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Institute Model

Univ. Bremen, Inst. Umweltph. BRAPHO (Box)

FZ Jülich, Inst. Strat. Chemie CLaMS (Box)

FACSIMILE (Box)

FZ Karlsruhe, Inst. Met. + Klima KASIMA (Box,3-D)

Univ. Köln, Geophysik COMMA (Box,3-D)

Univ. Köln, Geophysik EURAD–TS (Box,3-D)

MPI Mainz, Luftchemie FACSIMILE (Box)

MPI Mainz, Luftchemie MPIC (Box,2-D)

AWI Potsdam AWIP (Box)

Table 1: List of models participating in the OFP model intercomparison.



Krämer et al.: Model Intercomparison (Second draft, June 21, 2002) 22

Model Photolysis Chemistry
GAS PHASE HETEROGENEOUS

gear, ASAD–2G1,
BRAPHO PHOTOGT P1

reaction list + rates
Carslaw–Het6H1,H2

family, ASAD–2G1,
CLaMS Lary P2

reaction list + rates
Carslaw–Het6H3

family, iterative PSC–formation after
KASIMA R öthP3

Euler backwardG2 H+MH1 + Carslaw–Het6H2

family, PSC–formation
COMMA BrasseurP4

reaction systemsG3 after H+MH1,H4,H5

family, semi–implicit,
EURAD–TS MadronichP5

QSSA, reaction list + rates
no het. chem. implemented

gear,
FACSIMILE Lary P2

reaction list + rates
Carslaw–Het6H2

PSC–formation after
MPICM1 Br ühlP6 familyG4

H+MH1

family, iterative PSC–formation after
AWIP BrasseurP7

Euler backward H+MH1 + Carslaw–Het6H2

Table 2: Description of the models.

The calculations of all participating models were performed in the box model mode; all models

use rate constants compiled by DeMore et al. (1997).

P1: Blindauer et al. (1996); P2: Lary and Pyle (1991), Becker et al. (2000a); P3: j = a ·

exp
(

b ·
(

1− 1
cos(c·χ)

))

, a, b, c from tables (⇒ standard photolysis for model intercomparison; R öth,

1992); P4: Brasseur et al. (1990), Granier and Brasseur (1992) + updates. P5: Madronich (1987); P6:

Zdunkowski (1980), Br ühl and Crutzen (1989); P7: Brasseur et al. (1997); photolysis rates from precal-

culated tables, calculation of optical thickness with Chapman function;

G1: Carver et al (1997); G2: Ruhnke et al. (1999); G3: based on Kr üger and Fabian (1986); G4:

Crutzen and Schmailzl (1983);

H1: Hanson and Mauersberger (1988); H2: Carslaw et al. (1995); H3: Carslaw et al. (1997); H4:

G ünther et al. (1995); H5: sulfate aerosol chemistry as in Hendricks et al. (1999).

M1: The chemistry module of the MPIC model is designed to calculate average values for a zonal ring at

a given latitude and altitude. Therefore, approximations are included to account for the non-linearity of

some processes, e.g. a temperature-weighted average of heterogeneous reaction rates using statistics for

temperature deviation from zonal mean. Here, these temperature-weighted average is not used, however,

the shown results suffer from assumptions made in this module as the neglect of the thermal decomposi-

tion of Cl2O2. This may lead to inaccurate results if this routine is used in a box model mode. Thus, the

MPIC results are not fully comparable with the other participating models.
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ARCTIC 1995 ANTARCTIC 1995

Scenario group unprescribed prescribed

trajec. 1 trajec. 2 trajec. 1 trajec. 2
Trajectory time 94, Dec.15 – Feb.3 Jan.11 – Feb.10 Feb.10 – Mar.31 Jul.30 – Sep.13 Sep.13 – Oct.31

CASE GPHa GPH GPH GPH GPH GPH
Scenario type STUDY + + + +

HETb HET HET HET

435, 475, 420 420

Levels (K) 500, 550 475 475 475 475 475 475

600, 675 600 600

Init. Gas Phasee Woyke et al. (1999) 2D–Modelf t1(GPh)
end

g
t1(GPh+Het)
end

h
2D–Modelf t1(GPh+Het)

end

i

Init. liq. aerosold Woyke et al. (1999) standardized H2SO4, σ, Sliq, Sice

PSC microphys.d individual standardized Nliq, NNAT, Nice, SupersatNAT, Supersatice

Photolysis individual standardized after R öth, 1992c

Table 3: Overview of the scenarios of the model intercomparison; for more information see

text; for scenario acronyms see Table 4.
a GPH: model runs include only gas phase chemistry;

b GPH + HET: model runs including both gas phase + heterogeneous chemistry;

c j = a ·exp
(

b ·
(

1− 1
cos(c·χ)

))

, a, b, c from tables for 115 reactions, j = 0 for χ > 100◦ and (c ·χ) > 90◦,

j: photolysis rates, χ: solar zenith angle (SZA);

d Detailed standardizations and initializations see Table 5;

e Detailed initializations see Table 6;

f Initial values determined by MPIC–2D–Model (Gidel et al., 1983; Grooß, 1996);

for the GPH run the complete activation of chlorine and bromine is included in the initialization.

g Initial values taken from ARCTIC 1 (GPH) at tend.

h Initial values taken from ARCTIC 1 (GPH+HET) at tend.

i Initial values taken from ANTARCTIC 1 (GPH+HET) at tend but corrected for dehydration

and denitrification.
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SCENARIO ACRONYM scenario type scenario group

ARCTIC 1 (GPHa): Arctic 1995 475 K trajectory 1 only gas phase prescribed

ARCTIC 1 (GPH + HETb): Arctic 1995 475 K trajectory 1 gas phase + heterog. prescribed

ARCTIC 1 (GPH)ind. photol. rate: same as ARCTIC 1 (GPH), but with individual photolysis rates

ARCTIC 2 (GPH): Arctic 1995 475 K trajectory 2 only gas phase prescribed

ARCTIC 2 (GPH + HET): Arctic 1995 475 K trajectory 2 gas phase + heterog. prescribed

ANTARCTIC 1 (GPH + HET): Antarctic 1995 475 K trajectory 1 gas phase + heterog. prescribed

ANTARCTIC 2 (GPH + HET): Antarctic 1995 475 K trajectory 2 gas phase + heterog. prescribed

ARCTIC CASE STUDY: Arctic 1995 6 levels and trajectories gas phase + heterog. unprescribed

Table 4: Acronyms for the different scenarios (used throughout the text; for detailed description

of the scenarois see text and Table 3)

a GPH: model runs include only gas phase chemistry;

b GPH + HET: model runs including both gas phase + heterogeneous chemistry.
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ARCTIC 1 ARCTIC 2 ANTARCTIC 1 ANTARCTIC 2

GPH GPH GPH GPH
+ + + +

HET HET HET HET

Initialization of STS aerosol

H2SO4 ppb 0.5 0.5 0.2 0.2

σ 1.8 1.8 1.8 1.8

T(t=0) K 197.0 205.4 182.4 200.2

p(t=0) hPa 46.0 53.5 35.3 48.6

NSTS
1

cm3 10.0 10.0 12.5 15.7

SSTS
µm2

cm3 2.09 2.02 1.31 1.21

Standardized PSC settings

SupersatNAT,ice 1 1 1 1

NNAT
1

cm3 1.0 1.0 1.0 1.0

Nice
1

cm3 0.01

Sa
ice

µm2

cm3 22.2

Table 5: Initialization of STS (supercooled liquid ternary solution) background aerosol particles

and settings for PSC (polar stratospheric cloud) microphysics for the prescribed scenarios.

The number density distribution of the initial STS aerosol particles is lognormal with a given width σ

and the particles are formed from H2SO4; SSTS,NAT,ice: total surface density of STS, NAT or ice particles;

NSTS,NAT,ice: number density of STS, NAT or ice particles; SupersatNAT,ice: supersaturation for NAT or

ice formation; T: temperature, p: pressure.

a Because ice is already present at the beginning of the ANTARCTIC 1 (GPH + HET) scenario, S ice is

initialized here; for a definition of scenarios see Tables 3 and 4; for more information see text.
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ARCTIC 1 ARCTIC 2 ANTARCTIC 1 ANTARCTIC 2

GPHa GPH GPH GPH GPH GPHb

+ + + +
HET HET HET HET

ppmv

O3 4.91 4.53 5.00 2.95

H2O 3.67 3.67 4.50 1.89

N2O 0.10 0.10 0.13 0.13

CH4 1.01 1.00 0.96 0.96

H2 0.55 0.56 0.53 0.50

ppbv

HNO3 15.04 13.42 14.11 9.00 2.50

ClONO2 0.0 0.76 1.59 1.20 0.11

HCl 0.0 1.14 0.24 1.80 0.13

ClO 1.91 1.97 ·10−3 2.59 3.96 ·10−2 0.73

Cl2O2 3.42 ·10−2 5.95 ·10−3 0.0 0.87

N2O5 0.0 0.81 7.97 ·10−3 6.65 ·10−3 1.99 ·10−6

CO 20.08 23.92 16.97 16.34

NO2 0.31 0.056 1.89 0.23 ·10−3

HNO4 0.409 0.096 0.10 4.98 ·10−4

pptv

BrO 17.18 2.43 ·10−3 0.13 7.27 6.69

BrONO2 0.0 8.51 0.0 7.70 ·10−4

BrCl 0.0 1.51 0.0 8.28

HBr 0.0 2.18 1.39 8.51 4.85 ·10−4

Br 0.0 7.50 3.89 0.0 0.13

HOBr 0.0 7.50 5.65 0.0 0.50

H2O2 12.38 25.0 6.36 0.40

CH2O 8.78 95.6 24.5 12.42

Cl2 0.0 0.12 0.0 9.34 ·10−4

HOCl 3.98 94.6 5.46 116.00

OClO 0.0 10.4 0.0 15.20

NO3 0.0 2.98 0.0 1.08 ·10−4

Table 6: Initializations of gas phase chemistry for the prescribed scenarios.
a activated gas phase chemistry [HCl + ClONO2 ⇒ ClO, HBr + Br + HOBr ⇒ BrO, N2O5 ⇒ 2 ·HNO3];

b artificial denitrification [(NOy)
Antarctic2
t=0 = 1

4(NOy)
Antarctic1] and dehydration [(H2O)Antarctic2

t=0 =

min(H2O)Antarctic1], for details see text.

For definition of scenarios see Tables 3 and 4.
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ARCTIC 1 ARCTIC 2 ANTARCTIC 1 ANTARCTIC 2

CASE GPH GPH GPH GPH GPH GPH
STUDY + + + +

HET HET HET HET

Scenario group unprescribed prescribed

Init. O3, ppm 3.21 4.91 4.91 4.57 4.52 5.00 3.03

Mean

End O3, ppm 2.49 4.57 4.52 4.39 4.25 3.03 0.66

Mean

O3 – loss, ppm 0.72 0.34 0.39 0.18 0.27 1.97 2.37

STD–

deviation, ppm ±0.21 ±0.02 ±0.11 ±0.01 ±0.02 ±0.13 ±0.10

Mean

O3 – loss, abs. % 22.3 7.0 7.9 3.9 6.0 39.4 78.2

STD–

deviation, abs. % ±6.7 ±0.3 ±1.2 ±0.2 ±0.4 ±2.5 ±3.3

5.1 ±1.0 ARCTIC 1 (GPH)ind. photol. rate

Table 7: Mean overall ozone loss in the different scenarios and scatter of model results around

the mean value. For definition of scenarios see Tables 3 and 4.
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Figure 1: Scenario trajectories (potential temerature 475K, timestep one hour):

Temperature (K, 195K is indicated) and Solar Zenith Angle (deg, 90◦ is indicated).

ARCTIC 1 + 2: 11.1. – 10.2. – 31.03. 1995

ANTARCTIC 1 + 2: 30.7. – 13.9. – 31.10. 1995

ARCTIC CASE STUDY: 15.12.1994 – 3.2. 1995

For definition of scenarios see Tables 3 and 4.
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ARCTIC 1 (GPH)
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Figure 2: Volume mixing ratios versus trajectory time for the scenario ARCTIC 1 (GPH):

Development of HCl and O3 when enabling the four known major source reactions for HCl in

the stratosphere one after another using the KASIMA model.

black: s1, red: s1 + s2, green: s1 + s2 + s3, blue: s1 + s2 + s3 + s4

(r1) Cl+CH4 −→ HCl+CH3

(r2) ClO+OH
∼6%
−→ HCl+O2 (Lipson et al., 1997)

(r3) ClO+HO2
∼3%
−→ HCl+O3 (Finkbeiner et al., 1995)

(r4) HOCl+hν ∼2%
−→ HCl+O (possible contribution after DeMore et al., 1997)
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ARCTIC 1 (GPH) indiv. photol. rates

GPA2

-50 -40 -30 -20 -10 0
-8

-6

-4

-2

0

2

O
zo

ne
 -

 lo
ss

, %

GPA2

-50 -40 -30 -20 -10 0
-11

-10

-9

-8

-7

HCA2

-50 -40 -30 -20 -10 0
-10

-8

-6

-4

-2

0

2

O
zo

ne
 -

 lo
ss

, %

HCA2

-50 -40 -30 -20 -10 0
-18

-16

-14

-12

-10

-8

-6

HCANT/H

-50 -40 -30 -20 -10 0
-50

-40

-30

-20

-10

0

10

O
zo

ne
 -

 lo
ss

, %

HCANT/H

-50 -40 -30 -20 -10 0
-100

-90

-80

-70

-60

-50

-40

GPA1/GPA1PN/G

-50 -40 -30 -20 -10 0
-8

-6

-4

-2

0

2

O
zo

ne
 -

 lo
ss

, %

GPA1/GPA1PN/G

-50 -40 -30 -20 -10 0
-8

-6

-4

-2

0

2

CS

-50 -40 -30 -20 -10 0
-40

-30

-20

-10

0

10

O
zo

ne
 -

 lo
ss

, %

CS

-50 -40 -30 -20 -10 0
-40

-30

-20

-10

0

10ARCTIC 1 (GPH)GPA2

-50 -40 -30 -20 -10 0
-8

-6

-4

-2

0

2

O
zo

ne
 -

 lo
ss

, %

GPA2

-50 -40 -30 -20 -10 0
-11

-10

-9

-8

-7

HCA2

-50 -40 -30 -20 -10 0
-10

-8

-6

-4

-2

0

2

O
zo

ne
 -

 lo
ss

, %

HCA2

-50 -40 -30 -20 -10 0
-18

-16

-14

-12

-10

-8

-6

HCANT/H

-50 -40 -30 -20 -10 0
-50

-40

-30

-20

-10

0

10

O
zo

ne
 -

 lo
ss

, %

HCANT/H

-50 -40 -30 -20 -10 0
-100

-90

-80

-70

-60

-50

-40

GPA1/GPA1PN/G

-50 -40 -30 -20 -10 0
-8

-6

-4

-2

0

2

O
zo

ne
 -

 lo
ss

, %

GPA1/GPA1PN/G

-50 -40 -30 -20 -10 0
-8

-6

-4

-2

0

2

CS

-50 -40 -30 -20 -10 0
-40

-30

-20

-10

0

10

O
zo

ne
 -

 lo
ss

, %

CS

-50 -40 -30 -20 -10 0
-40

-30

-20

-10

0

10

ARCTIC 1 (GPH + HET)

GPA2

-50 -40 -30 -20 -10 0
-8

-6

-4

-2

0

2

O
zo

ne
 -

 lo
ss

, %

GPA2

-50 -40 -30 -20 -10 0
-11

-10

-9

-8

-7

HCA2

-50 -40 -30 -20 -10 0
-10

-8

-6

-4

-2

0

2

O
zo

ne
 -

 lo
ss

, %

HCA2

-50 -40 -30 -20 -10 0
-18

-16

-14

-12

-10

-8

-6

HCANT/H

-50 -40 -30 -20 -10 0
-50

-40

-30

-20

-10

0

10

O
zo

ne
 -

 lo
ss

, %

HCANT/H

-50 -40 -30 -20 -10 0
-100

-90

-80

-70

-60

-50

-40

GPA1/GPA1PN/G

-50 -40 -30 -20 -10 0
-8

-6

-4

-2

0

2

O
zo

ne
 -

 lo
ss

, %

GPA1/GPA1PN/G

-50 -40 -30 -20 -10 0
-8

-6

-4

-2

0

2

CS

-50 -40 -30 -20 -10 0
-40

-30

-20

-10

0

10

O
zo

ne
 -

 lo
ss

, %

CS

-50 -40 -30 -20 -10 0
-40

-30

-20

-10

0

10

ANTARCTIC 1 (GPH + HET)

GPA2

-50 -40 -30 -20 -10 0
-8

-6

-4

-2

0

2

O
zo

ne
 -

 lo
ss

, %

GPA2

-50 -40 -30 -20 -10 0
-11

-10

-9

-8

-7

HCA2

-50 -40 -30 -20 -10 0
-10

-8

-6

-4

-2

0

2

O
zo

ne
 -

 lo
ss

, %

HCA2

-50 -40 -30 -20 -10 0
-18

-16

-14

-12

-10

-8

-6

HCANT/H

-50 -40 -30 -20 -10 0
-50

-40

-30

-20

-10

0

10

O
zo

ne
 -

 lo
ss

, %

HCANT/H

-50 -40 -30 -20 -10 0
-100

-90

-80

-70

-60

-50

-40

GPA1/GPA1PN/G

-50 -40 -30 -20 -10 0
-8

-6

-4

-2

0

2

O
zo

ne
 -

 lo
ss

, %

GPA1/GPA1PN/G

-50 -40 -30 -20 -10 0
-8

-6

-4

-2

0

2

CS

-50 -40 -30 -20 -10 0
-40

-30

-20

-10

0

10

O
zo

ne
 -

 lo
ss

, %

CS

-50 -40 -30 -20 -10 0
-40

-30

-20

-10

0

10

Trajectory time in days

ARCTIC CASE STUDY (475K)
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Figure 3: Percentage ozone loss calculated by all participating models for all considered sce-

narios at 475K.

ARCTIC 1 + 2: 11.1. – 10.2. – 31.03. 1995 (prescr. boundary cond.)

ANTARCTIC 1 + 2: 30.7. – 13.9. – 31.10. 1995 (prescribed)

ARCTIC CASE STUDY: 15.12.1994 – 3.2. 1995 (unprescribed)

Reference point for the 2th scenarios are the initial values of the respective 1th scenario; for definition of

models see Tables 1 and 2, scenarios see Tables 3 and 4.
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Figure 4: Volume mixing ratios of ClOx and O3 versus trajectory time for the last five days of

the scenarios ARCTIC 1 (GPH) and (GPH + HET).

For definition of models see Tables 1 and 2, scenarios see Tables 3 and 4.
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MARTINA KRÄMER1, J.-U. GROOSS1, D. S. MCKENNA1, RO. MÜLLER1, TH. WOYKE1,†,
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Scenarios:

ARCTIC 1995 ANTARCTIC 1995
CASE STUDY GAS PHASE CHEM. GAS PHASE + HET. CHEM. GAS PHASE + HET. CHEM.

1 2 1 2 1 2

Trajectories 15.12.94–3.2.1 11.1.–10.2. 10.2.–31.3. = gas phase 1 = gas phase 2 30.7.–13.9. 13.9.–31.10.

Level, K 475

Photolysis individual standardized (tabulated values)

Heterogeneous Chem. individual standardized (ppb H2SO4, σ, Nliq, NNAT, Nice, Sliq, Supersat = 1)

Initialisation Woyke et al. (1999)1 2D–Model2 thet1
end = gas phase 13 = gas phase 2 2D–Model t1end

4

1 : Woyke et al. (1999), JGR 104, 18755–18768. 2: + activated chemistry (HCl, ClNO3 ⇒ ClO).
3: - activated chemistry. 4: + Denitrification (NOy = NO1

y/4) + Dehydration (H2O = Min (H2O1).

Mean O3 – loss, % 22.3 7.0 10.5 7.9 13.4 39.4 86.9

STD-Deviation, % ±6.7 ±0.3 ±0.2 ±1.2 ±0.5 ±2.5 ±1.8

→ Gas Phase 1, but with individual photolysis: 5.1 ±1.0

O3 – loss: scatter of the models around the mean

⇓

⇓

The mean O3–loss covers the wide range from 5 up to 90% re-
garding the different scenarios. The standard deviation of the
models from the mean values amounts to only 0.2 – 2.5% for
those scenarios, where all models use standardized photolysis
and het. chemistry (an example is shown in Fig. 1). This good
agreement of model results implies, that the current knowl-
edge of stratospheric gas phase chemistry is well repre-
sented in all models. In the case study, where each model is
employed with individual moduls, the scatter increases to 6.7%.
The larger scatter is caused by the different settings of the het-
erogeneous chemistry (see Fig. 2).

Trajectory time in days

Figure 1: O3–loss (scenario

Antarctic 1995, Gas Phase +

Het. Chem. 1) as an example

for the scatter of the models.

⇒⇒

Scenario with
individual het. chemistry
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Trajectory time in days
Figure 2: Model calculations along the

475K - trajectory of the case study

(coloured lines).

1
2

3

⇒⇒

Model

group
SNAT Γ

1 > 1 f (T)

2 = 1 f (T)

3 = 1 = const.

Two sources for the stronger
scatter of models when using
their individual het. chemistry
moduls could be identified:
• The supersaturation for

NAT–formation (SNAT).
• The dependence of the he–

terogeneous reaction rate Γ
on the temperature T.

1: In the first model group the Cl–activation starts
late because the lower temperature needed to reach
SNAT > 1 are not achieved earlier. The temperature
remained under TNAT only for a short time. Since
Γ = f (T) increases with decreasing temperature, the
Cl–activation, and therefore ozone–loss, is not very
strong.
2: Here, the higher temperature to reach SNAT = 1 and
so start Cl–activation is achieved earlier; Cl–activation
and ozone–loss is not very strong because Γ = f (T).
3: In this group of models Cl–activation starts early
(SNAT = 1) and is strong because Γ = const. ⇒ The mo-
dels in the third group show the strongest ozone–loss.

⇓

⇓

Ozone Profile
Comparison of measurement

with model calculations

Figure 3: Ozone–profile (solid line) mea-

sured in Kiruna, Schweden, Feb. 3, 19951;

?: initial values for model calculations (Dec.

15, 19941); coloured 4: results of model

calculations at the end of six trajectories

(from Dec. 15, 1994 – Feb. 3, 1995) in dif-

ferent levels (Case Study).

1: from Woyke et al. 1999, JGR 104, 18755–18768.

⇐⇐

An ozone profile, measured in the Arctic vortex, is compared with model results
at the end of six trajectories in different levels. The model calculations are per-
formed with individual het. chem. and photolysis (level 475K is shown in Fig. 2)
that is they present the largest possible scatter of model results. Nevertheless,
not one of the models can reproduce the measured stratospheric ozone
loss. Mainly in the height range of strong ozone depletion, all models underes-
timate the ozone–loss by a factor of about two. This finding corroborates those
of other studies (Becker et al. 1998, GRL 25, 4325–43281) and implies that the
stratospheric ozone chemistry is not yet completely understood.

1: see talk on Wednesday, 29. Sept., 12:15 - 12:30
⇒ Model ozone–loss rates for 1994/95 compared with Match (D. McKenna)

Participating models:
Univ. of Bremen:
Research Center Jülich:

Research Center Karlsruhe:
Univ. Köln:

MPI Mainz:

AWI Potsdam:

BRAPHO (Box)
CLaMS (Box)
FACSIMILE (Box)
KASIMA (3–D + Box)
COMMA (3–D + Box)
EURAD–TS (3–D + Box)
FACSIMILE (Box)
MPIC (2–D)
AWIP (Box)

1

Trajectory time in days

Definition of model groups:

1: SNAT > 1, γ = f (1/T) (•, •, •, • )

2: SNAT = 1, γ = f (1/T) (•, •)

3: SNAT = 1, γ = const. (•, •)

1

Figure 5: Examples for the agreement of models (gaseous components):

volume mixing ratios of various gaseous components along two 475K trajectories; left panel (ANTARC-

TIC 2, 13.9. – 31.10. 1995): under prescribed conditions (standardized PSC microphysics and photolysis

rates); right panel (ARCTIC CASE STUDY, 15.12. 1994 – 3.2. 1995 ): under unprescribed conditions;

for definition of models see Tables 1 and 2, scenarios see Tables 3 and 4.
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ARCTIC CASE STUDY (475K)
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1

Figure 6: Same as Figure 5, but heterogeneous reaction surfaces.

In the right panel the upper two figures show SSTS but with different scales: the upper figure shows those

models using strongly supercooled conditions for NAT formations with the effect that the gaseous nitric

acid agglomerates on the STS aerosols.

For definition of models see Tables 1 and 2, scenarios see Tables 3 and 4.
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ARCTIC CASE STUDY
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Figure 7: Comparison of measurements with model calculations in the unprescribed ARCTIC

CASE STUDY.

Solid lines: Balloon–based profiles of O3, ClO and BrO, measured in Kiruna, Sweden, on Feb. 3, 1995∗;

black triangles: HCl profile, derived from HALOE observations on Jan. 26 – 28 and Feb. 6 – 7∗; stars:

initial values on Dec. 15, 1994∗; colored triangles: end values (Feb. 3, 1995) of model calculations

along the six trajectories of the ARCTIC CASE STUDY;

∗ from Pierson et al. (1999) and Woyke et al. (1999);

for definition of models see Tables 1 and 2, scenarios see Tables 3 and 4.


