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1. INTRODUCTION

This paper reflects the work achieved for demotisgahe potentialities of Earth Observation daia f
the knowledge of the atmospheric pollutants comedioh fields over metropolitan's areas. Usual
methods for deriving spatial information on the Ip@int distribution over cities are interpolation
(whatever the interpolator operator) or extrapolatiBut these methods did not take into account
morphological aspects and structural charactesistfccity of interest. Hence, influences of urbamis

on pollutant distribution are presently investighie urban atmospheric pollution researches.

This multi-scale problem is generally studied orsiagle scale (local, meso or global) but seldom
considering the total effect of network and urbamtautogether. The interaction of several scales of
pollutant observations (points-measurements, stia®d urban area) is a particularity of the presamk.
This project is applied to the city of Strasbouftgnce. Its objectives are to:

e precisely define the morphological elements whitftuence the pollutant distribution;

e spatialize the measurements with the help of $&telata, taking benefits from previous results.

This research project explores:

« the combination of different scales (from pointsasi@rements to the complete urban community of
Strasbourg);

« different methods (mathematical morphology, spatigllysis, interpolation, extrapolation, ...);

« different modeling approaches (from a single strede total urban area);

< and different geographical and pollutants dataci(points-measurements, geographical databases,
remotely sensed data).

The points-measurements sites were qualified aowprdo morphological indicators and a
representativity indicator of the sites defined.eTheographical database (BD TOPO® IGN) was
exploited for the extraction of parameters as ismdtthe models of pollutants transport [1].

After presentation of the studied area, a methadhbining remotely sensed data, provided by the Lainds
Thematic Mapper (TM) sensor, combined with the fmmeasurements, is presented, allowing the
obtaining of a spatial distribution of pollutantyeo the city. This remotely sensed distribution is
compared with usual methods (interpolation or edtation) used for the spatialization of pollutants
This comparison enhances the benefits of usindlisaiaformation for the description of pollutantser

the city. A discussion on the results of this resegroject is proposed enhancing benefits of atimul
disciplinary, multi-scale, multi-sensor approactaofpollution.
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2. DESCRIPTION OF THE AREA OF INTEREST AND DATASET

The city of Strasbourg is located in Eastern Fraac¢he border of Germany._Ls&ociation pour la
Surveillance et I'étude de laoRution Atmosphérique en Alsace (ASPA) is the local orgdiomain
charge of the air quality measuring network in ¢ftg of Strasbourg and vicinity. A set of three Haat

TM quarter scene images was acquired in March 838,1August 15 1998 and September 10, 1999. The
Landsat TM sensor provides images with a 30m pael seven spectral bands from the blue to the
thermal infrared spectral band. The thermal inflaband presents a spatial resolution of 120 m but
interpolated to a pixel size of 30 m. These imagers: geometrically corrected to allow superimpositi
with the geographical database available over tha.aHence, the location of the measuring statisns
easily achievable thanks to the geographical lonadichieved through GPS measurements. The pollution
data corresponding to the overpass of the sateltte acquired by the measuring network and ardhive
by the ASPA team.

Urban planners and public policy makers need tdoisa comprehensive knowledge of the urban
environment, for the forecasting of air pollutiondafor population information. Since 1996, in Franc
mayors in charge of large cities (over 100 000 lifasmts) must install a measuring network. This
network is managed by local organization, such 8BA It is composed of static measuring statiorts an
pollution data are collected in near real time.l€xed data are used to compute an atmospheriatipoll
indicator (ATMO) aiming at informing local authags as well as the population of atmospheric air
quality. This indicator is calculated from NO2, SOR23 and particulate matter concentrations. This
indicator is used as a warning for high-risk pofiala But this network is composed of a few meawyiri
stations that are scarcely distributed over the Eience an accurate knowledge of the spatialibligton

of atmospheric pollutants is currently inaccessible

3. USUAL METHODSFOR MAPPING OF PARTICULATE MATTERS

30 pg/m?’

Figure 1. Extract of a map of PM10 for March 31, 1998 obtained from thin plates interpolation of the measurements (black dots)

Usual methods used for construction of maps ofupardits are interpolation/extrapolation techniques.
Some are using kriging method [2], others recommttieduse of thin plates interpolation method [3].
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Figure 1 presents an example of a particulate nsa(feM) map obtained with thin plates method from
measures over the city of Strasbourg for March1®B8. In transparency is visualized the Landsat TM4
(blue) channel, showing the structure of the adathis date only three measuring stations deliver
information for PM. The accuracy of the method ol#d depends on the accuracy of the measuring
stations, if the measurement is representativehef rieighborhood [4]. In fact the position of the
instruments and the quantity of measuring statgmesitly influence the mapping results. Some authors
encounter even high variations of the pollutantcemtrations from one side of a street to the ofer

For a reasonable accuracy (5% of probability eramig top obtain concentration values with an eofor
20 %, Sifakis [6] recommends 4 stations per 2.5. ks the cost of a measuring station is very expens
other solutions should be find. Using Earth obsgowedata is one of the solutions

4. EARTH OBSERVATION DATA FOR IMPROVING PARTICULATE MAPPING

Several studies have shown the possible relatipadietween satellite data and air pollution ([8], [7],

[8], [9], [10]). Concerning the PM, a strong coatbdn was found by some of these authors with the
thermal infrared image of Landsat (TM6). The praabsnethodology is based on this assumption. But
looking for correlation between three measuringi@ta and measurements acquired from satellite
images is not mathematically convincing. Hencs pioposed to construct a multidimensional veator f
each point of the image integrating several infdioma This vector is representative of the spectral
information acquired by the satellite (it compriske measurements done for each pixel in eachrspect
band except TM6) and of the morphological configioraof each pixel neighborhood (through a textural
index or different other criteria as defined in)[IThis multidimensional vector can be understosda
identity card (ID) of each pixel in the image. Tieof each pixel is then compared to the ID of flieel
corresponding to the real measuring stations. WhenDs are similar, the value of the Landsat TM6
band is considered, and a pollutant value is dai&mtao this pixel according a relationship. This
relationship is a regression computed from alldlailable images (in this case three) and the fzoitu
measurements of the stations. Figure 2 proposesudt of the application of such a methodology.

30 pg/m?®

Figure 2. Extract of a map of PM 10 over Strasbalegved from Landsat TM6 data. The black dotsesent the virtual stations.

This methodology allows the creation of so-calledttial stations” (black dots in Figure 2). It sigly
improves the quantity of points of measures andwall the application of interpolation methods for
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computation of pollution distribution over the citiyor this particular case, 4018 virtual statiorsrav
derived for the 180 km x 180 km of the Landsat imabhe resulting image gives a more realistic vidw
the distribution of pollutants over the city. Inder to validate the proposed approach, a grourt-tru
campaign will be organized in June 2002 combiniogussition of satellite data, around 20 measurement
vans distributed over the city and an importantcemtration of measuring instruments (lidar, airteorn
instruments,...).

5. CONCLUSION

The use of remotely sensed data for mapping ofutgit concentration in towns brings a better
spatialization of the phenomena under study. Tkalt® achieved for PM 10 mapping over Strasbourg
will allow:

— a better location of the main pollution sourcesvall as their extension,

- the indication of areas where anti-pollution effoshould be carried out,

— the optimization of sitting for new measuring sias,

- a better understanding of the influence of locatphology over pollution,

- validation of numerical models dealing with locallption.

The next step of this part of the project resedsde establishment of mathematical relations betw
other pollutants, such as NOx, O3, SO2, with offperctral bands measured by satellites (SPOT, Lgndsa
ENVISAT, IRS, IKONOS,...) and improvement of the thmdology for obtaining a more complete
representation and understanding and to fight efiiciency air pollution in cities. The validatiasf this
approach will be achieved through the ground-tasthhpaign organized within an inter regional redearc
project of the INTERREG 3 program.
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