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ClO + ClO + M −→ Cl2O2 + M

Cl2O2 + hν −→ ClOO + Cl

ClOO + M −→ Cl + O2 + M
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Net : 2O3 + hν −→ 3O2.
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ClO + BrO + M −→ BrCl + O2 + M

BrCl + hν −→ Br + Cl

Br + O3 −→ BrO + O2

Cl + O3 −→ ClO + O2

−−−

Net : 2O3 + hν −→ 3O2.
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TOMS Ozone column density in North Europe, 1979 to 1999
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− µO3

\t-0/L;H/
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EG;>=�\p��EG=IH<rL\pHqEV=�É|RLC>j0ADC0EV;>=irp\pHÔEG=ÛÉ	WI\pHq=@RZHV=�RYrZRLAQXQRL_>XQ=S]�HV\pxÝÜbRLHVW�;	�ËEG\TctU>HqAQX-��Pq\
EG;�RnE�kld�cemyRLC>jya`ctdgf�hÞRZHV=Bj>AQHq=IW�EGXDÌ#WI\pxTU�RLHVRL_>XQ=<ADCËEG;>ADP�EVAQxT=<AQCFEG={HqrZRLXßvØ~ \pxTU�RLHqAQC>Ê
kld�cim�RZC>j4aScedgfih.xy=IRLC1\p�{\pC>=	U>HV\Zà�XQ={Py\zrp={HyEV;>AQPËEGADxy=�U�=IHqAQ\�jÙÍ�PV={=�á³ADÊp�>HV=	KsvoJNÑ
EG;>=Ë\L�I\pC>=[xyAâÉsADC>Ê�HVRZEGAD\pPtxT=YRZPV�>Hq=Ijã_FÌ�kld�cim�RZHV=#PÔÌ�PÔEG={x�RZEVAQWIRLXQXoÌ|XQRLHVÊL=IH`EV;�RLC�EV;>\pPV=
xy=IRLPV�sHV=Ij	_FÌ	a`ctdäfih<v

:<;s=@xT=YRLC	j>=�r�AQRZEGAD\pC	_Ö=�E�? ={=IC×a`ctdgf�h7RZC>jbkld�cim0\p�I\LC>=@UsHV\Là�XD=IPBAQC|¥påp¤zMsÏpÏL¤�æ
AQP@¤svÐ£pÏ

±
¤�vÐ¤pK0U>U>x@rã]�\pH�U>HV\Là>XQ=IP�AQCsPVAQjs=�EV;>=�\L�sEG={H�rL\pHqEV=�ÉºRLC>jº¤svoJzK

±
¤sv�¤pÓ0U>U>x[r

]�\pHwU>HV\Là>XQ=IPwAQCsPVAQjs=SEV;>=`rL\pHqEV=�ÉyWI\pHq=LvØ:<;>ADP�Hq=IPq�>XDE AQPwAQCyRLÊpHV={=IxT=ICFE ?BAoEG;TEG;>=BrZRLXQADj�RZEGAD\pC
RLC�RLXoÌ�PVAQP<\Z] çéèLêL���ë�	��� �L�o¡g¢�£L¤p¤p£n¦�RLC>jãì����Ë���Æ�L�o¡g¢oJYÓpÓpÓZ¦ß�s?B;>\�]�\p�>C>j0EG;>RZESkld�cem0\L�I\pC>=
xyAâÉ�AQC>Ê×HGRnEGAQ\LPyRZHV=0\pC4RYrL=IHGRZÊp=�RL_�\p�sEyå

%
XuRLHqÊp=IH#EV;�RLC1W{\pHVHq=IXQRZEGAorp=0xy=IRLPV�sHV=IxT=ICFEVP

\p_sEGRLAQC>={jí_FÌîaScedgfihï]�\pHiEG;>=THV={XQ={rZRLCFE[RLXDEVADEV�>j>=#HVRLC>Êp=�]�HV\px�ÜbRLHVW�;�£Z�0EG\bc`U>HVADX�£�v
:<;>=�_>AQRLP[_�={E�?�=I={C1aScedgfih�RLCsjÞkld�cemº\p�I\LC>=(xTAoÉ�AQC>Ê	HGRnEGAQ\LP[AQP@HGRZEV;>=IH[HV\p_>�sPqE�RLCsj
EG;>={HV=eADP C>\[AQj>={C�EVADà�WIRZEGAD\pC�\Z]�PqEGHq\pC>Ê#js={r�AuRZEVAQ\pCsP�]�HV\Lx/EV;>AQP�_>AuRZP�?BADEV;�EGADxy=[Í^:ivsm��>ÊLADE�R
UÖ={HVP{v(WI\pxTx	vD�ä£L¤p¤L¥FÑ�vT:<;>=IHq={]�\pHq=�AoE�AQP�RLPVPq�>xT=IjºEV;�RZE�EG;>=TxT=YRLCîj>={r�AQRZEGAD\pC×_Ö=�E�? ={=IC
a`ctdäfih7RLCsj|kld�cim0j>\�=IPSC>\LESW�;�RLC>ÊL=@PqAQÊpC>Aoà�WYRZC�EVXDÌ�AQC>PqAQj>=iEG;s=�\L�sEG={HSrL\pHqEV=�É|RLC>j	EG;>=
rp\pHÔEG=ÛÉ	WI\pHq=�\zrL=IH<EG;>=�W{\p�>HVPq=@\Z]äEV;>=i?BAQCFEG={H`RZC>j0PVU>HqAQC>Ê>v

ÏpO
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Deviation HALOE/ILAS Nov1996 to May 1997
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CED����L����FZ�9G�HEIKJMLON=PRQBLTS&LTUMV/LOW1XZY[L�\1U]W_^�W_UML8`aS&W1bMcdL/efXgS&W_Y h�i�jlk!\1UMN]mnjoi#poqsrgh�i�jtk,u
mojni#poqwv#P�U)\1U[\1c�x:P�x:yMNaLKSz\1Ua{�L�XgS&W_Y}|?~?�-��~?�?�l��Pde�e:JMW-��U�\_e�\�{?S&L/LTU)`aS&W1bMcdLwX�W_S
� \1c�yML/e�P�UMe:PdNaL�x:JML � W_S:x&L���V/W_S&L�\1UMN�\_e�\t�ac�yML�`aS&W1bMcdL�X�W_S � \1c�yML/e'P�UMe:PdNaL�x:JML�W_yax&LTS
� W_S:x&L��B�[IKJML)Y[L�\1U�W_^�W_UML)`aS&W1bMcdL/e X�S&W_Y�h�i�jtk�\1UMN�mojni#poq���LTS&L[V�\1cdVTyac�\1x&L/N
XgS&W_Y�\1c�c�`aS&W1bMcdL/e�P�UMe:PdNaL%x:JML � W_S:x&L��*V/W_S&L-��W_yax&LTS � W_S:x&L��OP�U�x:JML�x:P�Y[L%`3LTS:PdW�N
��\1S&V&JO�fx&W�jn`aS:P�c��M�o���?�� ��8j�cde&Wfe&JMW���U�\1S&LZ{?S&L/LTU�\1UMNO�ac�yML¡e:x:Sz\1P�{?J,x[c�P�UML/e
P�UMN=PdV�\1x:P�Ua{�x:JMLlY[L�\1U%NaL � P�\1x:PdW_U¢W1X'L�\_V&J%N=PRQ�LTS&LTUMV/Lt`aS&W1bMcdL �3LTx4��L/LTU£|?~?�¤u4~?�?���
rgV/W_`,¥�S:P�{?J,xo�,¥Zj�¦l§tv��

á�\pHyEV;>=�U�=IHqAQ\�j7ÜbRLHqW�;�£pÏîEG\�¥sJp�<EG;>=bkld�cem4RLC>j7aScedgfihÁxT=YRZPV�>Hq=IxT=ICFEGP0RLHq=
\p_�E�RLADC>=Ij0RZE<RLj,¨VRLW{=ICFE<U�\pPVAoEGAQ\LC>PÆRLCsj0EVAQxT=IP�AQC>PqAQj>=tEV;>=iU�\pXuRLH�rp\LHqEG=ÛÉíÍ^Pq=I=�á³ADÊp�>Hq=IPÆ�>vÐÏ
RLCsj%©`vDJNÑÛv³:<;��>P{��EV;>=<WI\pHqHV={PVU�\pC>j>ADC>Êikld�cim�RLC>jTa`ctdäfihîU>HV\Là>XQ=IP³U>HV\p_>RL_>XDÌ[HV={U>HV={PV=ICFE
EV;>=�WI\pC>jsADEGAD\pC>PÆADC�EG;>=�PGRZxy=�RLADH<x�RZPVPV={P<]�\pHÆEG;>ADPÆEGADxy=eU�=IHqAQ\�j-v

á�\pH(=ÛÉ>RZxyU>XD=L�S\pCÒÜbRLHqW�;Ù£ZKÞRLC>j�£Lå Í^Pq=I=îá³ADÊp�>HV=bKsvÐ£pÑyPV\Lxy=×aScedgfih U>Hq\Là�XQ={P
Í�PV\pXDAQjTXQAQCs=IP�ÑÚ?�=IHV=ixT=YRZPV�>Hq=Ij�RZE C>=YRZHVXDÌËEV;>=ePVRLxy=`Êp=I\LÊpHGRLUs;>AQWSXQ\pCsÊpADEV�>j>=SRLC>j(XQRZEGAoEG�>js=
RLP PV\pxT=t\L]�EV;>=eU>Hq\Là�XD=IPÆ\p_sPV=IHÔrp={j|_FÌykld�cemãÍ^j�RZPV;>={j	XDAQC>={P�ÑÛv�fe�I\pC>=tU>HV\Là>XQ=IP�?BADEG;yE�? \
j>A�ª ={HV={C�E�W�;>RLHGRLW�EG={HVAQPÔEGADWIPËAQC RZC�RZXDEGAoEG�>js=�HGRZC>Êp=�\L]S��ÏL¤zMsÏpÏL¤�æ ? ={HV=0\p_>Pq=IHÔrp=IjÕ]�HV\px
_�\LEG;(a`cedgfih1RZC>j(kld�cimÖv�fiC(EV;>=e\pCs=e;�RLC>j �sEG;>={HV=t?�=IHq=iU>HV\Zà�XQ={PÆPV;>\z?BADC>ÊËHV={XuRZEVADrp={XDÌ
XD\N?Ò\p�{\pC>=�xTAoÉ�AQC>Ê[HGRZEVAQ\pP�Í�xyADC>AQx[�>x/xyAâÉsADC>Ê#HVRZEGAD\pPI�sa`cedgfiht«�¤sv�ÓNM�JpvoJ�U>U>x[r��>kld�cem#«
Jpv�KNM�JLvÐåBU>U>x[rsÑÛ�L\pC�EG;>=w\LEG;s=IHg;�RLC>j-�nEG;>={HV=w? ={HV= UsHV\Là�XD=IP�?BADEV;@xT\�js=IHGRnEG=w\p�I\pCs=�xTAoÉ�AQCsÊ
HVRZEGAD\pP@ÍßRL_�\zrp=�£�U>U>x[rbRZE

≈
�FOpÏyæ�Ñ�v�:<;>=@\p�I\pCs=[U>Hq\Là�XQ={P`?BAoEG;�Hq=IXuRnEGADrL=IXoÌ�XQ\z?+\p�{\pC>=

xTAoÉ�AQCsÊ(HGRZEVAQ\pP`? ={HV=�XQ\�WYRZEV=Ij×AQCsPVAQjs=ËR�HV=IÊLAQ\pC×W�;�RLHVRLW{EV=IHqAQPV={jí_FÌã;sAQÊp;O¬ÚÎ/rZRLXQ�>={PI��Aßv�=Zv
ADC>PVADj>=tEG;s=�rL\pHqEV=�É0W{\pHV=yÍ�PV=I=�á³ADÊp�>Hq=e�>vÐÏpÑ�v�¬ØHV\Zà�XQ={P<XQ\�WYRZEV=Ij�\p�sEVPVADj>=eEG;�RnEBHV=IÊLAQ\pC0PV;s\N?
x#�sW�;|XQRLHVÊp={HÆ\p�{\pC>=�xyAâÉ�AQC>Ê#HVRZEGAD\pPI�>RLPBAQP<\p_>Pq=IHÔrp=Ij|_Ö\ZEG;	_�Ì(kld�cem	RZC>jbaScedgfih<v

cÆE�EG;>=�={C>j[\L]>ÜbRLHqW�;-�paScedgfihbxT=YRLPq�>HV={xy={C�EVP�PV;>\z?Þx#�sW�;@XD\N?�=IH�xTAQC>ADx#�>x \p�{\pC>=
xTAoÉ�AQCsÊ�HGRZEVAQ\pPiEG;>RLCî]�\L�>C>jº_FÌ×kld�cim�v³~ \LC>PVADj>=IHqAQC>Ê0EG;>=TxTAQC>ADx#�>x8\L] EV;>=yXD\z?.\p�{\pC>=
xTAoÉ�AQCsÊ|HVRZEGAD\pPI�³EV;>=(j>A�ª ={HV={C>WI=(_�={E�?�=I={C1aScedgfih RLC>jÞkld�cimºxT=YRLPq�>HV={xy={CFEGP0Í^RL_Ö\L�sE
¤sv�K�U>U>x@r>Ñ[ADPËx#�>W�; XuRZHVÊp={H[EG;�RZC EV;>=�PqÌ�PÔEG=IxyRZEVAQW�j>=�r�AQRZEGAD\pCÞ_�={E�?�=I=IC�a`ctdgf�h�RLC>j
kld�cim�\p�{\pC>=�U>HV\Zà�XQ={P<AQC0Êp=ICs=IHGRZX§v

c WI\pxTU�RLHqAQPq\pC0_Ö=�E�? ={=ICbEV;>=�PGRZEV=IXQXDADEV=ej�RZEGRTRZC>j|\L�I\pC>=�Pq\pC>j>=�xy=IRLPV�sHV=IxT=ICFEVPS? RLP
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HALOE / ILAS: 26−Mar−1997
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 69.91 , 142.50
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 64.87 , 302.53
 71.76 , 157.86
 68.70 , 127.87
 68.70 , 100.49
 69.12 , 69.93
 68.05 , 294.76

HALOE / ILAS: 28−Mar−1997
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 69.81 , 140.26
 68.40 , 114.74
 67.45 , 327.58
 68.12 , 302.65
 73.94 , 272.52
 69.42 , 142.99
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CED�
�����)F�����Hwpn^�W_UML%`aS&W1bMcdL/e�P�U7\1U \1c�x:P�x:yMNaL�Sz\1Ua{�L£XgS&W_Y |?�?�-��~?�?� � NaLTS:P � L/N�XgS&W_Y h4i jlk
rgNM\_e:JML/N�c�P�UML/e�v���mojoi#poq rge&W_c�PdN�c�P�UML/e�v��'j�c�c�ez\1x&LTc�c�P�x&Lo`aS&W1bMcdL/eK��LTS&LoS&LT`�W?e:P�x:PdW_UML/N
x&W¢���[§oI�� x:JaS&W_ya{?J�x:Sz\��:L/VTx&W_S:¥�V�\1cdVTyac�\1x:PdW_UMe��oIKJML {�L/W_{?Sz\1`aJaPdV�`3W?e&P�x:PdW_U r�c�\1x:PRu
x:yMNaL-�¤cdW_Ua{?P�x:yMNaL-v�W1X'`aS&W1bMcdL/en\1x����)§oI�� W_U�x:JML �
 _�[�}`3W_x&LTU
x:P�\1c#x&LTY)`�LTSz\1x:yaS&L
cdL � LTcnPde c�Pde:x&L/N�W_U�x:JML%S:P�{?J,x��!I#W_`�` \1UMLTc�� �£\1S&VzJ��?~=�����?��  �l�3W_x:x&W_Y�` \1UMLTc��
�£\1S&VzJ���!=�B���?�� ¡rgV/W_`,¥�S:P�{?J,xo�,¥Zj�¦l§tv��
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U�=IHÔ]�\pHVxT=Ij�EV\�RLPVPq=IPqPBEV;>=i\p_>Pq=IHÔrp=Ij	j>A�ª ={HV=ICsWI=IP<_�={E�?�=I={C	EV;>=iPGRnEG=IXDXQAoEG=Sj�RZE�R#Pq={EVPIv�:<;>=
xT\�js=IHGRnEG=e\p�{\pC>=ixTAoÉ�AQCsÊ#HGRZEVAQ\pP xy=IRLPV�>Hq=Ij	_FÌ0a`ctdäfih�RLC>j0kld�cim�AQC>PÔEGHV�sxy={C�EVPÆ]�HV\px
£LK�Ü|RLHVW�;�EG\T£[c`U>HVADX RZHV=iAQCyEG;>=iPVRLxy=tHGRLC>ÊL=LvØctP<Pq;>\z?BC	RL_Ö\zrL=L��kld�cim�\p�{\pC>=ixTAoÉ�AQCsÊ
HVRZEGAD\pP	RLHV=×PVXDAQÊp;FEVXDÌ7XQRLHVÊp={HîÍ^Pq=I=�áäAQÊp�>Hq=îKsvÐ¥pÑ�v c&XuRZHVÊp=îRLxT\p�>CFE	\L]ËADCs]�\pHVxyRZEVAQ\pC4ADP
RYrZRLAQXQRL_>XD=�]�Hq\px�\L�I\pC>=[PV\pC>js=TxT=YRZPV�>Hq=IxT=ICFEGPiADC>PVADj>=[EG;s=#UÖ\LXuRLHSrp\pHÔEG=�ÉãAQC×ÜbRZHVW�;íRLC>j
c`U>HVADX§�sjsAQPVUsXuRYÌ�AQC>ÊËPqAQxTAQXuRZH�\p�{\pC>=�xTAoÉ�AQC>Ê[HGRZEVAQ\pP{v

:<;>\pPq=B\p�I\pCs=SUsHV\Là�XD=IPØ\p_�E�RLADC>=Ij�_FÌËkld�cim�RLC>jTa`ctdgf�hîj>AQPqU>XuRYÌ�AQCsÊerp=IHÔÌ�XQ\z?�xyADC>Ao�
x#�sx.\p�I\LC>=`xTAoÉ�ADC>ÊiHGRZEVAQ\pPØ_�={E�?�=I={C(��ÏL¤N�ÔÏL¤p¤�æÙRZHV=BPVU�=IW{ADà�WIRLXQXoÌËAQCFrp={PqEVAQÊFRZEV=Ij-v³cÆEwEV;>=
={C>j�\L]SÜ|RLHVW�;ÞRZC>jºEG;s=�_�=IÊpADC>C>AQCsÊ|\L]ÆctU>HqAQX�RL_�\p�sE@PVAâÉº\L�I\pC>=yPV\pCsj>=�xT=YRLPq�>HV={xy={CFEGP
Pq;>\z? ={jÞxyADC>AQx#�sx \p�I\LC>=�xTAoÉ�AQCsÊ|HVRZEGAD\pP�_Ö={XQ\z? JpvÐÏ	U>U>x@rÖv|:<;>HV={=(\L]ÆEV;>=IPq=(U>Hq\Là�XQ={P
Í�PV=I=eá³AQÊp�sHV=`KsvÐ¥pÑ�Pq;>\z?ïRZC(=�É�EGHq=IxT=IXoÌyXD\z? xyADC>AQx#�sxÝÍßRZ_Ö\p��EeJtUsU>x[rsÑ�WI\LxyU�RZHGRL_>XD=<EG\
EV;>=�a`cedgfih1xTAQC>ADx#�>x rZRLXQ�s=IPIv

:<;>=S_�RLXDXQ\�\pCË\p_>Pq=IHqrZRZEVAQ\pCsP�RZ_Ö\zrp=��SÌ��`XQ=IPq�>C>jT? ={HV=txyRLj>=
≈ 10◦

C>\LHqEG;T\L]ÖEG;>=SUÖ\n�
PqADEGAD\pC�\L]�a`ctdäfih×RLC>j[kld�cem@\p_>Pq=IHÔrLRnEGAQ\LC>PÚRLCsjËRLHV=Z�LEG;s=IHV=�]�\pHV=Z�pC>\LE³j>AQHq=IW�EGXDÌ�W{\pxTU�RLHGRN�
_>XD=Lv��S\pC>=�EG;>={XQ=IPqPI��EG;>={PV=exT=YRLPq�>HV={xy={CFEGP�?�=IHq=txyRLj>=`RZEwEG;>=`PGRLxT=`={���>ADrZRLXD=ICFE XQRZEGAoEG�>js=
Í�WI\pHqHV=IPqUÖ\LC>j>AQCsÊ�EG\0ÏZ¤NMsÏpÏ¢¬ØÎ���RZEt��OpÏ�æ�ÑBRLPtEV;>=#aScedgfih�RLCsj�kld�cimb\p_>Pq=IHÔrLRnEGAQ\LC>P
RZEeKpÓ

◦
��RLC>jÞJpJz¤zM�JY�F¤

◦
h�Í�PV={=�á³AQÊp�sHV=IPtKsvÐ£�RLC>j×Ksv�¥(AQCbctU>U�=IC>jsAoÉ ©<Ñ�v�aS\N?�={rL=IH{��EV;>=

XD\N?4\p�I\pCs=`xTAoÉ�AQCsÊ@HVRZEGAD\pPØ? ={HV=txT=YRZPV�>Hq=Ij(_FÌ�EG;>=`\p�I\LC>=tPq\pC>j>={PÆ\zrp=IH R@HVRZEG;>={H�C>RLHVHq\N?
XQRzÌL=IH{v�m��>W�;ºRLCî\p�I\pCs=yU>Hq\Là�XD=#?BAQXQX³_Ö=TPVxT\�\ZEG;>={jíADC×EV;>=T\p_>PV={HqrZRZEVAQ\pC>P�\L]ÆR	PVRZEG={XQXDADEG=
ADC>PqEVHV�>xT=ICFE�={rL=ICT?BADEG;�EG;s=SW�;>RLHGRLW�EG={HVAQPÔEGADWIPØ\L]-a`cedgfihº\pHØkld�cemËEV;�RZE�U>Hq\�W{=IPVPwWI\LxyU�RN�
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Ô3

r�{?S&L/LTU%N=P�\1Y[W_UMNae�v�� \1UMN¡x:JML
N=PRQ�LTS&LTUMV/LZP�U Y)PR�=P�Ua{fSz\1x:PdW%��LTx �wL/LTU*L��=`3L/VTx&L/NO\1UMN W_�Me&LTS � L/N O3

r��ac�\_V �8N=P�\¤u
Y[W_UMNae�v�\1S&L�e:JMW���U%XgW_So�£\1S&VzJ%P�U%��P�U,x&LTS����?�?~-���� ��

Ô3
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Mittelwert.40: 11.67 +/− 4.79
Mittelwert.50: 16.74 +/− 7.88
Maximum: 37.69 +/− 5.00
Standartabw.50: 7.55
Miwerter outer: 4.88 +/− 5.03
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Mean:         16.89 +/− 6.07
Mean Core:    26.40 +/− 5.79
Maximum:      44.95 +/− 5.20
Standartdev.: 14.60
Mean outer:    7.80 +/− 6.34

HALOE O3−loss(450−550K), HF Tracer, 18.3.−4.4.1997

HALOE (HF)
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Mean:         16.03 +/− 5.79
Mean Core:    26.58 +/− 5.52
Maximum:      47.10 +/− 5.21
Standartdev.: 16.24
Mean outer:    5.96 +/− 6.05

HALOE O3−loss(450_550K), CH4 Tracer,  18.3.−4.4.1997

HALOE (CH 4)
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Mean:         48.58 +/− 17.51
Mean Core:    63.87 +/− 16.98
Maximum:      105.79 +/− 15.15
Standartdev.: 25.93
Mean outer:    33.99 +/− 18.02

HALOE O3−loss(380−550K), HF Tracer,  18.3.−4.4.1997
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Mean:         42.75 +/− 16.71
Mean Core:    61.96 +/− 16.20
Maximum:      110.56 +/− 14.83
Standartdev.: 33.30
Mean outer:    24.40 +/− 17.19

HALOE O3−loss(380−550K), CH4 Tracer, 18.3.−4.4.1997
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Mittelwert.40: 11.67 +/− 4.79
Mittelwert.50: 16.74 +/− 7.88
Maximum: 37.69 +/− 5.00
Standartabw.50: 7.55
Miwerter outer: 4.88 +/− 5.03
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Mean:         16.89 +/− 6.07
Mean Core:    26.40 +/− 5.79
Maximum:      44.95 +/− 5.20
Standartdev.: 14.60
Mean outer:    7.80 +/− 6.34

HALOE O3−loss(450−550K), HF Tracer, 18.3.−4.4.1997

HALOE (HF)
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Mean:         16.03 +/− 5.79
Mean Core:    26.58 +/− 5.52
Maximum:      47.10 +/− 5.21
Standartdev.: 16.24
Mean outer:    5.96 +/− 6.05

HALOE O3−loss(450_550K), CH4 Tracer,  18.3.−4.4.1997
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k�C	JzÓpÓsJ�M�ÓF£iRLC>j	JzÓpÓpÓNM�£L¤p¤p¤s�Z=YRLHqXDÌ#?BADCFEG=IH�Hq={]�=IHq=IC>W{=S]��sC>W{EVAQ\pC>PØ?�=IHq=`j>={HVAorp=IjT]�HV\px
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RLPÔEG={HVAQP 
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CH4/Delta HF Growth from year to 1997−−98
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CH4/Delta HF Growth from year to 2000−−01
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      3.−11.12.91         6.−7.11.91         10.−23.1.92         5.−16.2.92         21.−31.3.92         1.−7.4.92         22.−27.4.92              

      3.−11.12.91   
      6.−7.11.91   
      10.−23.1.92   
      5.−16.2.92   
      21.−31.3.92   
      1.−7.4.92   
      22.−27.4.92   

Thu Apr  3 10:56:48 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HCL_HF/91_hcl_hf_all.ps
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      1.−5.;28.−30.11.92         1.−6.12.92         1.−12.2.93         22.−30.3.93         1.−15.4.93         16.−28.4.93              

      1.−5.;28.−30.11.92   
      1.−6.12.92   
      1.−12.2.93   
      22.−30.3.93   
      1.−15.4.93   
      16.−28.4.93   

Thu Apr  3 10:56:55 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HCL_HF/92_hcl_hf_all.ps
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      21.−29.11.93         1.−2.;28.−30.1.94         3.−9.2.94         10.−27.3.94         1.−10.4.94         15.−22.4.94              

      21.−29.11.93   
      1.−2.;28.−30.1.94   
      3.−9.2.94   
      10.−27.3.94   
      1.−10.4.94   
      15.−22.4.94   

Thu Apr  3 10:57:05 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HCL_HF/93_hcl_hf_all.ps
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      20.−22.11.94         25.−29.1.95         1.−8.2.95         15.−27.3.95         30.3.−15.4.95              

      20.−22.11.94   
      25.−29.1.95   
      1.−8.2.95   
      15.−27.3.95   
      30.3.−15.4.95   

Thu Apr  3 10:57:09 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HCL_HF/94_hcl_hf_all.ps
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      18.−23.11.95         23.−31.1.96         3.−15.3.96         16.−30.3.96         31.3.−10.4.96              

      18.−23.11.95   
      23.−31.1.96   
      3.−15.3.96   
      16.−30.3.96   
      31.3.−10.4.96   

Thu Apr  3 10:57:14 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HCL_HF/95_hcl_hf_all.ps
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      4.−10.3.97         18.−27.3.97         28.3.−4.4.97         7.−14.5.97              

      4.−10.3.97   
      18.−27.3.97   
      28.3.−4.4.97   
      7.−14.5.97   

Thu Apr  3 10:57:21 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HCL_HF/96_hcl_hf_all.ps
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Thu Apr  3 10:57:23 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HCL_HF/97_hcl_hf_all.ps
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      1.12.98         24.−26.2.99         27.2.−8.3.99         10.−19.3.99              

      1.12.98   
      24.−26.2.99   
      27.2.−8.3.99   
      10.−19.3.99   

Thu Apr  3 10:57:25 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HCL_HF/98_hcl_hf_all.ps

HALOE 99−00

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

HF (ppbv)

0.0

0.5

1.0

1.5

2.0

2.5

H
C

l (
pp

bv
)

      19.−26.2.00         6.−14.3.00         15.−18.3.00         29.−30.4.00              

      19.−26.2.00   
      6.−14.3.00   
      15.−18.3.00   
      29.−30.4.00   

Thu Apr  3 10:57:29 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HCL_HF/99_hcl_hf_all.ps
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      14.−22.2.01         5.−11.3.01         22.−30.4.01              

      14.−22.2.01   
      5.−11.3.01   
      22.−30.4.01   

Thu Apr  3 10:57:31 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HCL_HF/00_hcl_hf_all.ps
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      1.−3.1.02         8.−11.2.01         25.2.−3.3.02         20.−26.4.02              

      1.−3.1.02   
      8.−11.2.01   
      25.2.−3.3.02   
      20.−26.4.02   

Thu Apr  3 10:57:34 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HCL_HF/01_hcl_hf_all.ps
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      3.−11.12.91         6.−7.11.91         10.−23.1.92         5.−16.2.92         21.−31.3.92         1.−7.4.92         22.−27.4.92              

      3.−11.12.91   
      6.−7.11.91   
      10.−23.1.92   
      5.−16.2.92   
      21.−31.3.92   
      1.−7.4.92   
      22.−27.4.92   

Thu Apr  3 11:27:55 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HF_SCATTER/91_hf.ps
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      1.−5.;28.−30.11.92         1.−6.12.92         1.−12.2.93         22.−30.3.93         1.−15.4.93         16.−28.4.93              

      1.−5.;28.−30.11.92   
      1.−6.12.92   
      1.−12.2.93   
      22.−30.3.93   
      1.−15.4.93   
      16.−28.4.93   

Thu Apr  3 11:28:02 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HF_SCATTER/92_hf.ps
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      21.−29.11.93         1.−2.;28.−30.1.94         3.−9.2.94         10.−27.3.94         1.−10.4.94         15.−22.4.94              

      21.−29.11.93   
      1.−2.;28.−30.1.94   
      3.−9.2.94   
      10.−27.3.94   
      1.−10.4.94   
      15.−22.4.94   

Thu Apr  3 11:28:11 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HF_SCATTER/93_hf.ps
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      20.−22.11.94         25.−29.1.95         1.−8.2.95         15.−27.3.95         30.3.−15.4.95              

      20.−22.11.94   
      25.−29.1.95   
      1.−8.2.95   
      15.−27.3.95   
      30.3.−15.4.95   

Thu Apr  3 11:28:14 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HF_SCATTER/94_hf.ps
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      18.−23.11.95         23.−31.1.96         3.−15.3.96         16.−30.3.96         31.3.−10.4.96              

      18.−23.11.95   
      23.−31.1.96   
      3.−15.3.96   
      16.−30.3.96   
      31.3.−10.4.96   

Thu Apr  3 11:28:20 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HF_SCATTER/95_hf.ps
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      4.−10.3.97         18.−27.3.97         28.3.−4.4.97         7.−14.5.97              

      4.−10.3.97   
      18.−27.3.97   
      28.3.−4.4.97   
      7.−14.5.97   

Thu Apr  3 11:28:26 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HF_SCATTER/96_hf.ps
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Thu Apr  3 11:28:27 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HF_SCATTER/97_hf.ps
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      1.12.98         24.−26.2.99         27.2.−8.3.99         10.−19.3.99              

      1.12.98   
      24.−26.2.99   
      27.2.−8.3.99   
      10.−19.3.99   

Thu Apr  3 11:28:30 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HF_SCATTER/98_hf.ps
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      19.−26.2.00         6.−14.3.00         15.−18.3.00         29.−30.4.00              

      19.−26.2.00   
      6.−14.3.00   
      15.−18.3.00   
      29.−30.4.00   

Thu Apr  3 11:39:23 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HF_SCATTER/99_hf.ps
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      14.−22.2.01         5.−11.3.01         22.−30.4.01              

      14.−22.2.01   
      5.−11.3.01   
      22.−30.4.01   

Thu Apr  3 11:28:37 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HF_SCATTER/00_hf.ps
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      1.−3.1.02         8.−11.2.01         25.2.−3.3.02         20.−26.4.02              

      1.−3.1.02   
      8.−11.2.01   
      25.2.−3.3.02   
      20.−26.4.02   

Thu Apr  3 11:28:39 2003/private/walter/hda6/simone/JUELICH/HALOE_PRO/haloe_intern_set_plot.pro HF_SCATTER/01_hf.ps
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Tue Sep 30 21:10:50 2003/private/walter/hda6/simone/JUELICH/PV_PRO/psc_area_exe_plot.pro APSC/apsc_92.ps
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Vortex Core 380_550 K
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� � � � � � �� � � � � ��� � ��� � � � �� � � �� �� �  � � �! � � ��� � �" #$ $ #&% $ ' � � '( ( #&% ( '*)

! � � � +

[x] a0 a1 a2 a3 a4 σ,- - .0/ - 1

( ) ( #&% # ) −9.82 · 10−2 5.93 1.47 · 101 −3.19 · 101 1.55 · 101 3.46 · 10−1 2 # '

,- - 1/ - 3

( ) ( #&% # ) #

2.60 · 10−1 3.81 8.16 −1.27 · 101 4.42 2.49 · 10−1 2 #4

,- - 3/ - 5

( ) ( #&% # ) #

−1.03 · 10−1 5.80 −3.04 · 10−1 −1.73 4.79 · 10−3 3.77 · 10−1 2 # 6

,- - 50/ - 7

( ) ( #&% # ) ( −1.70 · 10−1 7.93 −6.08 1.92 1.24 · 10−1 2 #8

,- - 9/ - :

( ) % # ) 4 3.66 · 10−2 5.87 5.91 −1.35 · 101 5.37

'*) ;$

·10−1 2 #<

,- - :/ - -

( ) ( #&% # ) '

3.30 · 10−1 3.23 1.10 · 101 −1.74 · 101 6.91 1.86 · 10−1 2 # =

.> > > / > ,

( ) % # ) 4 7.27 · 10−3 1.36 · 10−1 1.50 · 101 −1.60 · 101 4.66

4 ) ( '

·10−1 2 # ;

.> > , / > .

( ) #&% # ) 8 −4.83 · 10−1 1.03 · 101 −1.09 · 101 4.98 −7.06 · 10−1 1.48 · 10−1 2 #$
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�� ��� � 	 
�� [x] a0 a1 a2 a3 a4 σ� � � ��� 	 
 
� �� O3 N2O

��� �� �

3.94 −4.84 · 10−3
−6.40 · 10−5 � � � �

·10−1� �� � ��� �� ��

CH4

� � � �� � � !

1.64 −1.71 7.33 · 10−1
−1.91 · 10−2

−1.55 · 10−1 9.95 · 10−2� �� ��

O3 CH4

� � �"� � � � " 8.77 −2.39 · 101 4.51 · 101
−3.59 · 101 9.34 2.31 · 10−1� �� ��

O3 HF

� � � �� � � −9.82 · 10−2 5.93 1.47 · 101
−3.19 · 101 1.55 · 101 3.46 · 10−1� �� � �#� �� ��

CH4

� � � �� � � ! "

1.85 −2.75 3.70 −3.15 9.31 · 10−1 1.04 · 10−1� �� ��

O3 CH4

� � �� � � $

4.72 −6.55 1.73 · 101
−1.75 · 101 5.12 3.09 · 10−1� �� ��

O3 HF

� � � �� � � �

2.60 · 10−1 3.81 8.16 −1.27 · 101 4.42 2.49 · 10−1� �# � �%� �� ��

CH4

� � � �� � � �

1.76 −2.71 4.18 −3.71 1.10 8.98 · 10−2� �� ��

O3 CH4

� � �"� � � � 4.19 −3.51 1.14 · 101
−1.38 · 101 4.44 3.56 · 10−1� �� ��

O3 HF

� � � �� � � �

−1.03 · 10−1 5.80 −3.04 · 10−1
−1.73 4.79 · 10−3 3.77 · 10−1� �% � �&� �� ��

CH4

� � � �� � � " 1.65 −1.16 1.77 · 10−1
−3.63 · 10−2 8.11 · 10−2� �� ��

O3 CH4

� � �� � � $

−2.98 2.55 · 101
−3.00 · 101 1.24 · 101

−1.68 3.09 · 10−1� �� ��

O3 HF

� � � �� � � � −1.70 · 10−1 7.93 −6.08 1.92 1.24 · 10−1� �& � �'� �� ��

CH4

� � � �� � � " 1.76 −1.88 2.25 −2.00 5.87 · 10−1 7.92 · 10−2� �� ��

O3 CH4

� � �� � � " 3..26 −3.33 −9.30 2.41 2.27 · 101 2.8 · 10−1(� �)

O3 N2O

��� � " �

3.83 −1.71 · 10−2 3.47 · 10−4
−2.50 · 10−6

−4.84 · 10−9 2.76 · 10−1� �' � �*� �� ��

CH4

� � � �� � � " " 1.71 −1.47 8.75 · 10−1
−4.91 · 10−1 8.44 · 10−2 + � � �

·10−2� �� �� 	 
 
 O3 CH4

� � �� � � $

3.70 −2.09 1.00 · 101
−1.19 · 101 3.55 4.40 · 10−1� �� �� 	 
 
 O3

� � �� � � !

3.66 · 10−2 5.87 5.91 −1.35 · 101 5.37

� � +,

·10−1� �* � � �� �� ��

CH4

� � � �� � � � 1.98 −3.44 4.84 −3.40 8.07 · 10−1 + � ��

·10−2� �� ��

O3 CH4

� � �� � � $

4.55 · 10−1 1.27 · 101
−1.27 · 101 3.11 1.04524 · 10−1� �� ��

O3 HF

� � � �� � � �

3.30 · 10−1 3.23 1.10 · 101
−1.74 · 101 6.91 1.86 · 10−1� � � �� - - -

� �� ��

CH4

� � � �� � � � " 1.72 −1.89 1.53 −8.55 · 10−1 1.73 · 10−1 + � � $

·10−2.0/ (1 2 �3 O3 CH4

� � �� � � $

3.63 −5.15 1.29 · 101
−1.07 · 101 2.49 1.39 · 10−1.0/ (1 4 � � O3 CH4

� � �� � � + "

4.82 −9.13 1.52 · 101
−1.02 · 101 2.06 1.78 · 10−1.0/ (1

O3 HF

� � � �� � � !

1.03 · 10−1 6.39 −1.43 −3.31 1.53 1.01 · 10−1� - - -� - 

� �� ��

CH4

� � � �� � � $

2.05 −2.99 4.10 −3.05 7.54 · 10−1 $ � � $

·10−2� �� �� 	 
 
 O3 CH4

� � �� � � $

5.00 −8.95 2.14 · 101
−1.92 · 101 5.16

� � � !

·10−1� �� �� 	 
 
 O3 HF

� �� � � !

7.27 · 10−3 1.36 · 10−1 1.50 · 101
−1.60 · 101 4.66

! � � �

·10−1� - - � -�
� �� ��

CH4

� � � �� � � � 1.89 −2.54 2.90 −1.93 4.40 · 10−1 $ � !,

·10−2� �� ��

O3 CH4

� � �� � � $

4.49 −6.35 1.36 · 101
−1.26 · 101 3.55 1.85 · 10−1� �� ��

O3 HF

� � �� � � " −4.83 · 10−1 1.03 · 101
−1.09 · 101 4.98 −7.06 · 10−1 1.48 · 10−1
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N2O CH4

� � "� � � $
−1.36 · 102 2.62 · 102
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