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FORORD 

D lUIU ~{C''qwzø Q•C 1qQ=Y "'=•"•� •• zqQ X� z•zqQ=Y'"'~ y1DM.k C' 

� '%CQ=ø YCX=C " 'C%QC ,CXCwxQY zqQ å =C *å =xwwC'µC'~C' wCXXqw 

X� z•zqQ� QC'='"'~CQ q~ µCX=CCzzCY•CQe JC=� X•x•C'C zQx %C''C 

zø Q=•C � '%CQ=ø YCX=C' ~x C• ~q%• ~Q� ''Xx~ zqQ +"%CQC � '%CQ=ø YCX­ 

=CQ " qwQå %C•e 

B"X{ø +CQ'%C*xQ•CwC'•C• yB:kS Å•x•C'= zqQ� QC'='"'~=•"X=·' yÅ8,k 

q~ 1qQ~C= ,CY'"=Yj1x•� Q+"•C'=Yx*CX"~C 8qQ=Y'"'~=Qå % y1,18k 3C­ 

+"X~C• " lULN w"%XCQ •"X %C•xX{*Xx'XC~~"'~ x+ C' +"%CQC µCX=C­ 

� '%CQ=ø YCX=C " 7QC'Xx'%e :C' zCX•wC=="~C %CXC' x+ µCX=C� '%CQ­ 

=ø YCX=C' 3XC ~{C''qwzø Q• " lULL =qw C• =xwxQ3C"% wCXXqw 1DM. q~ 

=•x•C'= "'=•"•� •• zqQ zqXYCµCX=C yÅD88ke ÅX� ••Qx**qQ•C' =YxX 

+æ QC zCQ%"~ " lUUte 

8qQwå XC• wC% µCX=C� '%CQ=ø YCX=C' CQ å � '%CQ=ø YC qw C'YCX•C X� z•­ 

zqQ� QC'=C'%C =•qzzCQ CXXCQ Yqw3"'x={q'CQ x+ %"==C µxQ YqQ••"%=­ 

+"QY'"'~CQ *å 3CzqXY'"'~C'= µCX=C q~ •Q"+=CXe 

Gå ~Q� ''Xx~ x+ wå X"'~CQ x+ X� z•Y+xX"•C• *å zx=•C =•x={q'CQ " 

qwQå %C•S zqQ� QC'='"'~ "''C'%ø Q=S wC•CqQqXq~"=YC zqQµqX%S 

� •=X"** x+ zqQ� QC'=C'%C =•qzzCQ q~ YxQ•XC~~"'~ x+ 3C+C~CX=C=­ 

wø '=•CQC• •"X %CX•x~CQC " µCX=C� '%CQ=ø YCX=C'S YxQ•XC~~C= µ+CQ 

C'YCX• *CQ=q'= CY=*q'CQ"'~ zqQ � X"YC •·*CQ X� z•zqQ� QC'='"'~ zQx 

•"wC •"X •"wCe 

:C''C Qx**qQ•C' 3C=YQ"+CQ wC•q%C'C zqQ 3CQC~'"'~ x+ •"wC+"=C 

QqwX"~C Yq'=C'•Qx={q'=zqQ%CX"'~CQ 3x=CQ• *å •"wC+"=C %x•x zqQ 

� •=X"**S +"'%S =*QC%'"'~ q~ wå X•C Yq'=C'•Qx={q'CQe 

8C"X " Yq'=C'•Qx={q'=zqQ%CX"'~C'C =qw zø X~C x+ zC"X +C% "''­ 

~x'~=%x•x CXXCQ 3CQC~'"'~=wC•q%C'C zqQ � •=X"** q~ =*QC%'"'~ CQ 

+� Q%CQ• zqQ '"•Qq~C'qY="%CQ y12<kS =wå *xQ•"YXCQ yGB uepk q~ 

=+q+CX%"qY="% yÅtuke -' wC•q%C zqQ x'+C'%CX=C x+ 3CQC~'"'~=­ 

QC=� X•x•C'C •"X å x'=Xå •"wC+"=C � ="YYCQµC•CQ " CY=*q'CQ"'~=­ 

C=•"wx•C'C zqQC=Xå =e 
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KONKLUSJON 

:x•x~Q� ''Xx~C• zqQ CY=*q'CQ"'~=3CQC~'"'~C'C " 7QC'Xx'%S 'C%QC 

,CXCwxQYS CQ � •xQ3C"%C• " zqQw x+ •"wC+"=C Yq'=C'•Qx={q'=zqQ­ 

%CX"'~CQ " C• lN<uH Ywu qwQå %Ce :C QqwX"~C Yq'=C'•Qx={q'=zqQ­ 

%CX"'~C'C CQ ~"•• =qw w"%%CXYq'=C'•Qx={q'CQ " YwujQ� •CQS •"X­ 

XC~~=Yq'=C'•Qx={q'CQ " =•CQY• •Qxz"YYCQ•C ~x•CQ q~ =� 3j~Q"%Yq'­ 

=C'•Qx={q'CQ " YwujQ� •CQ µ+qQ %C• Yx' zqQCYqwwC =*"==3CXx=•­ 

'"'~CQ *å ~Q� '' x+ � •=X"** zQx =•qQC C'YCX•Y"X%CQe 

,"wC+"=C Yq'=C'•Qx={q'=wå X"'~CQ x+ '"•Qq~C'qY="%CQ y12<kS =wå 

*xQ•"YXCQ q~ =+q+CX%"qY="% yÅtukCQ 3C'·••C• •"X å x'~" Yq'=C'­ 

•Qx={q'C'C " X� z•C' =qw =•Qø wwCQ "'' " 7QC'Xx'%=j qwQå %C• y3xY­ 

~Q� ''=Yq'=C'•Qx={q'CQke 

Å*QC%'"'~=3CQC~'"'~CQ " YwujQ� •CQ 3x=CQ• *å %x•x zqQ � •=X"** q~ 

=*QC%'"'~ zqQYXxQCQ cx ptv CXXCQ wCQ x+ +xQ"x'=C' " •"%==CQ"C'C 

zqQ 12< q~ zqQ =wå *xQ•"YXCQe 8qQ =qu CQ =xw+xQ"x={q'C' wCXXqw 

3CQC~'C•C q~ wå X•C +CQ%"CQ %å QX"~CQC %CX= *å ~Q� '' x+ � z� XX­ 

=•C'%"~ 3C=YQ"+CX=C x+ •"wC+"=C � •=X"** q~ %CX= *å ~Q� '' x+ 

Y{Cw"=YC QCxY={q'CQ wC% x'%QC QCxY•"+C Yqw*q'C'•CQ " x•wq­ 

=zæ QC'e 

Å*QC%'"'~=3CQC~'"'~C'C " 

%C' QqwX"~C zqQ%CX"'~C' 

x++"YC• wCXXqw wå X•C q~ 

YwujQ� •CQ 3C=YQ"+CQ µq+C%•QCYYC'C " 

x+ zqQ� QC'='"'~=Yqw*q'C'•C'CS q~ 

3CQC~'C•C +CQ%"CQ µxQ qz•C =xwwC 

zqQ•C~' " µCXC 3CQC~'"'~=qwQå %C•e 8C"XC' CQ YqQQ"~CQ• � •C' å 

C'%QC µq+C%•QCYYC'C " %C' QqwX"~C zqQ%CX"'~C' +C% =•x•"=•"=Y 

"'•CQ*qXx={q' yqQ%"'xQ· YQ"~"'~kS 3x=CQ• *å zqQµqX%C• wCXXqw 

3CQC~'C•C q~ q3=CQ+CQ•C Yq'=C'•Qx={q'CQ *å zCw wå XC=•x={q'CQe 

MqYxXC +"'%+xQ"x={q'CQ wC%zø QCQ C' QqwX"~ � ="YYCQµC• " *q="={q­ 

'CQ x+ 3CQC~'C•C +CQ%"CQ x+ =•ø QQCX=C=qQ%C' l Ywe 

Bå XC=•x={q'C'C +xQ *Xx==CQ•C =X"Y x• wå X•C Yq'=C'•Qx={q'=+CQ­ 

%"CQ 3ø Q +æ QC QC*QC=C'•x•"+C zqQ =•ø QQC qwQå %CQe D •"XXC~~ 

zqQCYqwwCQ %C• " 3CQC~'"'~=qwQå %C• XqYxXC Yq'=C'•Qx={q'=+xQ"x­ 

={q'CQ wC% X"•C' QqwX"~ � •=•QCY'"'~e :C••C =Y{CQ =æ QX"~ " 'æ Q­ 

µC•C' x+ =•qQC C'YCX•Y"X%CQ y.'"q'S ÅY"C' q~ 4CQø ·xS GqQ=~Q� ''k 



U 

CXXCQ +C% =•CQY• •Qxz"YYCQ•C +C"CQe ,"wC+CQ%"CQ x+ zqQ+C'•C%C 

XqYxXC Yq'=C'•Qx={q'=+xQ"x={q'CQ "''C' µ+CQ Ywu CQ 3CQC~'C• zqQ 

µq+C%+C"'C••C• i 3CQC~'"'~=qwQå %C•S q~ •"XXC~~=%x•x zqQ XqYxXC 

Yq'=C'•Qx={q'=+xQ"x={q'CQ *å ~Q� '' x+ C'YCX•Y"X%CQ CQ ~"•• =*C­ 

="CX•e :"==C %x•x Yx' 3C'·••C= •"X =*C="z"Yx={q' x+ w� X"~ zC"X 

i CY=*q'CQ"'~=C=•"wx•C'Ce 

:C• CQ q~=å 3CQC~'C• •"wC+"=C Yq'=C'•Qx={q'=zqQ%CX"'~CQ x+ YXqQ 

yAXkS YxQ3q'wq'qY="% yA2kS '"•Qq~C'%"qY="% y1tuk q~ qZq' ytHkS 

=xw• lu •"wCQ= +CQ%"CQ x+ =� Xzx• q~ '"•Qx•S 3x=CQ• *å wå X"'~CQe 

D C*"=q%CQ zqQCYqwwCQ %C• q+CQ=YQ"%CX=CQ x+ Å8,= ~QC'=C+CQ%"CQO 

le 2+CQ=YQ"%CX=CQ x+ ~QC'=C+CQ%"CQ zqQ =qu " qwQå %C• 'æ Q ÅY"C' 

=Y·X%C= µq+C%=xYCX"~ "'%� =•Q"� •=X"** i ÅY"C'e 

ue 2+CQ=YQ"%CX=CQ x+ ~QC'=C+CQ%"CQ zqQ 1tu Xx'~= =•CQY• 

•Qxz"YYCQ•C +C"CQ =Y·X%C= C' Yqw3"'x={q' x+ "'%� =•Q"� •=X"** 

q~ CY=q=� •=X"** zQx 3"X•Qxz"YYC'e 

He FCQC~'C%C q+CQ=YQ"%CX=CQ x+ ~QC'=C+CQ%"CQ zqQ A2 " =•CQY• 

•Qxz"YYCQ•C ~x•CQ =Y·X%C= CY=q=� •=X"** zQx 3"X•Qxz"YYC'e 

oe 2+CQ=YQ"%CX=CQ x+ ~QC'=C+CQ%"CQ zqQ qH =Y·X%C= µq+C%=xYCX"~ 

Yq'=C'•Qx={q'CQ " X� z•C' =qw •Qx'=*qQ•CQC= "'' " 3CQC~­ 

'"'~=qwQå %C•e 
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SAMMENDRAG 

Jx**qQ•C' *QC=C'•CQCQ QC=� X•x•CQ x+ •"wC+"=C Yq'=C'•Qx={q'=­ 

3CQC~'"'~CQ 3x=CQ• *å %x•x zqQ � •=X"**S =*QC%'"'~ q~ •"wC+"=C 

wå X•C Yq'=C'•Qx={q'CQ *å zXCQC wå XC=•x={q'CQe 

Gå ~Q� ''Xx~ x+ %x•x zqQ � •=X"** q~ =*QC%'"'~ 3XC •"wC+"=C Yq'­ 

=C'•Qx={q'CQ 3CQC~'C• " YwujQ� •CQ +C% µ{CX* x+ C' wx==CYq'="­ 

=•C'• •"%=x+µC'~"~ =*QC%'"'~=wq%CXX " H Xx~ y•"X utt w '"+å 

q+CQ 3xYYC'ke D •"XXC~~ •"X w"%%CXYq'=C'•Qx={q'CQ " YwujQ� •CQ 

3XC Yq'=C'•Qx={q'CQ Xx'~= µq+C%+C"C'C " qwQå %C• q~ 'æ Q � •=X"*­ 

*C• zQx %C =•qQC C'YCX•Y"X%C'C 3CQC~'C•e 

Vq'=C'•Qx={q'=3CQC~'"'~C'C 3XC +"%CQC YqQQ"~CQ• +C% µ{CX* x+ 

wå X"'~CQ x+ ÅtuS 12< q~ %"= *å zCw wå XC=•x={q'CQe :"=wå X"'~CQ 

+xQ ~q%• YqQQCXCQ• wC% lu •"wCQ= wå X"'~ x+ x•wq=zæ QC'= Yq'=C'­ 

•Qx={q' x+ =wå *xQ•"YXCQ yGB uSpke 8qQ µ+CQ lu •"wCQ= *CQ"q%C 

3XC %C •"wC+"=C %"=wå X"'~C'C =YxXCQ• +C% µ{CX* x+ lu •"wCQ= 

wå X"'~C'C x+ x•wq=zæ QC'= "''µqX% x+ z"'C *xQ•"YXCQ y%[ uSp µ wke 

,"wC+"=C wå X"'~CQ x+ 12<S *xQ•"YXCQ yGB uSpk q~ Åtu 3XC 3C'·•­ 

•C• •"X å YqQQ"~CQC Yq'=C'•Qx={q'=3CQC~'C%C +CQ%"CQe VqQQCY­ 

={q'C'C 3C=•q x+ •QC %CXCQO 

Vq'=C'•Qx={q'C' " X� z•C' =qw zqQ µ+CQ •"wC Yqw "'' q+CQ 

7QC'Xx'% 3XC 3C=•Cw• *å ~Q� ''Xx~ x+ wå X"'~C'C +C% å XC~~C 

=•ø Q=• +CY• *å wå X"'~CQ zQx =•x={q'CQ =qw 3xQC " X"•C' ~Qx% 

+xQ *å +"QYC• x+ XqYxXC � •=X"**e -' •qY q~=å µC'=·' •"X Yq'­ 

=C'•Qx={q'CQ 3CQC~'C• " 'æ QµC•C' x+ wå XC=•x={q'C' 'å Q •"wC­ 

+"=C 3xY~Q� ''=Yq'=C'•Qx={q'CQ 3XC 3C=•Cw•e 

W"%CQC •qY C' µC'=·' •"X w� X"~C QqwX"~C � ="YYCQµC•CQ " 3C­ 

QC~'"'~=QC=� X•x•C• zø Q C' YqQQ"~CQ•C %C 3CQC~'C•C +CQ%"C'C 

·••CQX"~CQCe :CQ=qw C' zx'• =xw=+xQ wCXXqw q3=CQ+CQ• Yq'­ 

=C'•Qx={q' q~ C' 3CQC~'"'~=+CQ%" "''C'zqQ C' x+=•x'% *å 

l Yw zQx wå XC=•x={q'C'S xY=C*•CQ•C C' =*QC%'"'~=3CQC~'"'~­ 

C'C q~ 3C'·••C• %C' q3=CQ+CQ•C Yq'=C'•Qx={q'C' •"X å YxQxY­ 

•CQ"=CQC X� z•Y+xX"•C•C' " YwuQ� •C' zqQ wå XC=•x={q'C'e 
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1å Q C' "YYC zx'• q+CQC'==•CwwCX=C +C% å xY=C*•CQC C' QqwX"~ 

� ="YYCQµC•S wq%"z"=CQ•C C' %C' 3CQC~'C•C Yq'=C'•Qx={q'=zqQ­ 

%CX"'~ +C% =•x•"=•"=Y "'•CQ*qXx={q' a2Q%"'xQ· YQ"~"'~a x+ 

zqQµqX%C• wCXXqw wå X• q~ 3CQC~'C• Yq'=C'•Qx={q' *å wå XC=•x­ 

={q'C'Ce JC=� X•x•C'C +"=•C x• Yq'=C'•Qx={q'=zqQ%CX"'~C'C " 

QqwwC• 3CµqX%• ="' zqQw " =•ø Q=• w� X"~ ~Qx% +C% å "'•CQ­ 

*qXCQC C' YqQQCY={q'=zxY•qQe 

,"wC+"=C Yq'=C'•Qx={q'CQ " 3CQC~'"'~=qwQå %C• x+ tH q~ 1tu 3XC 

3CQC~'C• *å ~Q� ''Xx~ x+ •"wC+"=C 3CQC~'"'~CQ x+ 12<jYq'=C'•Qx­ 

={q'CQS wå X"'~CQ x+ tH " X� z•C' =qw YqwwCQ � •C'zQx q~ 1tujYq'­ 

=C'•Qx={q'CQ wå X• *å zCw wå XC=•x={q'CQ " qwQå %C•e Mx'~• zQx 

XqYxXC � •=X"** 3C'·••C• C' X"~'"'~C'C zqQ zq•qY{Cw"=Y 3xXx'=C 

•"X å 3C=•CwwC 1tujYq'=C'•Qx={q'C'C *å ~Q� ''Xx~ x+ q3C=CQ+CQ• 

~HjYq'=C'•Qx={q' q~ 3CQC~'C• 12<jYq'=C'•Qx={q'e Bq%CXX+xX"%C­ 

Q"'~C' +"=•C ~q%C QC=� X•x•CQ zqQ 12<jYq'=C'•Qx={q'C'Ce FCQC~­ 

'C•C Yq'=C'•Qx={q'CQ +xQ %å QX"~CQC YqQQCXCQ• wC% wå X•C +CQ%"CQ 

zqQ *xQ•"YXCQ >GB uepk q~ %å QX"~=• YqQQCXCQ• zqQ =+q+CX%"qY="%e 
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SUMMARY 

l D1,J2:.A,D21 

D' lUIUS •µC 1qQ!C~"x' D'=•"•� •C zqQ E"Q JC=CxQcµ y1DM.k %"% x 

*QCX"w"'xQ· "'+C=•"~x•"q' qz •µC µCxX•µ CzzCc•= qz x"Q *qXX� ­ 

•"q' "' 7QC'Xx'%S 1qQ!x· y"'%� =•Q"xX"ZC% xQCxk cqw*xQC% •q •µC 

xQCx xQq� '% •µC c"•· qz MxQ+"Y ycq'•QqXke ,µC cQq==j=*x•"xX 

=•� %· "'%"cx•C% •µx• •µC '� w3CQ qz "'%"+"%� xX= QC*qQ•"'~ =·w*­ 

•qw= x'% "XX'C==C= qz •µC QC=*"Qx•qQ· =·=•CwS %"zzCQC% "' xQCx= 

µx+"'~ µ"~µS wC%"� w qQ Xq! x"Q *qXX� •"q' yÅ"Cw x'% ÅYq~+qX%S 

lULlk e 

,µC B"'"=•Q· qz •µC -'+"Qq'wC'• yB:kS •µC 1qQ!C~"x' Å•x•C GqX­ 

X� •"q' Aq'•QqX E� •µqQ"•· yÅ8,k x'% •µC Jq·xX 1qQ!C~"x' Aq� 'c"X 

zqQ Åc"C'•"z"c x'% D'%� =•Q"xX JC=CxQcµ y1,18k z"'x'cC%S "' 

lULNS *Xx''"'~ qz •µC %C•x"X= qz x 'C! "'+C=•"~x•"q' qz •µC 

CzzCc•= q' µCxX•µ qz x"Q *qXX� •"q' "' •µC xQCxe ,µ"= 'C! =•� %· 

!x= "'"•"x•C% "' lULL x= x cqjq*CQx•"+C =•� %· 3C•!CC' 1DM. x'% 

•µC 1x•"q'xX D'=•"•� •C zqQ G� 3X"c 4CxX•µ yÅD88ke :x•x cq'•QqX 

x'% x'xX·="= µx+C cq'•"'� C% "' lULU x'% lUUte 

,µC x"w qz •µC =•� %· "= •q "'+C=•"~x•C !µC•µCQ x"Q *qXX� •x'•=S 

C"•µCQ "'%"+"%� xXX· qQ "' cqw3"'x•"q' µx+C =µqQ• •CQw CzzCc•= 

q' •µC µCxX•µ x'% !CXXj3C"'~ qz •µC *q*� Xx•"q' qz •µC •!q w� '"­ 

c"*xX"•"C= qz ÅY"C' x'% GqQ=~Q� ''e 

,µ"= QC*qQ• %C=cQ"3C= •µC *Qq~Qxw zqQ *QC*xQx•"q' qz %x•x zqQ 

C<*q=� QC cxXc� Xx•"q'= "' •µC *CQ"q% qz Tx'� xQ· •q T� 'C lULLe 
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-xcµ *xQ•"c"*x'•ø= C<*q=� QC •q x"Q *qXX� •"q' !"XX 3C C=•"wx•C%e 

D' qQ%CQ •q %q •µ"=S x cxXc� Xx•"q' *QqcC%� QC C=•"wx•C= q� •%qqQ 

x"Q ;� xX"•· q' x l Yw ~Q"% zqQ •µC C'•"QC QC~"q' zqQ Cxcµ %x· 

x'% µq� Q qz •µC "'+C=•"~x•"q'e ,µC *QqcC%� QC zqQ cxXc� Xx•"'~ 

XC+CX= qz x"Q ;� xX"•· xQC 3x=C% q' µq� QX· %x•x q' Cw"=="q' qz 

*qXX� •x'•= zQqw xXX =q� QcC= "' •µC xQCx x'% q' !"'% x'% %"=*CQ­ 

="q' cq'%"•"q'=e BCx=� QCwC'•= qz x"Q ;� xX"•· x• •µC z"<C% =•x­ 

•"q'= "' •µC xQCx µx+C 3CC' � =C% •q cqQQCc• •µC cxXc� Xx•C% 

+xX� C=e JC=� X•= qz •µC wq%CX cxXc� Xx•"q'= cqw3"'C% !"•µ "'zqQ­ 

wx•"q' q' x"Q ;� xX"•· "'%qqQ= x'% !"•µ "'zqQwx•"q' x= •q !µCQC 

Cxcµ "'%"+"%� xX µx= 3CC' zqQ Cxcµ µq� Q x'% %x· qz •µC =•� %· 

yzQqw x %"xQ·kS !"XX 3C � =C% •q cxXc� Xx•C Cxcµ "'%"+"%� xXø= 

C<*q=� QC •q Cxcµ wCx=� QC% *qXX� •x'•S zqQ Cxcµ µq� Q x'% %x· qz 

•µC =•� %·e ,µ"= C<*q=� QC "'zqQwx•"q' !"XX •µC' 3C cqw*xQC% !"•µ 

x %"xQ· qz =•x•C qz µCxX•µ x'% !CXXj3C"'~ •µx• "= z"XXC% q� • 3· 

Cxcµ "'%"+"%� xX x'% !"•µ wCx=� QCwC'•= qz Cxcµ "'%"+"%� xXø= *CxY 

C<*"Qx•qQ· zXq! ywCx=� QC% zq� Q •"wC= x %x·k x'% !"•µ QC=� X•= qz 

*µ·="cxX C<xw"'x•"q'=e ,µC x"w "= •q "'+C=•"~x•C •µC *q=="3XC 

CzzCc• qz x"Q *qXX� •"q' q' •µC *xQ•"c"*x'•ø= =� 3{Cc•"+C zCCX"'~ 

qz µCxX•µ x'% q' q3{Cc•"+C µCxX•µ "'%"cx•qQ=e 

,µC 7QC'Xx'% y8"~� QC Ek xQCx X"C= "' •µC cq� '•· qz ,CXCwxQY "' 

•µC =q� •µCx=•CQ' *xQ• qz 1qQ!x· x'% "= q'C qz •µC wq=• "'%� ­ 

=•Q"xX"ZC% xQCx= "' •µC cq� '•Q·e EQq� '% ltt ttt *Cq*XC X"+C "' 

•µC xQCxS wq=•X· "' •µC •q!'= qz ÅY"C' x'% GqQ=~Q� ''e GqXX� •"q' 

cq'•QqX qz Cw"=="q'= x'% x"Q ;� xX"•· xQC %q'C cq'•"'� q� =X· 3· 

•µC 1qQ!C~"x' Å•x•C GqXX� •"q' Aq'•QqX E� •µqQ"•·ø= XqcxX cq'•QqX 

=Cc•"q'e ,!q qz •µC wCx=� Q"'~ =•x•"q'= � =C% "' •µ"= =•� %· xQC 

*xQ• qz x 'x•"q'j!"%C cq'•QqX *Qq~Qxw zqQ x"Q ;� xX"•· "' c"•"C= 

x'% •q!'=e 



( 

u :E,E 21 -BDÅÅD21 

4q� QX· Cw"=="q'= qz =� X*µ� Q x'% '"•Qq~C' q<"%C= yÅ2u x'% 12<kS 

cxQ3q'wq'q<"%C yA2k x'% *xQ•"cXC= xQC C=•"wx•C% zqQ cxQj x'% 

=µ"*j•Qxzz"cS "'%� =•Q· x'% µqwC µCx•"'~ "' 7QC'Xx'% yÅq� •µCQ' 

,CXCwxQYke -w"=="q' %x•x !CQC cqXXCc•C% zqQ x' xQCx qz 

lN < uH Ywu "'cX� %"'~ •µC � Q3x' cC'•CQ= ÅY"C'S GqQ=~Q� '' x'% 

FQC+"Ye D'%� =•Q· x'% QC="%C'•"xX xQCx= xQC Xqcx•C% x%{xcC'• •q 

Cxcµ � Q3x' cC'•CQe Jx! wx•CQ"xX= x'% "'%� =•Q"xX *Qq%� c•= xQC 

z� Q•µCQ =µ"**C% 3· 3qx• xcQq== 8Q"CQz{qQ%C' x'% xX=q xXq'~ •µC 

!x•CQ!x· •q ÅY"C'e 

4q� QX· Cw"=="q' %x•x xQC ~"+C' zqQ •!q *CQ"q%= qz •µC µCxX•µ 

"'+C=•"~x•"q'e 

GCQ"q% lO l Tx'� xQ·jlp BxQcµ lULL y!"'•CQke 

GCQ"q% uO lL E*Q"Xjuo T� 'C lULL y=� wwCQke 

,x3XC E x'% ,x3XC F =µq! x+CQx~C Cw"=="q'= qz =quS 12<S A2 x'% 

=� =*C'%C% *xQ•"cXC=e 

,x3XC EO -w"=="q'=S *CQ"q% l yl Tx'� xQ·jlp BxQcµ lULLkS "' Y~dµ 
x'% x= *CQ cC'• qz •q•xX Cw"=="q'=e 

7Qq� * qz =q� QcC Åtu 12n cq Å� =*C'%C% 2 
*xQ•"cXC= 

EQCx =q� QcCS q"X lueH ) Iepvk Lep ) leuvk lteu ) teHvk teI ) teHvk 
EQCx =q� QcCS !qq% le o u teUvk uep ) teovk HNteI y UeLvk HLeN ylLeovk 
Gq"'• =q� QcC= lHle N yLteovk HoHeU ypteLvk l LNHet ypteIvk lpoeo yIHeNvk 
AxQ •Qxzz"c loeL u Uetvk uNLeo yHUeNvk l oHIeN yHUelvk loeU u Ielvk 
Åµ"* •Qxzz"c HeN u ueuvk poel y Letvk peL ) telvk lel u tepvk 

,q•xX lNHeI NIIe p H NIIe H utUeI 

n ~"+C' x= 1tue 



lt 

,x3XC FO -w"=="q'=S *CQ"q% u ylL E*Q"Xjuo T� 'C lULLkS "' Y~dµ 
x'% x= *CQ cC'• qz •q•xX Cw"=="q'=e 

7Qq� * qz =q� QcC Åtu 12n cq Å� =*C'%C% 2 
*xQ•"cXC= 

EQCx =q� QcCS q"X le I y Iepvk le u y teuvk leo ) . N tel y telvk 
EQCx =q� QcCS !qq% teu y telvk teH ) . N oLeu u le ovk peu y ueLvk 
Gq"'• =q� QcC= lNleN yLIeIvk ooLeo ypUeuvk u loteH yNuepvk lNuet yLLeHvk 
AxQ •Qxzz"c loeH ) Lelvk uoIeH yHueIvk l uuIet yHpeLvk loeU y L elvk 
Åµ"* •Qxzz"c oet y ueuvk Ntel y IeUvk Nep u teuvk le u u teIvk 

,q•xX lLueH IpIeo H ouHeo lLHeo 

n ~"+C' x= 1tue 

,q•xX Cw"=="q'= qz x+u !CQC %qw"'x•C% 3· *q"'• =q� QcC=R x3q� • Ltv "' 

!"'•CQ x'% x3q� • Utv "' =� wwCQe ,µC •q•xX Cw"=="q' qz b p å !x= %qw"'x­ 

•C% 3· •!q wx"' ~Qq� *= qz =q� QcC=R "' !"'•CQ cxe ptv zQqw *q"'• 

=q� QcC= yXxQ~C "'%� =•Q·k x'% cxe otv zQqw cxQ •Qxzz"cS "' =� wwCQ cxe 

Ntv zQqw *q"'• =q� QcC= x'% Htv cxwC zQqw cxQ •Qxzz"ce -"~µ• *CQ cC'• 

qz •µC •q•xX Cw"=="q'= qz b p å !CQC cx� =C% 3· =µ"*=S x'% •µ"= =q� QcC 

wx· 3C •µC %qw"'x'• q'C cXq=C •q •µC !x•CQj!x·=e 

,q•xX Cw"=="q'= qz *xQ•"cXC= !x= %qw"'x•C% 3· *q"'• =q� QcC= ycxe IpvkS 

x'% 3· !qq% cqw3� =•"q' ycxe utvk "' •µC !"'•CQe D' •µC =� wwCQ •µC wx"' 

=q� QcC= zqQ •q•xX Cw"=="q'= qz *xQ•"cXC= !CQC *q"'• =q� QcC= ycxe LLvk 

x'% cxQ •Qxzz"c ycxe Lvke 

D• "= 'CcC==xQ· !µC' wxY"'~ %"=*CQ="q' cxXc� Xx•"q'= 3x=C% � *q' %x•x 

zqQ •"wC +xQ"x3XC Cw"=="q'S •q cq'="%CQ •µC "'zX� C'cC qz =q� QcC= q' 

x"Q ;� xX"•· cXq=C •q •µC ~Qq� '%e 8qQ C<xw*XCS Cw"=="q'= zQqw cxQ 

•Qxzz"c !CQC qz w"'qQ "w*qQ•x'cC %� Q"'~ •µC '"~µ• !µ"XC •Qxzz"c "'•C'­ 

="•· !"XX %C•CQw"'C x"Q ;� xX"•· xXq'~ Qqx%= !"•µ µCx+· •Qxzz"c %� Q"'~ 

•µC %x·e -w"=="q' zQqw *q"'• =q� QcC= yXxQ~C "'%� =•Q·k "'zX� C'cC% x"Q 

;� xX"•· "' X"w"•C% xQCx= %C•CQw"'C% 3· •µC xc•� xX Cw"=="q' x'% %"=*CQ­ 

="q' cq'%"•"q'=e 



ll 

G B-EÅ.J-B-1, GJ27JEB 82J EDJ K.EMD,f E1: B-,-2J2M27DAEM A21­ 

:D,D21Å 

BCx=� QCwC'•= !CQC •xYC' qz 3q•µ x"Q ;� xX"•· x'% %"=*CQ="q' cq'­ 

%"•"q'= ywC•CqQqXq~"cxX *xQxwC•CQ=k %� Q"'~ •µC !"'•CQ x'% •µC 

=� wwCQ *CQ"q%e GqQ•"q'= qz •µC x"Q ;� xX"•· x'% wC•CqQqX~"cxX 

wCx=� QCwC'• *Qq~Qxw= cq'•"'� C% %� Q"'~ •µC "'•CQ"w *CQ"q% x= 

!CXXe ,µC Xqcx•"q' qz •µC =•x•"q'= "= =µq!' "' •µC z"~� QC Ee 

E =� wwxQ· qz •µC wCx=� QCwC'• *Qq~Qxw zqQ x"Q ;� xX"•· "= =µq!' 

"' •x3XC Ae ,µC *Qq~Qxw !x= %q'C 3· 1DM. "' cqjq*CQx•"q' !"•µ 

Å8,= cq'•QqX =Cc•"q'e 

Table C: BCx=� QCwC'• *Qq~Qxw zqQ x"Q ;� xX"•· %� Q"'~ 
•"~x•"q' qz µCxX•µ CzzCc• qz x"Q *qXX� •"q' 
Xx'%S 1qQ!x·S !"'•CQ x'% =� wwCQ lULLe 

•µC "'+C=­ 
"' 7QC'j 

BCx=� Q"'~ *CQ"q% Aq'•"'� q� = QC~"=•Qx•"q'S lu µq� Q x+CQx~C=S uojµq� Q x+CQx~C= 
lelejlleHelULL x'% µq� QX· x+CQx~C= %x· ytLttjutttk x'% ytLttjtLttk 
lLeoejuNeNelULL '"~µ• yutttjtLtt 

Åtu 12 12Ø 1tu tH 4xZC GqXj GxQj EX%Cj :C'� j =qu =qo 1tu 14H 14o Åqq• G3 
l C' •"c� j µ·%C= %CQj 

Xx•C= =xw*j 
Å•x•"q' XCQ 

le Å = 5 5 5 5 5 5 5 <X 5 5 5 5 5 5 

ue VX·+C 5 5 Ø 5 5 5 Ø 5 Ø <X 
He 7CqQ~ Å•x'~=~•e 5 5 5 5 5 5 

jjjjjjjjjjjjjjjjjj jjjjjjjjjjjjjjjjjjjjjjjjjjjj jjjjjjjjjjjjjjjjjjj jjjjjjjjjjjjjjjjjjjjjjjjjjj 
oe 1C'=C• 5 5 5 5 5 

17 8QC%'C= 5 5 5 5 5 

Ne ÅY"C' 3Qx''j 
=•x={q' 5 5 5 5 

jjjjjjjjjjjjjjjjjj jjjjjjjjjjjjjjjjjjjjjjjjjjjj jjjjjjjjjjjjjjjjjjj jjjjjjjjjjjjjjjjjjjjjjjjjjj 
z7 4CQQC 5 5 5 5 

Le Jå %µ� =C•S 
GqQ=~Q� '' 5 5 5 

Ue Vq'~C'= ~•e 
ÅY"C' 5 5 5 5 5 

lk BCx=� QCwC'•= "'cX� %C% '"•Q"c xc"% y~x=kS '"•Qx•C y*xQ•"c� Xx•C=kS µ·%Qq~C' cµXqQ"%C y~x=kS 
cµXqQ"%C y*xQ•"c� Xx•C=kS xwwq'"x y~x=kS x'% xwwq'"� w y*xQ•"c� Xx•C=ke ,q~C•µCQ !"•µ xX%C­ 
µ·%C=S •µC=C =xw*XC= !CQC •xYC' "' =CXCc•C% uo µq� Q *CQ"q%= "' Cxcµ wCx=� Q"'~ *CQ"q%e 
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,C••3C3·~~CX=Ce 

l M.8,VWEMD,-, 
· :Z 
u VX·+C 
G 7CqQ~ Å•x'~= >«5 ÅY"C' 
4 1C'=C• 
ø 8QC%'C= 
j ÅY"C' 3Qx''= •x={q' 
: 4C5C 
L Jå %µ� =C•S GqQ=~Q�'' 
U Vq'~C'= ~•S ÅY"C' 

>OOR B-,-2J2M27D 
A Ås . 
F 1C'=C• 
A .'"q' 
: Jxz'C= 
- 4CQø ·x 

. 

. nnnnnh sIII}n 

k G U ø• @ 

Figure A: The location of measuring stations in the area of 
investigation. 



lH 

,µC cq'•"'� q� =X· QCcqQ%"'~ "'=•Q� wC'•= !CQC C;� "**C% !"•µ %x•x 

Xq~~CQ=S x'% %x•x !CQC •Qx'=zCQQC% q+CQ x %"xXj� * =·=•Cwe 

-xQX"CQ =•� %"C= µx+C =µq!' •µx• x wx{qQ *xQ• qz xCQq=qX= y*xQ­ 

•"cXC= "' •µC x"Qk xQC cqw*Q"=C% qz xwwq'"� w cµXqQ"%CS xwwq'"� w 

=� X*µx•C x'% xwwq'"� w '"•Qx•Ce ,µC=C =xX•= µx+C x µ"~µ +x*qQ 

*QC==� QCe ,µCQCzqQC "• !x= 'CcC==xQ· •q � =C =*Cc"xX =xw*X"'~ 

*QqcC%� QC= •q ~C• x cqQQCc• *"c•� QC qz •µC *qXX� •"q' ="•� x•"q' 

"' •µC xQCxe ,µ"= "= cxXXC% %C'� %CQ =xw*X"'~e :C'� %CQ x'% xX%C­ 

µ·%C =xw*XC= !CQC •xYC' zqQ x zC! =CXCc•C% %x·= "' Cxcµ wCx=� ­ 

Q"'~ *CQ"q%e 

E =� wwxQ· qz •µC wC•CqQqXq~"cxX wCx=� QCwC'• *Qq~Qxw "= =µq!' "' 

table D. 

,x3XC :O BCx=� QCwC'• *Qq~Qxw zqQ wC•CqQqXq~· qz •µC %"zzCQC'• 
=•x•"q'=e EXX *xQxwC•CQ= xQC ~"+C' x= µq� QX· x+C­ 
Qx~C=e 

BCx=� Q"'~ m"'% m"'% ,Cw*Cj ,Cw*Cj JCXx•"+C Bx<"wxX ,� Q3� j Å2:EJO 
*CQ"q%O %"QCc•"q' =*CC% Qx•� QC Qx•� QC µ� w"%"•· !"'% =*CC% l C'cC m"'% %"QCc•"q' 
lele jHte Ne LL %"zzCj y7� =•k x'% !"'% 

QC'cC =*CC% C+CQ· 
up w � * •q 

lt w up w lt w up w u w up w upjlt w u w l = H = up w utt w 

E Å = X X X X X X X X X 

T 1C'=C• X X X X <X 

R .'"q' 2 X X X 

: Jxz'C= X X 

p 4CQø ·x <u 

lk m"'•CQ*CQ"q%O LelejuIeuelULL 
uk Å� wwCQ*CQ"q%O HepejoeIelULL 

BCx=� QCwC'•= x• Å = !CQC %q'C !"•µ 1DM.= E� •qwx•"c mCx•µCQ 

Å•x•"q' yEmÅk !µ"cµ C;� "**C% !"•µ x %x•x Xq~~CQ x'% x %"xXj� * 

=·=•Cwe BCcµx'"cxX !"'% wCx=� QCwC'• C;� "*wC'• !x= � =C% x• 

1C'=C• x'% .'"q' yMxw3QCcµ• mqCXzXC •·*Ck x'% x• Jxz'C= y8� C== 



lo 

•·*Cke Å2:EJ yÅq'"c :C•Cc•"q' x'% Jx'~"'~k !x= � =C% x• 1C'=C• 

x'% 4CQø ·xe 

BC•CqQqXq~"cxX cq'%"•"q'= 

BC•CqQqXq~"cxX cq'%"•"q'= !CQC wCx=� QC% x• z"+C =•x•"q'=e BCx­ 

=� QCwC'•= "'cX� %C% !"'% %"QCc•"q'S !"'% =*CC%S •Cw*CQx•� QCS 

•Cw*CQx•� QC %"zzCQC'cC x'% µC"~µ•S µ� w"%"•·S ~� =•S x'% zX� c•� x­ 

•"q' "' !"'% %"QCc•"q'e 

m"'% %"QCc•"q' !x= wCx=� QC% x• Å =S Jxz'C=S 4CQø ·xS 1C'=C• x'% 

.'"q'e ,µC QC=� X•= =µq! •µx• !"'% "= cx'xX"ZC% 3Ccx� =C qz •µC 

XqcxX •q*q~Qx*µ"cxX 'x•� QC qz •µC •CQQx"'e 4q!C+CQS x• x µC"~µ• 

qz lttjlup wC•CQ=S !"'% %"QCc•"q' "= 'q Xq'~CQ xzzCc•C% 3· •µC 

� '%CQX·"'~ •CQQx"'e 

o 42.JMf A21A-1,JE,D21 :DÅ,JDF.,D21 82J -ØG2Å.J- AEMA.ME,D21 

oel D'•Qq%� c•"q' 

E= =µq!' "' Aµx*•CQ H x XxQ~C xwq� '• qz %x•x µx= 3CC' cqXXCc•C% 

q' •µC *qXX� •"q' ="•� x•"q' µq� Q 3· µq� QS x'% •µC wCx=� Q"'~ =•x­ 

•"q'= µx+C 3CC' Xqcx•C% •q QC*QC=C'• •µC xQCxe ,µC Cw"=="q' 

zQqw XxQ~C =q� QcC= zqXXq! •µC !"'% x'% xQC %"X� •C% x= x QC=� X• 

qz •� Q3� XC'cC x'% •"wC +xQ"x•"q' "' •µC !"'% cq'%"•"q'=e E= x 

QC=� X• qz •µC =*x•"xX %"=•Q"3� •"q' qz Cw"=="q' "' 7QC'Xx'%S •µC 

µq� QX· cq'cC'•Qx•"q'= wx· +xQ· cq'="%CQx3X· q+CQ =µqQ• %"=•x'­ 

cC=e E= •µC !"'% x'% •� Q3� XC'cC cq'%"•"q'= +xQ· cq'="%CQx3X· 

zQqw µq� Q •q µq� QS +xQ"x•"q'= "' cq'cC'•Qx•"q'= xQC zq� '% 

xccqQ%"'~X·e 

GCq*XC wq+C "' x' C'+"Qq'wC'• cµxQxc•CQ"ZC% 3· x '� w3CQ qz *qX­ 

X� •"q' cqw*q'C'•= •µx• zX� c•� x•C "' =*xcC x'% •"wC x'% •µx• wx· 

"'•CQxc• cµCw"cxXX· !µC' •µC· xQC w"<C% •q~C•µCQe 



lp 

BCx=� QCwC'•= qz !"'%S •� Q3� XC'cC x'% Cw"=="q' cq'=•"•� •C •µC 

wq=• "w*qQ•x'• %x•x zqQ •µC %C=cQ"*•"q' qz =*x•"xX %"=•Q"3� •"q' 

qz *qXX� •"q' cqw*q'C'•=e ,µC %x•x µx+C 3CC' cqw3"'C% "' x •"wC 

%C*C'%C'•S wx== cq'="=•C'• %"=*CQ="q' wq%CXe E+CQx~C cq'cC'•Qx­ 

•"q'= µx+C 3CC' cxXc� Xx•C% "' Cxcµ =;� xQC Yw zqQ •µQCC XC+CX=e 

ÅCXCc•"'~ •µC z"'"•C %"zzCQC'cC x**Qq<"wx•"q' qz •µC •"wC 

%C*C'%C'• %"=*CQ="q' wq%CX "' •µC =;� xQC Yw =·=•CwS Cw*µx="= "= 

~"+C' •q x wx== cq'="=•x'• zqQw� Xx•"q'e 

E= x QC=� X• qz '� wCQ"cxX =wqq•µ"'~ •µC C<•QCwC cq'cC'•Qx•"q' 

+xX� C= x'% ~Qx%"C'•= xQC 'q• %C=cQ"3C% "' •µC z"'"•C %"zzCQC'cC 

x**Qq<"wx•"q'e 

,q xccq� '• zqQ =� 3~Q"% ~Qx%"C'•= x'% cq'cC'•Qx•"q' wx<"wx x= x 

QC=� X• qz cxQ C<µx� =• x Qqx%d=•QCC• wq%CX µx= 3CC' � =C% •q 

cxXc� Xx•C cq'cC'•Qx•"q'= xXq'~ •µC wx"' Qqx%= "' •µC xQCxe 

8� Q•µCQ •µC Cw"=="q' zQqw Hu ="'~XC =q� QcC= xQC •QCx•C% =C*xQx­ 

•CX· 3· x =� 3~Q"% *� zzjwq%CXe Å"'~XC *� zz= qz *qXX� •"q' zqXXq! 

•µC x"Q wq+CwC'•= � '•"X •µC ="ZC qz •µC *� zz "= cqw*xQx3XC !"•µ 

•µC ="%C qz •µC ~Q"% cCXX µqQ"Zq'•xXX· qQ +CQ•"cxXX·e ,µC wx== 

qz *qXX� •"q' "= •µC' w"<C% "'•q •µC ~Q"% cCXX !µCQC •µC *� zz "= 

Xqcx•C%e 

,µC ~Cq~Qx*µ"c Xqcx•"q' qz q3{Cc•= !x= •µC' cq%C% 3· •µC =*Cc"­ 

z·"'~ ~Q"% =;� xQC yYwuk x'% "' x%%"•"q' Qqx% =C~wC'• !µC' •µC 

*CQ=q' !x= •Qx+CXX"'~ qQ "' x µq� =C 3· x wx{qQ Qqx%e 

Bq=• qz •µC *� zzø= xQC Xqcx•C% x• CXC+x•C% XC+CX= x'% %q 'q• 

cq'•Q"3� •C •q ~Qq� '% XC+CX cq'cC'•Qx•"q'=e Å� 3~Q"% cq'cC'•Qx­ 

•"q' %"=•Q"3� •"q'= •µx• =µq� X% 3C xccq� '•C% zqQ x= x QC=� X• qz 

Xq! XC+CX ="'~XC =q� QcC=S "'cX� %CO 

=qujcq'cC'•Qx•"q'= "' •µC ÅY"C' xQCxe 

Aq'cC'•Qx•"q'= qz '"•Qq~C' q<"%C= x'% *xQ•"c� Xx•C= 'CxQ •µC 

4CQø ·x xQCxe 

Å� 3~Q"% %C+"x•"q'= "' q•µCQ xQCx= wx· qcc� Q x= x QC=� X• qz •Cw­ 

*qQxQ"X· "'cQCx=C% Cw"=="q' "' x 'C"~µ3q� Q"'~ =q� QcCe ,µC=C 



lN 

=� 3~Q"% zX� c•� x•"q'= "' =*xcC x'% •"wC wx· 3C cq'="%CQC% x= x 

=•qcµx=•"c *xQ• qz •µC cq'cC'•Qx•"q' XC+CX •q 3C � =C% zqQ C<*q­ 

=� QC C=•"wx•"q'e 

,µC wq%CX +xX"%x•"q' =µq!' "' Aµx*•CQ oep "'%"cx•C= •µx• •µC 

*qXX� •C% Zq'C cXq=C •q Qqx%= cq� X% 3C %C=cQ"3C% wqQC xcc� Qx•CX· 

3· x =� 3~Q"% wq%CXe 2' •µC q•µCQ µx'% •µC %x•x QC;� "QC% zqQ 

C<*q=� QC C=•"wx•"q' !q� X% "'cQCx=C cq'="%CQx3X·e 

D' x%%"•"q' •q XxcY qz =*x•"xX QC=qX� •"q' •µC zqXXq!"'~ =q� QcC= 

qz CQQqQ xQC cq'="%CQC% "' •µC *QC=C'•x•"q' qz QC=� X•=O 

CQQqQ "' "'*� • %x•x yCw"=="q'= x'% wC•CqQqXq~"cxX cq'%"­ 

•"q'=k 

CQQqQ "' wq%CX %C=cQ"*•"q'S "' *xQ•"c� XxQ •µC %C=cQ"*•"q' 

qz +CQ•"cxX C<cµx'~C "' "'+CQ="q' ="•� x•"q'=e 

oeu Aq'cC'•Qx•"q' cq'•Q"3� •"q' zQqw XqcxX =q� QcC= 

,q %C=cQ"3C zX� c•� x•"q'= "' •"wC x'% =*xcC x= x QC=� X• qz XqcxX 

Cw"=="q'=S •µC x%+Cc•"q'j%"zz� ="q' C;� x•"q' "= =qX+C% !"•µ x 

µqQ"Zq'•xX ~Q"% %"=•x'cC qz l Ywe ,µC x•wq=*µCQC cXq=C •q •µC 

~Qq� '% "= %"+"%C% "'•q •µQCC Xx·CQ= •q xccq� '• zqQ +xQ"x•"q'= 

!"•µ µC"~µ• "' Cw"=="q'=S !"'% x'% %"=*CQ="q' cq'%"•"q'=e ,µC 

•µQCC Xx·CQ= ytjptS ptjlttS lttjutt wk xQC %"+"%C% "'•q 

lN<uH Ywu• E wx== cq'="=•C'• z"'"•C %"zzCQC'cC =·=•Cw qz •µC 

zqXXq!"'~ qz C;� x•"q'= µx= 3CC' %C+CXq*C%e 

_+m ?Å<h n ![ s Ew 
\ DD DDD IV G WD 

GQqcC==C= •q 3C cq'="%CQC% "' •µC wq%CX xQCO 

D µqQ"Zq'•xX x%+Cc•"q'S +µjWµc" 
E d5 

DD +CQ•"cxX x%+Cc•"q'S mxZ 
DDD •� Q3� XC'• C<cµx'~C +CQ•"cxXX· 



lI 

DW •� Q3� XC'• C<cµx'~C µqQ"Zq'•xXX· 

W O cµCw"cxX QCxc•"q'= y="'Y= qQ =q� QcC=k 

WD O Cw"=="q' 

4qQ"Zq'•xX x%+Cc•"q' "= cxXc� Xx•C% � ="'~ cq'=Cc� •"+C µqQ"­ 

Zq'•xX !"'%z"CX%= 3x=C% q' =•x•"=•"cxX "'•CQ*qXx•"q' qz 

µq� QX· !"'%q3=CQ+x•"q'= x• z"+C =•x•"q'=e 

WCQ•"cxX x%+Cc•"q' "= 3x=C% q' QC;� "QCwC'• qz x"Q wq+CwC'•= 

zQCC qz •µQCC %"wC'="q'xX %"+CQ~C'cCe 

WCQ•"cxX C<cµx'~C 3C•!CC' Xx·CQ= "= C=•"wx•C% 3· Å2:EJ 

wCx=� QCwC'•= qz +CQ•"cxX zX� c•� x•"q'= "' •µC !"'% z"CX% 

yq!k x• •µC XC+CX= =C*xQx•"'~ •µC wq%CX Xx·CQ= ypt wS 

ltt wS x'% utt wke 8� Q•µCQS •µC =•x•"=•"cxX •� Q3� XC'cC 

•µCqQ· "= � =C% •q %C=cQ"3C •µC C<cµx'~C Qx•C � ="'~ WC'Yx­ 

•Qxw ylULok zqQ •µC %C=cQ"*•"q' qz •µC =cxXC qz •� Q3� XC'cC 

x'% •µC Mx'~Qx'~"x' •"wC =cxXCe 

8qQ •µC µqQ"Zq'•xX C<cµx'~C *QqcC== cXq=C •q •µC =q� QcC •µC 

wC•µq% =� ~~C=•C% 3· DQ!"' ylULHk µx= 3CC' x**X"C%e 

oeH ,µC 3q� '%xQ· cq'%"•"q'= 

.="'~ � *!"'% z"'"•C %"zzCQC'cC x**Qq<"wx•"q' zqQ %"=*CQ="q' 

cxXc� Xx•"q'= •µC cq'cC'•Qx•"q' +xX� C= !µCQC x"Q wq+C= "'•q •µC 

xQCx µx+C •q 3C wCx=� QC%e Ecc� w� Xx•C% cq'cC'•Qx•"q'= "' •µC 

~Q"% =·=•Cw %C•CQw"'C •µC zX� < q� • qz •µC xQCx x• •µC %q!'!"'% 

3q� '%xQ·e 

E =•x•"q' wCx=� Q"'~ •µC *qXX� •"q' cq'cC'•Qx•"q'= C'•CQ"'~ •µC 

xQCx µx= 'q• 3CC' C=•x3X"=µC%e 4q!C+CQS wCx=� QCwC'•= zQqw •µC 

C<"=•"'~ =•x•"q'= µx+C 3CC' x**X"C% •q C=•"wx•C 3xcY~Qq� '% cq'­ 

cC'•Qx•"q'=e ,µC C=•"wx•"q' "= 3x=C% q' x' q*•"w"Z"'~ *QqcC== 

~"+"'~ !C"~µ• •q wCx=� QCwC'•= zQqw =•x•"q'= !"•µ Xq! "'zX� C'cC 

zQqw XqcxX =q� QcC= y'CxQ •µC � *!"'% 3q� '%xQ·k x'% zQqw =•x•"q'= 

zxQ zQqw cq'cC'•Qx•"q' ~Qx%"C'•=e 



lL 

,µC cq'cC'•Qx•"q' "' •µC x"Q C'•CQ"'~ •µC QC~"q' y3xcY~Qq� '% 

cq'cC'•Qx•"q'k "= x==� wC% •q 3C cq'=•x'• qQ x**Qq<"wx•CX· cq'­ 

=•x'• "' =*xcC 3q•µ µqQ"Zq'•xXX· x'% +CQ•"cxXX·e 4CQC "• "= 

%C'q•C% 3· •µC =·w3qX te 

,µC 3xcY~Qq� '% cq'cC'•Qx•"q' "= C=•"wx•C% x• x ~"+C' µq� Q 3· 

� ="'~ •µC zqXXq!"'~ C;� x•"q' 

A y 
A u / ◊' w / Oå / , S / - 

4CQC ' %C'q•C= •µC '� w3CQ qz wCx=� Q"'~ =•x•"q'=S 

Y5XS eee S' xQC !C"~µ•= x••xcµC% •q •µC =•x•"q'=S x'% qY 

!Y zqQ 

x'% BY 

xQC q3=CQ+C% ywCx=� QC%k x'% cxXc� Xx•C% cq'cC'•Qx•"q'= 3x=C% q' 

%x•x zqQ Cw"=="q'= x'% %"=*CQ="q' x• =•x•"q' Y zqQ Y5XS eee S'e 

Å"'cC •µC 3xcY~Qq� '% "= x' x%%"•"+C *xQ• qz •µC cq'cC'•Qx•"q' 

XC+CX "' •µC xQCxS %"zzCQC'cC= 3C•!CC' q3=CQ+C% +xX� C= qY x'% 

%"=*CQ="q' cxXc� Xx•C% +xX� C= yzQqw XqcxX =q� QcC=k BY =µq� X% 

cq'+C· "'zqQwx•"q' x3q� • •µC 3xcY~Qq� '% cq'cC'•Qx•"q' te 8qQ 

CQQqQjzQCC %x•x •µC %"zzCQC'cC qY j BY =µq� X% 3C C;� xX •q t zqQ 

/ A◊= ... =y. 

,µC !C"~µ•= xQC "'•Qq%� cC% "' qQ%CQ •q *� • wqQC !C"~µ•= q' =•x­ 

•"q'= which xQC cq'="%CQC% •q 3C ~qq% zqQ C=•"wx•"'~ 3xcY~Qq� '% 

cq'cC'•Qx•"q'=e 

,µC =•x•"=•"cxX wq%CX "= 3x=C% q' %Cz"'"'~ x'% cxXc� Xx•"'~ 

+xQ"x'cC= WY zqQ Cxcµ =•x•"q' YO 

+Y 5 q u g BY u q u g y s gq u k y y +BY y lu q ­· u g q 4 u 
pI 8 8 æ• pI 

4CQC qCOY %C'q•C= wCx=� QCwC'• 'q"=C qKY � 'cCQ•x"'•· x==qc"x•C% 

!"•µ •µC XC+CX qz •µC z"CX%S x'% qPkeY =*x•"xX � 'cCQ•x"'•·e 

8� Q•µCQ •µC ;� x'•"•· y X+BY y y %C'q•C= •µC 'qQw qz •µC ~Qx%"C'• 

+Cc•qQ qz •µC %"=*CQ="q' cxXc� Xx•C% z"CX% x• =•x•"q' Ye 



lU 

,µC !C"~µ•= xQC •µC' cµq=C' •q w"'"w"ZC •q•xX +xQ"x'cC "' C=­ 

•"wx•"'~ •µC 3xcY~Qq� '% [j D• cx' Cx="X· 3C =µq!' •µx• 

q*•"wxX !C"~µ•= xQC "'+CQ=CX· *Qq*qQ•"q'xX •q •µC ' • +xX� C=S 

"eCeO 

' 
z •a u ?•nf g L 

"5X 
G. . s 

· 

D' qQ%CQ zqQ •µC C=•"wx•qQ •q 3C � '3"x=C% •µC !C"~µ•= xQC 

=cxXC% "' qQ%CQ •q =� w •q le ,µ"= wxYC= •µC *QC%"c•qQ [ 

x**Qq<"wx•CX· � '3"x=C% x= x *QC%"c•qQ zqQ •µC 3xcY~Qq� '% cq'­ 

cC'•Qx•"q'[j 

,µ"= wC•µq% "= � =C% •q C=•"wx•C 3xcY~Qq� '% cq'cC'•Qx•"q'= zqQ 

•µC •µQCC cqw*q'C'•= 12<S ÅtuS x'% GB uepe 8qQ 12< x'% =quj 

+xX� C= zqQ •µC zq� Q =•x•"q'= VX·+CS 1C'=C•S 8QC%'C=S x'% Å = 

!CQC � =C%S !µ"XC zqQ GB uep +xX� C= zqQ =•x•"q'= VX·+CS 1C'=C•S 

x'% Å = !CQC � =C%e 

:x•x zQqw =•x•"q' 7CqQ~ Å•x'~= ~•e "' ÅY"C' !CQC 'q• � =C% "' 

•µ"= C=•"wx•"q' *QqcC%� QCS ="'cC •µC cq'cC'•Qx•"q'= !CQC 

XxQ~CX· "'zX� C'cC% 3· 'CxQ3· "'%� =•Q"xX =q� QcC=e 

oeo AqQQCc•"q' qz cq'cC'•Qx•"q' %"=•Q"3� •"q' 3x=C% q' µq� QX· 

wCx=� QCwC'•= 

,µC %C+"x•"q' 3C•!CC' q3=CQ+C% x'% cxXc� Xx•C% cq'cC'•Qx•"q' 

+xX� C= wx· 3C xccq� '•C% zqQ 3· •µC zqXXq!"'~ ~Qq� *= qz CQQqQ= 

"' x wx== cq'="=•C'• =cµCCw qz cxXc� Xx•"q'=O 

l -QQqQ= x= x QC=� X• qz "'*� • %x•x q' x' µq� QX· 3x="= 

lel Åq� QcC= q� •="%C •µC xQCx 

leu -w"=="q' "' ="'~XC =q� QcC= 

leH -w"=="q' zQqw xQCx =q� QcC= 



ut 

leo 4qQ"Zq'•xX !"'% z"CX% 

lep WCQ•"cxX C<cµx'~C *xQxwC•CQ= 

u -QQqQ= x= x QC=� X• qz %"=*CQ="q' wq%CX zqQw� Xx•"q' 

uel Å� 3 ~Q"% %"=•Q"3� •"q'= 

ueu :C=cQ"*•"q' qz +CQ•"cxX C<cµx'~C 

,µC=C CQQqQ= "'zX� C'cC •µC cxXc� Xx•C% %"=•Q"3� •"q'= "' %"zzC­ 

QC'• !x·=e -QQqQ= x= x QC=� X• qz =q� QcC= q� •="%C •µC xQCx xQC 

cqQQCc•C% zqQ 3· x%%"'~ x =*x•"xX µqwq~C'Cq� = cq'cC'•Qx•"q' 

+xX� C •q xXX ~Q"% *q"'•= "' •µC xQCxe 

-QQqQ= x= x QC=� X• qz µqQ"Zq'•xX wCx'%CQ"'~ xQC xccq� '•C% zqQ 

3· •µC "'•Qq%� c•"q' qz x =*x•"xX � 'cCQ•x"'•· "' •µC QC=� X•= qz 

%"=*CQ="q' cxXc� Xx•"q'= •µx• cx''q• 3C cqQQCc•C% zqQ 3· =•x•"=­ 

•"cxX "'•CQ*qXx•"q' *QqcC%� QCe 8� Q•µCQ "• "= x==� wC% •µx• •µC 

wx"' zCx•� QC= qz •µC cq'cC'•Qx•"q' %"=•Q"3� •"q' 3x=C% q' %"=­ 

*CQ="q' cxXc� Xx•"q'= xQC *QC=CQ+C% "' •µC q3=CQ+C% +xX� C=e 4q!­ 

C+CQS CQQqQ= "' •µC xQCx =q� QcC= x'% "' •µC +CQ•"cxX C<cµx'~C 

*QqcC== "'zX� C'cC •µC xc•� xX cq'cC'•Qx•"q' +xX� C=e ,µ"= wx· 3C 

cqQQCc•C% zqQ 3· x zxc•qQ qz *Qq*qQ•"q'xX"•· !µC' •µC zxc•qQ qz 

*Qq*qQ•"q'xX"•· +xQ"C= "' =*xcCS 'q'µqwq~C'Cq� = CzzCc•= qz •µC 

CQQqQ= xQC •xYC' "'•q xccq� '•e 

,µC cqQQCc•"q' qz •µC %"=*CQ="q' cxXc� Xx•"q' "= 3x=C% q' •µC 

zqXXq!"'~ C;� x•"q'O 

L 
MXcy<S·k u D z • y<S·k X' u6 •g4 • e 

k=l 

4CQC ' %C'q•C= •µC '� w3CQ qz wCx=� Q"'~ =•x•"q'= ~ • y<S·k "= •µC 

!C"~µ• x••xcµC% •q =•x•"q' Y zqQ ~Q"%*q"'• y<S·k x'% +• x'% 

4 •s xQC %CQ"+C% zQqw q3=CQ+C% x'% wq%CX cxXc� Xx•C% +xX� C= zqQ 

=•x•"q' Yx= zqXXq!=O 

+• S wx< u6 • n } s pk 

4 • u wx< u4 • m pk 



ul 

,µC +xX� C BY "= %C•CQw"'C% x= •µC 3C=• z"• cq'cC'•Qx•"q' !"•µ"' 

l Yw %"=•x'cC zQqw •µC =•x•"q' Y ywx•cµ"'~k !µCQC Ø "= •µC 

3xcY~Qq� '% cq'cC'•Qx•"q' x= %C=cQ"3C% "' =Cc•"q' oeH x'% 

E**C'%"< ce 

,µC !C"~µ•= xQC cxXc� Xx•C% 3x=C% q' •µC qQ%"'xQ· YQ"~"'~ *QqcC­ 

%� QC x= %C=cQ"3C% "' E**C'%"< :e 4CQC •µC =*x•"xX cqQQCXx•"q' 

z� 'c•"q'= xQC 3x=C% q' C<*q'C'•"xX zqQw !"•µ "'•C~QxX =cxXC 

C;� xX u Ywe 

,µC !C"~µ•= xQC cqw*� •C% "' x%+x'cC x'% xQC "'%C*C'%C'• qz 

•"wCe 

D' qQ%CQ •q *QC+C'• wCx'"'~XC== Xq! qQ XxQ~C +xX� C= "' •µC 

Xq~xQ"•µw"c %"zzCQC'cCS •µC q3=CQ+C% x'% wq%CXjcxXc� Xx•C% 

+xX� C= xQC µCQC QC*XxcC% 3· wq%"z"C% +xX� C=e 

,µC xc•� xX cqQQCc•"q' qz •µC %"=*CQ="q' cxXc� Xx•"q' "= 3x=C% q' 

•µC zqXXq!"'~ zqQw� Xx 

: 

B y<S·k u B y<S·k C<* y[c y<S·kk 

: 

8Qqw •µ"= zqQw� Xx "• zqXXq!= •µx• •µC � *%x•C% +xX� C= By<S·k 

!"XX 3C C;� xX •q •µC q3=CQ+C% +xX� C= x• •µC wCx=� Q"'~ =•x•"q'= 

Y5XS ee• S'e 8qQ ~Q"%*q"'•= zxQ x!x· zQqw •µC =•x•"q'= •µC w� X•"­ 

*X"cx•"+C zxc•qQ !"XX 3C x**Qq<"wx•CX· •µC x+CQx~C qz •µC "'%"­ 

+"%� xX Qx•"q= zqQ Cxcµ =•x•"q'e ,µ� =S XqcxXX· •µC cqQQCc•C% 

z"CX% !"XX cqQQC=*q'% •q •µC q3=CQ+C% cq'cC'•Qx•"q'=S x'% x 

=cxX"'~ qz •µC cq'cC'•Qx•"q' %"=•Q"3� •"q' !"XX 3C *QC=CQ+C% "' 

•µC cqQQCc•"q' *QqcC%� QCe 

AqQQCc•"q' qz •µC %"=*CQ="q' cxXc� Xx•"q'= "= 3x=C% q' w� X•"*X"­ 

cx•"q' qz cq'cC'•Qx•"q' +xX� C= !"•µ zxc•qQ= !µ"cµ xQC xXX 'q'­ 

'C~x•"+C x'% !µ"cµ +xQ· x3q� • ['"•·e Å"'cC •µC zxc•qQ= xQC xXX 

'q'j'C~x•"+C •µC cqQQCc•C% cq'cC'•Qx•"q' %"=•Q"3� •"q' M(x,y) 

!"XX xX=q 3C 'q'j'C~x•"+Ce AXq=C •q x =•x•"q' •µC x%{� =•C% cq'­ 

cC'•Qx•"q' %"=•Q"3� •"q' !"XX cqQQC=*q'% •q •µC q3=CQ+C% +xX� Ce 

a2Q%"'xQ· YQ"~"'~øø µx= 3CC' x**X"C% •q %C+CXq* cqQQCc•"q' 
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zxc•qQ= •µQq� q� • •µC xQCxe ,µ� =S zxQ zQqw •µC =•x•"q'= •µC ~Cq­ 

wC•Q"c x+CQx~C Qx•"q 3C•!CC' q3=CQ+C% x'% cxXc� Xx•C% +xX� C= "= 

x**X"C% x= x cqQQCc•"q' zxc•qQe 

,µ"= z"'xX cqQQCc•"q' wC•µq% "= � =C% •q cqQQCc• •µC %"=*CQ="q' 

cxXc� Xx•"q' zqQ •µC cqw*q'C'•= 12<S Å2uS x'% GB uepe 8qQ 12< 

x'% Å2u •µC z"+C =•x•"q'= VX·+CS 7CqQ~ Å•x'~= ~•eS 1C'=C•S 

8QC%'C=S x'% Å = !CQC � =C%S !µ"XC zqQ GB uep %x•x zqQ •µC •µQCC 

=•x•"q'= VX·+CS 1C'=C• x'% Å = !CQC � =C%e 

oep JC=� X•= x'% wq%CX +xX"%x•"q' 

oepel -=•"wx•C% cq'cC'•Qx•"q'= "' •µC x"Q C'•CQ"'~ •µC QC~"q'e 

y3xcY~Qq� '% cq'cC'•Qx•"q'k 

8"~� QC F =µq!= C=•"wx•C% µq� QX· +xQ"x•"q' "' •µC 3xcY~Qq� '% 

cq'cC'•Qx•"q' zqQ cqw*q'C'•= Å2u x'% GB uepe ,µC z"~� QC =µq!= 

zx"QX· ~qq% x~QCwC'• 3C•!CC' XC+CX qz •µC=C cqw*q'C'•=e Bx<"wx 

"' cq'cC'•Qx•"q' +xX� C= "'%"cx•C C*"=q%C= qz Xq'~ Qx'~C •Qx'=­ 

*qQ• qz *qXX� •"q' "'cX� %"'~ =qu x'% *xQ•"cXC= ="w� X•x'Cq� =X·e 

,µC cqw*� •x•"q'= xQC 3x=C% q' =C*xQx•C =CQ"C= qz wCx=� QCwC'•=e 

D' •µC =� wwCQ =Cx=q'S •µCQC !CQC •!q *QC%qw"'x'• *CQ"q%= !"•µ 

µ"~µ cq'cC'•Qx•"q' qz z"'C *xQ•"cXC= yGB uepk 3C•!CC' Ht 

E*Q"XjH Bx· lULL x'% x~x"' 3C•!CC' upjuL Bx· lULLe ,µC=C •!q 

*CQ"q%= !CQC cµxQxc•CQ"ZC% 3· µ"~µ +xX� C= qz =� X*µx•C =qojj x• 

•µC =•x•"q' VX·+C x'% Å =e ,µ"= "'%"cx•C= •µx• •µC=C cq'cC'•Qx­ 

•"q'= wx"'X· qQ"~"'x•C% zQqw =q� QcC= q� •="%C •µC xQCx xX=q 

%� Q"'~ •µC =� wwCQ *CQ"q%e 



gt 
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Rse Ts· 

: 

sn 
T·7 

l 6y 
TMJ 

+<L A- qQ Ol l f A A <L A « qQ A l l y 

8"~� QC FO 4q� QX· 3xcY~Qq� '% cq'cC'•Qx•"q'= qz Åtu x'% GB 
•µC x"Q C'•CQ"'~ 7QC'Xx'% %� Q"'~ •µC !"'•CQ 
t 7s7. s17t 7sVI I yxk x'% %� Q"'~ •µC =� wwCQ 
s I 7, 7. g, 7a7sVI I )FN7 

g71 "' 
*CQ"q% 
*CQ"q% 
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oepeu JC=� X• qz wq%CX C+xX� x•"q' 

Bq%CX C+xX� x•"q' µx= 3CC' *CQzqQwC% � ="'~ *xQxwC•CQ= QCcqwwC'­ 

%C% "' � e=e -'+"Qq'wC'•xX GQq•Cc•"q' E~C'c· y-GEk 7� "%CX"'C= 

y.Å -GE lULlS lULoke EX=q QC=� X•= qz m"XXwq•• ylULuk !CQC •xYC' 

"'•q xccq� '•e 

,µC 3x="= qz •µC wq%CX C+xX� x•"q' "= •µC cqw*xQ"=q' qz q3=CQ+C% 

x'% wq%CXjcxXc� Xx•C% µq� QX· +xX� C= qz cq'cC'•Qx•"q' x• •µC wCx­ 

=� Q"'~ =•x•"q'= "' •µC xQCxe 

8qQ •µC cqw*q'C'•= 12< x'% Åtu •µCQC xQC z"+C wCx=� Q"'~ =•x­ 

•"q'=S VX·+CS 7CqQ~ Å•x'~= ~•eS 1C'=C•S 8QC%'C=S x'% Å =e 8qQ 

Cxcµ =•x•"q' x'% zqQ Cxcµ *CQ"q% y!"'•CQO HelejlpeHeS 

=� wwCQO lLeoejuoeNeke ÅC+CQxX wq%CX C+xX� x•"q' *xQxwC•CQ= µx+C 

3CC' cqw*� •C%e 

JC=� X•= xQC µCQC =µq!' zqQ =qwC qz •µC=C *xQxwC•CQ= "' •x3XC -e 

,µC cqX� w' wxQYC% aGgFgBa µCQC %C'q•C= wq%CXjC=•"wx•C% +xX� C= 

3x=C% q' %"=*CQ="q' cxXc� Xx•"q' x%%"'~ 3xcY~Qq� '% cq'cC'•Qx­ 

•"q'= x'% z"'xXX· *CQzqQw"'~ wx•cµ"'~e ,µC wx•cµ"'~ *QqcC%� QC 

wCx'= � ="'~ •µC +xX� C "' •µC cxXc� Xx•C% cq'cC'•Qx•"q' %"=•Q"3� ­ 

•"q' !µ"cµ xQC cXq=C=• •q •µC wCx=� QC% +xX� C !"•µ"' x Qx'~C qz 

l Ywe 

oepeH Bq%CX +xX"%x•"q' zqQ 12< 

,x3XC - =µq!= QC=� X•= qz •µC +xX"%x•"q' qz •µC wq%CX %C=cQ"*­ 

•"q' qz µq� QX· cq'cC'•Qx•"q' +xQ"x•"q' x• •µC %"zzCQC'• wCx=� ­ 

Q"'~ =•x•"q'=e 

12<jcq'cC'•Qx•"q'= xQC =X"~µ•X· � '%CQ*QC%"c•C% x• •µC VX·+C 

=•x•"q' x'% "= =X"~µ•X· q+CQ*QC%"c•C% x• •µC =•x•"q' Å =e E =·=­ 

•Cwx•"c q+CQ*QC%"c•"q' x• Å = "= q3=CQ+C% "' ="•� x•"q'= !"•µ 

!"'% zQqw 'qQ•µCQX· %"QCc•"q'e E• •µC =•x•"q'= 1C'=C• x'% 

8QC%'C= � '%CQ*QC%"c•"q'= qz x+CQx~C q3=CQ+C% cq'cC'•Qx•"q'= xQC 

wqQC =CQ"q� =e mµC' •µC !"'% 3Xq!= zQqw 'CxQ3· Qqx%= !"•µ µ"~µ 



up 

,x3XC -O Model validation for må x . 
GCQ"q%O HelejlpeHe lULL 

Å•x•"q' VX·+C 7CqQ~ Å•x'~= ~x•C 

GxQxwC•CQ .' "• t ! GgFgB t ! GgFgB 

BCx' µ ~ dwH u oe l u l e H uNeL HLeu HLep HLeo 
Å:C+ H te l Hteu Htet o Ue l oLeU olep 
1B: telu j te ll jtettI jtettH 
JBÅ- uLeH lHe p ol e H upeU 
JBÅ-= lH e s oe l l I e N lH e L 
JBÅ-� uoeU lue U HIeo u l e U 
AqQQ te p I teUt teNp teLp 
IA teIo teUp te I U te U l 

Å•x•"q' 1C'=C• 8QC%'C= 

GxQxwC•CQ .' "• t ! GgFgB t ! GgFgB 

BCx' µ ~ dwH Nl e U oteN o oe l IHeo o oe l pIep 
Å:C+ LUeU plet uUeo Upep pIeI NoeU 
1B: teHo teuU teot te u u 
JBÅ- I H e I NteN Loep pNep 
JBÅ-= Nl e U pHet NUeI o oe l 
JBÅ-� HUeU uUeo oIeL Hpeo 
AqQQ te N u te L l te p N teLo 
DE teNU teLt teNI teLI 

Å•x•"q' Å = 

GxQxwC•CQ .' "• t ! GgFgB t ! GgFgB 

BCx' µ ~ dwH uoeo uUeN HHeL 
Å:C+ Hteo HLep HoeI 
1B: j te u l jteHL 
JBÅ- HLeN uNeH 
JBÅ-= l pe I lteL 
JBÅ-� H pe u uoet 
AqQQ teot te I u 
IA te Nl teLu 

tO BCx' q3=CQ+C% 12<jcq'cC'•Qx•"q'e 
GO BCx' cq'cC'•Qx•"q' +xX� C 3x=C% q' %"=*CQ="q' cxXc� Xx•"q'=e 

GgFgBO AxXc� Xx•C% cq'cC'•Qx•"q' +xX� C 3x=C% q' cq'•Q"3� •"q' zQqw 12<­ 
cq'cC'•Qx•"q' "' •µC x"Q C'•CQ"'~ •µC xQCxS cq'•Q"3� •"q' zQqw 
XqcxX =q� QcC= x'% •xY"'~ "'•q xccq� '• =*x•"xX � 'cCQ•x"'•"C= "' 
•µC XqcxX *qXX� •"q' cq'cC'•Qx•"q'e 

•Qxzz"cS •µC q3=CQ+C% cq'cC'•Qx•"q'= 3CcqwC µ"~µCQ •µx' cxXc� ­ 

Xx•C%e ,µ"= CzzCc• qz =� 3j~Q"% cq'cC'•Qx•"q' %"=•Q"3� •"q' "= 

*xQ•X· cqw*C'=x•C% zqQ 3· •xY"'~ "'•q xccq� '• x *qXX� •"q' cq'­ 

•Q"3� •"q' zQqw •µC wx"' Qqx%=e :"=*CQ="q' cxXc� Xx•"q'= cq� X% 3C 

"w*Qq+C% 3· cq'="%CQ"'~ •µC %Ccx· "' *qXX� •"q' cq'•Q"3� •"q' 

!"•µ %q!' !"'% %"=•x'cC zQqw •µC Qqx%e D' q� Q cxX� Xx•"q'= •µC 

µq� Q •q µq� Q =*x•"xX x+CQx~C cq'cC'•Qx•"q' +xX� C "= cq'="%CQC% 



uN 

!"•µ"' Cxcµ =;� xQC Ywu• ,µ"= =� 3j~Q"% CQQqQ "= 'q• xccq� '•C% 

zqQ 3· •µC =*x•"xX � 'cCQ•x"'•· wq%CXe ,µC "'%C< qz x~QCCwC'• 

x'% cqQQCXx•"q' 3C•!CC' µq� QX· q3=CQ+C% x'% cxXc� Xx•C% +xX� C= 

qz b p å =µq! ~qq% cqQQC=*q'%x'cC x• xXX =•x•"q'=S 3C••CQ •µx' 

zqQ Åtu x'% *xQ•"c� Xx•C=e EccqQ%"'~X· b p å "= •µC 3C=• ="'~XC 

*qXX� •"q' cqw*q'C'• •q 3C � =C% zqQ x %C=cQ"*•"q' qz •µC *qXX� ­ 

•"q' ="•� x•"q' "' 7QC'Xx'%e JC=� X•= qz %"=*CQ="q' cxXc� Xx•"q' 

wx· z� Q•µCQ 3C � =C% zqQ %C=cQ"3"'~ •µC *qXX� •"q' cq'•Q"3� •"q' 

zQqw %"zzCQC'• ~Qq� *= qz =q� QcC=e 

oepeo Bq%CX +xX"%x•"q' *xQ•"cXC= yGB uepk 

,x3XC 8 =µq!= QC=� X•= qz •µC +xX"%x•"q' qz •µC wq%CX %C=cQ"*­ 

•"q' qz µq� QX· cq'cC'•Qx•"q' %"=•Q"3� •"q' zqQ *xQ•"cXC=e 

,x3XC 8O Bq%CX +xX"%x•"q' zqQ *xQ•"cXC= yGB uepke uepke 

Å•x•"q' VX·+C 7CqQ~ Å•x'~= ~x•C 

GxQxwC•CQ .' "• A \ GgFgB A ! GgFgB 

BCx' µ ~ dwH ll e o loe t loeN l o e I l u e t l o e o 
Å:C+ yy l u e t uHeU l o e U l H e t l u e N ll e H 
1B: yy jteuup jteuLu te lL te ll I 
JBÅ- yy uHet l t e o loeU I e U 
JBÅ-= yy oeI He H U e l oet 
JBÅ-� yy uuep Ue L ll e U NeL 
AqQQ yy teHo teIp teHo teLt 
DE yy teoI teLo tepU teLU 

Å•x•"q' Å = 

GxQxwC•CQ .' "• A ! GgFgB A ! GgFgB 

BCx' µ ~ dwH lHeI loeU l N e H 
Å:C+ yy ll e o u He I lo e o 
1B: yy jteto jtelU 
JBÅ- yy u pe l ll e N 
JBÅ-= yy LeI He o 
JBÅ-� yy LeI ll e l 
AqQQ yy te l u teNo 
DE yy teHH teIL 

tO BCx' q3=CQ+C% GB uepjcq'cC'•Qx•"q'e 
GO BCx' cq'cC'•Qx•"q' +xX� C 3x=C% q' %"=*CQ="q' cxXc� Xx•"q'=e 
GgFgBO AxXc� Xx•C% cq'cC'•Qx•"q' +xX� C 3x=C% q' cq'•Q"3� •"q' 

zQqw GB uepjcq'cC'•Qx•"q' "' •µC x"Q C'•CQ"'~ •µC 
xQCxS cq'•Q"3� •"q' zQqw XqcxX =q� QcC= x'% •xY"'~ 
"'•q xccq� '• =*x•"xX � 'cCQ•x"'•"C= "' •µC XqcxX *qXX� ­ 
•"q' cq'cC'•Qx•"q'e 



gz 

,µC wCx' +xX� C "' •µC !"'•CQ *CQ"q% "= =X"~µ•X· q+CQC=•"wx•C% 

x• VX·+C x'% Å =S x'% =X"~µ•X· � '%CQC=•"wx•C% x• 7CqQ~ 

Å•x'~= ~•e ,µC =•x'%xQ% %C+"x•"q' "' •µC µq� QX· zX� c•� x•"q'= "= 

=CQ"q� =X· q+CQC=•"wx•C% x• •µC =•x•"q'= VX·+C x'% Å =e ,µC CQQqQ 

"= *Qq3x3X· cq''Cc•C% •q •µC C=•"wx•"q' qz Cw"=="q' x'% %"=*CQ­ 

="q' qz *xQ•"c� Xx•C= zQqw •µC 4CQø ·x xQCxe ,µC "'%C< qz x~QCC­ 

wC'• "= xccC*•x3XC !µC' x =*x•"xX � 'cCQ•x"'•· "= •xYC' "'•q 

xccq� '•e 

oepep Bq%CX +xX"%x•"q' zqQ Åtu 

,x3XC 7 =µq! QC=� X•= qz •µC +xX"%x•"q' qz •µC wq%CX %C=cQ"*•"q' 

qz µq� QX· cq'cC'•Qx•"q' zX� c•� x•"q'= zqQ =qu q' •µC %"zzCQC'• 

=•x•"q'=e 

mµC' 3xcY~Qq� '% cq'cC'•Qx•"q'= !CQC 'q• •xYC' "'•q xccq� '• •µC 

Åtujcq'cC'•Qx•"q'= !CQC � '%CQC=•"wx•C% x• •µC =•x•"q'= VX·+CS 

7CqQ~ Å•x'~= ~•eS 1C'=C•S x'% Å =e Fq•µ •µC wCx' +xX� C= x'% •µC 

=•x'%xQ% %C+"x•"q'= qz •µC •"wC =CQ"C= zQqw •µC %"zzCQC'• =•x­ 

•"q'= !CQC � '%CQC=•"wx•C%e E' q+CQC=•"wx•"q' !x= q3=CQ+C% x• 

8QC%'C= Xqcx•C% 3C•!CC' •µC 4CQø ·x xQCx x'% •µC cC'•CQ qz 

GqQ=~Q� ''e 

GqqQ cqQQC=*q'%x'cC 3C•!CC' q3=CQ+C% x'% cxXc� Xx•C% µq� QX· 

zX� c•� x•"q'= !x= zq� '% x• xXX =•x•"q'=e ,µ"= cqQQC=*q'%x'cC !x= 

"w*Qq+C% cq'="%CQx3X· !µC' µq� QX· 3xcY~Qq� '% cq'cC'•Qx•"q'= 

!CQC •xYC' "'•q xccq� '•S x'% z� Q•µCQ !µC' xXXq!x'cC zqQ =*x•"xX 

� 'cCQ•x"'•· !x= xccq� '•C% zqQe ,µC ÅtujcxXc� Xx•"q'= QCwx"'C% 

� 'cCQ•x"'S µq!C+CQS *Qq3x3X· x= x QC=� X• qz Cw"=="q'= x• Xq! 

XC+CX x'% CXC+x•C% *q"'• =q� QcC=e ,µC Cw"=="q' "'•C'="•"C= qz 

=qwC Xq! XC+CX =q� QcC= xQC *qqQX· Y'q!' "' •µC ÅY"C' xQCxe D' 

•µC GqQ=~Q� '' xQCx Åtu wx· QCxc• !"•µ q•µCQ *qXX� •"q' cqw*q­ 

'C'•= cqw"'~ zQqw •µC 4CQø ·x xQCxe 

,q C+xX� x•C =� 3j~Q"% cq'cC'•Qx•"q' +xQ"x•"q'= x X"=• qz cq'cC'­ 

•Qx•"q'= xXq'~ xXX =C~wC'•= qz •µC wx"' Qqx%= "' •µC xQCx "= 

~"+C' zqQ Cxcµ µq� Qe 8� Q•µCQ *q="•"q'= qz µ"~µ cq'cC'•Qx•"q'= 



cx 

,x3XC 7O Bq%CX +xX"%x•"q' zqQ Åtu• 
GCQ"q% HelejlpeHe 

y«E«_~L 9·ø[ h ; h~£> y«EL>Z >E«h 

SE£E� h«h£ e L _« A \ Sxr x6 A \ Sxr x6 

6 hEL µ > l� t ss7 a a71 ss 7 a g a7 A s 17 g s z 7 I 
y" h[ yy sz7z V7s z 7 t 44.5 g17I s a7 g 
b 6 " yy 0.44 A7 st A7, g A7t g 
K6 y{ yy g A7 s s 17 z 1s7A , A7A 
K6 y{Z yy s z 7 V s, 7t g17I s , 7 s 
K6 y{ æ yy V7 s a71 g17I s, 7 s 
T~££ yy A7A1z A7 4 z A7 A z A7 1 A 
DE yy A7g1 A7 1s A7 g I A7 1 A 

y«E«_~L b hLZh« ' £hÅLhZ 

SE£E� h«h£ e L _ « A \ Sxr x6 A \ Sxr x6 

6 hEL µ > l� t st 7 I s s 7 s sg71 V7V s s 7 a sA71 
y" h[ s a7 z s17I V7z s g 7 4 s a 7 s I7V 
b 6 " A7gA A7AV . A7 s z .A7Aa 
K6 y{ gg7g s, 7 , s I 7 t I7V 
K6 y{Z s 17 a ss 7 I V7t a7g 
K6 y{ æ s17I I7t s17I a7, 
T~££ A7AI A71g A7gA A7aV 
p• A7t t A7a, A7, g A7I A 

y«E«_~L Å Z 

SE£E� h«h£ e L _ « A \ Sxr x6 A \ Sxr x6 

6 hEL µ > l� t a7V 17t z71 
y" h[ z 7 t V7g z7A 
NMD A7 g t . A7 A V 
K6 y{ s s 7 z 17 g 
K6 y{Z z 7 t g 7 t 
K6 y{ æ V7g , 7I 
T~££ A7At A7 z t 
DE A7t 1 A7I 1 

Ac 6 hEL ~FZh£[ hÅ x+g.d~LdhL«£E«_~L7 
Sc 6 hEL d~LdhL«£E«_~L [E·æh FEZhÅ ~L Å_Z! h£Z_~L dE·dæ·E«_~LZ7 

Sxr x6 c TE·dæ·E«hÅ d~LdhL«£E«_~L [E·æh FEZhÅ ~L d~L«£_Fæ«_~L ­£~� ­£~� 
x+g.d~LdhL«£E«_~L _L «&h E_£ hL«h£_L> «&h E£hE5 d~L«£_Fæ«_~L 
­£~� ·~dE· Z~æ£dhZ ELÅ «E•_L> _L«~ Edd~æL« Z! E«_E· æLdh£«E_L­ 
«_hZ _L «&h ·~dE· ! ~··æ«_~L d~LdhL«£E«_~L7 

%q!'!"'% qz •µC Hu %qw"'x'• ="'~XC =q� QcC= wx· 3C ~"+C' zqQ 

Cxcµ µq� Q "' •µC xQCx qz cxXc� Xx•"q'e 

,µC =*x•"xX %"=•Q"3� •"q' x= x QC=� X• µq� QX· %"=*CQ="q' cxXc� Xx­ 

•"q'= 3x=C% q' XqcxX Cw"=="q'= "= cqQQCc•C% 3· x%%"'~ x 3xcY­ 

~Qq� '% cq'cC'•Qx•"q' +xX� C •q xXX ~Q"% *q"'• +xX� C=e -w*µx="= 



k( 

"= ~"+C' •q •µ"= %"=•Q"3� •"q' !µC' •µC z"'xX cqQQCc•"q'= xQC 

wx%C xccqQ%"'~ •q µq� QX· wCx=� QCwC'•= x• z"+C =•x•"q'=e 

GCQzqQw"'~ •µC %"=*CQ="q' cxXc� Xx•"q'= qz µq� QX· wCx' +xX� C= "' 

x =;� xQCjYw ~Q"% x'% cqQQCc•"'~ •µC cxXc� Xx•C% +xX� C= 3· wCx=� ­ 

QCwC'•= zQqw =•x•"q'= Xqcx•C% q� •="%C •µC xQCx= *qXX� •C% 3· 

wx<"w� w cq'cC'•Qx•"q'=S "• "= X"YCX· •µx• •µC µq� QX· wx<"w� w 

cq'cC'•Qx•"q'= qcc� Q"'~ "' •µC xQCx qz cxXc� Xx•"q' xQC 'q• %C­ 

•Cc•C%e E= x QC=� X• qz •µC Y'q!XC%~C qz =� 3j~Q"% %"=•Q"3� •"q'= 

•µC wx<"wx xQC X"YCX· •q 3C zq� '% "' •µC ÅY"C' xQCx qQ cXq=C •q 

•µC 4CQø ·x xQCxe ,µC xQCx= cXq=C •q Qqx%= !"•µ µ"~µ •Qxzz"c 

"'•C'="•"C= xQC z� Q•µCQ C<*q=C% •q µ"~µ C<µx� =• *qXX� •"q' •µx• 

"= =µq!' "' •µC cxXc� Xx•C% +xX� C= C<cC*• q' •µC Qqx%= •µCw­ 

=CX+C=e 
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4q� QX· cq'cC'•Qx•"q' +xX� C= wCx=� QC% x• p =•x•"q'= zqQ 12<S 

12uS x'% =qu µx+C 3CC' � =C% x= *Q"wxQ· %x•x zqQ %C=cQ"3"'~ 

•"wC +xQ"x•"q' "' x"Q ;� xX"•· •µQq� ~µq� • •µC xQCx qz "'+C=•"~x­ 

•"q'e 

ÅCXCc•"q' qz Xqcx•"q'= qz wCx=� Q"'~ =•x•"q'= !x= 3x=C% q'O 

x+q"%x'cC qz cq'•Q"3� •"q' zQqw =q� QcC= cXq=C •q •µC wCx=� ­ 

Q"'~ =•x•"q' 

•µC Xqcx•"q' qz •µC *xQ•"c"*x'•= "' •µC µCxX•µ "'+C=•"~x­ 

•"q' 

•µC Xqcx•"q' qz •µC wx"' =q� QcC= •q x"Q *qXX� •"q' "' •µC 

xQCx 

%"=cQ"w"'x•"q' qz cq'•Q"3� •"q' zQqw %"zzCQC'• ~Qq� *= qz 

=q� QcC=e 

D' x%%"•"q' •q •µC *Q"wxQ· cqw*q'C'•= wCx=� QCwC'•= µx+C 3CC' 

wx%C •q =*Cc"z· •µC µq� QX· +xQ"x•"q' "' •µC cq'cC'•Qx•"q' qz 

=wxXX *xQ•"c� Xx•C= x• •µQCC =•x•"q'= x'% qz •µC qZq'C cq'cC'­ 

•Qx•"q' x• •!q =•x•"q'=e 
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,µC =qujcq'cC'•Qx•"q'= xQC qz *Q"wxQ· "w*qQ•x'cC "' •µC ÅY"C' 

xQCx x= x QC=� X• qz "'%� =•Q"xX Cw"=="q'=e ÅC+CQxX ~Qq� *= qz 

=q� QcC= cq'•Q"3� •C •q •µC x"Q *qXX� •"q' qz '"•Qq~C' q<"%C= x'% 

•µC µ"~µC=• cq'cC'•Qx•"q'= xQC q3=CQ+C% xXq'~ Qqx%= !"•µ µ"~µ 

•Qxzz"c "'•C'="•· x'% zqQ =µqQ• *CQ"q%= "' •µC Xqcx•"q' qz 

wx<"w� w cq'cC'•Qx•"q'= %q!'!"'% qz ="'~XC =q� QcC=e ,µC wx<"wx 

%q!'!"'% qz ="'~XC =q� QcC= wCx'%CQ !"•µ +xQ"x•"q' "' !"'% 

%"QCc•"q'=e D' •µC ÅY"C' xQCx x'% cXq=C •q •µC 4CQø ·x xQCx ~Qx­ 

%"C'•= qz cq'cC'•Qx•"q'= 3q•µ "' =*xcC x'% •"wC wx· 3C qz 

*Q"wxQ· "w*qQ•x'cC zqQ •µC %C=cQ"*•"q' qz cq'cC'•Qx•"q' C<*q­ 

=� QCe 

:x•x q' µq� QX· Cw"=="q' "'•C'="•· qz =quS 12<S x'% =wxXX *xQ•"­ 

c� Xx•C= µx+C 3CC' cqXXCc•C% zqQ xXX ~Qq� *= qz =q� QcC= "' •µC 

xQCxe 4q� QX· %x•x q' Cw"=="q' x'% %"=*CQ="q' µx+C z� Q•µCQ 3CC' 

� =C% zqQ %"=*CQ="q' cxXc� Xx•"q'= qz µq� QX· cq'cC'•Qx•"q' +xX� C= 

"' Ywuj~Q"%=·=•Cwe 

,µC *Q"wxQ· cqw*q'C'•= µx+C wx'· ~Qq� *= qz =q� QcC=e 8� Q•µCQS 

•µC 4CQø ·x xQCx =µq� X% 3C cq'="%CQC% =C*xQx•CX· x= x XxQ~C 

'� w3CQ qz *qXX� •"q' cqw*q'C'•= wx· qQ"~"'x•C "' •µ"= xQCxe 2z 

•µC=C cqw*q'C'•= cµXqQ"'Cjcqw*q'C'•=S xwwq'"xS x'% '"•Q"c xc"% 

=µq� X% 3C wC'•"q'C%e ,µC=C cqw*q'C'•= C'•CQ "'•q cqw*XC< cµCw"­ 

cxX QCxc•"q'= !"•µ •µC *Q"wxQ· cqw*q'C'•= x'% wx· %C+CXq* µxZC 

!"•µ %"zzCQC'• %C~QCC qz xc"%"•·e ,µC=C QCxc•"q'= µx+C 'q• 3CC' 

cq'="%CQC% "' •µ"= *Qq{Cc• x'% QCzCQC'cC "= wx%C •q 7Qxw C• 
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AxXc� Xx•C% µq� QX· cq'cC'•Qx•"q'= qz cµXqQ"'C 3x=C% q' wC•CqQq­ 

Xq~"cxX %x•x x'% q' wq'•µX· x+CQx~C Cw"=="q' %x•x wx· 3C � =C% 

x= x' "'%"cx•qQ qz xQCx= "'zX� C'cC% 3· •µC 4CQø ·x *X� wC=e 

-w"=="q' qz cµXqQ"'C cq'•Q"3� •C= •q •µC q<"%x•"q' qz =qu •q 

=� X*µx•C x'% wx· xX=q cq'•Q"3� •C •q XqcxX %C+CXq*wC'• qz qZq'CS 

'qQwxXX· qz w"'qQ "w*qQ•x'cC cqw*xQC% !"•µ 3xcY~Qq� '% qZq'C 

+xX� C=e FxcY~Qq� '% +xX� C= qz qZq'C xzzCc• •µC cµCw"cxX •Qx'=­ 

zqQwx•"q' qz 12 •q 12uS QC%� c"'~ •µC qZq'C cq'cC'•Qx•"q' x'% 
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"'cQCx="'~ •µC 1tujcq'cC'•Qx•"q'e ,µ"= "= •xYC' "'•q xccq� '• 

cxXc� Xx•"'~ µq� QX· 1tuj+xX� C=e 

,µC µq� QX· cq'cC'•Qx•"q' %"=•Q"3� •"q' •µQq� ~µq� • •µC xQCx µx+C 

3CC' %C•CQw"'C% 3· %"=*CQ="q' cxXc� Xx•"q'= cqQQCc•C% 3· =•x•"=­ 

•"cxX "'•CQ*qXx•"q' •q x%{� =• •µC %"=•Q"3� •"q' XqcxXX· •q •µC 

wCx=� QC% cq'cC'•Qx•"q' +xX� C x• z"+C =•x•"q'=e 

8X� c•� x•"q'= "' •µC cq'cC'•Qx•"q' z"CX% x= x QC=� X• qz µq� QX· 

+xQ"x•"q' "' Cw"=="q'= x'% %"=*CQ="q' qQ x= x QC=� X• qz =� 3~Q"% 

cq'cC'•Qx•"q' %"=•Q"3� •"q' wx· cx� =C CQQqQ= "' •µC cxXc� Xx•C% 

cq'cC'•Qx•"q' z"CX%e ,µC *q=="3"X"•· qz CQQqQ= +xQ"C= •µQq� ~µ­ 

q� • •µC xQCxe ,µC wx<"w� w CQQqQ= wx· 3C zq� '% "' •µC � Q3x' xQCx 

"' *xQ•"c� XxQ cXq=C •q •µC wx"' =q� QcC=e ,µC cq'cC'•Qx•"q' 

+xQ"x•"q' ~"+C' 3· •µC '"'C 'C"~µ3q� Q"'~ YwujxQCx xQC � =C% x= x 

wCx=� QC qz •µC =*x•"xX � 'cCQ•x"'•· "' •µC Ywujwq%CXe 8� Q•µCQ 

•µC wx<"w� w =•QCC•dQqx% cq'cC'•Qx•"q' x'% •µC wCx' *� zz cq'cC'­ 

•Qx•"q' "' Cxcµ Ywu wx· 3C � =C% x= x' C<*QC=="q' qz *q=="3XC 

=� 3j~Q"% +xQ"x•"q'= "' cq'cC'•Qx•"q'e 

,q "w*Qq+C •µC %C=cQ"*•"q' *Q"qQ"•· !q� X% 3C ~"+C' •q =� 3j~Q"% 

%C=cQ"*•"q' x'% "w*Qq+C% Cw"=="q' %x•x zqQ •µC "w*qQ•x'• =q� Q­ 

cC=e 
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KORTTIDSSTUDIER AV SAMMENHENGEN MELLOM 
LUFTFORURENSNINGER OG HELSEVIRKNINGER I GRENLAND 

BEREGNING AV J2BMD7- KONSENTRASJONSFORDELINGER BASERT 

PÅ TIMEVISE MÅLINGER 

DATAGRUNNLAG FOR EKSPONERING 

1 INNLEDNING 

Vq'=C'•Qx={q'=3CQC~'"'~C'C CQ C' %CX x+ µCX=C� '%CQ=ø YCX=C' " 

7QC'Xx'% " lULLe .'%CQ=ø YCX=C' 3XC *Xx'Xx~• x+ 1qQ=Y "'=•"•� •• 

zqQ X� z•zqQ=Y'"'~ 

yÅD88k " =xwxQ3C"% 

E·75 lULNke 

y1DM.k q~ Å•x•C'= "'=•"•� •• zqQ zqXYCµCX=C 

wC% 1qQ=Y JC~'C=C'•QxX y1Jk yAXC'cµjEx= C• 

Bå XC• wC% *Qq={CY•C• +xQ å � '%CQ=ø YC qw X� z•zqQ� QC'='"'~CQ =qw 

C'YCX•Yqw*q'C'•CQ CXXCQ " Yqw3"'x={q'CQ µxQ YqQ••"%=+"QY'"'~CQ 

*å wC''C=YCQ= µCX=C q~ •Q"+=CX " 7QC'Xx'%qwQå %C•e EQ3C"%C• µxQ 

+æ Q• � •zø Q• C••CQ q**%Qx~ zQx B"X{ø +CQ'%C*xQ•CwC'•C• yB:kS 

Å•x•C'= zqQ� QC'='"'~=•"X=·' yÅ8,k q~ 1qQ~C= •CY'"=Yj'x•� Q+"•C'­ 

=Yx*CX"~C zqQ=Y'"'~=Qå % y1,18ke 8qQ å YXxQXC~~C w� X"~C YqQ•­ 

•"%=+"QY'"'~CQ x+ X� z•zqQ� QC'='"'~CQ CQ %C• 'ø %+C'%"~ å Y{C''C 

Yq'=C'•Qx={q'=+xQ"x={q'C'C zQx •"wC •"X •"wC zqQ å zqQYXxQC 

•"wC+"=C CzzCY•CQ *å µCX=C q~ •Q"+=CXe Vq'•"'� CQX"~C wå X"'~CQ 

x+ =*QC%'"'~=zqQµqX% y+"'% q~ •� Q3� XC'•C 3Xx'%"'~=zqQµqX%k q~ 

Yq'=C'•Qx={q'CQ 3XC x+XC=• =qw •"wC=w"%%CX+CQ%"CQ *å 

p wå XC=•x={q'CQ yÅ =S VX·+CS 7CqQ~ Å•x'~= ~•S 1C'=C• q~ 

8QC%'C=ke MqYxX"=CQ"'~C' x+ wå XC=•x={q'C'C =qw 3XC x'+C'%• " 

� '%CQ=ø YCX=C' CQ +"=• " z"~� Q lele Bå X"'~C'C ~x+ Yq'•"'� CQX"~ 

"'zqQwx={q' qw zqQ� QC'='"'~=zqQµqX%C'C *å Hjp =•C%CQ " qwQå %C•e 

D •"XXC~~ 3XC %x•x zQx wå X"'~C'C =qw "''~å Q " Å8,= q+CQ+å Y"'~=­ 

=·=•Cw " 7QC'Xx'% 3C'·••C• yTqµ'=Q� %S lULUke 

2wQå %C• zqQ � '%CQ=ø YCX=C'S +"=• " z"~� Q lelS 3C=•å Q x+ x%=Y"X•C 

"'%� =•Q"qwQå %CQ =qw CQ qw~"•• x+ •C••3C3·~~CX=C wC% +xQ"CQC'%C 

=•ø QQCX=Ce 2wQå %C'C zqQ3"'%C= wC% µq+C%+C"CQ q~ =wå +C"CQe :C• 
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U 1C'=C• 
ø 8QC%'C= 
j ÅY"C' 3Qx''=•x={q' 
: 4C5C 
N Jå %µ� =C•S GqQ=~Q�'' 
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mlm B-,-2J2M27D 
: Åx 
r 1C'=C• 
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: Jxz'C= 
- 4CQø ·x k G , 7 

Figur 1.1: Målestasjoner under helseundersøkelsen i Grenland i 
perioden januar-juni 1988. 
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CQ %C==� •C' C' 3C•·%CX"~ =Y"*=•Qxz"YY •"X FQC+"YS 4CQQCS 4CQø ·x 

q~ ÅY"C'e :C''C xY•"+"•C•C' zø QCQ •"X C• wx'~CxQ•C• � •=X"** x+ 

zqQ� QC'='"'~CQ 3å %C 'å Q %C• ~{CX%CQ Yqw*q'C'•CQS "'•C'="•C• q~ 

+xQ"x={q'CQ " •"% q~ Qqwe 

:C µø ·C=•C zqQ� QC'='"'~=Yq'=C'•Qx={q'C'C z"''C= •"X C'µ+CQ •"% 
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Figur 2.1: Måling og bruk av spredningsparametre. 
Topografi og lokalisering av mål~stasjoner i bereg­ 
ningsområdet. 
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Figur 2.2: Årsdøgntrafikken langs hovedveiene i Grenland. 
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x'~"Q YqQQCXx={q'=YqCzz"="C'•C'e 

G Å*QC%'"'~=3CQC~'C• +CQ%" 
GgF Å� wwC' x+ =*QC%'"'~=3CQC~'C• +CQ%" q~ 3xY~Q� ''=Yq'­ 

=C'•Qx={q'CQ 
GgFgBO GgF •"X*x==C• q3=CQ+CQ•C +CQ%"CQ y=C Yx*"••CX ueHepke 

Å•x={q' WD1,-J 
! GgF GgFgB 

VX·+C tSIo y tS p Ik 2SFp y tS I ok tSUt y tS U pk 
7CqQ~ Å•x'~= ~• tSIU y tS N pk tS Ll y tS N Uk t S U l y tS L pk 
1C'=C• tSNU y tS N uk tS I p y tS N Lk tSLt y t S L lk 
8QC%'C= tSNI y tS p Nk tS I H y tS NHk tSLI y tS L ok 
Å = tSNl y tS o tk tS N L y tS p Nk tSLu y tS I uk 

Å•x={q' Å2BB-J 
! GgF GgFgB 

VX·+C tS p p y tS o Hk tSpL y tS p tk tSIN y tS p pk 
7CqQ~ Å•x'~= ~• tS N N y tS p l k tSNL y tS p pk tSLN y tS I pk 
1C'=C• tS I L y tS N Hk tSIU y tS N Nk tS U l y tS L Nk 
8QC%'C= tS I u y tS p Hk t S I o y tS p Ik tSUt y tS F uk 
Å = tSoU y tS H Lk tS p u y tS o ok tS I l y tS N l k 

Heu GEJ,DVV-MjV21Å-1,JEÅT21-J yaGBuSpak 

GxQ•"YYCXYq'=C'•Qx={q'C'C CQ QC~"=•CQ• +C% •q wå XCwC•q%CQO 

Vq'•"'� CQX"~C 'CzCXqwC•CQwå X"'~CQ QC~"=•QCQCQ X·==*QC%'"'­ 

~C' " x•wq=zæ QC' =qw CQ x+µC'~"~ x+ X� z•C'= "''µqX% x+ =wå 

*xQ•"YXCQe 

,qX+•"wCQ= w"%XCQC Yq'=C'•Qx={q' x+ wx==C' x+ *xQ•"YXCQ wC% 

CY+"+xXC'• %"xwC•CQ � '%CQ q~ q+CQ uSp µ wCQ QC~"=•QCQ• +C% 

+C""'~ x+ *xQ•"YXCQ =qw CQ =xwXC• q** *å z"X•QCe GQø +C'C CQ 

=xwXC• " •qzQxY={q'="w*xY•qQC' aÅ"CQQx D'=•Q� wC'•= ÅCQ"C= 

uope E� •qwx•"c :"cµq•qwq� = Åxw*XCQae 

VqQQCXx={q'=x'xX·=C +"=CQ ~q%• =xw=+xQ wCXXqw •"%==CQ"C'C x+ 

luj•"wCQ= w"%XCQC 'CzCXqwC•CQwå X"'~CQ q~ wx==C' x+ =wå *xQ•"Y­ 

XCQ 3C=•Cw• +C% +C""'~ x+ z"X•QCe D µ+CQ luj•"wCQ=*CQ"q%C CQ 

'CzCXqwC•CQwå X"'~C'C 3C'·••C• •"X å 3C=YQ"+C C'%Q"'~CQ " 

*xQ•"YYCXYq'=C'•Qx={q'C'C zQx •"wC •"X •"wCe :C •"wC+"=C 



Il 

Yq'=C'•Qx={q'C'C CQ YxX"3QCQ• =X"Y x• •qX+•"wCQ=w"%%CX+CQ%"C'C 

=+xQCQ •"X Yq'=C'•Qx={q'C' x+ *xQ•"YXCQ � '%CQ uSp µ w 3C=•Cw• 

+C% +C""'~e 

.•=X"**=%x•x CQ ~"•• zqQ =wå *xQ•"YXCQ � •C' x• %C• µxQ +æ Q• 

w� X"~ å ~" C' =YxQ* ~QC'=C zqQ *xQ•"YYCX=•ø QQCX=C'e :C••C Yx' 

zqQå Q=xYC =·=•Cwx•"=YC x++"Y wCXXqw 3CQC~'C•C q~ q3=CQ+CQ•C 

*xQ•"YYCXYq'=C'•Qx={q'CQe 

Heuel Mx'~•"%=w"%%CX+CQ%"CQ q~ =•x'%xQ%x++"Y zqQ q3=CQ+CQ•C q~ 

3CQC~'C•C *xQ•"YYCXYq'=C'•Qx={q'CQ 

8"~� Q HeL +"=CQ zqQ%CX"'~C' " qwQå %C• x+ w"%XCQC aGB uSpajYq'­ 

=C'•Qx={q' 3CQC~'C• *å ~Q� ''Xx~ x+ %x•x zqQ � •=X"** q~ =*QC%­ 

'"'~e 8"~� Q HeLx +"=CQ +CQ%"C'C zqQ +"'•CQ*CQ"q%C' yHelej 

lpeHelULLk q~ z"~� Q HeL3 +"=CQ +CQ%"C'C zqQ =qwwCQ*CQ"q%C' 

ylpeHejuoeNelULLke B"%XCQC 3xY~Q� ''=+CQ%" CQ C=•"wCQ• •"X 

cxe N µ ~dwH 3å %C " +"'•CQ*CQ"q%C' q~ " =qwwCQ*CQ"q%C'e WC% 

wå XC=•x={q'C'C *å z"~� QC'C CQ %C• x'~"•• wå X•C w"%%CX+CQ%"CQ 

zqQ µC'µqX%=+"= +"'•CQ*CQ"q%C' q~ =qwwCQ*CQ"q%C'e E+ +CQ%"C'C 

=CQ +" x• w"%%CX+CQ%"C'C q+CQC=•"wCQC= *å Å = q~ *å VX·+Ce D 

7CqQ~ Å•x'~= ~• CQ %C• ~q%• =xw=+xQ wCXXqw q3=CQ+CQ•C q~ 3CQC~­ 

'C•C Yq'=C'•Qx={q'CQ 'å Q C' •xQ µC'=·' •"X C=•"wCQ• 3xY~Q� ''=­ 

Yq'=C'•Qx={q'e M"YCXC%C= CQ =•x'%xQ%x++"YC'C " %C 3CQC~'C•C 

•"%==CQ"C'C µø ·CQC C'' " %C q3=CQ+CQ•C •"%==CQ"C'C zqQ 

GB uSpjYq'=C'•Qx={q'CQ *å VX·+C q~ Å = y=C •x3CXX HeHke Gå wå XC­ 

=•x={q'C' " 7CqQ~ Å•x'~= ~• CQ %C• ~q%• =xw=+xQ wCXXqw =•x'­ 

%xQ%x++"YC'C " q3=CQ+CQ•C q~ 3CQC~'C•C •"%==CQ"CQe 

q+CQC=•"wx•C• " Xx'~•"%=w"%%CX+CQ%"CQ q~ " =•x'%xQ%x++"Y 

=Y·X%C= =x''=·'X"~+"= x• %C• " wå X"'~C'C x+ � •=X"** q~=å CQ 

•x•• wC% *xQ•"YXCQ =qw CQ =•ø QQC C'' uSp µ we 

aBx•cµ"'~a wCXXqw 3CQC~'C•C q~ q3=CQ+CQ•C %x•x zø QCQ •"X QC%� Y­ 

={q' " =•x'%xQ%x++"YC'C =X"Y x• %C• 3X"Q 3C%QC =xw=+xQ wCXXqw 

q3=CQ+CQ•C q~ 3CQC~'C•C +CQ%"CQ *å wå XC=•x={q'C'C VX·+C q~ Å =e 



Iu 

8"~� Q HeLxO 8qQ%CX"'~C' x+ w"%XCQC GBjuSpjYq'=C'•Qx={q'CQ 
3CQC~'C• " YwujQ� •CQe -'µC•O µ ~dwH 

W"'•CQ*CQ"q%C' HelejlpeHelULL 



zt 

8"~� Q HeL3O 8qQ%CX"'~C' x+ w"%XCQC GBjuSpjYq'=C'•Qx={q'CQ 
3CQC~'C• " YwujQ� •CQe -'µC•O µ ~dwH 

ÅqwwCQ*CQ"q%C' lLeoejuoeNelULL 



Io 

,x3CXX HeHO Å•x'%xQ%x++"Y " •"%==CQ"C'C x+ •"wC+"=C GBjuSpjYq'­ 
=C'•Qx={q'CQe 
-'µC•O µ ~dwHe 

t 23=CQ+CQ• +CQ%" 
G Å*QC%'"'~=3CQC~'C• +CQ%" 
GgF Å� wwC' x+ =*QC%'"'~=3CQC~'C• +CQ%" q~ 3xY~Q� ''=Yq'­ 

=C'•Qx={q' 
GgFgBO GgF •"X*x==C• q3=CQ+CQ•C +CQ%"CQ y=C Yx*"••CX ueHepk 

WD1,-J 
Å•x={q' A \ GgF GgFgB 

VX·+C s g 5 A g t 5 V g 15 A s, 5 V 
7CqQ~ Å•x'~= ~•e st 5 A s g 5 a s, 5 t ss 5 t 
Å = ss 5 , g t 5 z g t 5 a s, 5 , 

Å2BB-J 
Å•x={q' A \ GgF GgFgB 

VX·+C s A5 a s , 5 t s 15 1 ss 5 a 
7CqQ~ Å•x'~= ~•e ss 5 1 V5 I s s 5 , I5 A 
Å = s A5 A s z 5 t s I5 t s g 5 g 

-••CQ awx•cµ"'~a 3X"Q =•x'%xQ%x++"Y " %C 3CQC~'C•C •"%==CQ"C'C *å 

wå XC=•x={q'C' " 7CqQ~ Å•x'~= ~• Xx+CQC C'' %C• q3=CQ+CQ•C =•x'%xQ%x+­ 

+"YC•e 

Heueu ,"wC+"=C +xQ"x={q'CQ " 3xY~Q� ''=Yq'=C'•Qx={q'C' x+ *xQ­ 

•"YXCQ aGB uSpa 

8"~� Q HeU +"=CQ •"wC+"=C +xQ"x={q'CQ " 3xY~Q� ''=Yq'=C'•Qx={q'C' x+ 

aGB uSpss • D 'qC' x•=Y"X•C C*"=q%CQ C=•"wCQC= GB uSpjYq'=C'•Qx={q'CQ " 

3xY~Q� ''=X� z•C' q+CQ ut µ ~dwHe Å*C="CX• � •*CYCQ C*"=q%C' lpejlIe 

zC3Q� xQ =C~ wC% GB uSpjYq'=C'•Qx={q'CQ q+CQ pt µ ~dwHe -*"=q%C' =Y·X%C= 

Xx'~•Qx'=*qQ• x+ zqQ� QC'='"'~CQ zQx =C'•QxX -� Qq*x q~ Yq'=C'•Qx={q'CQ 

x+ =xwwC =•ø QQCX=C q3=CQ+CQC= *å 3xY~Q� ''=•x={q'C' F"QYC'C=e -*"=q%C' 

qw•xXC= wCQ %C•xX{CQ• " Yx*"••CX HeHe 
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8"~� Q HeUO ,"wC+"=C +CQ%"CQ 3CQC~'C• zqQ 3xY~Q� ''=Yq'=C'•Qx­ 
={q'C' x+ GB uSpe 
-'µC•O µ ~dwu e 
xk W"'•CQ*CQ"q%C' HelejlpeHelULLe 
3k ÅqwwCQ*CQ"q%C' lLeoejuoeNelULLe 



za 

HeueH ,"wC+"=C *xQ•"YYCXYq'=C'•Qx={q'CQ (PM uepk *å %C C'YCX•C 

wå XC=•x={q'C'Ce wå X•C q~ 3CQC~'C•C +CQ%"CQ 

8"~� QC'C HeltjHelu +"=CQ •"wC+"=C GB uSpjYq'=C'•Qx={q'CQS 3C­ 

QC~'C• q~ q3=CQ+CQ• *å •QC wå XC=•x={q'CQ yVX·+CS 7CqQ~ 

Å•x'~= ~•e q~ Å =ke :C 3CQC~'C•C Yq'=C'•Qx={q'C'C +"=CQ � YqQQ"­ 

~CQ•C •"wC+"=C w"%%CXYq'=C'•Qx={q'CQ " %C' =xwwC YwujQ� •C' %CQ 

wå XC=•x={q'C' CQ XqYxX"=CQ•e 

8"~� Q Helt +"=CQ q3=CQ+CQ•C y=•"*XC• Y� Q+Ck q~ 3CQC~'C•C Yq'­ 

=C'•Qx={q'CQ y•·'' µCX•Q� YYC• Y� Q+Ck zQx VX·+Ce V� Q+C'C +"=CQ 

x• %C q3=CQ+CQ•C ="~'xXC'C QC*Qq%� =CQC= %å QX"~CQC " 3CQC~'"'­ 

~C'C C'' zqQ b p å7 :C• ~{CX%CQ q~=å zqQ +CQ%"C'C zQx 7CqQ~ 

=•x'~= ~•e yz"~� Q Hellk q~ zQx Å = yz"~� Q Heluke :C• CQ X"YC+CX 

C• +"==• =xw=+xQ wCXXqw 3CQC~'C•C q~ q3=CQ+CQ•C •"%==CQ"CQS wC' 

wq%CXXC' zqQ 3CQC~'C•C Yq'=C'•Qx={q'CQ 3ø Q zqQ3C%QC=e Å•x'%xQ%­ 

x++"YC• q~ 3CQC~'C•C wxY="wxXYq'=C'•Qx={q'CQ q+CQC=•"wCQCQ 

q3=CQ+CQ•C Yq'=C'•Qx={q'CQ *å Å = q~ VX·+Ce :C' Yx' =Y·X%C= x• 

3"%Qx~C• zQx "'%� =•Q"Y"X%C'C =qw CQ +x'=YCX"~ å C=•"wCQC Q"Y•"~ 

3å %C 'å Q %C• · ~{CX%CQ *q="={q' " QqwwC• q~ wxY="wxXC Yq'=C'•Qx­ 

={q'CQe 

WCQ%"C'C zQx wå XC=•x={q'C' " 7CqQ~ Å•x'~= ~•e +"=CQ 3C%QC =xw­ 

=+xQS wC' q~=å *å %C''C =•x={q'C' zqQCYqwwCQ %C• 3C•·%CX"~C 

x++"Ye Gå =xw•X"~C =•x={q'CQ Yx' C' wCQYC =C~ Xx'~•Qx'=*qQ•­ 

C*"=q%C' %C' lpe zC3Q� xQ =qw zqQå Q=xYCQ wCQY3xQC x++"Y wCXXqw 

3CQC~'C•C q~ q3=CQ+CQ•C +CQ%"CQe 

,x3CXX Heo +"=CQ aD'%C< qz x~QCCwC'•a wCXXqw 3CQC~'C•C q~ q3­ 

=CQ+CQ•C •"wC=+CQ%"CQ zqQ GB uSpjYq'=C'•Qx={q'CQ *å •QC wå XC=­ 

•x={q'CQe 
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,c;·lVid. h<L· q>&_h 

8"~� Q HeltO ,"wC+"=C q3=CQ+CQ•C y=•"*XC• Y� Q+Ck q~ 3CQC~'C•C 
yµCX•Q� YYC• Y� Q+Ck GB uSpjYq'=C'•Qx={q'CQ zQx VX·+C 
zqQ +"'•CQ*CQ"q%C' yxk q~ =qwwCQ*CQ"q%C' y3ke 
-'µC•O µ ~dwHe 
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8"~� Q HellO ,"wC+"=C q3=CQ+CQ•C y=•"*XC• Y� Q+Ck q~ 3CQC~'C•C yµCX­ 
•Q� YYC• Y� Q+Ck GB uSpjYq'=C'•Qx={q'CQ zQx 7CqQ~ 
Å•x'~= ~• zqQ +"'•CQ*CQ"q%C' yxk q~ =qwwCQ*CQ"q%C' y3ke 
-'µC•O µ ~dwH e 
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m<L· q'&_h 

8"~� Q HeluO 

• <L l ~ Å7 

,"wC+"=C q3=CQ+CQ•C y=•"*XC• Y� Q+Ck q~ 3CQC~'C•C 
yµCX•Q� YYC• Y� Q+Ck GB uSpjYq'=C'•Qx={q'CQ zQx Å = 
zqQ +"'•CQ*CQ"q%C' yxk q~ =qwwCQ*CQ"q%C' y3ke 
-'µC•O µ ~dwHe 



Lt 

,x3CXX Heo aD'%C< qz x~QCCwC'•a wCXXqw q3=CQ+CQ•C q~ 3CQC~'C•C 
GBjYq'=C'•Qx={q'CQ *å •"wC3x="=e ,xXX " *xQC'•C= 
x'~"Q YqQQCXx={q'=YqCzz"="C'•C'e 

G Å*QC%'"'~=3CQC~'C• +CQ%" 
GgF Å� wwC' x+ =*QC%'"'~=3CQC~'C• +CQ%" q~ 3xY~Q� ''=Yq'­ 

=C'•Qx={q' 
GgFgBO GgF •"X*x==C• q3=CQ+CQ•C +CQ%"CQ y=C Yx*"••CX ueHepk 

Å•x={q' ' y5 0p 9 
! GgF GgFgB 

VX·+C tS o I y tS H ok tSpo y tS s Uk tSLo y tS I pk 
7CqQ~ Å•x'~= ~• tSpU y tS H ok t S I o y tS p pk tSLU y tS Ltk 
Å = tSHH y tS l uk tSoN y tS H s- tSIL y tS N s- 

Å•x={q' Å2BB-J 
! GgF GgFgB 

VX·+C t S p u y tS u Uk tSNU y tS p pk tSLU y tS Llk 
7CqQ~ Å•x'~= ~• tSop y tS l uk tSpU y tS H pk tS I p y tS N Nk 
Å = tSop y tS u pk tSpN y tS o Nk tSLo y tS I ok 

aD'%C< qz x~QCCwC'•a q~ YqQQCXx={q'C' wCXXqw 3CQC~'C•C q~ q3­ 

=CQ+CQ•C Yq'=C'•Qx={q'CQ CQ 3C=• " 7CqQ~ Å•x'~= ~•e qw +"'•C­ 

QC'e 2w =qwwCQC' CQ %C• 3C%QC =xw=+xQ *å VX·+C q~ Å =e :CQ=qw C' 

xY=C*•CQCQ C' QqwX"~ � ="YYCQµC• ywx•cµ"'~k CQ QC=� X•x•C• ~{C'­ 

'qw~å C'%C X"•• %å QX"~CQC zqQ *xQ•"YXCQ =qw zqQ 12<e :"=%x''CX=C 

=qw "YYC CQ •x•• wC% " 3CQC~'"'~C'CS CQ =x''=·'X"~+"= C' Y"X%C 

•"X � ="YYCQµC• zqQ =wå *xQ•"YXCQe 

HeH ÅW2W-M:D2VÅD: yÅ2uX 

:C• CQ •QC %qw"'CQC'%C Y"X%C~Q� **CQ •"X =+q+CXzqQ� QC'='"'~CQ " 

7QC'Xx'%S q~ %C• CQ Y{C'• x• "'%� =•Q"� •=X"**C'C x+ =+q+CXYqw*q­ 

'C'•CQ zQx 4CQø ·xjqwQå %C• Yx' QCx~CQC wC% x'%QC zqQ� QC'='"'~=­ 

� •=X"** " %C• =xwwC qwQå %C• q~ %x''C =� Xzx•zqQ3"'%CX=CQ =qw 

"YYC QC~"=•QCQC= *å wå XC"'=•Q� wC'•C'C zqQ =qu• 



Ll 

1å Q %C• ~{CX%CQ � •=X"**C'C x+ =qu zQx .'"q' " ÅY"C' µxQ 1DM. 

zå •• •"wC+"=C wå X"'~CQ x+ =YqQ=•C"'=� •=X"**C• zQx cCXX� Xq=C­ 

zx3Q"YYC'e :C' =•ø Q=•C zC"XY"X%C' CQ "w"%XCQ•"% x'%QC � •=X"** " 

Xx+ µø ·%C =qw +xQ"CQCQ 3C•·%CX"~ wC% •"%C' q~ =qw Yx' *å +"QYC 

'æ QX"~~C'%C wå XC=•x={q'CQ wCQY3xQ•e FCQC~'"'~C'C x+ =qujYq'=C'­ 

•Qx={q'CQ " qwQå %C• CQ %CQzqQ 3CµCz•C• wC% 3C•·%CX"~C � ="YYCQ­ 
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%"CQ x+ 3xY~Q� ''=Yq'=C'•Qx={q'CQ x+ *xQ•"YXCQS =xw• wxY="wxX 

3xY~Q� ''=+CQ%" q~ •"%=*� 'Y• zqQ %C''Ce 

D •x3CXX peo +"=C= wxY="wxXC %ø ~'w"%XC%C 3xY~Q� ''=+CQ%"CQ x+ 
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=X"** zQx Xx+C Y"X%CQe 
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=Y"XXCQ "YYC � '%CQ=ø YCX=C=qwQå %C• =C~ zQx x'%QC 'qQ=YC 3·­ 
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,x3CXXC'C +"=CQ Y"X%C~Q� **C'C= 3"%Qx~ *å wå XC=•x={q'C'Ce F"%Qx­ 

~C'C CQ YxQxY•CQ"=CQ• x+ %x•x zqQ w"%%CX+CQ%"CQ q~ =•x'%xQ%x+­ 

+"Y y•x3CXX peU\ =xw• wxY="wxX• Yq'=C'•Qx={q'=3"%Qx~ 

y•x3CXX pelt\e ,x3CXX+CQ%"C'C +"=CQ =quj� •=X"**C'C *å .'"q' q~ 

*å 4CQø ·xqwQå %C• %qw"'CQCQ 3"%Qx~C• •"X ÅtujzqQ� QC'='"'~CQ " 
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GVX tSl ytS uk tSu ) tSpk tSu u tSpk tS l u tSuk tSt y tS lk 
GVu tSu ytSok tSl ) tSHk tSu u tSNk tSH u tS Nk tSl ytSuk 
GVH tSt y tS lk tSt ) tS lk tSt u tS lk tSt y tSuk tSl y t SHk 
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F"%Qx~C• zQx zqQ=Y{CXX"~C Y"X%C~Q� **CQ •"X Xx'~•"%=w"%%CXYq'­ 

=C'•Qx={q'C' zqQ 12< CQ +"=• " z"~� Q peue 8"~� QC' +"=CQ x• 

"'%� =•Q"Y"X%C'C q~ =Y"*=•Qxz"YYC' zqQå Q=xYCQ %C µø ·C=•C 12<­ 

Yq'=C'•Qx={q'C'C " %C' =ø QX"~C %CXC' x+ qwQå %C•e F"X•Qxz"YYC' 

q~ x'%QC xQCxXY"X%CQ µxQ =•ø Q=• 3C•·%'"'~ 'æ Q 3·=C'•QC'C " 

ÅY"C' q~ GqQ=~Q� ''e D •"XXC~~ •"X %C' QqwX"~C zqQ%CX"'~C' =qw 

CQ 3C=YQC+C• " YwujQ� •C'C µxQ 3"X•Qxz"YYC' 'qQwxX• %qw"'CQC'%C 
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+C"CQe 

•Qxz"YYCQ•C 

6 VURDERING AV DATAGRUNNLAGET FOR BESTEMMELSE AV EKSPONERING 

,"wC=+"=C Yq'=C'•Qx={q'=+CQ%"CQ wå X• *å zCw wå XC=•x={q'CQ zqQ 

12<S 1tu q~ Åtu CQ 3C'·••C• =qw *Q"wæ Q%x•x zqQ å 3C=YQ"+C •"%=­ 

+xQ"x={q'C' " X� z•Y+xX"•C• " 3CQC~'"'~=qwQå %C•e 

WxX~C• x+ wå XC=•x={q'C'C= XqYxX"=CQ"'~ CQ 3x=CQ• *å O 

x+=•x'% •"X 'æ QwC=•C zqQ� QC'='"'~=Y"X%C zqQ å � ''~å x• 'æ Q­ 

X"~~C'%C � •=X"** =YxX zø QC •"X X"•C QC*QC=C'•x•"+C wå X"'­ 

~CQe 

q**µqX%==•C%C'C •"X %CX•xYCQ'C " µCX=C� '%CQ=ø YCX=C' 

XqYxX"=CQ"'~C' x+ µq+C%Y"X%C'C •"X zqQ� QC'='"'~CQ " qwQå ­ 

%C•e 

D •"XXC~~ •"X *Q"wæ QYqw*q'C'•C'C CQ %C• � •zø Q• wå X"'~CQ zqQ å 
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CQ x+ =•ø Q=• 3C•·%'"'~ " ÅY"C'jqwQå %C• =qw zø X~C x+ 'æ QX"~~C'%C 
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x+ •"wC+"=C 12ujYq'=C'•Qx={q'CQe 

,"wC+"=C Yq'=C'•Qx={q'=zqQ%CX"'~CQ " qwQå %C• 3C=•Cw• +C% =*QC%­ 

'"'~=3CQC~'"'~CQ q~ YqQQ"~CQ• +C% "'•CQ*qXx={q' x+ zqQµqX%C• 

wCXXqw q3=CQ+CQ• q~ 3CQC~'C• Yq'=C'•Qx={q'=+CQ%" ~"Q ~Q� ''Xx~=­ 

%x•x zqQ å Y+x'•"z"=CQC C'YCX•*CQ=q'CQ= Yq'=C'•Qx={q'=CY=*q'C­ 

Q"'~e :C' 3CQC~'C%C Yq'=C'•Qx={q'=zqQ%CX"'~C' {� =•CQC= XqYxX• 

•"X wå X•C Yq'=C'•Qx={q'CQ *å zCw wå XC=•x={q'CQe 

8X� Y•� x={q'CQ " Yq'=C'•Qx={q'=zCX•C• =qw C• QC=� X•x• x+ •"wC­ 

+"=C +xQ"x={q'CQ " � •=X"** q~ =*QC%'"'~ CXXCQ =qw C• QC=� X•x• 

x+ Yq'=C'•Qx={q'=zX� Y•� x={q'CQ "''C'zqQ C' Ywu Yx' zqQå Q=xYC 

x++"Y wCXXqw 3CQC~'C%C Yq'=C'•Qx={q'CQ q~ q3=CQ+CQ•C +CQ%"CQ 

zQx wå XC=•x={q'C'Ce 

Åx''=·'X"~µC• zqQ zC"X +xQ"CQCQ " qwQå %C•S q~ wxY="wxXx++"YC'C 

z"''C= +x'X"~+"= " 3·qwQå %C'C =*C="CX• 'æ Q %C =•ø Q=•C Y"X%C'Ce 
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Vq'=C'•Qx={q'=+xQ"x={q'C' =qw CQ ~"•• +C% +xQ"x={q'CQ " 3CQC~­ 

'"'~C'C " %C '" 'æ QwC=•C YwujQ� •C'C CQ zqQC=Xå •• =qw C• zø Q=•C 

C=•"wx• *å zC"XC'C " Yq'=C'•Qx={q'=C=•"wx•C'C " YwujQ� •C'Ce 

W"%CQC Yx' %C' wxY="wxXC ~x•CYq'=C'•Qx={q'C' q~ %C' w"%XCQC 

*� zzjYq'=C'•Qx={q'C' 3Q� YC= =qw C• � ••Q·YY zqQ w� X"~C =� 3~Q"%­ 

+xQ"x={q'CQ " Yq'=C'•Qx={q'=zqQ%CX"'~C'Ce 

6 REFERANSER 

AXC'cµjEx=S TeS Fø µXCQS ,eS FxYYC•C"~S MeÅeS 4xX%qQ=C'S ,e q~ 
4{qQ•S 1eMe ylULNk VqQ••"%==•� %"C x+ =xwwC'µC'~C' wCXXqw 
X� z•zqQ� QC'='"'~CQ q~ µCX=C+"QY'"'~CQ " 7QC'Xx'% j GQq={CY•­ 
=Y"==Ce M"XXC=•Qø w y1DM. 2J HpdLNke 

7QxwS 8eS V'� %=C'S Åe q~ ÅCw3S Ee ylUUtk :"=%x''C'%C � •=X"** 
zQx 4·%Qq GqQ=~Q� '' lULpjlULLe M"XXC=•Qø w y1DM. 2J NdUtke 

7QxwS 8eS 7Qø '=YC"S Ve-eS 4qQ'•+C%•S VeS 4q+S Ø eS D=xY=C'S 
DeÅeEe q~ Åcµ{qX%x~CQS De ylULtk 8q•qY{Cw"=YC qY=·%x'•CQ " 
7QC'Xx'%e Bq%CXX3CQC~'"'~CQe M"XXC=•Qø w y1DM. 2J ldLtke 

7QxwS 8e q~ 7Qø '=YC"S Ve-e ylUUtk GQq~Qxw -GDÅ2:-e GQq~Qxw zqQ 
3CQC~'"'~ x+ •"wC=Yq'=C'•Qx={q'CQ q+CQ C• qwQå %Ce M"XXC=•Qø w 
y1DM.jQx**qQ• � '%CQ � •xQ3C"%CX=Cke 

7Qø '=YC"S Ve-e q~ 4C==•+C%•S -e ylUINk 1"•Qq~C'qY=·%CQS µ·%Qq­ 
YxQ3q'CQ q~ q=q' " 'C%QC ,CXCwxQYe -=•"wx•CQ x+ � •=X"**S 
=*QC%'"'~ q~ zq•qY{Cw"=YC QCxY={q'CQe M"XXC=•Qø w y1DM. 2J 
lIdINke 

7Qø '=YC"S Ve-e ylULUk MqYxX zqQ� QC'='"'~=3CXx=•'"'~ *å ~Q� '' x+ 
� •=X"** •"X X� z• zQx =Y"*e M"XXC=•Qø w y1DM. 2J IpdLUke 

7Qø '=YC"S Ve-eS x'% mxXYCQS Åe-e ylUUtk Aqw3"'C% Å•x•"=•"cxX 
BC•µq%= x'% :"=*CQ="q' Bq%CX=e DO JC=CxQcµ x'% %C+CXq*wC'• 
!"•µ"' •µC XqcxX x"Q *qXX� •"q' ~Qq� * x• 1DM.e E''� xX QC*qQ• 
lULUe -%e 3· Fe Å"+CQ•=C'e M"XXC=•Qø w y1DM. ,J NdUtk uHjHIe 

4x~C'S Me2e q~ 4qCwS Ve ylULUk VqQ••"%==•� %"C x+ =xwwC'µC'~C' 
wCXXqw X� z•zqQ� QC'='"'~CQ q~ µCX=C+"QY'"'~CQ " 7QC'Xx'%e 
Bå X"'~CQ x+ wC•CqQXq~"=YC zqQµqX% q~ X� z•Y+xX"•C•e M"XXC=•Qø w 
y1DM. 2J otdLUke ø 
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4x~C'S Me2e ylULUk Bå X"'~CQ x+ wC•CqQqXq~" q~ X� z•Y+xX"•C•e DO 
VqQ••"%==•� %"C x+ =xwwC'µC'~C' wCXXqw X� z•zqQ� QC'='"'~CQ q~ 
µCX=C+"QY'"'~CQ " 7QC'Xx'%e EQ3C"% " zCX•S %x•x"''=xwX"'~ q~ 
YXxQ~{ø Q"'~ x+ %x•xe Vx*"••CX oe M"XXC=•Qø w y1DM. 2J pIdLUk 
=e HpjoHe 

4x''xS ÅeJe ylULIk E QC+"C! qz x"Q ;� xX"•· wq%CX C+xX� x•"q' 
*QqcC%� QC=e D'O GQqcCC%"'~= qz •µC mB2 Aq'zCQC'cC q' x"Q *qX­ 
X� •"q' wq%CXX"'~ x'% "•= x**X"cx•"q'e MC'"'~Qx% lULNe WqXe le 
ymB2d,: 1qe lLIke 

4x� ~=3xYYS De q~ 7Qø '=YC"S Ve-e ylULUk VqQ••"%==•� %"C x+ =xw­ 
wC'µC'~C' wCXXqw X� z•zqQ� QC'='"'~CQ q~ µCX=C+"QY'"'~CQ " 
7QC'Xx'%e M� z•zqQ� QC'=C'%C � •=X"**e M"XXC=•Qø w y1DM. 2J 
I dLUke 

4q+S Ø e ylULHk 8q•qY{Cw"=YC qY="%x'•CQ " 'C%QC ,CXCwxQYe W"QY­ 
'"'~C' x+ YXqQe M"XXC=•Qø w y1DM. 2J pudLHke 

DQ!"'S TeÅe ylULHk -=•"wx•"'~ GX� wC :"=*CQ="q' j E Aqw*xQ"=q' 
qz ÅC+CQxX Å"~wx ÅcµCwC=e Te AX"wx•C x'% E**Xe BC•CqQeS ll, 
Uujlloe 

Tqµ'=Q� %S BeS AXC'cµjEx=S Te q~ 4x� ~C'S 7eFe ylULUk VqQ••"%=­ 
=•� %"C x+ =xwwC'µC'~C' wCXXqw X� z•zqQ� QC'='"'~CQ q~ µCX=C­ 
+"QY'"'~CQ " 7QC'Xx'%e EQ3C"% " zCX•S %x•x"''=xwX"'~ q~ YXxQ­ 
~{ø Q"'~ x+ %x•xe M"XXC=•Qø w y1DM. 2J pIdLUke 

TqQx'~CQS -eS 4C'Q"Y=C'S Ee q~ 4C=•µx~C'S ,e ylULUk 2+CQ+å Y"'~ 
x+ Xx'~•Qx'=*qQ•CQ• zqQ� QC'=C• X� z• q~ 'C%3ø Qe Å Q=Qx**qQ• 
lULLe 2=XqS Å•x•C'= zqQ� QC'='"'~=•"X=·' yÅ•x•X"~ *Qq~Qxw zqQ 
zqQ� QC'='"'~=q+CQ+å Y"'~e Jx**qQ• HIpdLUke 

MxQ==C'S =e ylULuk 1qQ=YC %x•xe DO 1qQ%"=Y 3CQC~'"'~=wC•q%C zqQ 
3"Xx+~x==CQe Jx**qQ• zQx 'qQ%"=Y =Cw"'xQS WC••QC lULle 
M"XXC=•Qø w y1DM. 2J uUdLuke 

GC•CQ=C'S meFe ylULtk .=CQ= ~� "%C zqQ 4DmEfjuO E µ"~µ!x· x"Q 
*qXX� •"q' wq%CXe JC=CxQcµ ,Q"x'~XC GxQYS 1AS -'+"Qq'wC'•xX 
GQq•Cc•"q' E~C'c· y-GEjNttdLjLtjtlLke 

ÅCw3S Ee ylULok :"=%x''CX=C " 7QC'Xx'%e M"XXC=•Qø w y1DM. 2J 
pldLoke 
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Å"CwS 4e q~ ÅYq~+qX%S 2e8e ylULlk 4CX=C� '%CQ=ø YCX=C' " 7QC'Xx'% 
lUIUe -' =xwwC'X"~'"'~ x+ X� z•zqQ� QC'='"'~ q~ µCX=C " 
GqQ=~Q� ''qwQå %C• q~ MxQ+"YqwQå %C•e M"XXC=•Qø w y1DM. 2J 
HodLlke 

WC'Yx•QxwS EeS Å•Q"wx"•"=S :e x'% :"cQ"=•qzxQqS :e ylULok E 
=Cw"Cw*"Q"cxX wq%CX •q C=•"wx•C +CQ•"cxX %"=*CQ="q' qz CXC­ 
+x•C% QCXCx=C= "' •µC =•x3XC 3q� '%xQ· Xx·CQe E•wq=e -'+"Qq'eS 
lLS UuHjUuLe 
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APPENDIX A 

:DÅG-JÅD21 AEMA.ME,D21Å IN A ,4J-- M-W-M 7JD: 

V'� • -Q"Y 7Qø '=YC" 
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,EFM- 28 A21,-1,Å Gx~C 

EX D1,J2:.A,D21 luH 

Ok B2:-M :-ÅAJDG,D21 luo 

OG J-8-J-1A-Å lHp 
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DISPERSION CALCULATIONS IN A THREE LEVEL GRID 

Al INTRODUCTION 

D' 7QC'Xx'% Xqcx•C% "' =q� •µCQ' 1qQ!x·S x cqw3"'x•"q' qz "'%� ­ 

=•Q"xX Cw"=="q'= x'% � Q3x' xc•"+"•"C= wx· cx� =C C*"=q%C= !"•µ 

µ"~µ *qXX� •"q' cq'cC'•Qx•"q'=e ,q cXxQ"z· •µC cq'cC'•Qx•"q' 

cq'•Q"3� •"q'= zQqw %"zzCQC'• ~Qq� *= qz =q� QcC= •q •µC *qXX� •"q' 

%"=•Q"3� •"q' !"•µ"' •µC xQCxS x wq%CX %C=cQ"3"'~ %"=*CQ="q' 

CzzCc•= q' %"zzCQC'• =cxXC= !x= %C+CXq*C%e ,µ"= cµx*•CQ %C=cQ"­ 

3C= •µC %"=*CQ="q' wq%CX � =C% •q *Qq+"%C %x•x zqQ •µC C=•"wx­ 

•"q' qz µq� Q •q µq� Q C<*q=� QC •q x"Q *qXX� •"q' "' •µC xQCxe 

:"zzCQC'• =*x•"xX =cxXC= µx% •q 3C cq'="%CQC%S "eCeS CzzCc•= q' 

•µC QC~"q'xX =cxXC !CQC •xYC' "'•q cq'="%CQx•"q' 3· •µC %Cz"'"­ 

•"q' qz 3q� '%xQ· +xX� C= qz x •µQCC XC+CX ~Q"% wq%CX yCxcµ XC+CX 

cq'="=•"'~ qz lN < uH ~Q"%*q"'•= !"•µ x ~Q"% %"=•x'cC qz l Ywke 

MxQ~C *q"'•j=q� QcC= !CQC cq'="%CQC% 3· x *� zz wq%CX "' •µ"= 

~Q"% =·=•Cwe D'%"+"%� xX *� zz= !CQC •QxcYC% � '•"X •µC"Q =*x•"xX 

=cxXC 3CcxwC cqw*xQx3XC !"•µ •µC ~Q"% %"=•x'cC µqQ"Zq'•xXX· qQ 

+CQ•"cxXX·e ,µC wx== qz *qXX� •x'•= !x= •µC' x%%C% •q •µC 

x+CQx~C +xX� C zqQ •µC ~Q"% CXCwC'• !µCQC •µC *� zz !x= Xqcx•C%e 

,q %"zzCQC'•"x•C 3C•!CC' µ"~µ x'% Xq!jXC+CX =q� QcC=S H XC+CX= 

!CQC � =C% zqQ +CQ•"cxX QC=qX� •"q' 3CXq! •µC w"<"'~ µC"~µ•e E 

=� QzxcC Xx·CQ wq%CX cq� X% 3C � =C% •q xccq� '• zqQ •µC *Qqz"XC= 

cXq=C •q •µC =� QzxcC x'% zqQ %Q· %C*q="•"q'e E =•QCC•dQqx% 

wq%CX !x= � =C% •q xccq� '• zqQ •µC *qXX� •"q' XC+CX= xXq'~ 

=•QCC•=e 
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A2 MODEL DESCRIPTION 

7C'CQxX %C=cQ"*•"q' 

,µC %"=*CQ="q' "= *xQ•X· cx� =C% 3· •µC •"wC +xQ"x•"q' qz •µC 
!"'% z"CX% x'% *xQ•X· 3· •� Q3� XC'• C<cµx'~Ce 8qQ Cxcµ qz •µC 
*qXX� •"q' cqw*q'C'•=S •µC zqXXq!"'~ C;� x•"q' "= =qX+C%O 

h d5 
x• 

\ 

h d5 
j ! xZ 

DD 

xy!øcøk 
xZ 
yyy 

uOh f e 

DW G WD 

GQqcC==C= •q 3C cq'="%CQC% "' •µC wq%CX xQCO 

D µqQ"Zq'•xX x%+Cc•"q'S +µ· Wc" 
h d5 

DD 

yyy 

+CQ•"cxX x%+Cc•"q'S ! xZ 
xy!øcøk •� Q3� XC'• C<cµx'~C +CQ•"cxXX·S xZ 

DW •� Q3� XC'• C<cµx'~C µqQ"Zq'•xXX·S gµ · y+µøcøk 
G cµCw"cxX QCxc•"q'= y="'Y= qQ =q� QcC=kS J" 
WD Cw"=="q'S K" 

E%+Cc•"q' 

m"'% wCx=� QCwC'•= cXq=C •q •µC ~Qq� '% xQC � =C% •q %Cz"'C x •!q­ 
%"wC'="q'xX !"'%z"CX% zqQ XC+CX l zq� '% 3· x' "'•CQ*qXx•"q' 
*QqcC%� QC y=CC E**C'%"< Fk � ="'~ µq� QX· wCx=� QCwC'•= zQqw zq� Q 
!"'%=•x•"q'=e 

): 7 gN 

? )>s F 
? )>u/ 

+ yQt F 
+ yQo/ 

J observed +CXqc"•"C= x• zq� Q ~Q"%*q"'•= 



lup 

xX x'% XQjQl l 

y 
zxc•qQ= qz *Qq*qQ•"q'xX"•· y xY k x'% XQjQY l 

xu x'% XQjQul "= •µC %"=•x'cC= 3C•!CC' •µC *q"'•= qz 

x'% lQjQHl !"'% "'•CQ*qXx•"q' 
7777 

x'% •µC QC=*Cc•"+C xH yQk 
x'% XQjQol *q"'•= qz !"'% 

7777 
xo wCx=� QCwC'•= yQY k • 

,µC +CQ•"cxX !"'% cqw*q'C'• "= %Cz"'C% 3· QC;� "Q"'~ x •µQCC 

%"wC'="q'xX 'q'j%"+CQ~C'• x'% wx== cq'="=•C'• !"'% z"CX% "' 

Cxcµ XC+CX u• e • 

Ej 
Ew Y u lSuSH O• . t N 

D' •µC � **CQ XC+CX yXC+CX •µQCCk µqwq~C'Cq� = !"'% xccqQ%"'~ •q 

=q%xQ wCx=� QCwC'•= yQ=k "= � =C% zqQ x%+Cc•"q' cxXc� Xx•"q'=e 

◊t u [6Q=k ylpt wk ): 7 , N 

D' XC+CX •!q •µC zqXXq!"'~ !"'% z"CX% "= � =C% zqQ x%+Cc•"q' 

cxXc� Xx•"q'=e 

O• . øe 

Åq%xQ wCx=� QCwC'•= qz !"'% %"QCc•"q' x'% !"'% =*CC% x• •µC 

µC"~µ• qz lpt wxQC � =C% •q %C=cQ"3C •µC µqwq~C'Cq� = !"'% z"CX% 

"' XC+CX •µQCCe ,µC +CQ•"cxX •� Q3� XC'cC "'•C'="•· wCx=� QC% x• 

XC+CX= 3C•!CC' •µC Xx·CQ= xQC � =C% "' x%%"•"q' •q •µC %Cz"'"­ 

•"q' qz •µC FQ� '•jWx"=xXx zQC;� C'c· cXq=C •q ~Qq� '% XC+CXe 

:C=cQ"*•"q' qz •µC %"zz� ="q' *QqcC== 

BCx' cq'cC'•Qx•"q' %"=•Q"3� •"q' x= x QC=� X• qz %"=*CQ="q' wx· 

3C x**Qq<"wx•C% 3· x 7x� =="x' *X� wC zqQw� XxCe 8qQ •µC =•x'%xQ% 
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%C+"x•"q' "' •µC +CQ•"cxX *qXX� •"q' %"=•Q"3� •"q' yqZk •µC zqX­ 

Xq!"'~ zqQw� XxC x**X"C= 

2! • 
2Z S 

yl v •du,MkXdu 

%qZ o,M v • 
S 2Z %• • y o,M v u•k 

): 7 aN 

): 7 zN 

qZO •µC =•x'%xQ% %C+"x•"q' "' •µC +CQ•"cxX *qXX� •"q' 

%"=•Q"3� •"q' 

•O x%+Cc•"q' •"wC 

,MO •µC Mx~Qx'~"x' •"wC =cxXC %Cz"'C% x= x z� 'c•"q' qz •µC 

•� Q3� XC'cC "'•C'="•· x'% •µC =cxXC qz •� Q3� XC'cC CXC­ 

wC'•= ylk 

,M %[z X 
2! 

l O •µC =cxXC qz •� Q3� XC'cC 

q!O =•x'%xQ% %C+"x•"q' qz +CQ•"cxX +CXqc"•· cqw*q'C'•e 

WC'Yx•Qxw ylULok %C=cQ"3C= •µC =cxXC qz •� Q3� XC'cC ylk "' •µC 

zqXXq!"'~ !x· 

s 
s uOh Ne 

X' u W +£ 
2! 

X= u ­ kn 
+= 

­ u tepuS W S teHN 

+= S un; ÅI N ~7 Z 
I Åw 

*Qq+"%C% ql ) ) q> 

x'% 4 ) ) +£ 
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X'O •µC =cxXC qz •� Q3� XC'cC zqQ 'C� •QxX x•wq=*µCQ"c cq'%"­ 

•"q'= 

X=O •µC =cxXC qz •� Q3� XC'cC zqQ =•x3XC x•wq=*µCQ"c cq'%"j 

•"q'= 

w£c *X� wC µC"~µ• x3q+C ~Qq� '% XC+CX 

ZtO =� QzxcC Qq� ~µ'C== 

4O w"<"'~ µC"~µ• 

+=O FQ� '•jWx"=xXx zQC;� C'c· 

~ xccCXCQx•"q' qz ~Qx+"•· 

L O *q•C'•"xX •Cw*CQx•� QC 

8"'"•C %"zzCQC'cC x**Qq<"wx•"q' qz •µC +CQ•"cxX C<cµx'~C 

*QqcC== 

,µC %"=*CQ="q' cq'%"•"q'= +xQ· !"•µ µC"~µ• x3q+C •µC ~Qq� '% x'% 

•µ"= +xQ"x•"q' wx· 3C "w*qQ•x'• zqQ %C=cQ"*•"q' qz •µC C<cµx'~C 

*QqcC==C=e 

8qQ MqqxøM C<cµx'~C 3C•!CC' Cxcµ qz •µC Xx·CQ= •µC %C=cQ"*•"q' 

zqQw� Xx•C% "' -;e OønON "= � =C%e m"•µ"' •µC ~Q"%=·=•Cw %"=*CQ­ 

="q' qz •µC *qXX� •"q' cXq� %= "= •QCx•C% x= zqXXq!=O 

uOh ( e 

•tO •µC +"Q•� xX x%+Cc•"q' •"wC 'CcC==xQ· •q QCxcµ x *X� wC wx~'"­ 

•� %C cqQQC=*q'%"'~ •q •µC ~Q"% %"=•x'cC "' •µC +CQ•"cxX %"QCc­ 

•"q'e 

.="'~ -;e EeN x'% EeU •t "= zq� '% 

00 
t g gfµg unnn v sNA71 

6 z f j 03 k 
): 7sAN 
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,µC zX� < 3C•!CC' •µC z"Q=• x'% •µC =Ccq'% Xx·CQ y8luk =cxXC% 3· •µC 

cq'cC'•Qx•"q' %"zzCQC'cC QCx%= 

•q g'• %q 
5 ff}- %•Z %• 5 ff )tu y•tg[•kjtu y•qkh ): 7 ss N 

AqQQC=*q'%"'~ C;� x•"q'= xQC zq� '% zqQ •µC zX� < 3C•!CC' •µC q•µCQ 

Xx·CQ=e 

8"'"•C %"zzCQC'cC= 

,µC z"'"•C %"zzCQC'cC =·=•Cw "= wx%C wx==jcq'="=•C'• "' •µQCC 

%"wC'="q'= 3· cq'="%CQ"'~ x%+Cc•"+C x'% •� Q3� XC'• zX� <C= zQqw q'C 

~Q"% cCXX •q •µC 'C<•e ,µC � *!"'% z"'"•C %"zzCQC'cC x**Qq<"wx•"q' 

"= � =C% zqQ •µC x%+Cc•"q' •CQw zqQw� Xx•C% "' %"+CQ~C'• zqQw 

. E y!ck e e j ' y!ckR Q • 
' b · u?" e L J7 • v W f m - m • 4- ' Å · u?" e L h • v , , z , J 5 b Zk 

+µO z"'"•C %"zzCQC'cC zqQw� Xx•"q' qz •µC µqQ"Zq'•xX ~Qx%"C'• 
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lel qz •µC wx"' QC*qQ•e 

B2 THE INTERPOLATION METHOD 

MC• K %C'q•C •µC lN<uH Yw xQCx "' 7QC'Xx'%S x'% XC•' %C'q•C 

•µC '� w3CQ qz !"'% wCx=� Q"'~ =•x•"q'=e 4CQC '5oe 

m"'% =*CC% x'% !"'% %"QCc•"q' %x•x !CQC z"Q=• cq'+CQ•C% •q � ­ 

x'% + cqw*q'C'•=S !"•µ � jcqw*q'C'• 3C"'~ xXq'~ •µC <jx<"= 

yCx=•j !C=•kS x'% •µC +jcqw*q'C'• xXq'~ •µC ·jx<"= y'qQ•µ­ 

=q� •µke 

2' •µC 3x="= qz µq� QX· wCx=� QC% � j x'% +jcqw*q'C'•= qz !"'% x• 

•µC wCx=� Q"'~ =•x•"q'=S x lN<uH !"'%z"CX% "= ~C'CQx•C% x= "'*� • 

•q •µC %"=*CQ="q' cxXc� Xx•"q'=e 



lou 

,µC wC•µq% "= 3x=C% q' =•x•"=•"cxX "'•CQ*qXx•"q' yqQ%"'xQ· YQ"­ 

~"'~k qz cqw*q'C'•= � S+ x• •µC =•x•"q'=e ,µC=C xQC •µ� = +"C!C% 

x= QCxX"=x•"q'= qz QC~"q'xX"ZC% =•qcµx=•"c +xQ"x3XC= � x'% +e 

,µC wC•µq% "= q'X· =µqQ•X· %C=cQ"3C% µCQCe 8qQ x wqQC %C•x"XC% 

%C=cQ"*•"q' qz YQ"~"'~S =CC Tq� Q'CX r 4� "{3QC~•= ylULlke 

Å"'cC *QCX"w"'xQ· "'+C=•"~x•"q' =µq!C% •µx• cQq==jcq+xQ"x'cC= 

3C•!CC' � j x'% +jcqw*q'C'•= qz !"'% x• •µC %"zzCQC'• =•x•"q'= 

!CQC ;� "•C =wxXX "' wx~'"•� %C y3C"'~ xXwq=• ZCQqkS "• !x= 

%Cc"%C% •q "'•CQ*qXx•C � j x'% +jcqw*q'C'•= =C*xQx•CX·e 

MC• "S{ %C'q•C x ~Q"%*q"'•S x'% XC• � Y y•k x'% +Y y•k %C'q•C wCx­ 

=� QC% � j x'% +jcqw*q'C'•= x• •"wC• zqQ =•x•"q' Ye ,µC � j x'% 

+jcqw*q'C'• qz !"'% xQC C=•"wx•C% x• •µC *q"'• "S{ 3·O 

I\ ' 
y•k AI � yYk � Y y•k � " · 5 !" · 

Y5X 

I\ ' 
y•k AI G yYk +Y y•k +" · 5 !" · 

Y5X 

yFeX� k 

yFeX+k 

!µCQC m[{ yYk ymR{ yYkk %C'q•C= •µC !C"~µ• zqQ =•x•"q' Yx• ~Q"%­ 

*q"'• "S{S "S{ CKe .'%CQ qQ%"'xQ· YQ"~"'~ •µC zqXXq!"'~ cq'­ 

=•Qx"'•= xQC "w*q=C% q' •µC !C"~'•= zqQ Cxcµ ~Q"%*q"'• "S{ 

L 
y u (k) s !" · S 

k=l 

L 
y K 

P _ · u• e S s 
k=l 

yFeu� k 

yFeu+k 

,µ� =S zqQ Cxcµ ~Q"%*q"'• •µC =� w qz !C"~µ•= q+CQ •µC wCx=� Q"'~ 

=•x•"q'= "= C;� xX •q le 

:� C •q •µC cq'=•Qx"'•= yFeukS •µC "'•CQ*qXx•"q' wC•µq% !"XX 3C 

� '3"x=C% zqQ µqwq~C'Cq� = yC<*Cc•C%k !"'%z"CX%=e 



loH 

Dz � Y x'% +Y %C'q•C •µC � j x'% +jcqw*q'C'• qz !"'% x• =•x•"q' 

YS +"C!C% x= =•qcµx=•"c +xQ"x3XC=S x'% "z .R{ %C'q•C •µC cqQQC­ 

=*q'%"'~ cqw*q'C'•= qz !"'% x• ~Q"%*q"'• "S{S •µC C<*Cc•C% 

"S{ "= ~"+C' 3· =;� xQC% CQQqQ "' C=•"wx•"'~ !"'% x• ~Q"%*q"'• 

u - ) .R { n} & { h u 
' 

yYk� Yhu - )� ee j y � 
-R { 5 5 z 8 { s J 

Y5X 

u - ) K8 { nln& { h u 
' 

yYk+Yhu -)+ ee j y K E; { 5 5 z 8 { s J 
k=l 

yFeH� k 

yFeH+k 

,µC !C"~µ•= 

Fe H+ •xY"'~ 

QC=*Cc•"+CX·e 

xQC cqw*� •C% 3· w"'"w"Z"'~ C<*QC=="q'= FeH� x'% 

"'•q cq'="%CQx•"q' cq'=•Qx"'•= Feu� x'% Feu+ 

mQ"••C' q� • wqQC C<*X"c"•X· -;e FeH� QCx%= 

k {= Q 
u ' � ' ' � � 

5 -.R{ju y j _Q yYk-y.R{ø.Yk g y y mR{ yYkmR{ yXk-y� Y� Xk 
Y5X Y5X X5X yFeo� k 

8Qqw 'q! q' q'X· %C+CXq*wC'• qz C<*QC=="q'= zqQ � "= cq'="%C­ 

QC%e Å"w"XxQ C<*QC=="q'= zqQ•µC+jcqw*q'C'• cx' 3C q3•x"'C% 

x'xXq~q� =X·e F· QCwq+"'~ •µC •CQw -� R{u "' -;e Feo� y!µ"cµ "= 

"'%C*C'%C'• qz •µC !C"~µ•=kS x'% "'•Qq%� c"'~ cq+xQ"x'cC= !C 

q3•x"' 

u ' ' ' � � � 8R { 5 y y mR { yYkmR { ylk ycq+ _ � S S� s kg-� Y -� sN . u y mR { yYk 
Y5X X5X Y5X 

y cq+ y .R { S � Y k g -.R { -� Y k e 
yFep� k 

,µC C<*QC=="q' zqQ 8R{u "' -;e Fep� "= "%C'•"cxX •q •µC C<*QC=­ 

="q' zqQ -R{u "' -;e Feo� C<cC*• zqQ •µC cq'=•x'• •CQw -� R{u• 

Å"'cC •µ"= cq'=•x'• •CQw %qC= 'q• "'zX� C'cC q' •µC q*•"wxX 

!C"~µ•=S -;e Fep� cx' xX•CQ'x•"+CX· 3C w"'"w"ZC% � '%CQ •µC cq'­ 

=•Qx"'• Feu� "' qQ%CQ •q z"'% •µC !C"~µ•=e 
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D• cx' 3C =µq!' •µx• � '%CQ x' x==� w*•"q' qz C<*Cc•C% µqwq~C'C­ 

q� = !"'%z"CX% yzqQ !µ"cµ •µC wC•µq% !"XX 3C � '3"x=C%kS !C"~µ•= 

zqQ � cx' 3C C;� "+xXC'•X· cqw*� •C% x= •µC w"'"w� w qz 8R{ zqQ 

Cxcµ ~Q"%*q"'• "S{ 

ju 
' = Q 

' ' ' æ æ æ æ 
5 L L !"{ yYkm"{ yXkxY s . u L !"{ 

Y5X X5X ø Y5X 
(k) u 

a _ Q • 5 yFeN� k 

!µCQC u %C'q•C= cq+xQ"x'cC 3C•!CC' � jcqw*q'C'•= x• =•x•"q'= a Y S · 

Y x'% lS x'% !µCQC u %C'q•C= cq+xQ"x'cC 3C•!CC' x"{•Y � jcqw*qj 

'C'•= x• ~Q"%*q"'• "S{ x'% =•x•"q' / . ,µC cq+xQ"x'cC= xY S · cx' 

3C cqw*� •C% zQqw %x•xe 

Å"'cC � x'% + xQC 'q• q3=CQ+C% x• ~Q"%*q"'•=S cq+xQ"x'cC= 

3C•!CC' =•x•"q'= x'% ~Q"%*q"'•= cx' 'q• 3C %"QCc•X· C=•"wx•C% 

zQqw %x•xe D'=•Cx% !C � =C C<•Qx*qXx•"q' zQqw C=•"wx•C% a3C­ 

•!CC'j=•x•"q'a cq+xQ"x'cC= •µQq� ~µ •µC � =C qz x cq+xQ"x'cC 

z� 'c•"q' AyµkS !µCQC µ %C'q•C= =*x•"xX %"=•x'cCe y,µ"= "= •µC 

� =� xX x==� w*•"q' "' YQ"~"'~ "'•CQ*qXx•"q'ek Dz x z� 'c•"q' cXx== 

zqQ Ayµk "= =CXCc•C% •µC cq+xQ"x'cC= 3C•!CC' !"'% q3=CQ+x•"q'= 

cx' 3C � =C% •q C=•"wx•C •µC =µx*C qz •µC z� 'c•"q'S x'% •µC 

z� 'c•"q' =� 3=C;� C'•X· � =C% •q *Qq+"%C +xX� C= zqQ cq+xQ"x'cC= 

3C•!CC' =•x•"q'= x'% ~Q"%*q"'•=e 

.="'~ x cq+xQ"x'cC z� 'c•"q' <J yµk zqQ •µC � jcqw*q'C'•S -;e FeN� 

QCx%= 

k 
7"{ u 

b b æ L L P = Q 
Y5X X5X 

L � � � � 
yYkmR{ yXkA yµY f e n k L m"{ O/ -E yµR{ Yk 

ø Y5X ø 
yFeI� k 

!µCQC µY f %C'q•C= 5 
!µCQC µR{ Y %C'q•C= 5 
=•x•"q' Ye 1q! -;e FeI� "= 

•µC %"=•x'cC 3C•!CC' =•x•"q'= Yx'% lS x'% 

•µC %"=•x'cC 3C•!CC' ~Q"%*q"'• "S{ x'% 

•q 3C w"'"w"ZC% � '%CQ •µC cq'=•Qx"'• 

Feu� e 



lop 

MC• , %C'q•C •µC '� w3CQ qz q3=CQ+x•"q'= y� j cqw*q'C'•=k x+x"X­ 

x3XC x• Cxcµ =•x•"q'e Aq+xQ"x'cC 3C•!CC' =•x•"q'= Y x'% l "= 

cxXc� Xx•C% 3· 

lMæ 
+\ { 7E u 

s 
uxgX ,jx 

\ 
uxy,juxk •5xgX 

I\ I\ y� Y y•k jµ Y y•Rxkk y� f y•k jµ f y•Rxkk 

yFeL� k 

!µCQC I\ µ = y•Rxk "= x' C=•"wx•C% =wqq•µC% +xX� C qz � = y•k 3x=C% q' 

uxgXj*q"'• wq+"'~ x+CQx~C 

I\ 
µ = y•Rxk u l •gx 

\ � = y « N 5 Zu• 5 s 
uxgX •5•jx 

yFeU� k 

-<*QC=="q' FeL� x'% FeU� cx' 3C +"C!C% x= x ~C'CQxX"=x•"q' qz 

•µC +xQ"x•C %"zzCQC'cC wC•µq% ~"+C' "' VC'%xXX x'% Å•� xQ•S 

ylULHkS !µCQC "• "= � =C% •q C=•"wx•C +xQ"x'cC qz •"wC=CQ"C=e 

D' •µC cxXc� Xx•"q'= !C µx+C � =C% x5X y•µQCC *q"'• wq+"'~ x+C­ 

Qx~Cke 

Å*x•"xX cq+xQ"x'cC= µx+C 3CC' C=•"wx•C% zqQ Cxcµ cqw*q'C'• x'% 

zqQ Cxcµ *CQ"q% =C*xQx•CX·e JC=� X•= qz •µC=C cxXc� Xx•"q'= zqQ 

•µC !"'•CQ *CQ"q% x'% •µC =� wwCQ *CQ"q% xQC ~"+C' "' •x3XC= Fel 

x'% FeuS QC=*Cc•"+CX·e 

:x•x "' •x3XC FX "= 3x=C% q' %x•x zQqw •µC *CQ"q% uueleLLj 

uUeueLLS x •q•xX qz UHp q3=CQ+x•"q'=e 

:x•x "' •x3XC Fu "= 3x=C% q' %x•x zQqw •µC *CQ"q% lUeoeLL j 

LeNeLLS x •q•xX qz luuo q3=CQ+x•"q'=e 

Fx=C% q' •µC cxXc� Xx•C% cq+xQ"x'cC=S x cq+xQ"x'cC z� 'c•"q' "= 

x%{� =•C% •q •µC %x•xe 4CQCS x' C<*q'C'•"xX z� 'c•"q' µx= 3CC' 

� =C% 

C(h) u C(O)exp(-h/I) yFeltk 



' s t 

Table Bl: Estimated covariances between measured u- and v-com­ 
ponents of wind at the stations during the winter­ 
period. 
Unit: m/s 

I\ I\ 
:"=•e Aq+e Aq+e t[ X t[ X 
yYwk y� Y ø � X k y +Yø + Xk s s 

Jxz'C=jJxz'C= tet teuo teup te u l te 1 U 
.'"q'j.'"q' tet te u t te l N te u l te lU 
1C'=C•j1C'=C• tet te l u te ll te u l te lU 
Å =jÅ = tet te u I teuo te u l te 1 U 

.'"q'j1C'=C• HeI tetp teto tetL tetp 
Jxz'C=jÅ = oeU tetN tetu tetN tetH 
Jxz'C=j1C'=C• IeI tetH tetu tetH te t l 
1C'=C•jÅ = Ue l te t u tetu tetu te tl 
Jxz'C=j.'"q' l te N tetH tett te t l tett 
.'"q'jÅ = l u e L tetH te t l te t l tett 

I\ 
A◊ · 

s 

Aq+xQ"x'cC 3C•!CC' wCx=� QCwC'• qz !"'% cqw*q'C'• 
x • • w q w " ' % = • x • " q ' = e 

A q + x Q _ x ' c C = 
b " b • e 

3x=C% q' x =wqq•µ"'~ qz !"'% cxw*xj 

Table B2: Estimated covariances between measured u- and v-com­ 
ponents of wind at the stations during the summer 
period. Unit: m/s 

I\ I\ 
:" =• e Aq+e Aq+e t[ X ~d X 
yYwk y� Y ø � X k ) G Yø G X k s 

Jxz'C=jJxz'C= tet teHo teHo teuU te u I 
.'"q'j.'"q' tet te u p te u N teuU te u I 
1C'=C•j1C'=C• tet telI te l I teuU te u I 
Å =jÅ = tet teHU teHu te u U te u I 

.'"q'j1C'' =C• HeI tetN tetN tetL tetp 
Jxz'C=jÅ = oeU te t I tetu tetp tetH 
Jxz'C=j1C'=C• IeI tetu j te t l te t u te t l 
1C'=C•jÅ = U e l tetu tetu t e t l tett 
Jxz'C=j.'"q' lteN te t H te t l te t l tett 
.'"q'jÅ = l ue L te t H tetH tett tett 

I\ 
A◊ · 

s 

Aq+xQ"x'cC 3C•!CC' wCx=� QCwC'• qz !"'% cqw*q'C'• 
x • • ! q ! " ' % = • x • " q ' = e 

A q + x Q _ x ' c C = 
b " b • e 

3x=C% q' x =wqq•µ"'~ qz !"'% cxw*xj 



loI 

,µC *xQxwC•CQ= Ay2k x'% D xQC C=•"wx•C% zQqw •µC %x•xe ,µC 

*xQxwC•CQ Ay2k %C'q•C= cq+xQ"x'cC zqQ ZCQq %"=•x'cC= "eCeS 

+xQ"x'cC=e D "= •µC z� 'c•"q'= "'•C~QxX =cxXCe ,µC *xQxwC•CQ= 

xQC C=•"wx•C% 3· •µC wC•µq% qz XCx=• =;� xQC=e 

JC=� X•= qz •µC x%{� =•wC'• xQC =µq!' "' •x3XC FH x'% Fo zqQ •µC 

!"'•CQ x'% •µC =� wwCQ *CQ"q%S QC=*Cc•"+CX·e =•x'%xQ% %C+"x•"q'= 

q3•x"'C% "' C=•"wx•"'~ •µC=C *xQxwC•CQ= xQC ~"+C' "' *xQx'­ 

•µC=C=e 

,x3XC FeHO -=•"wx•C% +xX� C= zqQ Ay2k x'% D zqQ •µC � j x'% 
+jcqw*q'C'• qz wind %� Q"'~ •µC !"'•CQ *CQ"q%e 
.'"• qz Ay2kO wd=e .'"• qz DO Ywe 

Tæ ) AN \ 

æ A7 g s ) 7 A gN HeLp ) s 7 g zN 

V A7 sV ) 7 A gN g 7 a A ) s7 ssN 

,x3XC FeoO -=•"wx•C% +xX� C= zqQ Ay2k x'% D zqQ •µC � j x'% 
+jcqw*q'C'• qz !"'% %� Q"'~ •µC =� wwCQ *CQ"q%e 
.'"• qz Ay2kO wd=e .'"• qz DO Ywe 

c+y2k \ 

J A7 g V ) AN g 7 V s ) s7 saN 

' A7 g z ) 7 A gN g 7 sV ) 7 V aN 

,µC C=•"wx•C% cq+xQ"x'cC z� 'c•"q' zqQ � !x= •µ� = � =C% "' 

-;e FeI� x'% ="w"XxQX· zqQ +e ,µC QC=� X•"'~ q*•"w"Zx•"q' 

*Qq3XCw !x= =qX+C% 3· x Qq� •"'C "' •µC 1E7 '� wCQ"cxX xX~qQ"•µw 

X"3QxQ·S 1E7 ylULLke 



loL 

,µC =*x•"xX %"=•Q"3� •"q' qz "'•CQ*qXx•"q' !C"~µ•= zqQ � x'% + 

zqQ •µC !"'•CQ x'% =� wwCQ *CQ"q%= xQC =µq!' "' z"~e FXjFoe 

2*•"wxX !C"~µ•= 3x=C% q' x%{� =•C% cq+xQ"x'cC z� 'c•"q'= xQC "'­ 

=CQ•C% "'•q -;e FeH� x'% FeH+ ~"+"'~ •µC w"'"w� w *QC%"c•C% 

CQQqQ z� 'c•"q' -RR q3•x"'C% 3· •xY"'~ •µC =;� xQCjQqq• qz •µC 

w"'"w� w +xX� C -R{ue 8qQ •µC •!q *CQ"q%= x'% •µC •!q cqw*q'C'•= 

•µC w"'"w� w CQQqQ z� 'c•"q' "= =µq!' "' z"~e Fepe 

8qQ !"'% "' Xx·CQ H ylpt wC•CQ= µC"~µ•k wCx=� QCwC'•= zQqw x 

=q%xQ !CQC � =C% zqQ %Cz"'"'~ x µqwq~C'Cq� = !"'%z"CX%e 

m"'% "' Xx·CQ k yptjltt wC•CQk !x= cxXc� Xx•C% 3· X"'CxQ "'•CQ­ 

*qXx•"q' 3C•!CC' !"'% "' Xx·CQ l x'% !"'% "' Xx·CQ He 



loU 

0 ·ro M 
0 

~ 

9 W!b" x . b&+bm X• &" b 

5 " bx" [ 

8"~� QC FXO ,µC =*x•"xX %"=•Q"3� •"q' qz "'•CQ*qXx•"q' !C"~µ•= 
ymz•/S zqQ •µC � cqw*q'C'• qz !"'% "' •µC !"'•CQ 
*CQ"q%e ,µC "'•CQ*qXx•"q' !C"~µ•= xQC =µq!' zqQ Cxcµ 
=•x•"q' x\ Jxz'C=S 3\ .'"q'S ÅY"C'S c\ 1C'=C•S %\ Å =e 



lpt 

0 · } 

9W!b" x . b&+bm X• &" b 

5 " bx" [ 

8"~� QC FuO ,µC =*x•"xX %"=•Q"3� •"q' qz "'•CQ*qXx•"q' !C"~µ•= 
ymz•/ zqQ •µC + cqw*q'C'• qz !"'% "' •µC !"'•CQ 
*CQ"q%e ,µC "'•CQ*qXx•"q' !C"~µ•= xQC =µq!' zqQ Cxcµ 
=•x•"q' xk Jxz'C=S 3k .'"q'S ÅY"C'S ck 1C'=C•S %k Å =e 



lpl 

9 W!b" x 

"o 'ib 
5 " b} 

. b&+bm X• &" b 

8"~� QC FHO ,µC =*x•"xX %"=•Q"3� •"q' qz "'•CQ*qXx•"q' !C"~µ•= 
ymz{k zqQ •µC � cqw*q'C'• qz !"'% "' •µC =� wwCQe 
,µC "'•CQ*qXx•"q' !C"~µ•= xQC =µq!' zqQ Cxcµ =•x•"q' 
xk Jxz'C=S 3k .'"q'S ÅY"C'S ck 1C'=C•S %k Å =e 



lpu 

9W!b" x 

5 " bx" [ 

. b&+bm X• &" b 

8"~� QC FoO ,µC =*x•"xX %"=•Q"3� •"q' qz "'•CQ*qXx•"q' !C"~µ•= 
ymR{k zqQ •µC[ + cqw*q'C'• qz !"'% "' •µC =� wwCQe 
,µC "'•CQ*qXx•"q' !C"~µ•= xQC =µq!' zqQ Cxcµ =•x•"q' 
xk Jxz'C=S 3k .'"q'S ÅY"C'S ck 1C'=C•S %k Å = 



lpH 

M 
0 

Q 
G5 z &b[" > 

' m xJ@@" > 

8"~� QC FpO ,µC =*x•"xX %"=•Q"3� •"q' qz •µC =•x'%xQ% %C+"x•"q' 
"' •µC µq� QX· "'•CQ*qXx•C% � j x'% +jcqw*q'C'•= 
yw"'"w� w CQQqQ z� 'c•"q'k qz wind xccqQ%"'~ •q •µC 
=•x•"=•"cxX "'•CQ*qXx•"q' *QqcC%� QC aqQ%"'xQ· YQ"­ 
~"'~ae ,µC %"=•Q"3� •"q' "= 3x=C% q' cxXc� Xx•C% cq­ 
+xQ"x'cC= 3C•!CC' wCx=� QC% cqw*q'C'•= qz !"'% x• •µC 
=•x•"q'=e 
.'"•O wd=e 
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ESTIMATION OF BACKGROUND CONCENTRATIONS 

Cl INTRODUCTION 

:"=*CQ="q' cxXc� Xx•"q'= 3x=C% q' Cw"=="q' x'% %"=*CQ="q' %x•x 

~"+C µq� QX· %x•x qz x+CQx~C cq'cC'•Qx•"q'= "' Cxcµ Ywj=;� xQ[ 

zQqw =q� QcC= !"•µ"' •µC xQCx qz cxXc� Xx•"q'e E= %C=cQ"3C% "' 

E**C'%"< ES •µC cq'cC'•Qx•"q' cq'•Q"3� •"q' zQqw =q� QcC= q� •="%C 

•µC xQCx µx+C •q 3C %C•CQw"'C% 3· wCx=� QCwC'•=e 

,µC %"zzCQC'cC 3C•!CC' q3=CQ+C% cq'cC'•Qx•"q'= q" x'% •µC 

QC=*Cc•"+C +xX� C= qz cxXc� Xx•"q'= A" S{ wx· qQ"~"'x•C zQqw x 

'� w3CQ qz CQQqQ =q� QcC=O 

Aq'•Q"3� •"q' zQqw =q� QcC= q� •="%C •µC xQCx cq'="%CQC%e 

Mqcx•"q' CQQqQ "' •µC =*x•"xX %"=•Q"3� •"q' qz cq'cC'•Qx­ 

•"q'=e 

-QQqQ= x= x QC=� X• qz "'µqwq~C'Cq� = cq'cC'•Qx•"q'= !"•µ"' 

Cxcµ Ywj=;� xQCe 

-QQqQ= x= x QC=� X• qz "'*� • %x•x q' Cw"=="q' x'% %"=*CQ­ 

="q'e 

-QQqQ= x= x QC=� X• qz wq%CX zqQw� Xx•"q'e 

-QQqQ= x= x QC=� X• qz +CQ•"cxX w"<"'~e 

,µC %"zzCQC'• =q� QcC= qz CQQqQ xQC cµxQxc•CQ"ZC% "' %"zzCQC'• 

!x·=e 
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D' •µ"= cµx*•CQ x *QqcC%� QC •q "%C'•"z· •µC cq'•Q"3� •"q' zQqw 

=q� QcC= q� •="%C •µC xQCx "= %C=cQ"3C% � ="'~ •µC zqXXq!"'~ 

cµxQxc•CQ"=•"c=O 

le BCx=� QCwC'•= zQqw x =•x•"q' 'q• "'zX� C'cC% 3· XqcxX =q� QcC= 

=*Cc"z· •µC 3xcY~Qq� '% cq'cC'•Qx•"q'= !"•µ"' •µC xcc� Qxc· 

qz •µC wCx=� Q"'~ "'=•Q� wC'•e 

ue FxcY~Qq� '% cq'cC'•Qx•"q' ~Qx%"C'•= "' =*xcC x'% •"wC xQC qz 

XC== "w*qQ•x'cC •µx' zqQ •µC cq'•Q"3� •"q' zQqw =q� QcC= 

!"•µ"' •µC xQCxe 

He D' •µ"= =•� %· xXX wCx=� Q"'~ =•x•"q'= !CQC "'zX� C'cC% 3· 

=q� QcC= !"•µ"' •µC xQCx qz cxXc� Xx•"q'=e 4q!C+CQS zqQ =qwC 

!"'% =Cc•qQ= x'% %"=*CQ="q' cq'%"•"q'= •µC cq'•Q"3� •"q' 

zQqw =q� QcC= !"•µ"' •µC xQCx !CQC =wxXX x• =qwC =•x•"q'=e 

FCXq! !C *QC=C'• x =•x•"=•"cxX wq%CX � =C% •q %C+CXq* x' C=•"wx­ 

•qQ zqQ •µC 3xcY~Qq� '% cq'cC'•Qx•"q'e ,µC C=•"wx•qQ "= � =C% q' 

x' µq� QX· 3x="= •q ~"+C µq� QX· +xX� C= qz cq'cC'•Qx•"q'=e 

C.2 THE STATISTICAL MODEL 

MC• •µC lN<uH Ywu xQCx "' 7QC'Xx'% 3C %C'q•C% 3· KS x'% XC•' 

%C'q•C •µC '� w3CQ qz wCx=� QCwC'• =•x•"q'=e MC• ·y<S·k %C'q•C 

•µC •Q� C XC+CX qz cq'cC'•Qx•"q' "' •µC xQCxS y<S·k -Ke 

,µC cq'cC'•Qx•"q' %"=•Q"3� •"q' "' •µC xQCx "= C<*Xx"'C% 3· •!q 

cq'•Q"3� •qQ=O MqcxX =q� QcC= !"•µ"' •µC xQCx y!µ"cµ "= wq%CX­ 

XC%kS x'% =q� QcC= q� •="%C •µC xQCx yXq'~ Qx'~C •Qx'=*qQ•S 

QC~"q'xX •Qx'=*qQ• C•ceke 

:Cz"'C µ y<S·k x= •µC •Q� C XC+CX qz cq'cC'•Qx•"q' zQqw XqcxX 

=q� QcC= !"•µ"' •µC xQCxe E• •µC wCx=� QCwC'• =•x•"q'= "5XS eeee 'S 

•µC •Q� C +xX� C= zQqw XqcxX =q� QcC= xQC %C'q•C% 3· µ R 5 

µ )m= -U= N • 
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Åq� QcC= q� •="%C •µC xQCx cq'•Q"3� •C •q •µC cq'cC'•Qx•"q'= "' 

•µC xQCx •µQq� ~µ x 3xcY~Qq� '% cq'cC'•Qx•"q' ~(x,y). 

Å"'cC ·y<S·k "= •µC •q•xX •Q� C XC+CX qz cq'cC'•Qx•"q' "' •µC 

xQCxS "• "= ~"+C' 3·O 

·y<S·k 5 µ y<S·k v [y<S·ke )T .' - 

E• •µC wCx=� QCwC'• =•x•"q'= "5XS e• • 'S · " 5 µ " v } " e 

E==� w*•"q' l 

,µC 3xcY~Qq� '% cq'cC'•Qx•"q' ~(x,y) "= cq'=•x'• q+CQ •µC xQCx 

"eCe ~(x,y) 5[zqQ (x,y) p i 7 

2� Q *QqcC%� QC !"XX xX=q x**X· "z ~(x,y) "= 'CxQX· cq'=•x'• q+CQ 

•µC xQCxe 

mC !x'• •q %C+CXq* x' C=•"wx•qQ zqQ •µC 3xcY~Qq� '% cq'cC'­ 

•Qx•"q'[ø 3x=C% q' wCx=� QC% x'% %"=*CQ="q' cxXc� Xx•C% %x•xe 

Dz !C Y'C! zqQ x ~"+C' =•x•"q' •µC •Q� C XC+CX qz cq'cC'•Qx•"q' 

f" x'% xX=q •µC •Q� C XC+CX qz cq'cC'•Qx•"q' zQqw XqcxX =q� QcC= 

µ "S •µC' x ="w*XC =� 3•Qxc•"q' !q� X% ~"+C[ø "eCeS [ 5 · j µ e 

F� •S 'C"•µCQ · 'qQµ "= x+x"Xx3XCe M"~µ• "= =µC% q' •µC ;� x'•"­ 

•· f" •µQq� ~µ q3=CQ+x•"q' qQ wCx=� QCwC'• x• =•x•"q' "e MC• 

•µ"= q3=CQ+x•"q' 3C q"e ,µ"= ~"+C= "'zqQwx•"q' q' •µC � '%CQ­ 

X·"'~ •Q� C XC+CX f" •µQq� ~µ 

E==� w*•"q' u 

,µC q3=CQ+x•"q'= 2" xQC QCXx•C% •q •µC •Q� C XC+CX qz cq'cC'•Qx­ 

•"q'= f" •µQq� ~µ 
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p = S ø= v £ = 5 _ S s5 • • • 5 L )T7 gN 

!µCQC£ R %C'q•C= wCx=� QCwC'• CQQqQ x• =•x•"q' "e 8� Q•µCQwqQC !C 

x==� wC •µx• wCx=� QCwC'•= xQC � '3"x=C%S "eCeS -£ R5t !µCQC -yjk 

%C'q•C= C<*Cc•C% +xX� Ce 

MC•£ R µx+C =•x'%xQ% %C+"x•"q' t£ Re .'%CQ x==� w*•"q' uS x =wxXX 

+xX� C zqQ t£ R cqQQC=*q'%= •q ~qq% � '3"x=C% wCx=� QCwC'•=e 

E ="w*XC wq%CX "= "'•Qq%� cC% "' qQ%CQ •q cx*•� QC •!q C==C'•"xX 

x=*Cc•= qz "'C+"•x3XC � 'cCQ•x"'•"C= "' •µC %"=*CQ="q' cxXc� Xx­ 

•"q'=O 

.'cCQ•x"'•"C= "' •µC cq'cC'•Qx•"q' aXC+CXa %� C •q •µC 

QCXCx=C Qx•C x'% +CQ•"cxX %"=*CQ="q' %x•xS •µx• wx· 3C cqQ­ 

QCc•C% zqQ 3· x zxc•qQ qz *Qq*qQ•"q'xX"•·e 

.'cCQ•x"'•· "' •µC =*x•"xX Xqcx•"q' qz •µC *qXX� •"q' *X� wC 

y4x''x ylULIkke 

MC• M(x,y) %C'q•C •µC %"=*CQ="q' cxXc� Xx•C% cq'cC'•Qx•"q' 

%"=•Q"3� •"q' zQqw XqcxX =q� QcC= "' •µC xQCxe 

E==� w*•"q' Hx 

,µC cxXc� Xx•C% cq'cC'•Qx•"q' %"=•Q"3� •"q' M(x,y) zQqw XqcxX 

=q� QcC= xQC QCXx•C% •q •µC •Q� C XC+CX µ(x,y) •µQq� ~µO 

M(x,y) 5 i µ y<gL<S ·gL·k g £ B (x,y) )T7 t N 

qQ xX•CQ'x•"+CX· 3· •xY"'~ x z"Q=• qQ%CQ ,x·XqQ x**Qq<"wx•"q' 

By<S·k 5 i yµ y<S·k g [ L< g [ L·k g £ B y<S·k yAeok 

!µCQC •µC =•qcµx=•"c +xQ"x3XC i %C=cQ"3C � 'cCQ•x"'•· "' •µC 

wq%CX •µx• wx· 3C cqQQCc•C% zqQ 3· x zxc•qQ qz *Qq*qQ•"q'xX"•·S 
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!µ"XC '< x'% '· %C=cQ"3C =•qcµx=•"c � 'cCQ•x"'•· "' •µC µqQ"Zq'­ 

•xX Xqcx•"q' qz •µC *X� wCe 8� Q•µCQwqQC cB y<S·k "= "'•Qq%� cC% •q 

%C=cQ"3C � 'cCQ•x"'•"C= "' M(x,y) %� C •q x%%"•"+C CQQqQ=S zqQ 

C<xw*XC %� C •q =� 3~Q"% =cxXC cq'cC'•Qx•"q' zX� c•� x•"q'=e 

MC• B" 5 M(xi, f"k %C'q•C •µC cxXc� Xx•C% cq'cC'•Qx•"q' x• 

=•x•"q' "e D' z� Q•µCQ =•x•"=•"cxX x'xX·="= •µC cxXc� Xx•C% cq'­ 

cC'•Qx•"q'= xQC cq'="%CQC% •q 3C =•qcµx=•"c •µQq� ~µ •µC =•qc­ 

µx=•"c +xQ"x3XC= KS '<"S '·" x'% cB • 
_ 

E==� w*•"q' H3 

K "= "'%C*C'%C'• qz •"<" x'% '·" zqQ "5 lS eee S'e 

,µ"= x==� w*•"q' =CCw= QCx=q'x3XCe WxQ"x•"q'= "' i =µq� X% 'q• 

"'zX� C'cC qQ 3C "'zX� C'cC% 3·S +xQ"x•"q'= "' µqQ"Zq'•xX � 'cCQ­ 

•x"'•· y'<S '·k "' •µC *X� wC Xqcx•"q'e 

E==� w*•"q' Hc 

:"=*CQ="q' cxXc� Xx•C% x%%"•"+C CQQqQ= µx+C C<*Cc•C% +xX� C ZCQqS 

"eCeS -cB 5 2 zqQ "5 lS eee S'e 8� Q•µCQwqQC "• "= x==� wC% •µx• 
_ 

•µC x%%"•"+C CQQqQ= x• •µC =•x•"q'= xQC � 'cqQQCXx•C% "eCeS cq+ 

) d 4 m d 4 e 5 2 zqQ "S · u lS eee S 'S "[ · h 
_ Q 

E==� w*•"q' Hc xX=q =CCw= QCx=q'x3XCS x• XCx=• x= x z"Q=• 

x**Qq<"wx•"q'S ="'cC •µC wCx=� Q"'~ =•x•"q'= "' •µC xQCx xQC 

!CXX =*xcC%e 

.'%CQ x==� w*•"q' H •µC C<*Cc•C% +xX� C zqQ B" "= 

EMi u dv · O µ s· v .£1!._ xWµm v .£1!._ {··ø·7 N Eå Eø uRh øe 
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E z� Q•µCQ ="w*X"z"cx•"q' qz •µC =•x•"=•"cxX wq%CX "= *Qq+"%C% 
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%e cq+y-DfR ø•"·{ k 5 2R { nq-X·R g zqQ "S{5XS eee S' 

!µCQC 2R{ "= •µC VQq'CcYCQ %CX•x "eCeS 

"z "5 { 
q•µCQ!"=C 

,µC ;� x'•"•"C= q•"<Ru x'% q•"·"u %C'q•C= •µC +xQ"x'cC= qz -"<R x'% 

-X·RS QC=*Cc•"+CX·e 

EccqQ%"'~ •q -;e Aep x'% x==� w*•"q' oS CQQqQ= •"< x'% -X· "' •µC 

*X� wC Xqcx•"q' µx+C C<*Cc•C% +xX� C + x'% xQC ~C'CQxXX· � 'cqQQC­ 

Xx•C% y3C•!CC' wCx=� QCwC'• =•x•"q'=S x'% 3C•!CC' •"< x'% -X· x• 

Cxcµ =•x•"q'ke ,µ"= QC*QC=C'•=S "' q� Q q*"'"q'S QCx=q'x3XC 

x==� w*•"q'= x3q� • •µC =•Q� c•� QC qz •µC=C =*x•"xX CQQqQ=S x• 

XCx=• x= x z"Q=• x**Qq<"wx•"q'e ÅCC Ce~e 4x''x ylULIke 

EccqQ%"'~ •q x==� w*•"q' oxS •µC C<*Cc•C% %"=*CQ="q' cxXc� Xx•C% 

+xX� C x• =•x•"q' " "= -BR 5 -K· µ Re ,µC C<*Cc•C% +xX� C qz B" "= 

•µ� = C;� xX •q µ " "z K µx= C<*Cc•C% +xX� C le 

,µC C=•"wx•"q' qz 3xcY~Qq� '% cq'cC'•Qx•"q'[ zQqw µq� Q •q µq� Q 

"= 3x=C% � *q' !C"~µ•"'~ •µC %"zzCQC'cC= 3C•!CC' •µC q3=CQ+C% p = 

x'% •µC %"=*CQ="q'jcxXc� Xx•C% +xX� C BR x• •µC %"zzCQC'• =•x­ 

•"q'= "5XS eee S'e ,µ� =S •µC zqXXq!"'~ C=•"wx•qQ F zqQ •µC 3xcY­ 
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!µCQC !"S zqQ "5XS eee S'S xQC !C"~µ•= •q 3C %C•CQw"'C% q' x' 

µq� QX· 3x="=S 3x=C% q' •µC x+x"Xx3XC %x•xS q" x'% B"S x• •µC 

=xwC µq� Qe ,µC !x· qz cµqq="'~ !C"~µ•= "= %C•CQw"'C% 3· cq'="­ 

%CQ"'~ •µC *Qq*CQ•"C= qz •µC C=•"wx•qQ Fe 

-<*Cc•C% +xX� C qz F 

,µC C<*Cc•C% +xX� C qz F"= ~"+C' 3· 
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-F 5 -y s wi 

"5X 
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.'%CQ x==� w*•"q' uS -2" 5 f" x'% � '%CQ x==� w*•"q'= Hc x'% oxS 
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L 
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"5X 
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i=l 

,µC %"zzCQC'cC 3C•!CC' Fø= C<*Cc•C% +xX� C -F x'%[ "= cxXXC% 

•µC 3"x= "' � ="'~ F •q C=•"wx•C [j 4C'cC � '%CQ •µC x3q+C 

x==� w*•"q'= F !"XX 3C x' � '3"x=C% C=•"wx•qQS "eCeS -F5[S "z x'% 
L 

q'X· "z l !"5Xe 
i=l 
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.="'~ •µx• l !"5XS x'% � ="'~ -;e Aeu x'% AeoS x ~C'CQxX 
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EccqQ%"'~ •q -;e AeLS "' qQ%CQ •q YCC* •µC 3"x= Xq! ycXq=C •q 

ZCQqkS "• "= "w*qQ•x'• •q cµqq=C !C"~µ•= !" •q 3C =wxXX ycXq=C 
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•q ZCQqk 

zQqw lkS 

!µCQC £1!.. Eå 
~Qx%"C'•= 

zqQ =•x•"q'= !"•µ XxQ~C µ " yC=*Cc"xXX· "z -K "= zxQ 

x'% •q cµqq=C !C"~µ•= !" •q 3C =wxXX zqQ =•x•"q'= 

x'%dqQ [ xQC XxQ~C y=•x•"q'= x==qc"x•C% !"•µ XxQ~C 

"' •µC %"=*CQ="q' cxXc� Xx•C% z"CX%ke ,µC !C"~µ•= •µx• 

µx+C 3CC' cxXc� Xx•C% %"% •q x XxQ~C C<•C'• z� XXz"XX •µC=C cQ"­ 

•CQ"xe 

8Qqw -~e AeLS "• zqXXq!= •µx• •µC 3"x= xX=q %C*C'%= q' •µC 3"x= 

"' •µC wCx=� QCwC'•= -C"S x'% 3"x= "' •µC x%%"•"+C CQQqQ= -CB 
_ 
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L 
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!µCQC :" "= •µC %"zzCQC'cC 3C•!CC' •µC q3=CQ+C% x'% %"=*CQ="q' 
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In the computations we have put EQ = 1 and substituted Mi for

µi and VMi for Vµi. (See next section for a tentative choice of

the other parameters.)

Thus, the following estimate for Vi has been applied

(C.19)

~ is an estimate for the "level of uncertainty" as to the use

of the difference oi-Mi as an estimate for the background con­

centration~-

Optimal weights wi* are inversely proportional to◊; for i=l,

... ,n, and since they must sum to 1, a formula for the optimal

weight for station i is given by

n
W; a = ( 1/◊; ) / ( I ( 1/◊j ))

j=l
(C.20)

Note that directly from Eq. C.20 stations with high values of

◊i (relative to the other stations), will receive small weights

(near zero), and vice verca.

Therefore, according to the statistical model, "good" back­

ground stations (which should be used to assess the background

concentration) are stations which have:

a. Low level of concentrations from the local sources, i.e.,

µi or Mi close to zero.

b. Small concentration-field gradients, i.e. , 11 ? µ i II or 11 VMi 11

close to zero.

Which stations who will receive the higher weights will vary

from hour to hour, depending on the emission rates and meteoro­

logical conditions.
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By inserting optimal weights w;* given by Eq. C.20 into the ex­

pression for the approximate variance of B, VB, as given by Eq.

C.16, an expression for the minimum value of VB when using

optimal weights W;* is obtained

n
VB* = I (w;*)2◊i =

i=l

n n
I (◊; - 1 ) / ( I ◊; - 1 ) 2 =

i=l i=l

(C.21)

where H denotes the harmonic mean of ◊1 , ••• ,◊n.

Since the harmonic mean is always less or equal to the arith­

metic mean, we also have

(C.22)

According to Eq. C.21 (or C.22) increase inn, the number of

measuring stations, will significantly reduce the variance of

the background estimator, VB, at least if H stays reasonably

bounded when n increases.

C.3 SELECTION OF STATISTICAL PARAMETERS 

The measuring calibration system gives concentrations with an

accuracy of about ±5 µg/m3. This value corresponds to the ±5%

error at 100 µg/m3 as stated by the instrument manufacturer.

The measurement error standard deviation a£ have therefore been

set equal to 2.5 µg/m3 in the computations.

In the dispersion calculations the grid resolution is 1 km. An

uncertainty of up to (at least) 1 km must be expected when

using the air pollution dispersion model. See also e.g. Hanna

(1987). A tentative value of a~= 0.5 km has therefore been

applied in the computations.
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Results of the dispersion calculations are generally believed

to be correct to within a factor of 2 in the level of concen­

trations. Thus, a value of a0 = 0.5 is, in our opinion, area­

sonable choice for this parameter, and has been used in the

computations.

When the calculations were performed the problem of additive

errors in the computations due to subgridscale concentration

fluctuations 8M were not considered. The computations have

therefore been performed with 08M = 0. Selecting reasonable

values for a8M may be adressed in future use of the background

estimator.
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CORRECTION OF CONCENTRATIONS BY MEASURED VALUES 

Dl INTRODUCTION 

Given the dispersion calculated values, and the background con­

centrations which are added to these values, observed and

model calculated values may still differ at the measuring sta­

tions. The interpolation procedure that was used in order to

make final corrections to the calculated concentrations is de­

scribed in this appendix.

The method has been used for the components S02, NOx, small

particles (PM 2.5) and also for N02•

D2 DESCRIPTION OF THE METHOD 

Let the 16x23 km area in Grenland be denoted by Q, and letn

denote the number of measurement stations. At each measuring

station i, for i=l, .... n, hourly observed values O; and disper­

sion calculated values M; are given.

For each hour a corrected model calculated field Acx,y) for

(x,y}EQ is sought, based on both observed and calculated

values.

Since M;, for i=l, ... ,n, denotes dispersion calculated values

omitting the background, we first subtract from the observa­

tions the background concentration B. The method used for cal­

culating background concentrations is described in Appendix c.
We obtain then "new" observations O;' = O; - B for i=l, ... ,n.

In order to preserve the spatial distribution determined by

dispersion calculations on an hourly basis the method proceeds

by defining logarithmic differences between O;' and M; through

R; = Ln t o. '/M;) = lnO;' - lnM; for i=l, ... ,n.
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Ri will be zero if and only if oi' =Mi, and can take both

positive and negative values.

The Ri -values are interpolated to the gridnet Q by the follow­

ing formula

n
R(x,y) = I~ (x,y)~

i=l
(D .1)

where the weights Wi (x,y) are subject to the following con­

straint

n
I wi (x,y) = 1

i=l
(D. 2)

Weights W(xi ,Yi) for (xi ,Yi) eQ, and for i=l, ... ,n, have been

calculated as in ordinary kriging interpolation using an expo­

nential covariance function. See appendix B for a description

of "ordinary kriging" using this covariance function.

The integral scale of the covariance function has been chosen

so that reasonable influence zones for corrections are obtained

around each station. Thus, "kriging" is used here mainly as a

mathematical interpolation procedure to preserve the spatial

distribution determined by calculations based on data for

wind and emission. For the calculations an integral scale of 1

km has been used.

The method is unbiased for any constant field R. In particular

it is unbiased for R=O, i.e., for instances of exact correspon­

dence between observed and calculated concentrations.

The spatial distribution of weights for the five stations

Klyve, Georg Stangs gt., Nenset, Frednes and Ås are shown i

Figure D.1.
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Given the interpolated field R(x,y), a final corrected concen­

tration distribution is computed by

~(x,y) = M(x,y) Exp(R(x,y)) + B (D. 3)

where Exp() denotes the exponential function.

According to Eq. D.3 no correction of the dispersion calcula­

tions will be performed when R(x,y) = O. Hence, if at station

i, R;=O i.e. O;' = M;, then no corrections will be performed at

station i, except adding the background B.

For reasons of safety, the practical procedure that has been

used differs slightly from the above:

To include the effect of spatial uncertainty in the calcula­

tions, we have used the value in the model calculated field

within 1 km distance showing best correspondence with the ob­

served value O; '· This so-called "matched" value is denoted by

M; *·

Furthermore, in order to avoid values of O;' and M; * close to

zero which makes R; large, O;' has been replaced by O; r+ = max

(O; ',5) and M; * has been replaced by M; *+ = max(M; *,5). This

makes the logarithmic difference R; bounded. The value 5 has

been chosen as a reasonable value, considering the typical+ 5

µg/m3 inaccuracy in observations.

Finally in cases where an observation O; is missing, the cor­

responding R; value is computed as an average of the other

Rj-values.
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Klyve Nenset

Frednes Ås

Fig. D.1: Spatial distribution of interpolation weights used
in the model-correction procedure for each station.
a. Klyve, b. Georg stangs gt., c. Nenset, D. Frednes,
e. Ås.
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MODEL FOR NO-, NO2- AND O3-CONCENTRATIONS 

El INTRODUCTION 

Previous investigations by Gram et al. (1980) and Hov (1984)

show that minor local development of ozone may occur as a

result of local emissions. Complex photochemical reactions may

occur in the plumes downwind of the industrial areas Herøya and

Rafnes. Outside these limited areas, photochemical balance may

be a reasonable assumption. Figure El shows the main industrial

areas and the main wind sectors where complex chemical reac­

tions may occur. In this study the main emphasis is given to

measurements and we do not describe the local chemical reac­

tions in all details.

During the first period of registration (3.1.-15.3.1988),

mainly northerly winds were observed. During the second period

of registration (18.4.-24.6.1988), more frequent winds from

south were observed.

It is seen that during northerly wind situations the plumes

from Herøya and from Rafnes may interfere. Often the plumes

will move in parallell out of the area.

E2 PHOTOCHEMICAL BALANCE IN THE KM-GRID SYSTEM 

The reaction between ozone and nitrogen monoxide is fast and a

local balance with the photochemical dissociation of NO2 are

often observed at some distance from local sources. Under the

conditions of photochemical balance the ratio between NO2- and

NOx-concentration is described by
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Figur El: The main industrial areas marked on a map with topo­
graphy. The main sectors of dispersion is marked on
the figure. Height between contour lines: 100 m.
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(E.1)

[N02] the concentration of nitrogen dioxide

[NOX] = [N02] + [NO] 

k1 first order reaction coefficient
k1

NO + 03 N02 + 02

The coefficient of photodissociation (k2) in Grenland was

defined by using the average number for cloud cover at Langøy­

tangen and at Gvarv, besides the solar height as a function of

time of the day.

k2 = sf a exp. (-0.39/sin h) (E. 2)

k2 . the coefficient of photodissociation.
h . the height of the sun.
a = 0.01 s-1

sf (1 a 0. 5)= - 8
a : the octaval cloud cover.
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E3 CALCULATIONS OF NO2-CONCENTRATIONS IN STREET CANYONS 

High NO-concentrations are observed in street canyons.

When background air withe ozone enters the street canyon, NO

reacts with 03 form N02, and the ozone concentration is reduced

accordingly.

The equations used for concentration calculations reads:

When [03 Jkm2 < [NO]q

then [ N02 J s t r e e t = [ N02 J k m 2 + [ 03 J k m 2 + [ N02 J q

and [ 03 J s t r e e t = O

When [03 Jkm2 > [NO]q

then [ N02 ] s t r e e t = [NO] q + [ N02 ] q

and [ 03 J s t r e e t = [ 03 J k m 2 - [ NO J q

[ hm2 molar concentration in km grid-square

[ Jstreet: molar concentration in the street canyon

[ ]q molar concentration as a result of emission in

the street canyon
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MODEL EVALUATION 

Fl INTRODUCTION 

us EPA has given guidelines on procedures to be followed in

evaluating air quality models (EPA, 1981,1984), and a list of

recommended model evaluation performance parameters. In this

study statistical parameters have been selected in accordance

with these recommendations (Fox, 1981, 1984). Selecting the

parameters, results of Willmott (1982) were also taken into

consideration.

F2 DESCRIPTION OF MODEL EVALUATION PERFORMANCE PARAMETERS 

Let T denote the number of data, and let Ot and Pt denote the

observed and calculated (predicted) values at time t,

t=l, ... ,T. For each station the following model evaluation

parameters are defined:

o Mean value of observations

P Mean value of predictions

o0 Standard deviation of observations

op Standard deviation of predictions

NMD Normalized mean difference

RMSE Root mean square error

RMSES: Systematic RMSE

RMSEU: Unsystematic RMSE

a,b Intercept and slope of regression line

Corr Correlation coefficient

IA Index of agreement

The parameters are defined through the following set of equa­

tions:
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Mean values:

1 T
0 = L otT t=l

1 T
p = L ptT t=l

(F. 1)

(F.2)

These denote the usual arithmetical average values of the time

seriesot and Pt.

Standard deviations:

1 T
Oo = (T-1 L (o, - 0)2)0.5

t=l

1 T
Op = (T-1 L (Pt - P)2>0.s

t=l

(F. 3)

(F.4)

These denote the usual standard deviations of the time series

o, and Pt •

Normalized mean difference:

NMD = (0 - P)/0 (F.5)

This dimensionless parameter is a measure of the bias of P

versus O. Ideally it should be zero, or close to zero.

Root mean square error:

RMSE
T

= ( 1 }: ( o, - Pt ) 2 ) o . s
T t=l

(F. 6)

The RMSE is another measure of the size of the error produced

by the model.

Systematic and unsystematic RMSE:

RMSES = ( 1
T

T
L 

t=l

"( 0t _ p) 2 ) o . s (F.7)
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RMSEU
1 T A= ( I (P - Pt)2)0.5
T t=l

(F. 8)

where

(F. 9)

with a and b being the intercept and slope of the regression

line:

a= P - bo

b = [ tt (F.10)

(F.11)

Here RMSE2 = RMSE5
2 + RMSEu2.

Willmott (1982) argues that systematic and unsystematic root

mean square error gives valuable information on the possibility

of model improvement.

For a good model the unsystematic portion of the RMSE is much

larger than the systematic, while a large systematic RMSE indi­

cates a poor model. For a more thourough discussion, see Will­

mott (1982).

Correlation coefficient:

Corr=
1 T

L (o, -0) (Pt -P) / (ao ·ap)
T t=l

(F.12)

This is the ordinary product-moment correlation coefficient.

Index of agreement:

T T
IA = 1 - I (Pt , - o, , ) 2 ) / I ( I Pt , I + I o, , I ) 2

t=l t=l

where

p ,
t = Pt - o and ot' = ot - o

(F.13)

(F.14)
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The index of agreement has been recommended by Willmott (1982),

as a better parameter to describe the "agreement" between the

two time seriesot and Pt.

The index IA is a number between o and 1, with O indicating

worst agreement, and 1 indicating best agreement.

F3 RESULTS OF MODEL VALIDATION 

Tables Fl-F5 show values of model evaluation parameters for the

dispersion calculations in Grenland at five measuring stations

(Klyve, Georg Stangs gt, Nenset, Frednes and Ås). The location

of the measuring stations are shown in Figure 1.1.

Each table consist of two parts showing results for the winter­

period (3.1.-15.3.) and for the summerperiod (18.4.-24.6.)

respectively.

In each table results are given for NOx, particles (PM2.5) and

for S02•

The arithmetic mean value (Mean) and standard deviation (SDev)

are calculated for observed hourly values for each period of

calculations. The corresponding column in each table is marked

by 11011• The same parameters are calculated for the timeseries

predicted by dispersion calculations and the column is marked

by "P".

Based on hourly predicted concentrations in all km2 the spatial

uncertainty is taken into consideration in the following

way: Within a distance of 1 km from the measuring stations, the

concentration value showing best correspondance with the mea­

sured value is used in further evaluation, and the correspon­

ding column is marked by "P+M". This interpretation (matching)

of the calculated values improve the correlation between the

observed and predicted concentrations.
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In the method of dispersion calculations knowledge of the con­

centrations in the air that enters the area has to be avail­

able. Ideally this background concentration should be deter­

mined by hourly measurements at a station not influenced by

local sources. In this project the existing measurements are

used for estimating this concentration. The method is described

in Appendix c.

When this contribution to concentration values is taken into

account, better correspondence between observed and predicted

values is found. In particular the background concentration is

of importance for the description of the S02-concentration

during the winterperiod.

The corresponding column in the tables for model performance

evaluation is marked by "P+B". To further improve the corre­

spondance between calculated and predicted concentrations,

background concentrations are added, and consideration of

spatial uncertainty is again taken into account as described

above. The corresponding column is marked by "P+B+M".
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Table FlA: Statistical parameters for model performance evalua­
tion.
Station: Klyve
Period: 3.1-15.3.1988.

NO)(

Parameter Un it 0 p P+M P+B P+B+M

Mean µg (,m3 24.1 2 1 . 3 2 1 . 4 3 0. 1 26.8
SDev 3 0. 1 30.2 2 6. 7 33.6 30.0
NMD 0. 1 2 0. 11 -0.25 - 0. 11
RMSE II 28.3 18. 7 23.8 13.5
RMSE5

II 13 . 4 9.3 7.9 4. 1
RMSEu II 24.9 16.2 22.5 1 2 . 9
Corr 0. 5 7 0.80 0.74 0.90
IA 0.74 0.88 0.85 0.95

II p M 2. 511

Mean µg (,m3 11 . 4 14. 0 11 . 1 19.3 14.6
SDev 12.0 2 3 . 9 13.5 25.0 14.9
NMD -0.225 0. 0 2 -0.69 -0.282
RMSE II 23.0 11 . 3 23.2 10.4
RMSE5

II 4.7 3.8 7.9 3.3
RMSEu II 2 2. 5 1 0. 7 2 1 . 8 9.8
Corr 0.34 0. 61 0.49 0.75
IA 0.47 0. 77 0.54 0.84

S02

Mean µg /m3 11 . 6 6.5 7.4 1 0. 7 1 1 . 6
SDev II 1 7 . 7 9.1 6.3 1 0 . 1 7 . 3
NMD 0.44 0.36 0.08 0. 13
RMSE II 20.1 1 7 . 5 18. 2 1 5. 7
RMSE5

II 1 7 . 9 16.4 15.3 1 4 . 3
RMSEu II 9. 1 6.1 9.8 6.5
Corr 0.057 0. 2 9 0.24 0.47
IA 0. 2 5 0.35 0.39 0. 5 1

Table FlB: Statistical parameters for model performance evalua­
tion.
Station: Klyve
Period: 18.4-24.6.1988.

NOX

Parameter Un it D p P+M P+B P+B+M

Mean µg / m3 1 5. 6 25.4 2 1 . 1 27.8 22.6
SDev II 1 5. 6 2 5. 2 1 9 . 4 24.8 19.5
NMD - 0. 6 3 -0.35 -0.785 -0.451
RMSE II 25.3 1 6. 9 25.0 1 6. 6
RMSE5

II 1 0. 9 6.8 12 . 7 7.6
RMSEu II 2 2 . 8 1 5. 5 2 1 . 5 14. 7
Corr 0.43 0.60 0.50 0.66
IA 0.55 0. 7 3 0.58 0.76

II PM 2 • 5 II

Mean µg ;m3 1 2. 0 9.2 9 . 1 1 5. 3 13 . 4
SDev II 1 0. 6 14.3 10.1 1 5. 5 11 . 6
NMD 0.23 0. 2 4 -0.275 - 0. 11
RMSE II 15.3 9.8 13.5 7 . 1
RMSE5

II 7.0 5. 5 3.9 1 . 9
RMSEu II 13 . 6 8. 2 13.0 6.8
Corr 0.29 0. 5 9 0.55 0. 81
IA 0.52 0. 7 5 0.69 0.89

S07

Mean µg (,m3 5. 1 7.2 5 . 1 8.3 6. 1
SDev 4.4 10.9 4.7 1 0. 8 4.8
NMD -0.42 - 0. 0 8 -0.64 - 0. 2 1
RMSE II 11 . 8 5. 0 11 . 7 4. 7
RMSE5

II 4. 5 2. 5 4. 6 2.2
RMSEu II 10.9 4.3 1 0. 7 4. 2
Corr 0.04 D. 41 0. 11 0.51
IA 0.22 0. 6 4 0. 2 1 0.70
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Table F2A: Statistical parameters for model performance eva­
luation.
Station: Georg Stangs gt.
Period: 3.1.-15.3.1988.

N0x 
Parameter Un it 0 p P+M P+B P+B+M

Mean µg (,m3 38.2 38.5 32.3 48.6 38.4
SDev 49.1 48.9 37.6 5 3. 3 41.5
NMD -0.007 0. 155 -0.27 -0.003
RMSE II 41 . 3 98.8 41 . 8 25.9
RMSE5

II 1 7 . 6 19. 2 16.1 13 . 8
RMSEu II 37.4 21.5 38.5 2 1 . 9
Corr 0.65 0.82 0.69 0.85
I A 0.79 0.88 0.81 0.91

II p M 2 • 5 II

Mean µg (,m3 1 4 . 7 1 2 . 0 1 0. 5 13 . 0 14.4
SDev 1 3 . 0 1 2 . 6 9.7 14 . 3 1 1 . 3
NMD 0.18 0.28 -0.19 0. 0 1 7
RMSE II 14 . 9 1 0. 9 13 . 3 7. 9
RMSE5

II 9 . 1 8.0 5.8 4. 0
RMSEu II 11 . 9 7.4 1 2 . 0 6.8
Corr 0.34 0.64 0.55 0.80
IA 0.59 0. 7 6 0.74 0.89

SO;,

Mean µg /m3 2 6. 0 1 5. 2 1 5. 6 19 . 2 1 7. 8
SDev II 4 4. 5 25.8 1 6. 6 25.4 1 6. 2
NMD 0.42 0.40 0.26 0.32
RMSE II 51.0 40.8 50.1 40.0
RMSE5

II 44.0 3 8. 1 4 3. 2 3 7. 4
RMSEu II 25.8 14. 6 25.4 14 . 1
Corr 0. 0 7 0.48 0.07 0.50
I A 0.28 0.49 0. 2 7 0.50

Table F2B: Statistical parameters for model performance eva­
luation.
Station: Georg Stangs gt.
Period: 18.4-24.6.1988.

NOX

Parameter Un it 0 p P+M P+B P+B+M

Mean µg (,m3 25.0 31. 6 23.6 3 4. 1 2 5. 2
SOev 2 2. 5 33.2 22.0 33.1 22.4
NMD - 0. 2 7 0.05 -0.37 - 0. 0 1
RMSE II 30.0 1 7 . 1 29.5 1 5. 7
RMSE5

II 8.8 7.0 1 0. 2 5.6
RMSEu II 28.7 1 5. 6 27.7 14. 7
Corr 0. 51 0. 7 1 0.55 0. 7 5
I A 0.66 0.84 0.68 0.86

II p M 2 • 5 II

Mean µg (,m3 1 5. 7 7.0 7.6 1 2 . 2 11 . 6
SDev 11 . 5 9.8 6. 3 11. 4 8.0
NMD 0.56 0.39 0.22 0.26
RMSE II 1 6. 7 13. 5 1 3 . 5 9.5
RMSE5

II 13.6 12.2 8.3 7.4
RMSEu II 9.7 5.8 1 0. 7 6.0
Corr 0. 1 2 0.39 0.35 0.66
I A 0.45 0.55 0.59 0. 7 5

SO;,

Mean µg (,m3 1 7 . 1 1 1 . 9 9.9 1 3 . 0 1 0. 4
SOev 32.0 27.7 15.9 27.7 15.9
NMD 0.31 0.42 0.24 0.389
RMSE II 42.4 28.5 42.1 2 8. 1
RMSE5

II 32.1 25.0 3 1 . 8 24.6
RMSEu II 27.7 1 3 . 7 27.7 13.6
Corr 0. 0 1 0. 5 1 0.02 0.52
I A 0.25 0. 61 0.24 0.62
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Table F3A: Statistical parameters for model performance eva­
luation.
Station: Nenset ("PM 2.5" not measured at this sta­

tion).
Period: 3.1.-15.3.1988.

NOx

Parameter Un i t 0 p P+M P+B P+B+M

Mean µg (,m3 61 . 9 40.6 37.4 50.7 4 4. 1
SDev 89.9 51.0 46.3 40.4 29.4
NMD 0.34 0.40 0. 18 0. 2 9
RMSE II 73.7 6 8. 1 67.4 60.6
RMSE5

II 61.9 60.6 53.9 53.0
RMSEu II 39.9 30.9 40.3 29.4
Corr 0.62 0.75 0.68 0.81
IA 0.69 0.74 0.75 0.80

SO :i

Mean µg (,m3 13 . 8 1 1 . 1 9. 7 15.1 1 2 . 5
SDev 1 6. 7 1 5. 8 9.6 1 5. 5 9.7
NMD 0.20 0.30 -0.09 0.09
RMSE II 2 2. 2 16.1 20.8 14.4
RMSE5

II 1 5. 6 13. 5 14.2 11 . 8
RMSEu II 15.8 8.8 1 5. 3 8.3
Corr 0.08 0.40 0. 1 7 0. 5 2
IA 0.33 0.56 0.39 0.64

Table F3B: Statistical parameters for model performance eva­
luation.
Station: Nenset ("PM 2.511 not measured at this sta­

tion).
Period: 18.4-24.6.1988.

NO v

Parameter Unit 0 p P+M P+B P+B+M

Mean µg ;m3 2 6. 7 32.3 2 4. 1 34.7 25.8
SDev II 33.7 33.l 26.9 32.8 27.0
NMD - 0. 2 1 0.09 -0.30 0.03
RMSE II 29.4 19 . 2 28.6 1 7 . 6
RMSES II 14 . 1 11. 8 14.5 1 0. 7
RMSEu II 25.8 15.1 24.6 14.0
Corr 0.63 0.83 0.66 0.86
IA 0.78 0.89 0.79 0. 9 1

SO :i

Mean µg (,m3 7.4 1 0. 0 6. 2 11 . 1 7. 0
SDev 5.4 16.4 5.8 1 5. 9 5.9
NMD -0.35 0. 16 4 -0.50 0.06
RMSE II 1 6. 7 6. 2 1 6. 7 5. 7
RMSE5

II 4.9 3.2 5. 3 2. 5
RMSEu II 1 6. 0 5.3 1 5. 9 5. 1
Corr 0.08 0.43 0. 11 0.50
IA 0. 2 2 0.65 0. 2 2 0. 7 0
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Table F4A: Statistical
luation.
Station:

parameters

Frednes ("PM
station).

Period: 3.1.-15.3.1988.

for model performance eva-

2.5" not measured at this

NOx

Parameter Un it 0 p P+M P+B P+B+M

Mean µg (,m3 73.4 4 4. 1 52.0 54.2 57.5
SOev 95.5 5 7. 7 61 . 8 60.3 64.9
NMD 0.40 0.29 0. 2 6 0.22
RMSE II 84.5 63.9 7 6. 7 56.5
RMSE5

II 6 9. 7 51 . 4 6 0. 7 4 4. 1
RMSEu II 47.8 3 7. 9 46.9 35.4
Corr 0.56 0.79 0.63 0.84
IA 0. 6 7 0.83 0.73 0.87

S02

Mean µg (,m3 9.9 11 . 6 8.0 1 5. 6 1 0. 5
SOev 1 2 . 4 16.1 8.5 15.9 8.9
NMD - 0. 1 7 0.20 -0.58 -0.06
RMSE II 18.3 1 0 . 7 1 7 . 6 8.9
RMSE5

II 9.3 8.0 9. 1 6.2
RMSEu II 1 5. 8 7 . 1 1 7 . 6 6.4
Corr 0. 2 0 0. 5 4 0.33 0.69
IA 0.42 0.69 0.51 0.80

Table F4B: Statistical
luation.
Station:

parameters

Frednes ("PM 
station).

Period: 18.4-24.6.1988.

for model performance eva-

2.5" not measured at this

NO"

Parameter Un it 0 p P+M P+B P+B+M

Mean µg /m3 36.7 36.8 3 2 . 6 39.3 3 4. 1
SOev II 38.8 3 9 . 1 3 1 . 6 38.7 31. 7
NMD -0.002 0. 11 0.07
RMSE II 37.8 2 4. 1 3 6. 2 2 2 . 1
RMSE5

II 18.0 1 4. 4 1 7 . 1 13.0
RMSEu II 33.2 1 9 . 3 3 1 . 9 1 7 . 9
Corr 0.53 0. 7 9 0.57 0.82
IA 0. 7 2 0.88 0.74 0.90

S02

Mean µg (,m3 5.0 9.4 6. 1 1 0. 6 6. 5
SOev 3.7 13 . 8 5.2 13.6 5. 2
NMD -0.86 -0.20 - 1 . 1 0 -0.30
RMSE II 14.3 4.3 14.3 4.3
RMSE5

II 4.4 1 . 1 5.5 1 . 5
RMSEu II 13 . 5 4. 1 13 . 2 4. 0
Corr 0.20 0.62 0.24 0.65
IA 0.23 0. 7 4 0.25 0.75
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Table F5A: Statistical parameters for model performance eva­
luation.
Station: Ås
Period: 3.1.-15.3.1988.

NOx 

Parameter Un it 0 p P+M P+B P+B+M

Mean µg (.m3 24.4 29.6 26.3 39.8 33.8
SDev 30.4 3 8. 5 31 . 3 41 . 3 34.7
NMD - 0. 2 1 -0.08 -0.63 -0.38
RMSE II 38.6 27.2 38.2 26.3
RMSE5

II 1 5. 7 11 . 4 1 6. 9 10.8
RMSEu II 35.2 24.7 34.2 24.0
Corr 0.40 0.61 0.56 0.72
IA 0. 61 0.78 0.68 0.82

II p M 2, 5 II

Mean µg (.m3 1 3 . 7 14.9 12.6 20.9 1 6. 3
SDev 11 . 4 23.7 13 . 7 23.6 14.4
NMD -0.04 0.08 - 0. 5 2 - 0. 1 9
RMSE II 25.1 13 . 9 23.6 11 . 6
RMSE5

II 8. 7 5.9 7 . 9 3.4
RMSEu II 8.7 12.5 22.2 11. 1
Corr 0.12 0 . 4 1 0.34 0.64
I A 0.33 0.63 0.46 0. 7 8

so? 
Mean µg /m3 6.9 5.3 4.4 9.3 7 . 5
SDev II 7 . 3 9.2 6 . 1 9.8 7.0
NMD 0. 2 3 0.36 -0.35 - 0. 0 9
RMSE II 11. 7 8. 5 9.6 5.2
RMSE5

II 7.3 6.2 3.9 2.3
RMSEu II 9.2 5.9 8.8 4.8
Corr 0.03 0. 2 7 0.44 0.73
IA 0.35 0. 5 5 0.62 0.85

Table F5B: Statistical parameters for model performance eva­
luation.
Station: Ås
Period: 18.4-24.6.1988.

NOX

Parameter Un it 0 p P+M P+B P+B+M

Mean µg (.m3 1 3 . 1 24.9 19 . 3 27.4 2 1 . 1
SDev 1 5. 5 2 6. 1 19 . 1 26.4 19.8
NMD -0.90 -0.47 -1.08 -0.60
RMSE II 27.4 1 7 . 8 2 7 . 9 18. 0
RMSE5

II 13. 0 15.9 14. 7 8. 7
RMSEu II 2 4. 1 7 . 9 2 3. 6 1 5 . 8
Corr 0.38 0. 5 5 0.44 0. 61
IA 0.49 0.69 0. 5 2 0. 7 1

II p M 2 . 5 II

Mean µg (.m3 1 2 . 2 11 . 2 1 2 . 2 17.5 1 4 . 1
SDev 1 0. 0 1 7 . 3 1 0. 7 18. 3 1 2 . 2
NMD 0.08 0.23 -0.44 - 0. 1 6
RMSE II 1 7 . 7 10.8 1 9 . 9 8.6
RMSE5

II 5.9 5. 5 5.5 2.2
RMSEu II 1 6. 7 9.2 16.2 8.3
Corr 0.25 0. 5 0 0.46 0.74
IA 0.45 0. 7 0 0.56 0.84

so? 
Mean µg /m3 5. 1 5.9 4. 5 7 . 1 5.4
SDev II 5.8 9.3 5.0 9.2 5.0
NMD - 0. 1 6 0. 11 -0.39 -0.05
RMSE II 10.1 5.6 9.9 5.2
RMSE5

II 4.4 3.5 4.3 3.0
RMSEu II 9 . 1 4.4 8.9 4.2
Corr 0. 1 6 0.47 0. 2 2 0. 5 6
I A 0.37 0.67 0.41 0. 7 3
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The Figures Fl-F5 give observed and calculated NOx-concentra­

tions as a function of time. Concentrations predicted by

dispersion calculations are corrected for background values.

Further the spatial uncertainty is taken into account to arrive

at calculated values, given in the figures.

F4 DISCUSSION 

Predictions of short term average concentrations (e.g. hourly

data) are usually poorly correlated with observations at the

same time and location. Wind speed and direction uncertainties

contribute to this type of error.

Typically errors in hourly average model predictions are almost

as large as the predictions themselves. However, models can

often simulate the ground level pattern of the concentrations

fairly well, if the pattern is allowed to be moved horizon­

tally. According to Hanna (1987) such slight displacement

errors will often cause the point by point correlation to be

poor.

In the tables it is seen that when background concentrations

and allowance for spatial uncertainty is taken into account,

the results of model validation are improved considerably. The

time series for observed and calculated concentration values

for NOx at the different stations are shown in Figures Fl-F5.

The discrepancies that are observed between observed and calcu­

lated values may be of a stochastic nature and of subgrid

scale, or it may represent a correction factor for the calcula­

ted concentration levels. The explanation for the correction

factor may be found in the definition of emission intensity in

single or in groups of sources, or it may be accounted for by

the dispersion conditions. The concentrations close to the

ground are particularly sensitive to description of vertical

exchange of pollution. The explanation of the discrepancies

from hour to hour remains to be clarified. However, the hourly

concentrations should make a good data base for estimating ex­

posure when the corrections by measured data are performed.
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Figure Fl: Observed NOx-concentrations at Klyve compared with
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spatial uncertainty ("matching") have been taken
into account.
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pared with predicted values where background concen­
trations and spatial uncertainty ("matching") have
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