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Outline

• Chemistry of stratospheric NO2
• How to measure NO2 from space?
• Stratosphere/troposphere separation

– DOMINO, assimilation
• Ground-based observations of strat NO2

– SAOZ, FTIR
• DOMINO vs Standard Product (SP)
• Dynamical effects in stratospheric NO2 field
• Diurnal cycle 
• Conclusions
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N2O precursor of strat NO2

• Biogenic & anthropogenic (fertilizer, 
combustion, industrial)

• N2O stable in troposphere (~150yr)

• N2O + O(1D) ® 2NO (~10%)
• N2O is greenhouse gas
• N2O is ODS (Ozone Depleting Substance)
• Trends in NO2 and N2O correlated(?)
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N2O concentration & budget
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Chemistry of stratospheric NO2 (I)
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• Sink:
– NO2 + OH ® HNO3

– N2O5 + H2O ® 2HNO3 (on aerosols)
– HNO3 is transported to the troposphere & 

subsequently deposited
– Residence time of stratospheric air 1-2yr
– Photochemical lifetime ~10 days

• Volcanic eruptions lower strat NO2

• Halogens? & how are these incorporated in 
TM4?

Chemistry of stratospheric NO2 (II)
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Spectral features at 405-465 nm

Absorption & 
scattering

Measuring NO2 from space
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Tropopause

Ocean

[Wenig2004]

Reference sector method

Assume over pacific only 
strat NO2

Apply zonally

Stratosphere/troposphere separation
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Stratosphere/troposphere separation

2d-wave fit. (Standard 
Product)

2nd order Fourier fit 

in meridional and 
zonal direction

Reference sector+

Data assimilation…
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DOMINO
• TM4 + OMI data ® assimilated stratospheric NO2

field
• OMI measurements adjust model field

• Observations over (known) polluted regions have 
less weight

• Meteorological data ® capture dynamics. 

• Accurate VCDstrat ® accurate VCDtrop
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Assimilation
Kalman filter

TM4 Dt
(evolution operator)

T=t

Updated NO2 field

Forecast

(3x2º)

(3x2º)

superobservation
analysis

Obs operator
Av Kernel

Regridding to
3x2º

Forecast NO2
field

OMI L2 Interpolate 
TM4 grid to OMI grid

lat, lon, cloud, albedo, 

viewing geometry

Strat. NO2
columns on 
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T=t + Dt

Assimilation schematics
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Assimilation results

OmF = Observation – Forecast

Indication of the model forcing

Over clean areas std OmF » 0.2x1015

Assimilation performs well, but 
elevated OmF values over SH in 
spring
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Ground-based measurements

• NDACC/SAOZ*/FTIR
• Mostly pristine locations 70S – 70N
• SAOZ: twilight Zenith Sky UV-Vis DOAS
• FTIR: Direct sun

Ny Alesund

SAOZ = System d’Analyse par Observations Zenithal

NDACC = Network for detection of Atmospheric 
composition change

FITR = Four Transformed Infra Red spectroscopy
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Chemical box-model converts twilight 
measurements to column value at OMI overpass

SAOZ method

OMI overpass

Scoresby
SZA=90 
AMF»18

SAOZ
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Intercomparison FTIR & SAOZ
3 collocated sites

Consistent within 30%

Reason to compare SAOZ 
with FTIR:

Error sources:
-SAOZ: noon reference 
spectrum, instrumental
20% accurate. [Vaughan1998] 
Model needed

-FTIR: a priori profile, 
temperature, spectroscopy 
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Results OMI vs ground-based

DOMINO

SP

SAOZ and OMI adjusted to local noon
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Results OMI vs ground-based
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Validation summary 

• OMI reproduces seasonal variation 
observed by ground-based data.

• Discrepancy OMI – ground is seasonally 
dependent for some stations

• DOMINO – ground +0.04/+0.2/+0.3 x1015

• SP – ground -0.14/+0.06/+0.1 x1015

(SAOZ/NDACC/FTIR)
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DOMINO-SP algorithm schematics

SCD SCDstrat VCDstrat

AMFstrat

(» AMFgeo)Assimilation

DOMINO

SCD VCDinit VCDstrat

AMFinit
2D wave

Large differences 
with DOMINO

Reduces 
differences with 
DOMINO

SP
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VCDstratAMFstrat - AMFinitVCDstrat - VCDinit

DOMINO vs SP

DOMINO-SP difference large over summer pole. 

2D wave fit partly compensates initial difference
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Dynamical effects

Rapid local variations in VCDstrat, associated with stratospheric waves

Captured by DOMINO and ground-based stations, not by SP.
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Diurnal variation for high-lat sites

At high latitude stations multiple OMI overpasses per day

Observation of diurnal variation of stratospheric NO2 from space 
(this is not possible with the Standard Product)

Seasonal dependence of daytime NO2 increase rate
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Diurnal variation for mid-lat sites

Small seasonal effect in NO2 increase rate
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Summary & outlook

• Validation of OMI stratospheric NO2 with ground-
based data. Good agreement for DOMINO and 
SP (bias ~ 0.2x1015 molec/cm2) 

• DOMINO VCDstrat is 0.14x1015 higher than SP
• DOMINO captures rapid variations in VCDstrat

associated with stratospheric waves
• Diurnal variation of stratospheric NO2 observed 

by OMI (not possible with SP)
• Plan: use satellite data to investigate trends in 

stratospheric NO2
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VZA=45

VZA=45
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Tropospheric NO 2 from satellite measurements

• Observed total slant column
• Subtract stratospheric part (model)
• Convert slant column into vertical column (air mass factor)

Surface

Stratospheric NO2

Cloud
Tropospheric NO2
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Issyk-Gul, Ionov

Issyk-Gul, Ionov

Scoresby, Celarier NO2 + O3 � NO3 + O2

NO2+NO3 � N2O5

N2O5 + hn � NO2 (t» 12h)

NO2 + hn � NO + O
NO + O3 � NO2 + O2

NO2 + hn � NO + O

NO + O3 � NO2 + O2


