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Why modify the heterogeneous approach?
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Heterogeneous Chemistry.

Most Important Heterogeneous Reactions:

e CIONO, + HClI == Cl, + HNO,
* CIONO, + H,0 == HOCI + HNO;,
e HOCI + HCI ==Cl, + H,0

Rate constant for these reaction Is derived from:

e K=v4*V*SAD*Y

V = mean velocity
SAD = Surface Area Density of PSCs
Y = reaction probability.



Polar Stratespheric Clouds: Observations
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Fig. 2. Particle volumes of Dye et al. (1992) compared with
model calculations. From Carslaw et al. (1994). Copyright 1994
American Geophysical Union. Reproduced with permission from
American Geophysical Union.



Volume Density Vs Area Density.

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 103, NO. D5, PAGES 5773-5783, MARCH 20, 1998

Estimation of polar stratospheric cloud volume and area

densities from UARS, stratospheric aerosol measurement II,
and polar ozone and aerosol measurement II extinction data

Steven T. Massie, Darrel Baumgardner, and James E. Dye

Max SIS SAD — 15 x 108 cm:zcm?

Max LBS SAD — 1 X 108 cmz2cm?e
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Figure 1. (a) Time-averaged forward scattering spectrometer
probe (FSSP 300) volume densities from ER 2 flights 890119,
890120, 890124, and 890125. (b) Same as Figure 1a, except for
the time-averaged area densities.




STS Model: Uptake HNO; and Reactivity.

Update of HNO; In STS Aerosol
Increased reactivity.

CIONO, + H,0
CIONO, + HCI
HOCI + HCI

gas phase fraction

Uptake Coefficient

K=" *V*y*SAD

190 200 210 220
Temperature [K]

Temperature accuracy Is important!

Lowe and MacKenzie, J. of Atm. And Solar-Terrestrial Physics, 70, 13-40, 2008.
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WACCM4 PSC Equilibrium Approach - IPCC

LBS(H5S0,, H;0) SAD/= Observed

= 0.01-0:1 pm; 10 particles cm:=

200 K
SAD = (@n*Pden) /= (8=Vden) == exp(-In(o)?
STS (HNG%, H;S0,, H-0)
Assume Lognhormal Size Distrib., 10 particles.cm:s, and
width = 1.6; mass of; H;S0O, derived from/L'BS
—194 K
1) NATH(r=3pm); 0:01 particle cm:2
Super. saturation Ratio of 10 DaNOY seeurs (oo inueh)
2) SIS (HNO3’ HZSO4, Hzo) Sedimentation \Velocity:
V=Vorexp(52in(o)?)
188 K

1CE De-hydrati
e-hydration
(r=10pm);
0.1 particles cm:=®
De-NOY occurs

“Standard” Approach




\WACCM4 PSC Equilibrium Approach - Modified

200 K

~194 K

188 K

LBS(H5S0,, H;0) SAD/= Observed

= 0.01-0:1 pm; 10 particles cm:

S\D) = (4n*|3den)1/3 > (3*Vden)2/3 * exp(_|n(o-)2)
STS (HNGO3, H5S0),, H;0)

Assume Lognhormal Size Distrib., 10 particles.cm:s, and
width = 1.6; mass of; H;S0O, derived from/L'BS

1) STS (HNO3, H5S0,, H;0)
De-NOY occurs (less)

2) NATF (r = 0.5 - 2pm); 0.1 particle cm:=
Super. saturation Ratio of 10

Sedimentation \Velocity:
V=Vorexp(52in(o)?)

ICE
(r =10pm);
0.1 particles cm:®

De-hydration

De-NQOY occurs

“New’” Approach




SD-WACCM/GEOSS — 201072011
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Sulfate SAD *=** 88N, zonal mean

Standard (usediin IPCC sims) New: (Used i ©3LL sims)

SAD_SULFC [em2/cm3], lon average, lat 88.105263 SAD_SULFC [em2/em3], lon average, lat 88.105263
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Sulfate SAD — 1 x 108 cmiz2cm?e Sulfate SAD' = 10 x 10 cmzcm?e

Allowing STS to see the available
HNO, (before NAT) allows swelling
to occur.



NATTSAD *** 88N, zonal mean

Standard (usediin IPCC sims)

SAD_LNAT [ecm2/ecm3], lon average, lat 88.105263 SAD_LNAT [cm2/em3], lon average, lat 88.105263
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More NAT # density in “New”, increased

SAD. This will also decrease the effective
radius and cause less denitifrication.




Total HNO5 (ppbv) = Gas-phase + Condensed

Standard (usediin IPCC sims) New - Standard

HNO3 [mol/mol], lon average, lat 88.105263
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14 ppbv HNO; in December Less irreversible denitrification
INn “New”.




HNO5 Gas-phase (pphbyv)

=% 88N, zonal mean

Standard (usediin IPCC sims)

HNO3_GAS [mol/mol], lon average, lat 88.105263
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More HNO; in “New” STS and NAT
condensed phases. The “New”
approach does a good job of
representing the gas-phase HNO,
relative to MLS observations.

More HNO; in “New” In gas-
phases (STS and NAT SAD is
not present). Will affect CIOx
abundance (see later slide).




HCI (ppbyv) ===

88N, zonal mean
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Region of enhanced STS and
NAT SAD in “New”.
Additional HCI depletion of
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2.50e-10
2.00e-10
1.50e-10
1.00e-10
5.00e-11

0.00

-5.00e-11
-1.00e-10
-1.50e-10
-2.00e-10
-2.50e-10
-3.00e-10
-3.50e-10
-4.00e-10
-4.50e-10

-5.00e-10




HCI (pphyv) **=* 88N, zonal mean

Standard (used in IPCC sims) 43'hPa

HCL [mol/meol], lon average, lat 88.105263 HCL [mol/mol], ca. 43.909660 hPa, lon average, lat 88.105263
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HCI “undepleted” even
though T’s are cold enough.
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CIONO; (ppbyv) === 88N, zonal mean

Standard (usediin IPCC sims)

CLONO2 [mol/mol], lon average, lat 88.105263

Altitude (km)

)
£
e
3
o
g
o

New - Std

Altitude (km)

HCI depletion (CIO, activation) Is
limited by the abundance of
CIONO..

In the “New” approach, CIO,
activation is less due to
reformation of CIONO,.




ClOX (pphbyv) *** 88N, zonal mean

Standard (usediin IPCC sims) New - Standard

CLOX [mol/mol], lon average, lat 88.105263
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Higher STS and NAT SAD in
“New” in this region.

ClOx = total inorganic chlorine — HCI — CIONO,
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©zone (ppmyv) *** 88N, zonal mean

Standard (usediin IPCC sims)

03 [mol/mol], lon average, lat 88.105263
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In the “New” approach, ozone
depletion is greater - due to
enhanced STS and NAT SAD.

In the “New” approach, ozone
depletion is less - due to
reformation of CIONO..
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Model Simulations for Halegen Driven Chemical
Ozone Loss

s initializer@withrelks)on 1" December 2010:
s O3, HCI HNO5, H 0, N>©

o RUN threessimulations throtighrApLlFi2040:
o EUlIFChemistry.

o PSEldO pPassIVe:
» Gas-phase chemistry only; plus N> + H;0 on PSCS

O; inside NH vortex 2004/05 at 450K

SD-WACCM ppOs

Gas-phase Chemistry; Plus N,Oz;+H,0 on PSCs

Reference simulationiwouldihave similardescentandimixing:



Temperature Evolution

SD—WACCM T NH vortex 2010/11

00

400
Dec Jan Feb Mar

solid contour: MLS 195K (Type | PSC), dolled contour: MLS 187K (Type Il PSC)
solid contour: MLS 195K (Type | PSC), dotted contour: MLS 187K (Type Il PSC)

sPV Vortex MLS sPV Vortex SD-WACCM sim136 (normal O,)
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T-WM — TS NH vortex 10/11 T inside NH vortex 2010/11 at 450K

220 [ so-waccM T (sm136)
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temperature [K]

SD-WACCM sim136 (normal O,
-06 00 06 1.2 1.8 ﬁ

Atemperature [K] averaged difference (Dec 15 — Mar 15): +1.70£0.32K




HNO; Evelution — no Bias

VLS Model
HNO;"® inside NH vortex 2010/11

sPV Vortex sPV \ SD—WACCM sim123 (normal Oj)
30 39 48 SEE 84 9.3 102 11.1 30 39 48 B7EE 84 9.3 10.2 11.1

HNO, volume mixing ratio [ppbv] gas—phase HNOj; volume mixing ratio [ppbv]

NOTE: These results are from the first attempt at representing 2011.



HCI Evolution — no Blas

HCI*® inside NH vortex 2010/11

400 | __ .
Dec Jan Feb Mar

sPV Vortex sPV Vortex SD-WACCM sim136 (normal 0,)
0.0 02 05 DEEEEIIEEEENE CECFECE ) 20° Wil 16 18 2.1
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HCI Evolution *==* -2K Blas

HCI®™* NH vortex 2010/11

I 400
Mar Feb Mar
sPV Vortex sPV Vortex SD-WACCM sim139 (—2K bias, normal 0,)
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Chemical Ozone Loss

Inferred OG3L Model @31

Inferred O; Loss NH vortex 10/11 Modeled O; Loss NH vortex 10/11
700 700

Feb

WACCM pp0, ML = SD-WACCM O, — SD-WACCM ppO,
-2.2 -2.0 -1.7 =15 =1.2 -0.5 -0.2 0.0 0.3 -2.2 -2.0 =-1.7 =15 =2 -0.5 -0.2 0.0 0.3

AO; volume mixing ratio [ppmv] AO; volume mixing ratio [ppmv]

Modeled O; Loss NH vortex 10/11
700

Model @31 with -2K Bias

—2.2 -2.0 =1.7 =1

AO; volume mixing ratio [ppmv]



The Role CIONO; === 88N, zonal mean

Reference -?2K Bias
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Total Column Ozoene (BU)

OMI, 3 April 2011 WACCM No Chem Sim WACCM Gas-Phase Sim

WACCM Ref. " 16 pptv Bry WACCM Ref. *™* 23 pptv Bry WACCM -2.0K Bias Sim




Summary / Euture wWork:

New heterogeneousimoduler::
» The “New approeach givesimore SiiS (and NAT) I SAD.
(relative torthe IPCC simulation module):

» Ozone depletionimithe “New?* approachiis =
Standard approachidepending on period and aJ'ic]fchd,,

. Bothl SAD modules are available in the released version of:
WAG Y

2010720115 Ozone fess:: -
R 2)11, the'MLS/ modeliozone 'and 6zene ' less
Jm parisonsiare best represented whenithermodeliincludes
-2Kibias in temperature:




Next Step.

NEewheteregeneousimoduie:::
s \VVite up the new heterogeneous approach inra VWACCM
chemisthy upaate paper (Stummer: 20195

the Correct h@'serJga NeoUSs processing on PSCs?
NGO (AC and HNOS(MLS) recovery.

*ISithe temperature bias justified?
» Evaluate model temperatureprofiles (With GRS and Sendes):

* Do othermodelsgive similar r@3JJ“r=*?
- Compare resultsitor CLLAMS simulations:




Thank you for your attention!
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