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Unprecedented loss of Arctic ozone

Stratospheric ozone

Mixing ratio (ppmv) at 470K
MACC analyses by IFS-MOZART




QOutline

Part 1: Polar stratospheric clouds
— Formation
— Types of PSC
— Role of PSC
— Parametrization REPROBUS
— Parametrization MOZART3

Part 2: Ozone depletion event Winter/Spring 2011

— Meteorological circumstances

— Evaluation stratospheric processes
» 3 models: IFS-MOZ, BASCOE FMR, BASCOE AN with different parametrizations
 Dec 2010 — March 2011



Part 1: Polar Stratospheric Clouds

Source: http://r-u-u.blogspot.com/2010/12/beautiful-nacreous-clouds.html



Polar Stratospheric Clouds

Early winter: formation of a polar vortex
—> very cold temperatures in absence of solar heating
- formation of polar stratospheric clouds

Three main types of PSC particles:
— NAT: solid Nitric Acid Trihydrate (HNO,.3H,0)
— ICE: ice particles (frozen H,0O)

— Liquid droplets of binary (H,SO,/H,0O) or ternary (H,S0O,/H,O/HNO,)
solutions

Role of PSCs:

— Heterogeneous reactions: conversion of chlorine reservoirs (HCI and
CIONO,) into active chlorine species (Cl,, HOCI,...)

— Denitrification (physical removal of HNO, from the gas phase)
— Dehydration (physical removal of H,O from the gas phase)
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REPROBUS PSC parametrization

1) Particle formation

NAT Surface area density 2) Heterogeneous
_ (SAD) d chemistry
@ large small Solubilities of
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Assumption:

thermodynamic equilibrium reached at each time step
i.e. no memory about the state of the PSC particles



MOZART-3 PSC parametrization

1) Particle formation
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Part 2: Ozone depletion event Winter/Spring 2011







Meteorological circumstances

Zonally averaged temperature time series at 475K for Dec-March

t [K] by MOZART3 for MACC at 475 K

Min: 136 IFS-MOZ f33i AN for Dec 2010 - Mar 2011 Max: 234
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Evaluation stratospheric processes

Evaluation based on 3 models

IFS-MOZART BASCOE BASCOE
ANALYSIS FREE MODEL RUN ANALYSIS
Type Started on 1 Aug 09 Started on 1 Dec ’10 Started on 1 Dec ’09
Assim. of strato O3 only Assim. of strato O3, N20,
* Profiles: Aura/MLS HNO3, HCI, HOCI & H20
« TC: SBUV, OMI, SCIAMACHY * Profiles from Aura/MLS
(limb scanning instr.)
Hor. MOZ: 1.875° x 1.895° (191x95) 2.5°x2° (144x91) 3.75° x 2.5° (96x73)
resol. | |FS: 1°x1° (360x181)
PSC based on NAT, STS and ice based on NAT, STS and ice | Cold T limit:
param T <194 K — NAT PSC

Described in Auxiliary Material of
Kinnison et al. (2007)

Parametrization from
REPROBUS-CTM

T <186 K— ice PSC

Important note: MLS ceased to send data from the 26t of March on




IFS-MOZ BASCOE FMR BASCOE AN

h2o [ppmv] by BASCOE at 475 K h2o [ppmv] by BASCOE at 475 K
BASCOE FIR_VOSVS1 for Dec 2010- Mar 2011 BASCOE AMLS_q0205 AN for Dec 2010- Mar 2011

M 6.08

hzo [ppmv] by MOZARTS for MACC at 475 K

IF5- MOZ f93i AN for Dec 2010~ Har 2011

in: 266 Hin: 3.52
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IFS-MOZ BASCOE FMR BASCOE AN

hno3 [ppbv] by BASCOE at 475 K
BASCOE AMLS_Q02.05 AN for Dec 2010~ Mar 2011

hno3 [ppbv] by BASCOE at 475 K

BASCOE FMR_U0GUS1 for Dec 2010- Mar2011 Hin: 0.958

hno3 [ppbv] by MOZARTS for MACC at 475 K

IFS- M2 193] AN for Dec 2010- Mar 2011 Hin: 0.024.

in: 0.287
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Nitric acid HNO3

(reservoir species)

IFS-MOZ BASCOE FMR BASCOE AN

hno3 [ppbv] by MOZART3 for MACC at 475 K on 28.Jan.2011 12:00 hno3 [ppbv] by BASCOE at 475 K on 28.Jan.2011 12:00
in: 0.24 ANLIFS-MOZ_fasi_by_MOZ_20110125_s0006 adfnc Mas: 5,65 s AMLS_q02.05NRT_201101261200.5007 1.hdf

High values of HNO3 inside polar vortex, but outside low
temperature region where PSC formation can take place
— [FSMOZ: too few (can be related to bias)

— BASCOE FMR: too much (parametrization)




IFS-MOZ BASCOE FMR BASCOE AN

hel [ppby] by MOZARTS for MACC at 475 K hel [ppbv] by BASCOE at 475 K hel [ppbv] by BASCOE at 475 K
Min: 1616 BASCOE FMR_VOSUS1 for Dec 2010- Mar 2011 BASCOE AMLS_Q02.05 AN for Dec 2010- Mar 2011

IF5- MOZ f93i AN for Dec 2010- Mar2011

Hin: 1.85609

Hin: 0,137
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Time Series of HCL [ppbv] averaged over NH Vortex at 475K using sPV > 1.7e-4 5-1
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Abundance

Northern Hemisphere

Time Series of AMLS HCL and CLONO2 averaged over NH Vortex at 475K using sPV > 1.7e-4 s-1
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IFS-MOZ BASCOE

03 [ppmv] by MOZARTS for MACC at 475 K 03 [ppmv] by BASCOE at 475 K
BASCOE AMLS_q02.05 AN for Dec 2010- Mar2011

IF5-M02 fo3i AN for Dec 2010- Mar2011 Mas: 347 Hin: 0.578.

tin: 0.61
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Summary

Arctic ozone depletion in winter/spring 2011 was unusually large and intense

This exceptional event is well captured by the analyses realized in NRT by
BASCOE and IFS-MOZART.

The control runs do not simulate this ozone hole.

— Polar ozone depletion in models was validated mainly for Antarctic ozone hole
and is not well adjusted for such unusual events at the North Pole

— Control run hard to interpret if it starts more than a year earlier (new run under development)

BASCOE AN of O3-related species useful to understand processes and validate
them in CTM:

— BASCOE H20 AN  nol/little ice PSC
— BASCOE HNO3 AN important denitrification
— BASCOE HCI AN important losses due to heterogeneous chemistry.

=> Qualitatively, parametrization seems to perform quite well,
quantitatively, however, improvements are required



