (TF )

and calculated atmospherlc deposit ion (AD) of non
sea-salt calciun, maqnesium and potassium, applying

3  d i f f e ren t  app roaches  (meq  m- ,  y r  1 ) ,

caIcluD Dagneslur! potasst,.u!

Dedjan range Bedian raJqe Bedtan rarge
EIr 29 4- U 3 0-14 9 o_ 73
TF ?O L6-206 I7 0+0 67 9-2.-2
AD 53 9-254 6 0-58 18 C-201

n 7 6

The annua-L wet deposition of cafciun and magnesiun over Europe can
be seen in  f lg ru res  19  and 20 .  (EMEP data  compi ted  by  p ia  Ant i la ,
Ministry of the Environment. Finland) -

6868
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F - g L r e  l o .  A n . l L d l  w e L  d e p o s r L i o n

I  a  , - r i  n o  c '  a L f o n s  _ L n

o f  ca l c l um

1 9 8 6 .

aT EMEP

Figure 20. Annuaf wet deposit ion of magnesium at EMEP

mon i to r i nq  s ta t i ons  i n  1986 .
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N o n  s e a  s a l t  s o u r c e s  o f  C a ,  M g  a n d  K  a r e :  1 )  s o i t  d u s L  ( n a l n f y

f r o r n  a g r i c u l t u r a l  l a n d )  ;  2 )  a g r l c u l t u r a l  f e r t l l i z e r s  ( l l m i n g )  ;

3 )  r o a d  d u s t  ( m a i n l y  f r o n  u n p a v e d  r o a d s ) ;  4 )  l l n e s t o n e  q u a r r l e s ;

5 )  f u e l  b u r n j n g  ( g c n e  d t i n g  f l y - a s h ) .  A c c o r d i n g  L o  e s L r d L e s  o l

G a t z  e t  a 1 .  ( 1 9 8 6 )  f o r  3 1  " e a s t e t n "  U S A - s t a t e s ,  o p e n  s o u r c e s  ( w r n d

e ros ion ,  t i f l l ng ,  unpaved  roads )  gene ra te  more  t han  95% o f  t he

to ta l  nass  o f  a l ka l i ne  ma te r i a l s  em ie t t ed  t o  t he  a tnosphe te .

Conven t i onaL  sou rces  ( f ue1  com lcus t i on .  i ndus t r i a l  sou rces ,  so l i d

was te  d i sposa l  and  t r anspo r tac ion )  appea red  t o  be  on l y  sma l f

con t r l bu to rs  t o  t he  t o ta f  em iss ion  o f  a l ka l i ne  pa r t i c l es  l n  t hese

s t a E e s .

T h e  f i g u r e s  i n  T a b l e  l 2  s h o w  a  w j d e  r d n g e .  f h i s  i s  p r o b a o t y  d u e

t o  L h e  g e o g r d p h i c a l  v o r j a b j l i L y  o f  s o ' l  . o n p o s l L r - o n  d n d  w i n d -

e r o d l b i l i t y  o f  s o i l s .  I n  a r e a s  w h e r e  s o i f  a n d  r o c k  c o n s i s t  o f

ca l ca reous  ma te r i a l ,  r e l a t l ve  f a rge  a l ka l i ne  a tmosphe r i c  l npu ts

to  f o res t s  w i1 .L  occu r .  The re fo re ,  med ian  va lues  o f  t ab le  14  a re

ove res t ima tes  o f  a l ka l i ne  depos i t i on  t o  f o res t s  i n  a reas  w i t h

non  ca l ca reous  so i l s .  wh i ch  a re  mos t  t r ea thened  by  so11

a c l d i f i c a t l o n .

A l k a l  i n e  d e p o s i t i o n  c a n  b e  d n  i m p o r  L a n c  t a c t o r  i n  c o r n L e r a c t l n g

a c i d  a t r n o s p h e r i c  i n p u t s .  I v e n s  e t  a l .  ( 1 9 8 9 b )  c a f c u f a t e d  t h a t  i n

81% o f  t he  f o res t  s tands  i n  Eu rope  20  t o  50% o f  t he  su lphu r

i nduced  ac ld  rnpu t  was  neu t ra l i zed  by  a f ka l i ne ,  ca l c i un  and
m : ^ n a c i , r n  A a n ^ c i 1 i ^ n

Interaction of sulphur and nitrogen

Adena e t  a ]  .  (1986)  showed in  labora tory  exper i rnents  tha t  SO,

deposr t ion  to  th in  water  f i lms  is  enhanced when ac ids  fo rmed in

the  r \ 'a te r  a re  neut ra .L ized by  NH3 depos i t ion ,  Resuf ts  f ron  Dutch

s i t e s  ( I v e n s ,  1 9 8 9 c )  a n d  S i r e d i s h  s i t e s  ( w e s t l i n q  &  L o v b l a d ,  1 9 8 9 )

c o n t i r m  L h e s e  e x p e r i n , e n t s  d r d  j n d i c a L e  ! h d t  n e d r  a m r o n i a  s o u r c e

areas  no l  on ly  h lgh  amnon iun  inputs  to  the  fo res t  so i l  occur ,
bu1,  a lso  la rge  su lphur  inputs  ( f igure  21) .  The la t te r  cou td  be

due to co-deposition of anmonia and sulphur dioxlde onto trater

f i fms on  t ree  sur fdces ,  bu t  d lso  to  depos i t ion  o f  a lu rLor r rL .m
c r r  I  h h :  r a  n : r i  i ^ l d c



I  l g U r e  2 1 . Su lpha te  j . n

fo r  29  Du tch
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th rough fa l l  ve rsus  ammon iu ln  j . n  ch roug fa l l

s i t e s .  (  I v e n s ,  1 9 8 9 c  )
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Su lphate  in  th roughfa t t  xeq  ha-1  y r - l

7.5 Comparison between modelled and monitored throughfa]-l

deposition

Throughfall data from a monitoring network in southern Sweden

show considerably higher sufphur deposition fevefs than was

expected from nodef calculations. They also indicated larger

variations between different forest stands than v.ras expected bv

the  nodeLs (west l ing) .

The EMEP-rnodel predicts a total sulphur deposition ot -7.2 g

S m -  r y r  1  ( =  I I . 5 - I 2  k g  S  h a - l y r - t )  f o r  a  g r i d  s q u a r e  i n  s o u t h e r n

Sweden cover ing  on ly  land (F igure  22)  .  For  Kronobe- rg  counLy Lhe

throughfa l l  non i to r ing  resu f ts  a re  p resen led  in  Tab le  13 .

tat

+/.
a 

tr" l*

.a.. iir
t j ' t
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Tabfe 13, Throughfal-l monitoringr 1n Kronoberg, Sweden.

Tree Nunber
c h a . i  a c  ^ f  n l  ^ l  <

L987

m e a n  ( S . D . )

.  1 9 8 8

n e a n  ( S  .  D .  )

pine

deciduous

2 0  . 2  ( 8 . ' t  )
7 r  , 5  ( 2  , ' 7  )

2 3  . 8  1 ' � 7  . 6 9 )

1 4 .  I  ( 3 . s )

6
3
0

F , , r ' l L  h r 6 - i n  O 8 . 3  ( 1 . 7 ) 1 0 . 2  ( 1 . 8 )

Y c
I/

\

\
7. \ \

I }\
') \)

I t\
) \ I r::.j:l

\

ry ) x
1 5  1 6  l ?  l 8  1 9  2 0  2 t

Figure 22. The EMEP grid over Sneden. crid square containinq

Xronobe rgs  l en  i s  do t t ed .

The  sane  has  been  denons t ra ted  i n  The  Ne the r l ands  { I vens ,  1989c ) .

In The Netherlands sulphur and anntonium throughfal l  deposiLion

appea rs  t o  exceed  mode l  r esu l t s  by  a  f ac to r  2  (Tab le  14 ) .

Moreover, calculated aLmospheric nitrogen (both arunonium and

n i t r a te )  depos i t i on  showed  to  co r re l a te  poo r l y  w i t h  t h roug .h fa l l

depos i t i on .

2q

20
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Tab fe  14 Mean calculated (nodel )
/ l a ^ ^ c i f i ^ h

The Netherlands and the

be tween  ca l cu la ted  and

( F r o n  l v e n s ,  1 9 8 9 b )

and observed throughf af t

)  o f  29  f o res t  s i t es  i n

co r re - l a t . i on  coe f f i c i en t  ( r )

obse rved  depos i t i on .

n o d e l  t )  t h r o u g h f a l l  , )  r

n e a n  ( S . D . )  n e a n  ( S . D . )

S Ox
NH

X

0 .  s 6
0 . 0 0
0 . 1 7

2 1 5  0  ( 3 3 0 )

2 0  B 0  ( 5 9 0 )
4 0 9  0  (  1 6 4 0  )
4 2 ' 7  0  ( \ 7  4 0 )

9 ' 7 0  ( 3 0 )N O *  1 5 ? 0  ( 9 0 )

1) derived f rom RIW. 1988
:) sox corrected for sea-sal,E contr i-buElon

Measu remen ts  o f  su fphu r  and  n i t r ogen  s tand  p rec ip i t a t i on  have  been

compared  w i t h  node f  es t ima tes  ( I vens  e t  a l , ,  1989b ;  I vens  e t  a l . ,

1989d )  .  The  mode l  es t ima tes  we re  ca t cu la ted  w i t h  t he  RA INS/EMEP

nodeL  o f  t he  l n te rna t i ona l  i ns t i t u te  f o r  App l i ed  Sys tem Ana l ys l s
( L a x e n b u r g / A u s t r i a ) ,  ( A f c a n o  e t  a f . ,  1 9 8 7 ;  A l c a n o  &  B a r t n i c k i ,

19BB) .  The  da ta  se t  t ha t  was  used  f o r  t h i s  compar i son  was  s l l gh t l y

d i t f e ren t  f r om the  one  desc t : i bed  i n  t h i s  append i x ,  e .g .  t he

Swed ish  da ta  se t  had  no t  been  i nco rpo ra ted  by  t hen .

Su lphu r

The  RA INS/EMEP mode l  p red i c ted  depos i t i on  on to  dec iduous  f o res t s

ve ry  we f1 ,  w i t hou t  s i gn i f i can t  b i as  (F ig .  23 ) .  The  ra t i o  be tween

caLcu la ted  and  obse rved  va_ Iues  was  1 .0  I  0 ,3 ,  ca l cu la ted  f f uxes

be ing  no t  s i gn i f i cdn t f y  d i f f e ren t  f r on ,  t he  t h rough fa f f  f t uxes .

The  coe f f i c i - en t  o f  de te rm ina t i on  ( r , )  be tween  obse rva t i ons  and

n o d e l  e s t i m a t e s  w a s  0 . 7 6 .

The  node l  unde res t ima ted  depos l t i on  on to  con i f e rous  s tands  (F ig r .

24 ) .  The  obse rved  t h rough fa l l  f f uxes  a t  t hese  s tands  we re  1 .6 t0 .8

t imcs  g rea te r  t han  t he  node l  es t l na tes ;  t he  d l f f e rence  be tween

ca l cu fa ted  and  obse rved  va lues  was  s ta t i s t i ca l l y  s i gn i f l can t .

The  coe f f i c i en t  o f  de te rm ina t i on  ( r r )  be tween  ca f cu la t l ons  and

obse rva t i ons  i ^ / as  0 .43 .  As  t he  RA INS/EMEP mode f  unde res t ima tes  S*

depos i t j on  on to  con i f e rous  s tands ,  co r rec t i on  coe f f l c i en t s  may  be
needed  Lo  assess  t he  depos l t i on  on to  a reas  whe re  con i f e r s  a re  t he

ma ln  c ree  specaes .
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Nitrogen

Th rough fa l . l  o f  N -NHa  appea red  t o  be  on  an  ave rage  1 .711 .5  t i nes
q rea te r  t han  rnode l  es t ima tes  (F ig .  25 ) .  The  d l f f e rence  be tween
observed and ca_Icufated deposit. ion was slgnif lcarrt,  The coeff i_
c ren t  o f  de te rm ina l i on  was  0 .35 .  I n  pa r t i cu la r  a t  s i t es  i n  N_NH4
pol- luted areas modef predict ions are much too fow. This probabty
is due to the big j-nf luence of dry deposit ion of NH3 in such
s i t es  .

On the average there was no signit icant dlf ference I)eLween
obse rva t i ons  and  node l  es t i na tes  f o r  N -NO3  depos i t l on  (F iq .  26 ) .
The  ra t l o  be tween  obse rva t i ons  and  ca l cu la t t i ons  was  1 .010 .6  f o r
N-NO3. The coeff icient of determlnation between calcufat ions and
obse rva t i ons  was  0 .42 .

F i g u r e  2 5 .

Mode l  es t ima te  o f  amnon ium depos i t i on

ana l  s temf l o l v  o f  anmon ium ( I vens  e t  a f .

ve rsus  t h rouqh fa l  l

, 1 9 8 9 c )

E

2
]

E

\rH; - r..r

t

f
2 4 6

model  est imate tor  deposi t ion {g,m ?.yr  i )

- o



It has to be emphasized that throughfall ftuxes nlght be under-
estlmates of the total atmospheric nitrogen depositlon, because
of irreversible assinifatlon of nitrogen by the canopy. Therefore,
we expected both N-NH. and N-NO3 calculations to exceed through-
fa f l  neasurements .  Because th is  i s  c lear ly  no t  the  case in  f igures
25 a d 26, either this canopy absorptlon r{as not signif. icant in
these neasurements or dry deposition is relatively great.

Mode l  es t ima te  o f  n l t r a te  depos iL i on  ve rsus  t h rough fa l l

a n d  s t e m f l o w  o f  n i t r a t e  ( I v e n s  e t  a 1 . ,  1 9 8 9 c )

3

2 .8

2.6

2.4

2.2

2

1 .8

1 6

1 . 2

l

]
_9
E

0

r.ro : - Nr

: .

t .  
l o

0.4 0.8 1.2 1.6 2 2.4 2.8
model est imate for deposit ion (g.m ' �  yr r)
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7.6 Relationship between forest type and thraughfall deposition

The  ra t i o  o f  s tand  p rec ip i t a t i on  t o  bu l k  p rec ip l t a t l on  (SP /BF)
can  be  used  as  a  measu re  f o r  t he  f i l t e r i ng  e f f i c i ency  o f  f o res t s .
The SP,/BP rat io appears to i)e very variable. Neverthefess, i t
appears from this data set that f i f ter ing of sulphur compounds by
spruce and f ir  forests is somewhat more efff iclent than by pine
and  dec iduous  f o res t s  (Tab fe  15 ) .

Tab le  15 .  Su lphu r  f i f t e r i ng  e f f i c i ency ,  exp ressed  as  t he  ra t i o
o f  s tand  p rec ip . i t a t i on  (Sp )  t o  bu f k  p rec ip . i t a t l on  (Bp )  ,  o f
d i f f e ren t_  k i nds  o f  f o res t s  ( s tanda rd  dev ia t i on  i n  b racke ts )

OU
2 . 7  1 7 . 0 ) 2 . 1  ( 1 . 8 ) 2 . 1  ( 0 . 8 )

2 . 3  ( 0  . 4 ) 1 . s  ( 0 . 3 )

A better comparlson of the stand precipitation deposttaon in
different kinds of forests can be done for sites where stand
prec ip i ta t ion  is  measured in  severa l  d i f fe ren t  fo res ts  s imu l ta_
neousfy. fn our European data set such a comparison is onfy
poss ib le  fo r  e igh t  s i tes .  A t  seven s i tes  s tand prec lp t ta t ion  is
grea ter  in  con i fe rous  fo res t  than in  dec iduous  fo res t  (F ig .  27) .
The average ratlo of stand precipitation in coniferous stands and
stand precipitation in deciduous stands at these eignt sftes is
18  (10 .8) ,  ind ica t ing  tha t  con l fe rous  s tands  are  a tnos t  tv . , i ce
as  e f f i c ien t  f i l te rs  o f  su lphur  as  dec iduous fo res ts .

The swedlsh data set contains contemporary data. The dverage
ratio of throughfal-l deposition to bulk precipitation for spruce
is  2 .3  and fo r  p ine  and dec iduous 1 .5-  The s tandard  dev ia t ion  is
cons iderab.Ly  less  than fo r  the  European da ta  se t ,  0 .4  and 0 .3 ,
respec t ive ly .



F igu re  27 .

S r . r f phu r  f l ux  on to  t he  f o t  es t  f l oo r  i n  con i f e rous  s tands
ve rsus  su lphu r  f l ux  i n  dec iduous  s tands .

0 2  4  6  8 1 0  1 2
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7.7 Relationship between throughfall deposition. forest structure

and site characteristics

The focaf varlat ions observed in the Swedish network have to a

r > r ^ r  a y - a . l  h p a n  r o l ^ t F d  t o  L h e  I o r e s t  s t r u c t u t  e .

rn  the  Gards jo  s tudy ,  su lphur  t ranspor ts  in  fake  subcatcbments

ind ica ted  tha t  a  con i fe rous  fo res t  s tand w i l l  co l lec t  approx i -

mate ly  3  t imes the  amount  o f  su lphur  as  w i l l  a  c lear  cu t  a rea

( F i g u r e  2 8 ,  d a L a  L r o m  t h e  G a r d s j o  s L u d y ) .

The Swedish throughfal l  data set seems to confirm the fact that

cn r r .F  s t , - r n  . o l  I e . r  r ' r o rF  . l -w  . j an^e i t  i ^n  f l ^Fn  n r rF  and  aec iduous

stands, though the nonitoring is predorolnantfy carr ied out in

N o r w e g i a - r  s p l u c e  s L a n d s .  o n l y  9  o f  l h e  3 5  o l o L s  a r e  p i n e  a n d

dec iduous  f o res t s  (F igu re  29 ) .

Tree species seem to be the nost important factor for differences
i n  ^ 6 h ^ c i f i ^ n

4 . 6  F n ^  l e i ^ h t  . J f  r h e  l r c e s  h F  l F s s  i - . r n o r r  a n E  o I  d o  i n  a

w F w  a ' F F . t  - h a  f i l r a r i . ^  . ^ h A . i - v  r n  : a r - e s  3 0  a n d  3 1

r h 6  . l f 1 ,  . l 6 n ^ c i f i ^ h  i e  n l ^ l  l a d  v a r e r r e  f r a a  ^ d p  ^ n d  I  - a a  h a i d h r  f ^ -

^ l1  <^mn l  i nd  n l  6 f s  . r f  t he  Swed l sh  da ta  se t ,  The re  l s  no  be t t e r

^ ^ . , 6 1 : r i ^ h  i  |  ^ n l \ /  c h y r r . a  e t : h . l e  ^ r a  . ^ . < i r i o r a . l  l F i d i r r e s  ? 2  ^ n d

Howeve r ,  when  va r i a r i ons  i n  a i r  po -L -L rL ion  l oad  and  exposu re  a . re

ninlnized. as is the case when monitoring in the same area, a

re la t i on  be tween  d ry  depos i t i on  and  s tand  age  i s  obse rved .  The

s tand  age  i s  i n  t u rn  co r re l a ted  t o  s i ze  and  dens i t y  o f  t he  t r ees

I  F i  d r l r A a  1 1  ^ h d  
' 1 5 l
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su lphur  t ranspor t  (kg  S 'ha- lyear - t )  f to*  te r res t r ia l

parts catchments within the cardsjo area in relation

to  con i fe rous  fo res t  cover  (%) .  (Hu l tberg  & c rennfe l t

1986 ). xe s.r' i lyi '

(onrr . roe.  tor . . r  cov. ,  (crc)%

Figure  29 .  Dry  depos i t ion  o f  su lphur  (kg  s  ha-1  y . . t - l )  fo .

d i f fe ren t  t ree  spec ies .  The swed ish  da taset  1988.

1=spruce 2=pine 3=deciduous

t/\

O D  " -

O c
P1/
q J H  I O

, d ^

O b

Tree spec ies
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Dry deposition of

relation to tree

1 9 8 8 .

su lphur  (kg  s

he igh t  (m) .  The

ha  
^  yea r  ^ )  

i n

Swedish dataset

:1

Dry  depos i t - iono f  su-Lphu. r  (kg  s  ha-1

re la t ion  to  fo res t  age (years ) .  The

1 9 8 8 .

Fores t  age (yea ls )

y e a x - 1 )  i n

swedish dataset
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Figure  32 .  Dry  depos i t . ion  o f  su lphur  tk9  s  ha-1year -1 ;  to
i h  Y A l a + i ^ h  + ^  r r a 6  h a i ^ h +s l ) l u ( - e  s L d n u s  _ -  _ - _ -  , . , - . . . J  ( m l .

The Swed ish  da taset  1988.

r  r gu re  I  J .  D r y  d e p o s i t i o n  o f  s u l p h u r  ( k g  S  h a - r  y e a r - ' )  t o

sp ruce  s tands  i n  re l a t i on  t o  t r ee  age  ( yea rs ) .

The  Swed i sh  da tase t  1988  -

Foxest  age (years )

E ! .
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F i g u r e  3 4 .  E x c e s s  s u l p h u r  i n  t h r o u g h f a L L  a t  K o n g a , S n e d e n  1 9 B 4 - 8 5 .
r l h -  h . : ^ L  | ) : r  i .  h r r l L  n r a - : ^ i l - 1 r : ^ n

T 1 ^ c  b l a c k  w h i t e  b a r  i s  t h r o u g h l a I I

sqr-s(.rt kg t1-ttr-t

Stand  age  15

Nitrate and ammonium

1 9 8 4 - 8 5 .

The  b lack  ba r  i s  NH4 ,

@

P i g u r e  3 5 .

2 5  5 0  y e a r s

i  h  + r i , ^ , . - h  f 5  r

t he  wh i t e  ba r  i s  No ,

Sweden

K g N

41t

tt { yr{

o

20

t,

o
Stand  age 1 5 50 years
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The biomass for conifers as amount of needles and branches were
cafculated out of relatively simple forest characteristics in
accordance to  a  p rocedure  by  Mark lund (1987) .  we found the
biomass to correlate fairly welf with the dry deposit. ion.
However, two groups of data appear in the diagram. The pine
stands and Lhe spruce stands are well separated (Figure 36) .

F igure  36 .  Dry  depos i t ion  o f  su lphur  (kg  s  ha- lyear -1)  in
re la t ion  to  b iomass (need les  and branches)  o f
con i fe rous  s tands  (kg  dry  we igh t  per  ha) .  The
Swedish  da taset  1998.

o i

Biomass ks dw per ha

ff bionass (as needles and branches) is a good measure of the
f i l te r ing  capac i ty  o f  the  t ree  s tand a  s t i l l  be t te r  cor re la t lon
shoufd be expected, Our estlmation of biomass is however rather
s lnp le ,  I t  i s  poss ib le  tha t  a  be t te r  cor re . la t ion  can be  ob ta ined
if this estination is made ln a more sophisticated way. The
blomass is related to the total forest stand (per ha) . We have
tried to relate it to the lndivldual trees by dividing with the
number  o f  t runks  per  ha  (F ig .  37a)  and w i th  the  he igh t  (F ig .  37b)
Hor\'ever, this does not increase the correfation.
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Figur .e  - l l  a .  Dry  depos l t ion  o f  su lphur  (kg  s  ha-1year -1)  in

re la t ion  Lo  b iomass (need les  and branches)  per  t ree

in  con i fe rous  s tands  (kg  dry  we igh t  per  t ree)  '  The

swed ish  da taset  1988.

1 5

0

t "

20 30  40  50  60  70  a0  90  100 l to

BG/SA K6TS/ANT
Bionass  per  t lee  (ks  dw)

Fagu r .e  37  b -  D ry  depos i t i on  o f  SuLphu r  ( kg  s  ha - l yea r -1 )  i n  r e l a t i on

to  b i omass  (need les  and  b ranches )  pe r  m  t ree  he igh t  i n

con i f e rous  s tands  ( kg  d ry  l ve igh t  pe r  m)

T

6 - N

25

1 5

5

500 1000 {500 2000 2500 3000 3500 4000

B G / H O  K G T S / N O J

B i o n a s s  p e r  m  ! ! e e  h e i g h t
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Si te  charac ter is t i cs  f i ke  a l t i tude  show no re fa t ion  to  d ry
depos i t ion .  There  seens ,  however ,  to  be  an  e f fec t  on  dry  depo_
sation due to wind exposure of the slte. The comparison is
complicated by the fact that most of the sj.tes are relativefy
sh ie lded.  On. Iy  s ix  s i tes  a re  very  exposed (F igure  38)  .

F i g u r e  3 8 .

Throughfa l l  depos i t ion  o f  su lphur  1kg  s  ha-1year -1)
in  re la t ion  to  w ind  exposure  c lass  o f  the  s i - te .

1= shielded 4=very wind exposed. The Swedish dataset
1 9 8 8 .

a

o

o
a
o

H

Wind exposure of the site



7.8 Differences between bulk precipitat ion and throughfal l

deposition of nitrogen

At most si tes in Sweden the throughfal l  of anmonium is less than

the  depos i t i on  w i t h  bu l k  p rec ip i t a t i on .  A t  seve ra l  s i t es  t h i s  i s

a l s o  t h e  c a s e  f o r  n i t r a t e  ( f i g u r e s  1 0  a n d  1 1 ) .

Howeve r ,  t he re  i s  a  seasona l  va r i a t i on  i nd i ca t i ng  t ha t  t o ta l

depos i t i on  o f  n i t r a te  and  a l so  ammon ium can  be  es t ima ted  v l a

th rough fa l l  mon i t o r l ng  du r i ng  { r i n te r  cona l i t i ons ,  when . the  t r ees

a r e  l e s s  a c t i v e  ( C r e n n f e l t  &  H a s s e l r o L ;  f i g u r e  ] 9 ,  a F d  T V L - d a t d ;

f i gu ie  4oa -b )  .

F i gu re  39 .  Mon th l y  va . r i a t i on  o f  UUI  i n  bu l k  p rec ip i t a t i on  and

th rough fa l l  a t  a  con i f e rous  f o res t  edge ,  Sep tember
' l  

984  t o  Ju l y  1985  a t  Tdnne rs j6 ,  Sv /eden .

t t t ta -  X ,  s  h r ' r

6 : l

Nov.

{ c r e n n f e l t  &  H a s s e l r o t  1 9 8 7 )
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The  d i t i e rence  beLween  i no rgan -Lc  n -LL rogen  I l uxes  i n  t h rough fa l l

and bulk precipitat lon wlf. I  depend on both the magnitude of dry

and droplet deposit ion to the forest and the net canopy uptake.

R r r ' l L  h T a . i n i f ^ r i ^ h  f  l l r w a a  ^ f  n i r - r ^ d a n  ^ n l r r  a v ^ a a / i  i h r ^ r r - h f : l I

f fuxes . in areas remote fron .Iarge anthropogenic nitrogen

emlssions. In these remote areas dry deposit lon to forest is

expecced  co  be  re l d t i ve l y  ] oL . r .  I n  n i t r ogen  po f f JLed  a reas ,  d r y

depos i t i on  o f  n i t r ogen  t o  f o res t s  w i l l  be  re l a t i ve l y  h i gh  and ,

. l A c n i r a  i r r a v a r e i h l a  f ^ l i F r  r l n r : k A  ^ f  n i r r ^ d a n  t - h a  r - h y ^ r l d h f : l l

L- tux  \ r - i11  exceed the  bu lk  p -ec ip j taE ion  f lux .  Fo l ia - r  n iL rogen

uptake presumabLy depends on the nitrogen status of the forested

ecosys lems.  N ic rogen canopy upEake w i l l  be  more  in  n i t rogen

def lc len t  sys tems.  Th is  coufd  no t  be  ver i f ied .  because no

suf f i c ien t  da ta  on  the  n i t rogen s ta tus  o f  the  fo res ts  were

available in the present data set.

7.9 Relat ionship between throughfal l  deposit ion of nitrogen and

n iL ra te  i n  so i l  wa te r

Throughfall
No;-N+NHl-N
( k s . h a - ' )

The swedish throughfall data for nitrogen show a relation to

n i t ra te  concent ra t ion  ln  so i f  water  (50  cm deep,  be lo i4  the  roo t -

zone,  in  mos!  cases  in  the  lower  par t  o f  the  B-hor jzon  ( f igure

4 1 )  ,  ( w e s t l i n s  1 9 8 9 ) .

F igure  41 .  Re la t ion  be tween th roughfa l l  depos i t ion  o f  n i t rogen
(nitr:ate and arnrnonium ) and nitrate in soil water.

w e s t l i n g  1 9 8 9 .

N o - - N  i n

so i l  water
- 1

( m q . 1  - )
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This indicates that a.Lso in more remote areas nitrogen an

throughfal l  can be used to detect high levets of nicrogen

depos i t l on .

CONCLUSIONS

The evafuation of throughfalf  data shows the advantaqes and
. l i  e ^ / l 1 , : n 1 � i ^ 6 c  ; f  i h ^  + l - ' - ^ '-- . , ,= e-,vLrghfa] l  rnonitoring technlque.

T l ^ roLgh la l l  da td  ro r  su lphJ r  can  be  used  d i r ec l l y  t o  es l jma te  t he
l o l a l  d e n o c ' l i - n  t -  ^  f ^ r a a r  a . ^ c v c r  6 m  r h  r ^ - F

the onLy real lst ic alternative for deternination of the actual

deposit ion to aerodynanicafty conpl-ex terraln, such as forests in
general and forest edges ln part icufar, The method can be used in
r ^ < i -  A r a F c  i r  c . r ' ^ n a  n r l v  i h  6  l i r - t a

! . / i 1 '  l - h p  i 1 1  e r . l r  c v . l  i n .  ^ F  - . , ' h l -  - ' . ^ -  h a  ^ r  c i ^ h i -I  r r  v e 9 E  t o L ,  u r r

f icance in relatlon to the totaf sulphur ftuxes (up to 2O%) .

Throughfafl  monitorlng data show that there are 1arge varlat ions

in  su lphu r  depos i t i on  on  t he  l oca l  sca fe ,

The locaf varial lons are nainfy due to variat ions in wind

exposu re  o f  Lhe  s i t e  and  i n  f  i l t e - r - Lnq  capac iLy  o f  t he  l o res t .

Spruce and f l r  t rees  have a  la rqer  f i l te r ing  b iomass than o ther
trees, and have been found to coffect afmost twice Lne dmounr
co l lec ted  by  p ine  and dec iduous t rees .  In  th is  work ,  i t  has  no t
been possibfe to find the perfect correlation between deposition
and s imp le  fo res t  and s i te  charac ter is  t i cs .  They  seem to  in te rac t
ln a compfex way. Air turbulence around the site durlng the
measurement period or surface roughness of the site, for exanple,
are parameters which are diff lcult to determine but would
probably correlate well with the throughfafl results. Access to
such paraneters would also be useful for modell inq work.
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Large scale variations over Europe are to a great extent due to
n i F F a r 6 h - a c  i n : i r  h ^ l  l r l f i ^ n  ^ : . 1  T h a T a  i <  ^  1 a r d e "  f l r ' ^ ,  ^ r r ' i l l

^ a h ^ c i  f i  ^ n  i  n  a p n r y a l  F r r r ^ ^ 6  |  h : .  i  n  c . e r d i  a a t '  l a  ' n r  a v : n n l  e

T n r o u g h f a L - L  m o n i L o r j n g  d a t a  l o r  r : i L r o g e n  c a n n o L  b e  u s e d  d i - e c t l y

t o  es t ima te  t he  t o ta f  n i t r ogen  depos i t i on ,  due  t o  t he  i n te rna l

cycl ing of nltrogen in vegetation. Assuning that canopy exchange

o f  n i t r ogen  i s  an  i r r eve rs i b l e  ne t  up take ,  t h rouqh fa f f  f l uxes  o f

nitrog:en wil f  give too lo!. , i  an esl imate. Only in areas such as The

NeL l -e r l ands ,  L rhe re  l he re  l s  h i gh  depos i t i on  o l  n i L rogen ,  and  l hus

r a l r r . ^ A . r  i a n ^ " ' , r l . F  l 1 f  . F n . - ^ v  , r ^ i F ] , a  .  <  i  I  n ^ < c .  h r  - -  t o  u s e  t h e

r F y ^ , . r h - :  |  |  / 1 . - a  r ^ r  / r a n . s - L i o n  e S ! l m a t e S .

In some areas it seens posslble to use the winter throuqhfaff

da ta  to  es t ina te  the  to ta l  depos i t ion  dur ing  the  co ld  per iod  when

there  is  low b io log ica l  ac t i v i tY .

Due to the fact that canopy uptake seerfts to be the nornaL

cond l t ion .  h igh  leve fs  o f  n l t rogen in  the  th roughfaL l  ind ica te
- h . .  I  l ^ a  A f r ^ c n h a r i .  d o n ^ c i  - i ^ ^  m a v  h a  s a \ , t r r F  l o  h e  F O I e S t .

In southern Sweden throughfalf data can be used to detect areas

wi th  a  h igh  n i t rogen load and areas  where  theLe is  a  r i sk  o f

n i t ra te  leach ing  to  so i l  water .

1 Aara f^y c,,r^hur and ammonium lndicate that in

proxinity to an]..nonia source areas not onfy large ammonium inputs

t o  L h e  f o r e s t  s o - i 1  o c c u r ,  b u L  a l s o  l a r g e  s u - p h . l r  i n p u t s ,  i n d i c a -

t ing a co-deposit ion of anmonia and sulphur dioxide-

As  f o r  n i t r ogen ,  t h rough fa l l  da ta  canno t  be  used  d i r ec t l y  f o r

es t ima t i nq t  t he  t o ta l  base  ca t i on  depos i t i on ,  due  t o  t he  i n te rna l

c y c l i n g  o L  b a s e  c a t i o n s  i n  v e g e l a t i o n .  U s j n g  p r e s e n c  d a Y  k n o w

ledge ,  l he  oesL  es t ima te  can  p robab l y  be  made  Ls ing  rh roughLa l -L

and  bu f k  p rec ip i t a t i on  da ta  f o r  sod lum and  mak ing  a  " f 1 l t e r i ng "

ana fogy  us ing  bu l k  p rec lp i t a t i on  da ta  f o r  t he  o the r  i ons .



I n  ou r  expe r i ence ,  t h rough fa f f  da ta  on  base  ca t l ons  a re  a t so
useful from another point of view: they provide va-Luablle
information on the leakage of base cations and thus on the
interna-L f lux of nutr ients and i ts relat ion to the acld depo_
s i t i on  and  so i_L  s ta tus .

As a generaf conclusion. throughfal l  data are very vafuable for
estimatlng deposit ion and for producing information about the
s ta tus  o f  t he  f o res t .  They  can  be  used  sepa ra te l y  o r  i n  comb i -
nation wlth model data. Model data a. lone cannot give this
i n fo rma t i on .

Even more information cou]d be achieved from throughfaft
neasu renen ts :

- i i  data were avaifable from dlf ferent reqions alf  over
Europe ,

i f  these data were conparable as legards monltoring perlods
and techn.iques,

- i f  these data were conlcined with information not only on air
po l . Lu t i on ,  bu t  a f so  on  s i t e  and  f o res t  cha rac  t e r i s  t i c  s  .
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