Tropospheric Composition Change observed from Space

A. Richter, A. Heckel, C. Lee, M. Vrekoussis, F. Wittrock, A. Rozanov, and J. P. Burrows :

Institute of Environmental Physics / Remote Sensing, University of Bremen,
FB 1, P.O. Box 330440, D-28334 Bremen, Germany
Email: Andreas.Richter@iup.physik.uni-bremen.de

c:‘ ‘/ ife
o,
v ENVISAT

SCIAMACHY

Why from Space?

o atmospheric composition is changing, mainly as result of anthropogenic

activities

o consistent global long-term measurements are needed to monitor and

understand these changes

e surface in-situ measurements provide local long-term data sets but lack

spatial coverage

e air-borne in-situ measurements provide vertical resolution but also lack

coverage

o satellite measurements lack vertical and spatial resolution but provide

good coverage

Atmospheric composition change can result from

any combination of the above

changes in emissions (e.g. pollution)
changes in air chemistry (e.g. OH concentration)
changes indynamics (e.qg. strat-trop exchange)

Measurement Technique:

o Differential Optical Absorption Spectroscopy on UV/visible sun light scattered back
and reflected from the atmosphere and surface

o Use of Lambert-Beer's law to determine the absorption along the effective light path

o Uuse of radiative transfer simulations to determine the effective light path

e Separation of tropospheric and stratospheric components by making assumptions
on zonal homogeneity of the stratospheric fields

Instruments used:

Fig 1: Cartoon of the measurement GOME SCIAMACHY GOME-2
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Some Examples

NO, Increase above China
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e NO, is mainly emitted from

cars, power plants and
cement industry

o rapid industrialisation leads
to rapid increase In
emissions

e INncrease seen by satellite is
slightly larger than in recent
emission estimates

e Winter increase much larger
In satellite data but only
moderately larger in
emission estimate

e SO, is mainly emitted from

power plants and domestic
heating

e INcreased coal use in power
plants increases emissions

e reduced household use
decreases emissions

e Improved emission controls
reduce emissions

e change in viewing
conditions might contribute
to satellite signal
(see Fig. 6)

El Nino and NO, above Indonesia and Australia
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20 —r— ot
ST - (R Wo, & T it

-~ 1 &
- -
T 2l E
=

10 [ERRRER

Latitude
o

-20
90 95 100 105 110 115 120 125 130 135 140 145 150
Longitude

September 2006

-t "L‘nff,‘ ] ]
AR, ]l ' gy

: ~:‘s§a~:ﬁ"‘.‘*i’§§~£
e ey T L

Latitude

op R R ST . s e NS
90 95 100 105 110 115 120 125 130 135 140 145 150
Longitude

- | [moleccm?]

fo o ]
TR e e 4.00 10
] € & ;L i g WH" 'l_ J -
. i e
, 5w 185 i E T 3.50 101
e b Jesi
: , . — 3.00 10"
[ T L. -
P e

S 25010
W 12001078
S —{1.50107
- T - | {10010

O —2.50 10" : , :
e o0 e smoke and haze from fires columns which affect a wide

VC NO,

NO, Vertical Column [10'® molec cm™]

"geometric" SO, Vertical Column [DU]

NO, columns above China

ot

L —— GOME
—-o- SCIAMACHY

—_
AN

—
\V)

—_
(@

o
©

L

02

o
o

o
N

0 k

96 97 98 99 00 01 02 03 04 05 06
Fig. 2. Annual averages of
tropospheric NO, above the

indicated region in China as seen
by GOME and SCIAMACHY. Data
for 2006 are still preliminary.
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Fig. 3: Annual averages of
tropospheric SO, above the
indicated region in China as seen
by GOME and SCIAMACHY. Data
have not yet been fully corrected
for light path effects. 2006 point is
still preliminary.
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Fig. 4: Monthly averages of
tropospheric NO, above the
to indicated area around
Watukosek (8°S, 118°E)
derived from GOME and
SCIAMACHY
measurements. El Nino
years are associated with
large increases in NO2

area (see SCIAMACHY
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Instrument Changes
e any instrument may change over time
introducing artificial changes
e long-term data sets rely on data from dif-
ferent sensors which may differ for sev-
eralreasons:
e instrumentcharacteristics
o Spatial resolution differences
o localtime of measurement differences
=> verification using overlapping time series
(see Figure 5)

Viewing Condition Changes
e oOver a longer time series, the observa-
tion conditions may change, e.g.
through:
o Systematic cloud changes
e changes in surface albedo (e.g. defor-
estation)
e changes in aerosol loading, possibly
linked to emission changes (e.g. SO,)

e changesinemission height (see figure)
=> validation with external data needed

Separation of Effects

o the measurements provide atmospheric
column amounts, which have to be trans-
ferred to emission strengths or local con-
centrations

o external information or models are often
needed to make the link

o selection of appropriate case studies can
also help (e.g.: only power plant emis-
sions change, see Figure 7)

=> data are best used synergqistically
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Fig. 5: Monthly averages of GOME and SCIAMACHY SO, above China
showing the excellent agreement in the overlapping months.
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Fig. 6: Vertical

different emission types (domestic fires: low emission, power plants:
high altitude emissions and possibly export into free troposphere). A
change in emission type will lead to a signal change at the same

1 1 1 1] 1 1 1 1
0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8
Airmass Factor Airmass Factor

sensitivity of SO, measurement and the effect of
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Fig.7: Change

US. During this time, in the Ohio River Valley, mostly NO, emissions

from power plants changed in response to legislation changes while
the column over New-York remained more or less stable.
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in NO, column amount over two regions in the Eastern

Conclusions

sets

considered

o UV/visible satellite measurements of tropospheric species provide valuable long-term data

o the datacan be usedto monitoremission changes
e examples are increases in anthropogenic emissions of NO, and SO, in China, reductions in

NO, emissions in power plants inthe US, as wellas NO,_emissions fromfires in Indonesia

e Use of multi-sensiortime series necessitates careful instrument cross-verification
e possible changes in observation conditions (e.g. change in vertical profile) have to be
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