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MULTIVARIATE CORRELATION OF DSPOSITION DATA OF 8 DlFFERENT AIR
POLLI'TANTS TC LICHEII DATA IN A SMALL TOHN IN SWITZERLAND.

K .Aoo rann ' ,  R .He rz l . g ,  L ,L i ebend i j . f e r  and  M .Urech
Sys  t  eoa t  j .  s ch -Ceo  bo t  an l  s  ches  I ns t l t u t  de .  Un i ve . s l t a t  t se .n ,  Sq i ! ze r t and .

' .  I n t r o d u c !  1 o n ,  t n t e r d l s c i D l i n a r y  c o n c e o t

S lnce  1980  a  g foup  o f  gc len t i s t s  o f  l he  Un l veas i t i es  o f  Be rne .  Lausanne .
Iand -use  p lanne rs  and  poL i t i c l ang  have  been  l r o r k i nS  on  an  i n te rd i sc l . p l i na ry
s ludy  conce rned  s l t h  oe teo .o ]o8y ,  a ! r  po l l u t t on  and  l and -use  p lann ing  i n
B le l -B1enne ,  S r . t t ze r l and  ( "Na t i ona les  Fo rschunSsp .cg radu  N . .  t q ,  NFp  1U . )
H E R Z I C , R .  e r  a I . 1 9 8 5 ,  1 9 8 7 ,  W A  N E R , H . e T  a t . 1 9 8 6 .
Fo r  f u r t hea  de ta i l . s  aega rd ing  i n te rd i sc l p l i naay  concep t  o f  l he  s tuc l y  see
cap l l ons  o f  F ig .  1 .  The  s tudy  sho rs  i ha t  t he  de8 ree  o f  a i r  po l l ue ion  i n  a
s t ' l a l f  t oen  L l ke  8 ie I ,  l { h i ch  1s  su r roundec l  by  reL l -marked  h i l I s ,  d j . f f e r3
only s.Llghtly fradl that of Larger Lowns I ike tsasel and Zi jr ich. I t  is
p lanned  l o  co -ope ra te  H lLh  dec i . s l on -oak ing  gove r rnen t  agenc ies  i n  B le l  .

F l 8u re  cap t i ons  f o r  F ig ,  I  on  nex t  page

3 :

t : t s1e l  a rea :  Topog raphy ,  l l nd -use ,  s l nd  roses  f o r  s l x  l oca l i ons  l Jn l ch  aaa
aep resen ta t l ve  o f  conC l t i ons  f ound  r i t h i n  t he  s tudy  aaea  ( c l i s con t l nuous
l l ne :  u rban  a fea ,  do t t ed  su r faces :  h i L l s  oa  $oun ta lns .
Reg ionaL  d l s t r i bu t i on  o f  ca l l b ra ted  _ l i chen  JnCex  o f  A t | oosphe r i c
Po l l u t l on  1n  t he  81e l  aaea  t n  f l ve  zones .  B lack  shaded  a rea r  l i chen
c lese r t ,  c l l agona l  s t r i ps :  l nne r  g ! rugg le  zone ,  hoa i zon ta l  s t a l ps :  ou te r
s t ! ' uggLe  zone ,  do t ! ed  a rea :  l r an6 iL i on  zone ,  eh iLe  a rea ;  noa f i a l  zone .
Emisslon lnventory for SOr. AIL lhe souaees have been converf,ed to a
50o r !  g r i d .  ?he  l a rges t  c j . i c l e  . ep resenLs  q5  rods  SO,  pe r  yea r .  B tack
sec to rs  sho r .  t he  p ropo r !1on  o f  dones ! t c  hea ! l ng .
S0?_eoncen t ra t . l on  (ha t f  hou r  va lues ) ,  r eco rded  ! n  l l r o  t yp i ca l  s t a t i ons
(c ! t y  cen te r  and  sou thean  s l opes  o f  Ju ra  ooun ta ins ) .
Sade  rep resen ta t i on  as  i . o  No ,3 ,  bu t  f o r  NO. .  The  I a rges i  c i . c l e
aepaesen ts  50  t ons  i { ox  pe r  yeaa .  The  b lack  sec ta rs  shos  l he  p ropoa t i on
causes  by  i r a f f j . c .
l r ean  annua l  concen l ra t l on  o f  NO,  l ! g , / co3 ) ,  Causs ian  D !une  mooe t .
N lSh tL ide  f Le lds  o f  po ten t l a l ,  t ?mpera t , u re  (an ,  t h rn  l l nes )  and  s ! reao -
l i nes  o f  i he  bounda .y  l aye r  a i .  f l ow  ( lGd ,  a r t "ows ) ,  t yp i ca l .  f o .  a  r i gh
p ressuae  Hea ihe r  s i : ua ! l , on  l l i l h  r eak  synop t i c , r i nds .  coL . j  a i r  Doo l s  c r
heat lsLands aae marked vri ih a plus oF minus synbol ,
Sane  rec resen ta t i on  as  l n  ! 1o .7 ,  bu t  f o r  t he  eaa l y  a f i e r roon .
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2 .  Sa .np l i ng  concep t  o f  l i chen  da ta

Basec l  on  a  mod i f i ed  g .1d  concep t  a f t e .  i , / i l d i  ( 1981 ) ,  a28  s i t es  ( l r ees )

uheae  chosen  a !  aandod ,  s l i ua ied  as  , , Je l l . _  ba lanced  a6  goss ibLe  L . i t h i n  q8
r i r  , <  - c . _ i r o c  r r ! h i n  . _ h e  a r a a

A nFequenz le i t e r "  ( f r equency  g i l d )  a f t e .  K \nze  1972  has  been  l l l od i f i ed ,  eo
tha t  a  f a i d  o f  l 0  subun i l s  a r ranged  i n  ! , { o  ve r t l ca l  aoes  eas  a t l ached  l o
the  t r unk ,  l he  g r j . d  be inB  de l im i . t ed  by  a  sys lem o f  ho r i zon ta l  ny lon .opes
and  vea l j . caL ,  pe r fgaa ted  ne ta l  ba rg .
The  f o l Lov lng  da ta  se re  co lLec led  on  t he  s i t e :

gene ra l  da ta  on  sanpLe  and  s i l e ,  coo rd ina !es ,  de !a i I ed  ske t ch  o f
91 !ua t  i  on ,  o r i enLa l i on  o f  8 r l d .
dala on ecology of sl te, land-use and populacion delrsi!y data
l r a f f l c  s l t ua l j . on ,  hyd roLog i ca ]  3 i i ua t l on ,  s !a tus  o f  su . f ace ,  i o -
poSraphy of the nearest surround!n8 of 9ite.
t r ee  add  ! , aunk  da ta ;  t r ee  spec ies ,  t aunk  c i r cud feaence ,  ba rk
L e x t u r e ,  ! L l u E l n a r L o n  o f  a n a l y s e d  a r e a ,  ! n c l i n a t l o n .
I i chen  da ta  pe r  each  spec les  aecoSn i zed
-  f r equency  i . n  11  cLasses
-  cove rage  i n  7  c l asses
-  v i t a l l i y  j . n  3  e l asses
- thal lus danaSe !n 3 classes
- averaSe age of populat lon ln 3 cl.asses
- gDeclrun of sDecl es

2 . 1  .

2 . 2 -

3. Irooi s9 ton data

He understand biomonlloring as a f iethod to dete.dlne an ove.al l  pol).ut ion
of alL codponents whlch dl lght haro in any \, .ay the monltors of a glven site.
l lhat i{e need consequently to neet ou. goal of optlnizaclon ard cal lb.a-
! 1on  o f  a  l l . chen  oon l t o r  ana l ys l s  i s  a  se !  o f  depog l . t l on  da ta  on  a1 .
pol lutants ehich is as 1ar8e aE posslble over a dinlnun perlod of one year,
An  ex l s t l nS  ne t so r " k  on  depos i t i on  da ta  co l I ec t l nS  s1 !es  o f  l he  t o rn  o f
B i . e1  had  t o  be  expanded  f r on  10  t o  l 4  s ta i l ons  oeasu r i ng  no t  on t y  S02  and
dus t ,  bu t  a l so  l l 0? ,  C l  ,  Pb ,  Zn ,  Cd ,  Cu .  Th i s  was  oade  poss lb l e  l r i ' ! h  t he
he]. p of the governfienr of BleL
S0r ,  N0 " - , and  Ch lo r i ne  He re  ana l ysed  i n  a  L l esegang  l ns t runen t  f l l t e r
ex i . ac t  6y  HPLC (P fenn inge r  Ln  Lando l t , l i .  e i  a I .  1985 )
DuqL  ( l oqa l  annua l  I oad )  l i as  ob ta lned  g rav lme t . i ca l l - y ,  and  Pb2* ,  Cu2 t ,
TJ r t ' ,  Cdz -  we re  measu red  by  a to l n l c  abso rp t l on  spec taoscopy  Be rge rho f f
depos i l l on  t ubs .

4 .  Deve lopnen t  o f  ca l l b .a ted  IAP  i l e thod .

The ald of our blological study erl thln the NFP 14 ras !o develop a drethod
rrhich {ould Later a. l . Iol ,r  to map ln detal]  air pol lut ion impact by deana of a
l i chen  s ta t i s t i c s  ea l i b .a ted  t o  t he  depos l t Lon  da ta  o f  e i gh t  po l l u tan t s
( S 0 2 ,  N o r ,  C L ,  d u s t ,  P b ,  C u ,  C d ,  z n ) .  A n  e v a L u a t i o n  b y  o u l r i p l e  I ! n e a r
.egaessioi l  of 20 dlf ferenl IAP fornulas (L!chen Index of AtnospherLc
Purity) sho{ed that suo of faequency a]one, on a doderately reduced ser- of
! 0  spec !es ,  can  be  coa re la ted  bes !  l o  po l : u t l on  da la .

A
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t l ! th a probabl. l l ty of over
po l l u t i on  by  ca l cu la t i nS  IAP
in  i he  31eL  f r ea .
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E] l f u l na ! i on  o f  po l l u t1on  pa raoe teag  s tep  by  s tep  revea ] . ed  a  n i n i num nu f i bea
o f  4  ! o  5  pa ra f i e te . s  : o  Bua ranLee  a  good  node l  ( ca f i b ra t i on )  quaL i t y  and
1n  add i t i on  i t  showed  tha !  l he re  1s  no  c l eap  cu t  r edundancy  o f  any  one
paral letea.

: hLs ,  ano  ! he  f 3cE  cne  : an  choose  a ia l os l  f : - ee lZ  any  o f  l he  pa r i r ne r -e r9  : oa
e I l I r l l na t l on  l ead3  t o  t he  conc !us ion  tF .a t  l l  ! 9  besL  l o  keep  aL I  po l l , u t j . cn
pa raoe te rs  i n  t he  dode t  l oge thea  f o r  caL lb ra t l on .  I n  ou r  i n i e rp reLa l l on  t he
above oentloned I paraneters are a good indicator col lecl lve to descrl .be
io ta l  lDpac t  o f  a l nosphe . l c  po l l u t i on  on  L l . chens  i n  l he  reg lon  o f  B ie I "

5. Calib.ated IAP zone dap

lAP zoneg have been congtructed out of over 500 l ichen analyses on trees i : l
t he  reg lon  o f  B ie ] -  Fu r the r  deCa l l s  on  l l chen  ana l ysLs  and  caL lb ra l i on  and
l l chen  oap  i n  co lo r s  l n  p ress :  HERZIC ,R .  e t  a1  .  1987 .
I !  can  be  c l , ea r l y  geen  thaL  l he  l oses !  1 ! chen  ac t l v i t y  ( t i chen  dese r t )  , r as
reg : s te red  ! n  t he  cen ie r  o f  l he  c r ! y .  The  f o l l oe ing  zone  ( r r i nne .  s ! r uSg Ie
Zone t ) ,  r ep fesen t i . ng  9 t1 I f  a  qu i ! e  l oH  l i chen  ac t i v i l y ,  can  be  seen  e i t he i
1n  a  be l t  su f round ing  t , he  l l chen  dese r t ,  o r  f a r  ouL  o f  t he  c t ! y ,  spec ia l l y
i n  l nd l r s t r i a l .  a .eas  and  v i 11a8e  cen le r s .  (F i8 .  1 ,  No .  2 ) .

6 .  Conc lus lon

Mu l t ! va r l a te  ca l l b ra t l on  o f  L i chen  da ta  and  po l l u t i on  da ta  has  been
ach ieved  f o .  l he  f l r s t  t 1 [ l e  ! n  B le I  ,  anc l ,  nos !  r ecen t l y ,  f o r  t he  second
!1d le  on  a  l a l " ge r  sca le  oh  l he  S ! , i sa  p l a teau ,  us ing  quan t l t a t l ve  po l ] u r j . on
da la  o f  l he  NABEL  oeasu r l n8  ne t soak .  Th i s  makes  i t  poss ibLe  t o  consaauc l
zona t l . on  aps  r l t h  a  g ta l j . s t i ca l l y  s l r ppoa ted  ae la t i ongh ip  Lo  t he  ove ra l l
l oad  o f  a j . r  po l l u t i on .  Gove r ru ren t  agenc ies  oay  t h l l s  be  i nEeaes ted  i n  t h ! s
screenLng f lethod to del i .mll  probLen areag al considerably lolr costs.
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