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Atmospheric Composition

Scientific imperative: 

Atmospheric composition is driving climate change

• Primary radiative forcing by trace gases & aerosol
• Indirect effects through chemistry and aerosol-cloud
• Feedbacks via water vapour, cloud & trace gases



15-20th Sept’08, Oxford, UKEarth’s Atmosphere – B.KerridgeESA Advanced Atmospheric Training Course

Atmospheric Composition (contd)

Remote-sensing plays a vital role

• to investigate processes
• for international assessments (IPCC,WMO)

Satellites: global to regional scales

Airborne / surface:  finer scales; ground-truth

Troposphere is challenging
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The atmosphere is constantly changing
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Cloud seen from space
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Smoke seen from space
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Saharan dust plume seen from space
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Understanding of atmospheric phenomena, including clouds 
and aerosol, depends upon remote-sensing observations
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Atmospheric Structure & Circulation
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Zonal Mean Temperature

SummerWinter
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Atmospheric Spectral Cooling Rates

Clough & Iacono, JGR, 1995
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Brewer – Dobson Circulation

WinterSummer
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Planetary Waves

N2O
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Antarctic Vortex Split – Sept’02
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Polar Stratospheric Cloud
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Aerosol Plume over India from Calipso lidar
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Atmospheric Lifetimes

CF2Cl2 – CFC-12
CFCl3 – CFC-11
CH3Cl
CH3Br
CO2

CH4

N2O
CO
H2O
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NOx

OH 

· Atmospheric lifetimes dictate

100 years
75 years
1 year
1 year

few years
10 years

150 years
several months

10 days
days ® weeks

1 day
1s

spatial and temporal variability
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Recent trends in N2O & (H)CFCs
from Surface Network
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Recent trends in CH4 & CO2

from Surface Network

Recent trends, IPCC 2007

Hawaii, 19oN

NZ, 41oS

CO2 CH4
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Latitude Height Cross-Sections 
of O3, H2O, CH4 and CO
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Global Distribution of Methane:  
Mean for 2003-4 from SCIAMACHY
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Zonal-Mean Cross-Section of CH4

from MIPAS for 12-days in Aug-Nov’03

Preliminary data,
G.Stiller, pri.comm.
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Radiative Forcing of Climate – 1750-2005
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Components & Future Projection 
of Radiative Forcing

Components 1750-2005 Projections to 2020 

Via O3 & CH4
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Water Vapour Feedback

H2O contributes most to the greenhouse effect
H2O in upper trop contributes disproportionately

1. T contrast with surface increases with height

2. Lower down, atmosphere opaque at wavelengths of strong H2O absorption.

H2O provides largest positive radiative feedback
� Doubles GCM warming in response to llghg forcing 

The fractional change in H2O governs feedback 
For fixed relative humidity, largest fractional change in upper trop. 
Advection governs general distribution in the present climate
Uncertainties in physical processes controlling H2O in upper trop
� Microphysics role in humidity response to climate change not understood
Stratospheric H2O feedback due to tropical tropopause temperature changes 

and/or changes in deep convection
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Trends in tropospheric water vapour 
(IPCC, 2007)

Lower tropospheric water vapour over ocean
changes In accordance with SST

Inferred changes in upper trop q consistent with 
observed T change and fixed relative humidity
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Model Estimates of Tropospheric
Ozone Annual Global Budget
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Evolution of Lower Tropospheric Ozone
1996-99 from ERS-2 GOME-1 observations
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Short-lived trace gases & chemistry

Tropospheric ozone distribution governed by:
� Downward transport from stratosphere
– Biogenic, pyrogenic & anthropogenic pre-cursors

– Nitrogen oxides
– Organic compounds

� Chemical production and loss 

Hydroxyl (OH):
� The major tropospheric oxidant
� Reacts with eg CH4, CO and HCFCs

Stratospheric ozone:
� Contributes to radiative forcing � sensitivity in upper trop & lower strat.
� Influenced by climate change via circulation, temperature and chemistry 
� Controls flux of solar UV which drives tropospheric photochemistry (OH)    

and influences biosphere and biogenic emissions
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Zonal-Mean Cross-Sections of 
Ethane & PAN from MIPAS

Ethane (C2H6) – 16/11/02 PAN 10-day mean     4/10–1/12 2003 

Anthropogenic
emissions

Biomass
burning PAN: secondary product

from VOCs & NOx

ppbv pptv

Glatthor et al, ACPD, 7, 2775-2787, 2007
G.Stiller, pri.comm.
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HCN:
– Exclusively from biomass burning 
– Transported around the globe
– Lifetime of several months

Distributions of CO and HCN at 200hPa 
on 21 st Oct’03 from MIPAS

CO: 
– Anthropogenic sources (N.Hem.)

in addition to biomass burning
– Lifetime of several months

Funke et al., submitted to ACP; Glatthor et al., in prep.
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Most abundant organic acid. Produced from range of VOCs and biomass burning. 

Gonzalez Abad et al

– ACE FTIR detects additional organic compounds to MIPAS through higher  
sensitivity of solar occultation.

– On given day, occultations at only one lat. in each hem.
– As these vary over time, latitude cross-sections can be accumulated 
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Formaldehyde produced by oxidation of methane and VOCs, and in biomass burning. 

Dufour et al.    (in prep.)
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Stratospheric Ozone Feedback

Changes in atmospheric dynamics could affect ozone: 
� Propagation of gravity waves and planetary-scale waves 

may respond to changes in temperature structure
� Brewer-Dobson circulation predicted to increase by 

models; uncertainty due to sub-grid scale processes
� Adiabatic stratospheric temperature increase in polar regions 

and decrease in tropics

Ozone absorbs solar uv and terrestrial ir radiation
� Climate feedback via circulation & ozone
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Evolution of Polar Stratospheric Ozone
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Composition – Climate Feedbacks

• Feedbacks involving atmospheric chemical and aerosol processes are 
even less well understood than CO2. 

– Their magnitude and even their sign remain uncertain

• Response of the climate system to anthropogenic forcing expected to 
be more complex than simple cause and effect

– Could exhibit chaotic behaviour cascading across scales, and with 
potential for abrupt and perhaps irreversible transitions

• To cope with the complexity of Earth system processes and their 
interactions, and particularly to evaluate sophisticated models of the 
Earth system, observations and long-term monitoring of climate and 
biogeochemical quantities will be essential. 

– Climate models will have to reproduce accurately the important processes 
and feedback mechanisms.

IPCC, 2007
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Climate – Composition Feedback
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Climate can influence Air Quality
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Ozone Layer & Surface UV
� satellite observations have 30-year heritage

Composition – Climate Interaction

Pollution Monitoring & Air Quality Forecasting 
� emerging operational applications for  satellite data

Operational Applications
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OMI Tropospheric NO2 annual mean: Dec’04-Nov’05
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Tropospheric CO from IASI: 23rd July’08
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Surface-level CO & O3 forecast for 28th Aug’08

Satellite data as well as surface data are assimilated by the GEMS system
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Elevated aerosol in Po Valley, Italy

Sampled at 10am  on 9th & 10th Sept’2004

SEVIRI
Aeronet
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Satellite Remote-Sensing

• Plays a key role on global to regional scales

• Measures radiances not constituents

• To solve the forward problem requires:

1. Radiative transfer theory
– Atmospheric gases, aerosol & clouds; Earth’s surface; sun 
– Emission (thermal/non-thermal), absorption & (multiple-)scattering

2. Molecular spectroscopy 
– Rotational, vibrational & electronic transitions

3. Instrument operator 
– Spectro-radiometric, geometrical, temporal

• Different techniques exploit different physics
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Composition Retrieval

• To solve the inverse problem requires: 
– Retrieval theory & matrix algebra

• Error estimation essential 
– Geophysical, instrumental and spectroscopic uncertainties

• Validation important for EO 
– “Ground-truth” = correlative measurements

• Engagement with state-of-the-art research essential
– To ensure data are applicable and to define future satellite missions

� Composition retrieval
– Research niche at interface between observations & applications

• Tropospheric sounding is a major challenge
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Summary

� Atmospheric composition is driving climate change
� Primary radiative forcing by trace gases & aerosol
� Indirect effects through chemistry and aerosol-cloud
� Feedbacks via water vapour, cloud & trace gases

� Vital to understand the processes which control composition in the
height-range of importance to climate and the links to surface 
emissions and pollution. 

� Satellite remote-sensing has a crucial role in observing global 
distributions of spatially-variable trace gases, aerosols and clouds

� It will also contribute to monitoring interannual and longer-term
variability in atmospheric composition and to supporting air quality
applications, by complementing surface-level networks 

� Future advances will require atmospheric structure to be resolved on 
finer scales (vertical, horizontal & temporal).

� Lectures on this course will describe the current status of satellite 
composition sounding and the future challenges to be addressed.


