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ABSTRACT 

The paper d e s c r i b e s  b r i e f l y  t h e  RAINS (Regional A c i d i f i c a t i o n  Information 
and Simulat ion)  model and p r e s e n t s  t h r e e  a l t e r n a t i v e  abatement s t r a t e g i e s  f o r  
a c i d i f i c a t i o n  i n  Europe. These a l t e r n a t i v e s  a r e :  a percentage r educ t ion  of emis- 
s i o n s  pe r  country,  r educ t ions  based on i n d i c a t o r s  and t a r g e t t e d  emission reduc- 
t i o n s .  

INTRODUCTION 

I n t e r n a t i o n a l  d e l i b e r a t i o n s  on r educ t ions  o f  e f f e c t s  of a c i d  d e p o s i t i o n  a r e  

dominated by t h e  f l a t - r a t e -o f - r educ t ion  paradigm. Th i s  is demonstrated by t h e  

protocol  s igned by 21 c o u n t r i e s  i n  J u l y  1985 i n  He l s ink i .  A r t i c l e  2 of t h i s  

p ro toco l  r eads :  "The p a r t i e s  s h a l l  reduce t h e i r  n a t i o n a l  annual sulphur  emis- 

s i o n s  o r  t h e i r  transboundary f l u x e s  by a t  l e a s t  30 pe rcen t  a s  soon a s  poss ib l e  

and a t  t he  l a t e s t  by 1993 us ing  1980 l e v e l s  a s  t he  b a s i s  f o r  c a l c u l a t i o n  of re-  

duct ions" .  Based o n  1980 emissions t h e  t o t a l  r educ t ion  r e s u l t i n g  from t h e  Euro- 

pean s i g n a t o r i e s  would amount t o  roughly 7,500 k i l o t o n n e s  s u l f u r ,  t h i s  i s  25% 

of the  emissions i n  Europe. 

Although from a p o l i t i c a l  po in t  of view 30% reduc t ion  of SO2 emissions i n  2 1  

c o u n t r i e s  can be considered a s  a good s t e p  forward i n  a b a t i n g  e f f e c t s  o f  a c i d i -  

f i c a t i o n ,  one may wonder how e f f e c t i v e  and how e f f i c i e n t  t h i s  f l a t  r a t e  po l i cy  

i s .  I t  could w e l l  be t h a t  ano the r  d i s t r i b u t i o n  of 7,500 k i lo tonnes  r educ t ion  of 

emissions would b e  more e f f e c t i v e .  The problem, however, i s  t o  d e f i n e  e f f e c t i v e -  

ness .  I d e a l l y  one should measure e f f e c t i v e n e s s  i n  terms of reduced e f f e c t s  of 

a c i d  d e p o s i t i o n  on e f f e c t  c a t e g o r i e s  l i k e  l a k e s ,  s o i l s ,  f o r e s t s ,  crops,  mate- 

r i a l s ,  e t c .  To t h a t  end i t  would be necessary t o  i d e n t i f y :  

1. the  dose e f f e c t  r e l a t i o n s h i p s  f o r  t h e  e f f e c t  c a t e g o r i e s ;  

2. t h e  l o c a t i o n  of t he  l a k e s ,  s o i l s ,  e t c . ,  exposed t o  a c i d  d e p o s i t i o n  ( t h e  

s tock  a t  r i s k ) ;  

3. the d e p o s i t i o n  l e v e l s ;  and 

4 .  t he  l i n k  between d e p o s i t i o n  l e v e l s  and emissions.  

Th i s  i n fo rma t ion  i s  on ly  p a r t i a l l y  a v a i l a b l e  on t h e  r eg iona l  s c a l e  of Europe. 

Nevertheless  p o l i c i e s  t o  a b a t e  a c i d i f i c a t i o n  a r e  being developed and c a r r i e d  o u t .  
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I n  a n  a t t e m p t  t o  ass is t  t h e s e  p o l i c i e s ,  t h e  I n t e r n a t i o n a l  I n s t i t u t e  f o r  Applied 

Systems Ana lys i s  (IIASA) has  s t a r t e d  a n  Acid Rain P r o j e c t  which developed a s e t  

o f  l i n k e d  computer models d e s c r i b i n g  t h e  bond 

l u t i o n  e f f e c t s .  

between human a c t i v i t i e s  and pol- 

I n  t h i s  paper  w e  w i l l  b r i e f l y  i n t r o d u c e  t h i s  model, known as  t h e  RAINS (Re- 

g i o n a l  A c i d i f i c a t i o n  INformation and S imula t ion )  model. D e t a i l e d  d e s c r i p t i o n  of 

RAINS can  b e  found i n  Alcamo e t  a l .  [ r e f .  L] and Hord i jk  [ r e f .  21. Furthermore 

w e  w i l l  show some r e s u l t s  of u s i n g  RAINS. These r e s u l t s  are meant t o  b e  examples 

of aba tement  s t r a t e g i e s  and do not i n t e n d  t o  b e  p o l i c y  adv ices  nor  do they  r e -  

f l e c t  t h e  view o f  IIASA o r  t h e  Na t iona l  Member Organ iza t ions  t h a t  suppor t  i t .  

THE RAINS MODEL 

F i g u r e  1 d e s c r i b e s  t h e  c u r r e n t  s t a t u s  o f  t h e  RAINS model. S t a r t i n g  from the  

l e f t  hand s i d e  o f  t h e  f i g u r e  the  RAINS d a t a  bank c o n t a i n s  a number of d i f f e r e n t  

energy  pathways f o r  Europe. These energy  pathways have been de r ived  from pub l i -  

c a t i o n s  by t h e  Economic Commission f o r  Europe [ r e f .  31 and t h e  I n t e r n a t i o n a l  

Energy Agency [ r e f .  41 f o r  each  of 27 l a r g e r  European c o u n t r i e s .  The energy  use 

pe r  coun t ry  i s  broken  down i n t o  8 c a t e g o r i e s  o f  f u e l :  ha rd  c o a l ,  brown c o a l ,  

de r ived  c o a l ,  l i g h t  o i l ,  heavy o i l ,  d e r i v e d  o i l ,  gas  and o t h e r s  (hydro, nuc lea r ,  

b iomass) .  The emiss ion  producing  s e c t o r s  are conve r s ion  ( r e f i n e r i e s ) ,  power 

p l a n t s ,  i n d u s t r y ,  domest ic ,  t r a n s p o r t  and o t h e r .  The emiss ions  o f  SO2 p e r  f u e l  

ACIDITY 

DIRECT 

IMPACT 

Fig .  1. C u r r e n t  s t r u c t u r e  o f  t h e  RAINS model and i t s  submodels. Boxes w i t h  
dashed l i n e s  i n d i c a t e  t h a t  t h e  submodel has  n o t  y e t  been implemented. 
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and p e r  s e c t o r  have been c a l c u l a t e d  us ing  s u l f u r  con ten t  and h e a t  va lues  of  t he  

f u e l s .  These numbers were c o l l e c t e d  from many d i f f e r e n t  d a t a  sou rces ,  bo th  in-  

t e r n a t i o n a l  (UN,  OECD) and n a t i o n a l .  The number of  energy pathways i n  RAINS w i l l  

be extended t o  i n c l u d e  a pathway i n  which maximal n a t u r a l  gas  use i s  assumed and 

a pathway r e f l e c t i n g  inc reased  e f f o r t s  i n  energy conse rva t ion  throughout Europe. 

I n  t h i s  way a wide range of  p o s s i b l e  energy f u t u r e s  w i l l  be covered by the  RAINS 

d a t a  bank. 

The model u s e r  has  many ways to  i n f l u e n c e  model r u n s .  This  beg ins  wi th  the  

cho ice  of an  energy pathway. Since w e  cons ide r  t he  energy f u t u r e  t o  be  one of  

the l a r g e s t  u n c e r t a i n t i e s ,  w e  have l e f t  the cho ice  of  a p a r t i c u l a r  energy f u t u r e  

to  the  u s e r .  The nex t  submodel of R A I N S ,  which c a l c u l a t e s  SO2 emissions,  can 

a l s o  be in f luenced  by t h e  u s e r .  The menu o f  R A I N S  p r e s e n t s  o p t i o n s  f o r  abatement 

s t r a t e g i e s :  swi t ch  to  low s u l f u r  f u e l s ,  phys i ca l  o r  chemical f u e l  c l ean ing ,  de- 

s u l f u r i z a t i o n  u n i t s  on power p l a n t s  and combustion modif ied power p l a n t s  ( e .g .  

f l u i d i z e d  bed combustion).  The u s e r  can s e l e c t  a combination o f  s t r a t e g i e s  f o r  

any coun t ry  o r  combination of  c o u n t r i e s  and a l s o  se lec t  the  year  of  implementa- 

t i o n  and the  e f f i c i e n c y  of  t he  s t r a t e g i e s .  The c o s t s  o f  t he  con t ro l  p o l i c y  con- 

s t r u c t e d  by the u s e r  w i l l  then be p re sen ted .  

The SO2 emissions a r e  i n p u t  t o  t h e  atmospheric  t r a n s p o r t  submodel. Cur ren t ly  

RAINS uses  t r a n s f e r  m a t r i c e s  de r ived  from the atmospheric  t r a n s p o r t  model devel-  

o p e d a t t h e l f e t e o r o l o g i c a l  Syn thes i z ing  Center-West of  t he  Co-operative Programme 

f o r  Monitoring and Eva lua t ion  of t he  Long-Range Transmission o f  A i r  P o l l u t a n t s  

i n  Europe (EMEP) i n  Oslo .  Th i s  model has  been desc r ibed  i n t e r  a l i a  i n  E l i a s s e n  

and Sa l tbones  [ r e f .  51 and WMO [ r e f .  61.  The t r a n s f e r  matrices are used t o  cal- 

c u l a t e  d e p o s i t i o n  of  s u l f u r  i n  g r i d  squa res  o f  150 x 150 km a l l  ove r  Europe. A 

u s e r  of RAINS may o b t a i n  o u t p u t  i n  the  form of  European maps showing s e l e c t e d  

i s o l i n e s  of  d e p o s i t i o n  o r  coloured maps showing t o t a l  d e p o s i t i o n  p a t t e r n s .  

Output of  t he  atmospheric  t r a n s p o r t  submodel i s  used i n  t h e  f o r e s t  s o i l  and 

l a k e  a c i d i t y  submodels. S o i l  a c i d i f i c a t i o n  has  been desc r ibed  as a dec rease  i n  

t h e  a c i d  n e u t r a l i z i n g  c a p a c i t y  of  t h e  s o i l  [ r e f .  71. Such a dec rease  may coin- 

c i d e  wi th  a dec rease  i n  s o i l  pH. The r e a c t i o n  o f  t h e  s o i l  t o  t h e  incoming a c i d  

stress depends on i t s  b u f f e r i n g  p r o p e r t i e s .  I n  t h e  submodel t hese  b u f f e r i n g  

p r o p e r t i e s  are d e s c r i b e d  u s i n g  two v a r i a b l e s ,  one f o r  t he  g ross  p o t e n t i a l  (buf- 

f e r  c a p a c i t y )  and the  o t h e r  f o r  t h e  rate of  the  r e a c t i o n  ( b u f f e r  r a t e ) .  Buffe- 

r i n g  i s  a s s u r e d  t o  be governed by s e v e r a l  r e a c t i o n s :  ca rbona te ,  s i l i c a t e  wea- 

t h e r i n g ,  c a t i o n  exchange and aluminum b u f f e r i n g .  The d a t a  bank f o r  t he  f o r e s t  

s o i l  submodel c o n t a i n s  t h e  s p a t i a l  d i s t r i b u t i o n  of  88 s o i l  types i n  g r i d s  of lo 

l o n g i t u d e  by 0 . 5 O  l a t i t u d e .  Model o u t p u t  i s  provided i n  maps and graphs f o r  s o i l  

pH, A13+ c o n c e n t r a t i o n ,  Ca2+/A13+ r a t i o s  and b a s e  s a t u r a t i o n  l e v e l s .  The f o r e s t  

s o i l  submodel has  been d e s c r i b e d  i n  d e t a i l  i n  Kauppi 

a l .  [ r e f . 9  1 and Posch e t  a l .  [ r e f . l 3 1 .  

&. [ r e f .  8 1 ,  K x d r i  
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The l a k e  a c i d i f i c a t i o n  submodel cons is t s  of severa l  modules f o r  meteorology, 

hydrology, s o i l  chemistry and water q u a l i t y  of lakes .  The meteorologic module 

regula tes  the input  flows of water and deposi t ion to the s o i l  and d i r e c t l y  t o  

the lake.  The hydrologic and s o i l  chemistry modules together  determine the flow 

of ions leaching from the  t e r r e s t r i a l  catchment to  t h e  lake.  New equi l ibr ium 

concentrat ions i n  the lake water a r e  then computed i n  the lake  module. Currently 

the lake  a c i d i t y  submodel has been implemented f o r  Finland and Sweden. Model 

output  is  i n  the form of maps of these countr ies  showing spr ing  o r  summer pH 

c lasses  of lake a reas .  Documentation of the submodel is  provided i n  Kgmgri 
- a l .  [ r e f s .  10, 11 and 121. 

Present  work i n  the RAINS model includes the f u r t h e r  development of the cost  

and d i r e c t  f o r e s t  impact submodels, construct ion of s e n s i t i v i t y  maps f o r  ground- 

water a c i d i f i c a t i o n ,  development of a NOx emissions submodel and extensive sen- 

s i t i v i t y  and uncertainty ana lys i s  [ r e f s .  13 and 1 4 1 .  

ABATEMENT OPTIONS I N  EUROPE 

Three Scenarios 

I n  t h i s  s e c t i o n  we w i l l  p resent  a number of depos i t ion  maps represent ing dif-  

f e r e n t  abatement p o l i c i e s  i n  Europe. F i r s t  w e  w i l l  descr ibe these abatement 

p o l i c i e s .  

A s  was s t a t e d  i n  the Introduct ion 21 count r ies  have pledged a 30% cut  i n  SO2 
emissions. O n  top of t h a t ,  several  count r ies  have announced higher  reduct ion 

percentages. Table 1 column (1) presents  a n  overview of  those count r ies  and 

t h e i r  commitments. Together we have named these commitments Current Reduction 

Plans. The percentages shown i n  Table 1 have been derived from several  o f f i c i a l  

and u n o f f i c i a l  sources .  

The SO2 emissions i n  1980 have been ca lcu la ted  i n  the RAINS model and a r e  

shown i n  Table 2. The same tab le  a l s o  shows the e f f e c t s  of the Current Reduction 

Plans (Column (1)). 

A s  a next s t e p  i n  reducing SO2 emissions w e  have looked a t  three ind ica tors  

f o r  emission i n t e n s i t y  i n  each country. These ind ica tors  a re :  emissions per in- 

habi tan t ,  emissions per  PJ, emissions per  m2. The ind ica tors  have been calcula- 

ted f o r  the year 1995, i . e .  the  year f o r  which we assume t h a t  the Current Reduc- 

t i o n  Plans have been implemented. Next the  median values f o r  the three indica- 

t o r s  a r e  found and addi t iona l  emission reduct ions a r e  ca lcu la ted  such t h a t  values 

of th ree  i n d i c a t o r s  a r e  below the o r i g i n a l  medians f o r  a l l  European countr ies .  

F ina l ly  the average of the three  reduct ion percentages was calculated and applied 
to  the 1980 emissions of SO2 i n  a l l  European count r ies .  We assumed t h a t  t h i s  

scenario,  Reductions Based on Indica tors ,  w i l l  be implemented such t h a t  i n  the 

year 2000 the  ca lcu la ted  reduct ions have been reached. Columns (2) of Table 1 

and Table 2 present  reduct ion percentages and emission t o t a l s ,  respec t ive ly .  
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TABLE 1 

Percentage r educ t ion  of SO2 emission 

emissions,  f o r  t h r e e  scena r ios .  

i n  European coun t r i e s  based on 1980 

Country 

Albania 
Aus t r i a  
Belgium 
Bulgaria  
Czechoslovakia 
Denmark 
Finland 
France 
Fed. Rep. of Germany 
German Dem. Rep. 
Greece 
Hungary 
I r e l a n d  
I t a l y  
Luxembourg 
Netherlands 
Norway 
Poland 
Portugal  
Romania 
Spain 
Sweden 
Switzer land 
Turkey 
United Kingdom 
USSR (European p a r t )  
Yugoslavia 

European average 

(1) Current  Reduction Plans 

(2)  Reductions Based on I n d i c a t o r s  

(3) Ta rge t t ed  Emissions Reductions 

- 
50 
SO 
30 
30 
50 
50 
50 
60 
30 

30 

30 
30 
60 
50 

- 

- 

- 
- 
- 
- 
65 
30 
- 
- 

30 - 
25 

5 
50 
6 0  
4 2  
71  
5 0  
50 
50 
4 0  
7 7  
23 
6 4  

8 
40  
45 
60  
50 
39 

4 
9 

4 4  
6 5  
30 
11 
37 
31 
30 

4 4  

- 
50 
SO 
14 
50 
12 

4 
40 
50 
40 

5 
50 
1 7  
49 
50 
50 

2 
46 

3 
33 

8 
7 

47 
2 

50 
4 3  
50 

40 

Another a l t e r n a t i v e  r educ t ion  scheme based on t a r g e t t e d  depos i t i on  l e v e l s  

has been implemented. Since no agreed set of  t a r g e t  areas exists i n  Europe we 

have taken t h e  t e n  a r e a s  where according t o  ou r  c a l c u l a t i o n s  the  depos i t i on  i n  

1980 was t h e  h ighes t .  We used a fou r  yea r  (1979-1982) average of  EMEP t r a n s f e r  

ma t r i ces  t o  c a l c u l a t e  t hese  depos i t i ons .  The t e n  a r e a s  a r e  presented i n  Table 3 

and f i g u r e  2 p re sen t s  t he  s p a t i a l  d i s t r i b u t i o n  of t hese  p o i n t s  and a th ree  d i -  
mensional depos i t i on  map f o r  1980.*) Using an a lgo r i thm developed and app l i ed  by 

*)The mapping has  been developed by Maximilian Posch and Jean-Paul He t t e l ingh  
a t  IIASA. 
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TABLE 2 

Reduced l e v e l s  of SO2 emissions i n  European coun t r i e s  f o r  t h ree  scenarios  

(k i lo tonnes  S per  y e a r ) .  

Albania 
A u s t r i a  
Belgium 
Bulgaria  
Czechoslovakia 
Denmark 
Finland 
France 
Fed. Rep. of Germany 
German Dem. Rep. 
Greece 
Hungary 
I r e l a n d  
I t a l y  
Luxembourg 
Netherlands 
No m a y  
Po 1 and 
P o r t u g a l  
Romania 
Spain 
Sweden 
Switzerland 
Turkey 
United Kingdom 
USSR (European p a r t )  
Y ugo s 1 a v i  a 

Europe 

(1) Current  Reduction Plans 

( 2 )  Reductions Based on I n d i c a t o r s  

( 3 )  Targe t t ed  Emission Reductions 

39 
159  
432 
50 8 

1832  
226 
294 

1657 
1 6 0 2  
2415 

345 
813  
119 

1 8 9 8  
20 

24 3 
72  

1741  
130  
757 

1879  
24 3 

67 
497 

2342 
8588 

837 

29755 

39 
80 

216 
355 

1282  
1 1 3  
1 4 1  
829 
641 

1691 
345 
569 
119  

1328 
1 4  
97 
36 

1741  
130  
757 

1879 
85 
47 

497 
2342 
601 2 

837 

22225 

37 
80 

173  
294 
531 
1 1 3  
1 8 8  
8 29 
641 
556  
266 
293 
109  

1139 
11 
97 
36 

1062 
124  
689 

1052 
85 
47 

442 
1475 
5926 

586 

16879 

39 
80 

21 6 
436 
916 
199 
282 
994 
80 1 

1449 
328 
406 

99 
968 
10 

122  
80 

940 
126 
507 

1729 
226 

36 
487 

1171  
4895 

419 

17949 

Shaw and Young [ r e f s .  15 and 161 we derived emission reduct ions such t h a t  de- 

p o s i t i o n  throughout Europe w i l l  be 4.0 g S/m2/yr maximum. The maximum allowed 

emission r educ t ion  for  a l l  European coun t r i e s  was taken t o  be 50%. W i t h  t h i s  

c o n s t r a i n t  i t  was impossible  t o  reach the  t a r g e t  l e v e l  i n  the  Donetz and 

Erzgebirge a r e a s .  Reduction percentages and emission l e v e l s  f o r  t h i s  scenario 

(Target ted Emission Reductions) are shown i n  columns (3)  of t a b l e  1 and t ab le  2 ,  

r e s p e c t i v e l y  . 
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TABLE 3 

Ten areas i n  Europe w i t h  the h i g h e s t  c a l c u l a t e d  d e p o s i t i o n  l e v e l s  i n  1980. 

Area Approximate Country 
l o n g i t u d e l l a t i t u d e  

Donetz 
Erzgeb i r g e  
K a  towice 
Bilo Gora 
Lombardy 
B8rzsBny H i l l s  
Rhineland 
West Yorkshire  
Belgrade 
Moscow 

39147.5 
13/51 
19/50 
17/46 
9/46 
19.5148 
7 /51  
-2/53* 
21 145 
39/56 

USSR 
GDR/C S SR 
Poland 
Yugoslavia  
I t a l y  
Hungary 
FRG 
United Kingdom 
Yugoslavia 
USSR 

*)-2 i n d i c a t e s  two degrees  w e s t  o f  Greenwich 

Resu l t ing  d e p o s i t i o n  p a t t e r n s  

The emission r educ t ions  c a l c u l a t e d  above l e a d  t o  d i f f e r e n t  d e p o s i t i o n  p a t t e r n s  

The RAINS model p rov ides  s e v e r a l  o u t p u t  modes to  show these  d e p o s i t i o n  p a t t e r n s .  

Unfo r tuna te ly  i t  i s  no t  p o s s i b l e  t o  reproduce t h e  most i l l u s t r a t i v e  of t h e s e  

modes:acOlQur map of Europe showing d e p o s i t i o n  i n  i n t e r v a l s  0-1, 1-2,  2-4, e t c .  

g S/m / y r .  Two o t h e r  o p t i o n s  o f  RAINS have been used below. 2 

2 Figure  3 shows t h e  3 g/m / y r  i s o l i n e s  i n  the  y e a r  2000 f o r  two scena r ios :  

Cur ren t  Reduction P lans  and Reduct ions Based on  I n d i c a t o r s .  I t  can be  concluded 

t h a t  t he  a r e a  covered by d e p o s i t i o n  g r e a t e r  than 3 g r a m e s  S/m / y r  i s o l i n e s  w i l l  
he s u b s t a n t i a l l y  lower i n  t h e  c a s e  o f  t h e  second scena r io .  In t a b l e  4 w e  p r e s e n t  

an  overview of comparisonsof  t h e  t h r e e  s c e n a r i o s .  

2 

It can be  ccncluded t h a t  t he  Cur ren t  Reduction P lans  scena r io  a l r e a d y  reduces 

peaks i n  d e p o s i t i o n  s u b s t a n t i a l l y .  The o t h e r  two s c e n a r i o s  which r e q u i r e  l a r g e r  

emission r educ t ions  throughout  Europe reduce t h e  peaks even more. In t h e s e  

s c e n a r i o s  d e p o s i t i o n s  g r e a t e r  than 5 g S/m2/yr have v i r t u a l l y  disappeared.  A t  

t h e  same time t h e  a r e a  where t h e  d e p o s i t i o n  i s  g r e a t e r  than 2 g S/m2/yr de- 

c reased  by approximately the  same percentage as t h e  emission r educ t ion .  The 

major d i f f e r e n c e s  between t h e  second and t h i r d  s c e n a r i o s  a r e  t h e  fol lowing.  The 

r e d u c t i o n  r e q u i r e d  i n  t h e  t h i r d  s c e n a r i o  i s  l i m i t e d  t o  50% based on 1980 f i g u r e s  

whereas t h e  Reduct ion Based on I n d i c a t o r s  s c e n a r i o  p o i n t s  t o  very high r educ t ion  

pe rcen tages  i n  some E a s t e r n  European c o u n t r i e s .  AS a r e s u l t  o f  t h i s ,  t h e  deposi-  

t i o n  p a t t e r n  o f  t h e  second s c e n a r i o  looks more f l a t  than t h e  one f o r  t h e  t h i r d  

s c e n a r i o .  The l a t t e r  s c e n a r i o  shows d e p o s i t i o n  peaks i n  the  Donetz and Katowice 

areas o n l y .  F igu re  4 shows the  r e s u l t i n g  d e p o s i t i o n  map f o r  t he  t h i r d  s c e n a r i o .  
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d e p o s i t i o n  a r e a s  a r e  i n d i c a t e d  on  t h e  map. 
F i g u r e  2. C a l c u l a t e d  d e p o s i t i o n  (gram S/m /yr) i n  Europe. The t e n  h i g h e s t  

CONCLUSION 

T h e  RAINS model can  be used t o  e v a l u a t e  d i f f e r e n t  schemes f o r  SO2 emiss ion  

r e d u c t i o n s  throughout  Europe. We have focused  on  d e p o s i t i o n  p a t t e r n s  s i n c e  t h i s  

i s  t h e  most advanced p a r t  o f  t h e  RAINS m o d e l .  Elsewhere we w i l l  ores?n: t h e  

e f f e c t s  of t h e  s c e n a r i o s  p re sen ted  o n  i n d i c a t o r s  f o r  f o r e s t  soil dnd l a k e  

a c i d i f i c a t i o n .  
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TABLE 4 .  

A comparison of t h r e e  s c e n a r i o s  w i t h  t h e  1980 s i t u a t i o n .  

Emissions 29,755 22,225 16,879 17,949 

Z Reduction 

(ktonnes S /y r )  

based on 1980 - 25 44 40  

Area covered by 
d e p o s i t i o n  

> 2 g Slrn2lyr  55 43 30 33 

> 4 g S/m'/yr 21 10 2 4 

5 g S/mZ/yr 1 2  5 1 2 

> 9 g S/mZ/yr 2 1 0 0 

(1) Cur ren t  Reduct ion P lans  

(2) Reduct ions Based on I n d i c a t o r s  

(-') T a r g e t t e d  Emission Reduct ions 

T O T Q L  SULFUR DEPOSITION IG/M2/YRl 
SCELlRRlO* CURRENT REOUCTION PLANS 

COMPRRED uITw REOUCTlONS BRSEO ON INDICRTORS 

2000 

Figure  3 .  Calcu la t ed  i s o l i n e s  of  3 g S/m 2 I y r  f o r  two s c e n a r i o s  i n  2000. 
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Figure  4 .  C a l c u l a t e d  d e p o s i t i o n  ( g r a m e s  Sfm 2 / y r )  f o r  Europe i n  2000, f o r  the 

Reduct ion Based on I n d i c a t o r s  s c e n a r i o .  
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