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“*The scientific objectiveof the GeoTROPE mission is
to assess accur ately
the atmospheric importance of anthropogenic activity
and natural phenomena
originating in Europe and Africa

on the changing tropospheric composition

by performing synoptic measurements
of therelevant trace gases

with high spatial and high temporal resolution.”

Ref. COM2-32, ESA EEOM| 2002




Geol ROPE: Monitoring tropospheric air pollution

e to study, understand and quantify the impact of
anthropogenic emissions on the quality of air

 to Identify and observe the sources, the sinks and the
chemical processes, at local, regional and continental seales

e monitor therelevant trace gases (short to medium lifetimes)

» perform measurements at timescales that are characteristic for
the different processes (hours, days, seasons, years)

« sample thetroposphere at therelevant horizontal (20" 20 km#)
and vertical resolutions (2-3 km), with sub-continental coverage




Thetroposphere: spatial and temporal scales
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Thetroposphere: spatial and tempor al scales
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The troposphere is significantly under-sampled with
datafrom satellites in Low-Earth Orbit (LEO)
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Thetroposphere: spatial and tempor al scales
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Problem: increasing the spatial coverage/ resolution leads to
much lower temporal resolution when using LEO data




Thetroposphere: spatial and tempor al scales
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Monitoring the troposphere

temporal resolution: £ 1 hour, observations day and night
horizontal resolution: at least regional.scale (20" 20 km?)

vertical resolution: at least several pointsin the troposphere
(resolution about 2-3 km)

spatial coverage: local, regional, continental

P only feasiblefrom a
geostationary orbit

P project GeoTROPE




Parameter s, science questions, and precisions (goals/ thresholds)

Parameter Primary Precision Goals Horizontal Vertical Temporal
Science Questions Single Resolution Sub- Resolution Sampling
Measurement Satellite

G-T

Pollution
Biomass
Processes

X

2-10 % 10x 10 — 25 x 25
10 % 10x 10 — 25 x 25
1-5% 10x 10 — 25 x 25
20 % 10x 10 — 25 x 25
10 % 10x 10 —25x 25
20 % 10x 10 —25x 25
20 % 10x 10 — 25 x 25
20 % 10x 10 — 25 x 25
10 % 10x 10 —25x 25
2 % 10x 10 — 25 x 25
20 % 10x 10 — 25 x 25
1% 10x 10 — 25 x 25
2—7% 10x 10 —25x 25
<= 2K 10x 10 — 25 x 25
5% - 20% 10x 10 -25x 25

e0SCIA & GeoFl

GeoSCIA S0,

HCHO
B
BrO
H,O
OCS
CO,
N,O
T profile
Aerosol Optical Depth
Cloud Optical Depth
Aerosol Layer Height
Cloud Top Height

XXX XX

XXX XXX XX

XXX XXX X

500 m 10 x 10 — 25 x 25
200 -500 m 10x10-25x25
Fractional Cloud Cover 0.02 — 0.05 10 x 10 — 25 x 25

Strat. O3 profile 10 % 25 x25-100 x 100
UV-A, UV-B 10 % 10 x 10 — 25 x 25

From Ref. COM2-32, ESA 2002

XXX X




Parameter s, science questions, and precisions (goals/ thresholds)

Ge OStatiOna I-y S ateu lte Ob; Table 6.1. Data products from geostationary atmospheric chemistry measurements and
the resolution (in the region of interest) needed for operational and climate applications.

Atmo Sph e ["i ¢c Co mpos 1t1 on The required threshold and the target resolutions are given. the latter in parentheses.

Data Horizontal Vertical Temporal _--u‘c:urau‘_vr4 l:.‘o\'emgvz*ti

Autho

i = 2 = - 2
pl'Odu{‘tl resolution resolution” resolution’ in %o

MainZ in km in km in hr

O: 10 (2) T (2) 1%® (0.5) 10 (5) MFV - hemispheric
co 10 (2) T(2) 2% (0.5) 10 (5) MFV - hemispheric
Contents SO, 10 (2) T(2) 149 (0.5) 50 (20) regional

10 (2) T(2) 1% (0.5) 50 (20) regional

10 (2) T (2) 1%® (0.5) 50 (20) regional

10 (2) T(2) 19 (0.5) 50 (20) MFV

10 (2) Surface 19@ (0.5) 20(5) regional

10 (2) Surface 19@ (0.5) 20(5) regional
5(0.5) T(BL+FT)  199(025) 0.05(0.01)°  regional - MFV
5(0.5) T (BL+FT) 149 (0.25)  0.05 (0.01)° regional - MFV

Executive summary

1. Introduction

2. Atmospheric chemistry issues
2.1. Atmospheric composition and a
2.2. Stratospheric ozone and UV rad

2.3. Greenhouse gases and climate ¢

0.2
5(0.5) T 199 (0.25) 30 (10) regional - MEV
(0.2

2.4. Aerosols, weather and hydrolog 5(0.5) i $) 003001  regional - MFV

75 s Cr : os
2.5. Transboundary air pollution and . 505 T (BLAFT) ) (0. 5 (1) ol

2

Observations: methods and analyses co, 50 (10) T 2(1) MEV - global

1. Ground-based measurements CH, 50 (10) T 5 4@ 5(1) MFYV - global

3.2. Observations from space
' AOT is aerosol optical thickness (for the fine and course fraction, D<1 um and D>1 pm,
respectively), Aer R g is aerosol effective radius, SSA is aerosol single scattering albedo, PAN is
peroxyacetyl nitrate

J L el 7 el d 2003 ~ T refers to the troposphere (column). BL to the boundary layer and FT to the free troposphere
. I e\/ y * superscript d refers to daytime (threshold), n to night (target)

" Absolute accuracy

3.3. Atmospheric chemistry modelli




Jos Lelieveld, 2003(EUMETSAT study):

Geostationary Satellite Observations for Monitoring
Atmospheric Composition and Chemistry Applications

« The important advantage of geostationary satellite measurementsiis that spatial
and temporal variability of reactive gases and aerosols'€an be captured at a
resolution that is compatible with that of regional models."Measurements of
short-term, e.g., diurnal concentration changes are particularly. impertant for
short-lived reactive trace gases and aerosols. It will be possible to assinilate the
satellite data together with ground-based measurements into regionalsanchnested
mesoscale models, which will provide the amount of detail needed for specific
operational applications.

Reactive trace gases with a lifetime of about a day to several months should be
measured with a . The main
target gases are

Some information about the
vertical distribution, e.g., to ;
will be necessary to assess long-range transport and regional air pollution. »




Jos Lelieveld, 2003(EUMETSAT study):

Geostationary Satellite Observations for Monitoring
Atmospheric Composition and Chemistry Applications

« Finally it should be mentioned that a European consortium presently prepares a

proposal for the as
an ESA Earth Explorer Opportunity Mission. are
being considered, one that includes based upon the
GOME-SCIAMACHY heritage, and one based upon
MIPASIASI.

Thefirst instrument has the advantage that solar radiation measurements provice
accurate information down to the earth’ s surface or cloud top, while the'Second
Instrument can measure during day and night. The targeted horizontal resolution
1S 10-25 km and the temporal resolution 30-60 minutes. It is planned to
distinguish at least 2-3 vertical layers within the troposphere, while the
stratosphere may be resolved at 1-3 km. If successful, GeoTROPE could bean
Important forerunner of an operational geostationary system for atmospheric
chemistry applications. »




GeoTROPE: Geostationary Tropospheric Pollution Explorer
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EUROSTAR 2000 structure and propulsion, improved AOCS
with 4 reaction wheels, 3 sta
three 2-axis sun-sensor head

GeoTROPE
stored in the
ArianeV

ackers, two 2-axis Earth sensors,
blies, two GPSrecavers

Star Tracker

Thrusters S-Band
Antenna

Sketch of the GeoTROPE satdllite
(Astrium Germany)



A few words about thethermal infrared

o atmospheric and surface thermal emissions peak in the mid-
Infrared region (measurements are possible day and night)

 the molecular absorptions (“ fingerprints:) are well separated
* Infrared photonsare mainly emitted in thetropesphere

 therearemany other LEO instrumentsin the mid-infrar ed
(ATMOS, IMG, AIRS, MIPAS, SCISAT, IASI, TES, ...)

b
the GeoFI S instrument
as component of the
GeoTROPE mission




GeoF| S: feasibility, performance
current baseline: IASl heritage(CNES, Alcatel)
radiative transfer calculations: KOPRA (Karlsruhe)

FOV: dightly off-Nadir, centered over Eurape, including
Northern Africa and the Near East

GeoTROPE Total Clear Field of View

e horizontal resolution » 20" 20 Km?
e temporal resolution » 30.min

o vertical resolution » 2-6 km
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GeoFI S: theinstrument

Michelson interferometer (I ASI heritage)

spectral resolution : 0.25 cm-1

two channels (centered around 10 mm and 51m)

detectors. 2D matrices made of HgCdTe, 240" 320 pixels

GeoFlS Channel 1
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GeoFI S: the instrument
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GeoFI S: the instrument

Signal/noise:

Himgle perfonmance madel for an FTS with PV
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GeoFI S: the instrument

« two IR LFPA (Sofradir): 320-256 pixels (HgCdTe)

* N0 need for a telescope (F. Friedl-Vallon)

e near-IR diode-laser for sampling control (to be improved)

» two on-board blackbodies plus « deep space »for calibration
e 2" 81920 interferograms every 35 seconds (14-16"0its)

e on-board quality control, averaging, and data compression

e compensating for platform movements (by 2D inter polation)
e datarate estimate< 19 Mbit/sec

e optional: latitude scan mirror (Europe— Africa)

A detailed instrument study should start very 'soon




GeoF| S dataproducts and analysis
o total data £ 100 TBytes/year
o fast analysis (near real-time) with «standard » PC’s (cluster)

e concentration profiles (at least 3 pointsinithetroposphere) of:
O, CO, CH,, N,O,H,0, T

e tropospheric columns of:
SO,, H,CO, PAN, C,H,, OCS, CFC-11, CFC-12

e moreproducts possiblewith reduced temporal resolution
» synergy with the GeoSCI A data (UV-visible, SWIR, NOy)

e data assimilation using other techniques (satellitesin LEO, In-
Situ measurements, ground-based remote-sensing, air planes,
balloons), integration into chemical transport models

o development of inverse modeling (CNES study ongoing)




GeoFl S: data products(IMK FZK examples)

At least 3 pointsin thetroposphere
points precis. 2 NESR res/km
CHs 1 58% 11.7% -
2 856% 171% 5.9
PAN 1 1.5% 3.0% -
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33.2% 66.5% 6.7

28.7% 57.4% -
NESR : smulation of GeoFIS

O, 2 2.5%  4.9% 7.3

SO,

Averaging kernel

3 132% 264% 6.2 O, averaging kernels, 3'degrees

4 287% 57.4% 4.4 of freedom in thetroposphere
(Th. von Clarmann, T. Steck)

|mproved vertical resolution by the synergie GeoF|l S - GeoSCIA




Conclusions:
 tropospheric air pollution: strong political interest

e the proposed GeoT ROPE mission isdriven by the needs of
current tropospheric chemistry and transport models
concerning the spatial and temporal sampling

e very important support from the « chemistry » community

« amongst the ESA EEOM proposals, GeoT ROPE is'one of
the two missions highlighted « of very high scientific
Interest » by the ESAC

» GeoFl S/GeoSCI A are potentially interesting for the next
M eteosat generation (EUMETSAT studies...)

 possibly an element for the GMESinitiative (ESA / CEC)




