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Figure 15.1. Spectrum of solar radiation (1) outside
the Earth’s atmosphere and (2) at sea level for clear sky
conditions (from Gast, 1961). The shaded area represents
the energy absorbed by various gases in a clear atmosphere.
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Middie Atmosphere Chemistry
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6. %, Jacemen Gases Measured by UARS
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Mid latitude Ozone dependence on tropopause height
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Atmospheric variabilities:
Examples of O, + tracers, CIO & OCIO, and NO,

Tracers of dyn:mics
ce.g., OL HILN, O,
» cmpirical correlation plot ol a chemically active species

versus an mert” tracer represent station dominated by
Lransport
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Atmospheric variabilities:
Examples of O, + tracers, CIO & OCIO. and NO,
10, OCIO)

» ClO, BrO are catalysts for O; destruction;

» chlorine activation, i.e., increased abundance of CIO, in
case of low T, activation of heterogeneous chemistry
= typically in polar vortex conditions, in presence of
PSC, or under high aerosol load

~ OCIO short-lived component, formed in case of

chlorine activation, i.e., high amounts of ClO, possibly
with presence of BrO:

» C10O0CI + hv — OCIO + ClI
» ClO + BrO — OCIO + Br N\u

Y Distinction of a long-term trend in activated chlorine 77

A I I TR N TR P IR R B B %



Stratospheric O, production / loss

Chapman atmosphere

O,+hv(<242nm) > 0+0

Aug_ﬁ,nb:.\x__.;u.;
0,+0+M—-=0,+M

0S8
O; + hv = 0O, + O*

Catalytic cycles (X = Cl, Br, NO, OH, H, ...)
XO0+0—->X+0,
X+0;-5X0+0,

netto:. O0+0;—520,

N Nasacre BRI TASH %



Polar Stratospheric Clouds

Type | PSC: Nitric acid trihydrate (HNO3-3+H,0)
Ternary solution (H,0, H,SO,, HNO,)

Formation Temp: 195 K

Particle diameter: Tum

Altitudes: 10-24 km

Settling rates: 1km/30 days

Type Il PSC: Water Ice
Formation Temp: 188 K
Particle diameter: > 10 um
Altitudes: 10-24 km
Settling rates: > 1.5 km/day

Heterogeneous reactions take place on PSCs,

releasing chlorine from reservoir species (HCI

and CIONQ,) into reactive forms (CIO) that can
rapidly destroy ozone.

PSC aver North Atlantic, January 1989, taken from the NASA DC-8 by O. B. Toon
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Polar Stratosphenc Cloud Surface

Reactlon

1. HCl and CIONO2
collecton PSC |

HNO3 remains on PSC to wavelengths, and begins
settle out of stratosphere. catalytic reaction.

2. HCI and CIONO2 react on
PSC to form Cl2 and HNO3

S| 8-

3. Cl2 comes off PSC, while 3. Cl2 is photolyzed by visible

A
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Ozone loss studies

Winter 1997/98
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OH (ppt)

HO: {ppt)

30 60 30 30 60 80
SOLAR ZENITH ANGLE (deg)

Figure 4-5. Measurements (dots) of the diurnal variations of stratospheric free radicals NO,, NO, HO,, Ok
{crosses and dots represent data from the JPL and NOAA instruments, respectively), and CIO from two ER-
2 flights of May 11 (sunrise) and May 12 (sunset), both near 37°N and 63 hPa and [N,O] between 240 anc
260 ppby, plotted as a function of solar zenith angle. Also shown are results from a constrained data assim-
ilation model (Salawitch et al, 1994a). Three calculations are shown. Dark dotted curve: gas phase
reactions only, using rate constants and cross sections of DeMore et g/, {1992). Curve 1, dark solid line: as
for above, except including aiso the heterogeneous hydrolysis of N2Os and CIONO, . Curve 2, gray line: as
for curve 1, except including the heterogeneous decomposition of HNQ4 to form HONO, the O('D) quantum

yield of Michelsen et a, (1994), and the temperature-dependent cross sections of HNOj; from Burkholder e:
al. (1993). (From Salawitch et al, 1994a.)
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Figure 4-S. Percentage changes in HNO3 anc
NO; column amounts above Lauder, New Zealand.
(45°8) following the arrival of the Mt. Pinatubc
aerosol. The Lawrence Livermore National Labo-
ratory (LLNL) results are for 42.5°S and the
Atmospheric Environmental Research, Inc. (AER)
results are for 47°S. Heterogeneous chemistry is
included in the calculations based on the observec
aerosol field from SAGE Il. (From Koike et al.,
1984.)
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Industrial Name m %w@LMO Actual {\hundancel Source

Nitrous oxide NO 120 - -

CFC-11 CCLF 45 D = 50% of [CH;Cl ]

CFC-12 CCLE 100 @ = [CHy(]]

CFC-113 CCLFCCIF, 85 .

Carbon tetrachloride ccL 35 @ = 20% of [CH,CI ]

H-1211 CBrCIF, 1

H-1301 CB1F; 65

Methy] chloroform CH;CCl, 4.8

HCFC-22 CHCIF, 11.8

HCFC-141b CH;CCLF 9.2

HCFC-142b CH,CCIF, 18.5

HFC-134a CH,FCF; 13.6

HFC-23 CHE; 243

Methane CH, 3.9
@ Most abundant halocarbon

Methyt chioride CH,Cl ~1.3 natural origin: biomass burning,
ocean, wood-rotting fungi
natural origin: oceans,

Methyl bromide CHzBr 0.7 fumigation, biomass bumning;
50% anthropogenic (automobile)!

methyiene chloride CH,Cl, 3 to 6 months

chloroform CHCl, ~ 6 months

trichloroethene C;HCl4 ~ 1 week

tetrachloroethene C:Cly 3 to 4 months

phosgene COCl, 70 days

methyl iodide CH, ?‘gag:yi‘ (51‘:)”";;5

ethyl iodide CHsI Similar to CH;I

chloroiodomethane | CH,ClI ~ 100 minutes

diiodornethane CH,1, 2.5 minutes

isopropyliodide CH,CHICH; ~ 16 hours

1-iodopropane CH;CH,CH,I ~ 1 day

iodotrifluoromethane CF;l 1 day

dibromochloromethane CHBr,Cl1 < 120 days

bromoform CHBr; <36 days

methylene bromide CH,Br, < 130 days

bromodichloromethane CHBrCl, < 120 days
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Figure 2-10. (a} Vertical profiles of CH,Br meas-
ured at various latitudes during winter (filled sym-
bols) and summer (open symbols) using different
techniques (big symbols - Blake et al., 1997; small
symbols - Schauffler et al, 1998a; medium sym-
bols - Lal ot al., 1994, Kourtidis et al., 1998)., Some
of the data are normalized to 10 ppt at the tropo-
spheric level. Measurements are compared with
the NASA Goddard Space Flight Center 2-D model
(Jackman et al., 1996) results; continuous line is
for 15°N and dotted line is for 65°N. (b) Data shown
on linear scale for greater clarity.



UARS
3
&
S
£
-4
HAvoT/
UARS
t
=
1
3
<

70 50 .30 .10 1 30 50 70
Latitude




- USVIEEVRILE - 209128 I8 3¢ "IN
A&mm £'0F T°0 :91ewnss) 104 pajda)ap useq jou sey 1 ((dd
0T S) @duepunqe-1g << (qdd ¢'¢ =) souepunqge-1) IAq .
MOIS 001 "¢ HO + JH ‘J° AH JO uwoj ur Ajuo u_moE_m d-
#0[S  OID ¢~ HO +IDH ‘3o
(“0%1D ‘TOOH) “ONOID ‘IOH :$10A13501 Jo w0y up Apysow [y —
Isof  Ol9 < HO +1gH J°
O1¢ Jo wioy ut (%05<) Apsows 1 —
*S9JeI UONORAX dANIR[aI U0 spuadop

$9109ds 9ANIOB pUE SITOAISSII USOM)A( mawcow:tmm 10
ooy
ﬁ o_womn:oéu_uaAoc ovu.._fo

10 ASUSIOLFIS dNATeIR) 10 £Q) STA-B-SIA UIOJE/, AIATSS01330, W
> 242Ydson.1s ) E «
m:E_Sco? OA99 ‘D mzomoﬁm A

(2/2) suabojey |
:sebueyd uue)-6uo o:m;%oEE



A8G1-956)

i ._\\ o\ﬂmdu 0.@

6661-UBM-v0 4 By

0’6661 0°L661

0°S661

0°c661

wagegrqull) GounferopnZemde;

UVIX AVANATYD
0’1661 re86r 0'L861 0°s861 0'E861

T T T T T T

T T T T T T T T T T T T T T T T T T T T

&el-ss

7 u\ﬁn.oun.

o)

%

L " L i L

Na.ofm.@ .H
£661 < 16! “
sueaw Ajyjuow requisaop o} sunp

F'SSI @roqe | diuebiou] |

1 s

Lyr] o~y 1
(umorasjom 07X) HINVANNIY NIWATOD

-

n

N



- —

' . .
e T R Cowies R

s

- .

i i i H
JOS QRS MERPOE RPN SO "1

Wity T

P 5

*
+

T R T
.

-fmmade

BT TRt T
H

S TN R R

T8z

.-

cia e
R Y L LR

Frpected Jope fo
i %z.- : ;

pbhey

av

:
’

<. - H
N e el S P

p Wl

5425 ardia) fu TTS Loy

bt ol o A

i
H

A

O [ YRR YV SO UL SRS SRR S S DU A UTI DRSSPI SN RS

i L Rl I R I B R e B R I

IR KT rq- o o
s
VIR s g e .
1 H
'y g -
i " T H I i,
. ' .
(T IETE I .m. * . < - il

. . . . . . . . . - . . . .
= rrme deen i s nvew afme sseb cemm Fuis it e ey et b e A b S G Geit < Ay ¢l nema v temd s A e
. . . . - . . B - . - M . . .

|

Rk bttt B et il o I T r T RN S FRrrA-Ser S %

- el -

H
.-
‘

PP

RS RO S VIR

D
.

S s = e

] . - 1
et e b ima
‘ '

I N

PR .

F, above ISS]

bl LRI R R A Ik o R L L TR T Y U R S Sy

B e S T e B e T

]
X g
ol : b
' ] " R '
_lll.. . u " m 2z 1 P
. : 1 I B T t {
)} .-f. . -M .-._. ' l4e -.m- -“. . ..v.m..ltls.. ..m
_ : .“ : A
3 oae ol L P PR . . ' LTI N SO T R
o ] . } ¥ t . o 1 1 :
» L--} [
o 2 S R
(BR3P0 1 X)) BN VONISY At
i T 1 T T

- . e . . . . . H
e L aha T R R g T ; o

R W

]
- - PR S N
i H
aqrae o] i -qen PO
i i ) ] i i
3 : 1 : :
' : [ ' ;
R T SEC R spreede e
Jonlk [ i
H H H :
H [ i
L Nl A
1 H ] i
SR - - -
' .
H

U S
:

0

1993.0 1995.0 1997.0 1999.0
CALENDAR YEAR

0

1991

1589.0

19330 19570

-l




‘8861
03 Joud 1517 pue "10%0 “i9%HD Joy eyep paken
-iNs OU eJ® eiey] :ejoN ‘(8661 ‘19 10 AeiBpjy pue
‘9661 ‘AeiBpiy pus yoonaop ‘9661 ‘yoonDoW
Pue AeiBpiy ‘ye61 1@ jo Jeysiq ‘8661 ‘SYI4Y)
BlBp J8Ujo pue ‘sejes ‘uoponpoud peypne woy
Aisnpu) Aq pejewnse (4460 * 1A ) suoqueD0BY
PeAj-uoys jo Suojssiwe JeqelB jenuuy "1-Z 8anbBi4

T mep
9681 " ooel seet

098} fi0 [ F:TH
. T T - o

Y0400 —o— | foe
| R0 ——

-2 —e—
WrI-040H ~0~

(A5D) suotssiu eqorn mnuuy

‘(uoneojunuw

. -Woo jeuosied ‘Aeibpin d Aq peyspdn 8661 “fe 10

18881 ‘2661 ‘YOOINDOW 'pE6 1L B 18 18YS|] ‘8661
‘8Y34Y) Biep iayjo pue ‘sejes ‘voponpold peypne
woy Ansnpu) Aq pajewyse suoqieoojey peay-Buoj jo
(,.44 B uj) suojssjwe jeqoit [enuuy “ji-1 einBiy4

P

senl 0es} %61 [ ) RiGL olaL 281 0081

10RL-H —o—
HELH —a—
14-040 ~O0~—
404D —o—

t8a) -

sesl o] £961 ogslL Bi6L 0i8) ”"el 0901

: Y T T Y T 0
{08
. { oo m
o8k 5
w §
{osz m_
Jos
4
120 —r— oa€ B
EL-DdD —0— | 4o M
1040 —o~ 3
Hod0 —e— | |0,

f L L 1 L 1 L 1 ohg



poeds o3 ino
paEIpEY

UOEI PR IEOS
Buioouj




HSVI-Vaale - o1tzepy o) |y

‘PENpdn ‘(ge81} 3041 :einog

lebls=— — 1935 = 198
FEPFFS SIS S PO
e T

%0
\\\\\ ¥
ro
0
0§
T
ro
90
(9661-1991) sabueys ainjesadwe; jeqon

(5/1) 8bueys ayew|d

wumoa Aq wogmur rod gyred - ARG

(s2094 000’091 189d) sanuerdun L [°9070 P suonenmonoy 20y uy spuei) iemlly

SR

e sgeasd jo SPUrSnOY L
Al a5 ool

] C N S SO

(3 YIONVYHD

NIVEIINIL [\ 7
: P L
\ :
..)..‘ 4 _,‘ [ :
\ [T '

!
f
|
|
|

|

aburyy aumesodun) pue
HOREHUMUO Y apx01g voqae) apagdsotu gy

‘saseb 2snoyuaaun,

:sebueyd uue}-buo| susydsouny



- (;-W2) HAGWNN IAVM

0051 | 0UOt 00¥
_ * I | 0
02z _ N w ) .
.I.I. ~ A ’ =
M 0¥g Sed — 0g m
Sy ..............llll...l '
~ . .II..I.. m
> 092 A
So 3
~ l.l.l. M
~ ) m .
M08% | epq 00F 7y
) .II..I E.
» AN MOPUIM T~ Olr ﬂNN.QN
AN TLANN 1, 2 “Ie 30 jourp woxy)
- . ~- o°H | - Ays
- | Ll MO0E .. _A-%'N A 0SI Suompuo> A
8 E;mcmmv 1 | i IB9[D J0J JUSUINI}S
| Wnosds sl A - U GTYT ¢ snquuiy
_ M 02€_ T4 oy Aq paure}qo
_ _ _ _ Y S IO I b _ wn.rpoads uoneIper
L 8 6 01 _ St Oc qc [eLI}saLIz) Jo aydure

(wr) HIONT1IAYM | XH “£°GT SMmIL]

w RS T B A T T T T o r



(9861 ‘OMM ) sose8 orroyds
-OU)®  [RIOADS JO SoINyBOJ
uondiosqe ayy jo suoryeoof
Jpenoadg ‘Z2°9T o.nSrg

9

4

Moozl oecs

(;-Wo) HIgWNN FAVM

00G 0001 00G
{ { _ | | I i _ I l | |
. O%M ——)
, k 4
Y . B — —— 00
o o
"Ho My - -
. «— 2l 21 e
. Yos 208 11y o oS
900%Ho __ Ei0otHo f100fho,
<Pl -— - vl
ced Zed 2ed
40% 413%H0 2IPHO
<. FIOHD  I0HD ©
AN ey
HQ . L, Ho
- on3 d 91
mm €1 €1
€ \4€1d  1gETd
4HO A : |
_ | 0 | N
14 9 8 Ol ¢l ¥I 9l 8L0¢

() HLONIT3AYM ,

o,



@ CUSVIVAIY - 21y oy
(€661 *DDdI ‘0081 -prw 20uls)
O°N %S “"HD %S1 *suoqreaofey 90z 0D %09
‘3uiddesy jeay pI5UEYUS 01 uonNqLUOD rewnrxolddy «

00002 - 00001 = IOW/IAIN :** “DJIH “O4DH O

9sea109p £ orens woyy
guroxoj - ey uro1oj + radrey soonpur aseasour €0 odon tO o

odon ut pax1w-[lom ‘Sz ~IOWARNAN (PN

ST ~IOW/TYAN YD) »
pazusioereyd-flom ‘odoxn ur paxiuw-[jom ‘pajernes 0D o

_. wmoy 9?4 *so8ueys sruafodoryue apy 1nq 3uroioj 3sodre] “ONE R

:(uo13ar §1/1N ‘-odon ur
3urdden jeay) Suroroy asnoyuaais 0y uonnqInuod TO3TI(T «

(g/2) abueys ayewn|o ¢ sasebh asnoyuaaln,
:sebueyd uue)-buo| ousydsouny



Kyoto Protocol-related measurements above ISSJ
=y=_—= T erreidied measurements above ISSJ
1951.0 L 1988 0 1990 0 1982.0 1994.0 1996.0 1998.0

L | ! T T T T T T T T

T .l CarbonDnoxxde(CO) R
5 5.3 ; : ; :
[43
2
[=]
E
=
>
<
O
4
£
S~
(&)
2
[+]
£ 2.2
o
e
E 24
=X
o
=
— 42
5
L
& 4.0
[=]
E
(.-}
o 3.8
=
S
g 36

7.0F
E 60
= N
8 S0 :
[=] - : :
£ 4.0 i {
e T
S 3.0 : N
S oo i

2.0 : : :
o F ! : B
O SR -i8.2 %lyr
= F HESN . P U S S SUSU S

o 1 1 i £ 1 1 1 I I : i L 1
1951.0 w 1988.0 1990.0 1992,0 1994.0 1596.0 1998.0

ey o -2} CALENDAR YEAR UL/ O4-er 1969



(;\worssiow _ o1x) IONVANNEY NWNT10D

¥V3A ¥VANITVD _
00002  0'866F 0966}  O'W66l  0Z66F 0066  0996F 0986}

T J T i ' I T L] T T ’ T L ) ¥ °°.N
{soz
. {ovz
oz
- {ozz
. ]szz
. {oez

,'. sueam AHEp paspuwioN o ]
,, sofnenySunp aroqe * 19€e
| yrofneyyBung aroqe "D |1
[ 1 1 L 1 " 1 1 A n i L L i 1 4 ] 3."

i
sy
1
q
i
4
nan |
“
4
4



@ USVI-VAIE - DN o] Iy
i O°H 03 se *ds? ‘SHLLNIV.LYAINN HDAVT «
SI3UDYD
£O-0IDIIS OF INp K[UIDWT 20D S23UDYD [ J119YdSOTDAIS
-mg j 1oydsoens oy ut 109)0 Fu1[000 dANRIPRY «

§109J9 [edrwayd yim 3urdnod y3noiy) :3uroroy TIEIPUT «

(9661 “DDdI) DHD Suiseaiour £q pasned
3uId10§ 9ANISOd URY) JS[[EWS DI SISLAIOUI [0SOIIL

JLURDJ0A 29 ISBAIOAP L) d1aydsonais Kq pasned
deWI[D ddepins uo 1oedwr SudIo] dANeIpel 9ANE3U

{, BUIDIO] 2ANETIU 10 JANISO] § SPNO[D o

000§C = [OW/THIN
‘(s34 000€ <) swmnayIy Suoy K194 “(34/98) seaIOUT SNRUIRIP

mq ‘(0dd | =) souepunge [[ews £19A A[en)oe S o
(g/¢) abueys ajewd ¢ saseh asnoyuaaln,
:sebueyd uuey-Huo| susydsouny



% Lo,
PA awis o7 ] . . %L1

) fo _
80400010 [N]
21-040 ]
1-040 £
o 5]
o [7]
200 BB

sepedg

%61

0661 0} felsnpu)eigd
SMOVEQ3I3L IVIIWIAHD HLIM

= 5W9YSAE appuyd puv eonuay

pajdnoo a3 uy sanuweurpuou Suons 91} JO 95URIDq UIBIISOUN JYIRI A1y ‘syovqpsay worutern
Fuypnpour asoy; Afjemadss ‘sanua 9B3) IBYI SION  066T-0061 pouad ay3 105 suorperusouo)
s osnoquantd uy sIsvaIour 03 anp Fuoloj aafyuiper o3 03 uonnqryuoy 4@y auansry

%2 02

D AT

26-040 [ fou ) 7 NREEGES
H-0d40 m
o 7]
Mo []
%00
seedg

0661 .2 [elIsnpue.ly
SMOvEA33d vIINTHD ON

- - - . b AR

-

-



@ QSVI-V AL - 217214 5] I

0861-1661 Sulnp (uoneraap U.S_Eﬁm [ENUUBIU) O [ F & 1 F .&S.w
"*‘Aouanboiy uonendaid ~
SI0JBJIPUT 2INISTOW o
(mo] sp1osar ‘Y81y sp1osa) sarnjesoduws) A[rep p1ooar —

(sAep 11um
P109 ‘sAep souwrums j04) sarmsroduwo) owsnxa Jo Aouanbeiy -

(uosBas Furjooo ‘uoseas Junualy) sAep 92180p -
(suosess §) saxmeraduia) ueaw [euoseas —

SIOIRIIpUT |, o

:$101201pUL S3URYD AJRWI|O «

JUBDIJIUSIS OIWOU0D3 dAey pue ojdoad Aq pasnou
9 0} pua} jey) “SI0Jedipul AFUTYD AJBWI]D [BIOAIS JO UBW =

(8661 “Te 10 UasUBE]) Xopu] osa__o. A
(S/v) abueyo ajew|s ‘. saseh asnoyuaaiy,
:sebueyd uue)-buo| oueydsouny



@ CUSVIEVAIE - 2 o N

NUED § Tea
000Z OBGT 0961 Ov61  0Z6] 8@

1- O00Z 0BT 0961 OP61 0Z6T 0061 ow@ﬁ
» T T T 1 -
OBy k-G —
UBIA BuuaNy JED X - § o —URIN [BNOOY —s 1 ¥
_ ] .
1o a
0 >
A m
S Vo
! (suones (e 3ojarcanam) 9 hm
01 CH
X3puy AjeWI) UBIA [eqO[H amyeradwa ], Iy 20eLING UBIJA] [BQOLD)

(g/g) abueya ajewo ¢ sasebh mm:o::ocho
:sebueya uue)-buo) ousydsouny



USVI-VRILY - 27e 1y o) N

.m.m.iothT.Ta.Tqm
I 1 | | IR

P#IO0LIO) _-daﬁa.ﬁ uwqd)) 1% !coﬁoo -Ew_..i-m Teqd
BEG6T 1661 ‘Xapu] ajewy) 066T—1861 ‘Xapuy ajewur])

¥y g1 9 o u_.l m.i ﬁl. T ‘T
| i

—38- BRI Y1 01 0 2 F- 9- - ¥1-81-38-

BII094I0) FUCIG)E TWQL] PAJOALIO) FUCHB)S Teqdy

086T—TLET ‘Xapul ajvwur) o..omﬁlﬁwmﬁ -X3apul ajyswIr)
(G/G) abueyo ajews ‘ saseb asnoyuaaly,
:sebueyd uue)-6uo| sueydsouny }



'SC 'ON ONM |
‘1661 ‘uonalda(q 2uoz2() Jo juswussassy oyfusiog | 1661

SHOdaY] $18a1.01§ asuodsay pun juawissassy _
S1dDdU] “JHANISS oSSy Iif11o10S 180 DD M| 2Suny ) arpuin]) 0661
- JuswpuswWy pue sjuswisn{py uopuo] 661

‘0T 'ON OINM "SOWIN[OA OM T,
‘6861 <2U02() 214YdsoIvaIg fo JUIUISSISSY IUIUNIG 6861

8T "ON O ‘SSWInjoA oM,
"886 [ 140d3Yy 1ung Spua.] auo2(Q 1pUCHDULIIU] 8861

[000J01] [2aNUO /861

UOTJUSAUO))
'O1'ON OINM "§861 2uo2Q suaydsouyy BUUAIA  CB61

IT 'ON OINM ‘Stuawanspapy puv L1403y [ "[Q6] 24aydsop.ng oy 1861

JUSWISSISSY OPYNUIIDS  §SAD0IJ AJN[Ood T8 X




s0day
U HURUISS oSS Y Spondup Juotussossyy AYNUIOS paay) YD ] a1 [ | 000
(BUNYD) sanred ay3 Jo Sunso , 11 6661

v¥ "ON "OINM ‘8661 -uouajdaq auoz( fo juswssassy Mfuaiog 8661

(L66T "03(T “O10AY *UOTSSSS P 3D IN)) [090101g OT0K =
justIpually pue sjuaunsnipy [Banuoy - /661

SOy " JualIssassy s1opduy
TUIUISSISS N DUNUIIIG PUOIIS ) ) ][] N[ ‘€661 23Uy a1p11y) 661
Jjusunsnipy euusip  g661

SOLIDUIIS HOBSIUG] 768T D) (f] Yl JO uonpninasy up
pup a3umyy o)y fo Suiouo.; QDI “B66 | dSUDY) 210117y -

Lt 'ON OWM #7661 -uouada(q auozQ fo juawssassy afiusiog - 661

JUINUSSISS Y DUYNUIIOG 21 0f Liodoy sappuwa)ddng HHy gy _
|3UBY,) JIBUHD) UO [00}04 01043 93Uy JlewI) Uo UONUIAUOT) OdIdUR[ 3p Oy 7661
Juswipuswy pue syusunsnipy uaSeyuado)) 2661

(T661) JANN (usuiaiddng juswssassy) $OMUUOUOIT
puv ‘K8ojouys3a | ‘aouardg sraydsourry siy :aprwoag 1Ky1a 7661



Tatal Chiorine loading of the mid latitude stratosphere
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Figure 4. Reconstructed wend of Clug,y derived from the mopospheric trend of the mixing ratios of the 7 most important chiorine
source gawes (see text for deiail) The calcularion of the vertical propagation is based on the age profile desermined from SF,
MeaSr eITents
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