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1 INTRODUCTION 

Nowadays most large cities in Europe have acquired 
a surveillance network for air quality. A network is 
composed of static measuring stations, which allow 
a continuous surveillance of air pollution on station 
location. Pollution data are collected in near real
time and used to compute an atmospheric pollution 
indicator (ATMO). This indicator aims at informing 
local authorities, as well as the population, of the 
atmospheric air quality. In answer to a high rating of 
the ATMO indicator, public authorities are able to 
take restrictive measures with car traffic and with 
some air polluting companies.

Car traffic is increasing continuously. Atmos-
pheric pollution hampers human breathing and im-
pacts on life quality. Furthermore it becomes a criti-
cal factor of anticipated deaths, which concerns 
ambient air quality as well as air quality in houses 
and places of work. Studies suggest that current lev-
els of particulate pollution in urban air associated 
not only with short-term, but also long-term in-
creases in cardio respiratory morbidity and mortality 
(Nevalainen 1998). However the real exposure of 
persons to ambient pollution cannot be estimated 
with the present network. The costs of a measuring 
station and of its maintenance limit the knowledge to 
specific points of the town.

To evaluate the exposition to atmospheric pollu-
tion, an accurate knowledge of the spatial distribu-

tion of pollutants over the city is required. Several 
tools exist to perform it. Most of them provide maps 
of pollutant concentrations but over a regional scale 
with a grid of 1 km, which is insufficient. The first 
section offers a state-of-the-art showing the limita-
tion of present tools. Actually, no accurate knowl-
edge of the spatial distribution of atmospheric pol-
lutants, over a city, is currently available. To 
overcome this problem, a methodology using re-
motely sensed data and other data sources is pre-
sented. It leads to define the notion of “virtual sta-
tion”. Then an application of this methodology to the 
city of Nantes is shown to reader. The last section 
deals with on a discussion of the results obtained and 
the future works.

2 STATE-OF-THE-ART

The aim of air quality monitoring is to get an esti-
mate of pollutant concentrations in time and space. 
Several models exist and provide a map of pollutant 
concentrations by modelling its transport, deposition 
and/or transformation processes in the atmosphere. 
Those models are classified with regard to the scales 
of atmospheric processes. Spatial scales may range 
from the very local scale (e.g. street level, direct sur-
roundings of a chimney) to the global scale (up to 
100 km); time scale may range from minutes (esti-
mation of peak concentrations) up to days (estima-
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tion of trends). Those models can be distinguished 
on the treatment of the transport equations (Eulerian, 
Lagrangian models) and on the complexity of vari-
ous processes (chemistry, wet and dry deposition). 
Further descriptions of those models are given in a 
report of the European Topic Centre on Air Quality 
(Moussiopoulos 1996).

To evaluate the population exposition to air pollu-
tion, a mesoscale (urban scale) model is required. 
Existing models differ with regard to the structure of 
the computational domain, the utilised parameterisa-
tions, the method of initialisation, the imposed 
boundary conditions and the applied numerical tech-
niques. Such models require at input considerable 
meteorological, geographical information, and emis-
sion data. Hence they require numerical simulations, 
often in conflict with the limited data processing re-
sources, and not enough accurate yet. Those model 
evaluations are impossible without appropriate ex-
perimental data at proper locations in Europe.

The other ways to reconstruct the signal are mod-
els by means of interpolation and extrapolation of 
measurements. The problem is to reconstruct the 
spatial distribution of the pollutant considered within 
a geographical area, given limited values. Some sci-
entists use the kriging method (Frangi et al. 1996, 
Carletti et al. 2000); some others recommend the use 
of the thin plates interpolation method (Ionescu et al. 
1996). The quality of the mapping can be judged by 
comparing predictions and appropriate measure-
ments. But the validity and accuracy of such ap-
proach depend on the number of measurements. It 
results that no accurate knowledge of the spatial dis-
tribution of atmospheric pollutants, over a city, is 
currently accessible.

Air pollution in cities is a complex phenomenon 
involving local topography, local wind flows and 
microclimates. For its better description and under-
standing, the study of its space-time variability 
should include different data sources related to urban 
morphological and environmental features. In this 
context, satellite images are certainly a valuable help 
in getting urban polluting features. Satellite imagery 
improves the monitoring of cities in a wide range of 
applications, e.g., the detection of urban changing, 
mapping roads and streets (Blanc 1999, Couloigner 
1998), mapping urban demarcation (Weber 1995), 
mapping of physic parameters such as albedo and 
heat fluxes (Parlow 1998), and also mapping urban 
air pollution (Basly 2000). Several studies have 
shown the possible relationships between satellite 
data and air pollution (Finzi & Lechi 1991, Sifakis 
1992, Poli et al. 1994, Brivio et al. 1995, Sifakis et 
al. 1998, Retalis et al. 1999, Wald & Baleynaud 
1999, Basly 2000). According to those studies, a 
methodology for the mapping is developed. 

3 THE METHODOLOGY

The proposed methodology combines point meas-
urements and different data sources such as geo-
graphical database BDTOPOIGN and remotely 
sensed data provided by the Landsat Thematic Map-
per (TM) sensor. It allows a definition of virtual sta-
tions, which provide additional measurements that 
are used for densifying the input parameters of in-
terpolating and extrapolating methods. For a better 
understanding, it could be separated into 3 steps.

3.1 Step 1: Characterization of measuring stations 
and of pseudostations

The urban area is divided into cells by a regular grid. 
The cell size defines the spatial resolution of the 
mapping. A cell size less than 100 meters is required 
for a city mapping. The methodology makes use of 
measuring stations and others data to locate places 
of the city, which have the same environmental, 
morphological and polluting features than a real 
measuring station. Such places are defined as 
“pseudostations”. Their location could be performs 
using the notion of “identity card” of a cell. Actually 
cells are characterised by a list of parameters (its 
identity card) and pseudostations are cells having a 
same identity card as a real station.
Using remotely sensed data, those cells are material-
ised by pixels of the satellite image. The spatial 
resolution of the mapping of pollution and the spa-
tial resolution of the satellite image are the same: 
30m for the Landsat TM. It follows that digital 
numbers outputs from the satellite are parameters of 
the identity of a cell.

3.2 Step 2: Estimation of pollution - virtual stations
Pseudostations are places in the city where static 
measuring stations could be installed to increase the 
surveillance network. To make use of those pseu-
dostations for the mapping of air pollution, a relation 
between satellite data and ground measurements 
must be derived. This relation aims at predicting pol-
lutant concentrations in those pseudostations. We 
define “virtual stations” as pseudostations for which 
concentrations of pollutants can be predicted. So vir-
tual stations are operational stations that companies 
in charge of measuring air quality in the city will 
have, in the case of an unlimited budget. They form 
a subset of the set of pseudostations.

3.3 Step 3: mapping by interpolation and 
extrapolation using virtual stations

The mapping is performed using an interpolating 
and/or extrapolating model: thin plates, polynomial, 
linear or Hsieh-Clough-Tocher. The accuracy is con-
trolled with the help of correlation, error and mean 
square error between the estimated and the observed 
data.



4 APPLICATION AND DISCUSSION

The study area is the city of Nantes. The objectives 
of this first application to the city are twofold. The 
application of the methodology to the city of Nantes 
illustrates the benefits of Earth observation data for 
the knowledge of the atmospheric pollutant distribu-
tion. For lack of morphological indicator, only satel-
lite data and ground measurements are used to de-
fine the identity card of a cell and to estimate its 
pollution. Therefore the set of pseudostations identi-
fy with the set of virtual stations. It will be shown 
that mapping pollutant concentration is possible us-
ing remotely sensed data and virtual stations. The re-
sults demonstrate the benefits of virtual stations.

4.1 The study area and data used
The city of Nantes is located in Western France at 
54 km from the Atlantic Ocean. Geographical coor-
dinates are 47.23� latitude North and 1.55� longitude 
West. That location explains the oceanic climate, 
which is mildly. Except for an oil refinery 20 km to 
the west, Nantes has no polluting industry. Atmos-
pheric pollution is mostly due to motor vehicles. The 
local organization in charge of the air quality net-
work in the city and vicinity is Air Pays de la Loire. 

The studied day (22 May 1992) is a sunny day 
with clear sky and light wind from NorthEast. Pollu-
tion level was below critical levels. A Landsat satel-
lite image was acquired on that day at 1017 UT. A 
portion of this image is represented in Figure 1. This 
size is 15.36*15.36 km, with a pixel size of 30*30 
m. The channel TM4 (at 0.8 m) reveals the patterns 
of the streets and roads in the city (in dark tones).

Figure 1. Sample of an image of the city of Nantes, acquired by 
satellite Landsat (TM4, at 0.8 m), for May 22, 1992. The net-
work of streets is seen fairly well in dark tones, as well as the 
Loire River and the airport in the south. Eurimage, repro-
duced with permission.

4.2 Application to the city of Nantes
Digital numbers output from satellite images are 
used to define the identity card of a pixel. In that 
case, pseudostations are pixels having same digital 
numbers as a measuring station in several combina-
tions of satellite bands. For the day under concern, 
12 measuring stations were operating. A strong cor-
relation was found with some pollutants. To evaluate 
the accuracy of the method we only use 6 points out 
of 12. We apply the method and compare outputs to 
the remaining 6 stations.

Poli et al. (1994) studied the relationship between 
a map of apparent temperature of Rome (Italy) and 
the total particulate matter suspended in the air in the 
winter season. The particulate matter is assumed to 
be a significant tracer of the atmospheric pollution, 
as well as a good indicator of the air quality. Wald 
and Baleynaud (1999) focussed their studies on the 
correlation between black particulate concentration 
and digital numbers output from the infrared thermal 
band TM6. According to their studies, a linear re-
gression is applied on pseudostations, as being a first 
approximation of the relation between satellite data 
and ground-based measurements. That defines vir-
tual stations. 

4.3 Results 
Figure 2 presents an example of map of concentra-
tion in black particulates obtained with the thin plate 
method applied to 6 measurements.

Figure 2. Extract of a map of concentration in black particu-
lates over the city of Nantes for May 22, 1992 obtained from 
thin plates interpolation of the 6 measurements – in black dots. 

In Figure 2, we can see that a veil of black particu-
late smoke is dispersing in the opposite direction of 
the wind. That certainly does not reflect the reality 
of polluting situation. This image could be compared 
to the image of Figure 3.
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Figure 3 is a map of concentrations in black parti-
culates obtained with the proposed methodology. 
The combination of satellite band, used to define the 
pseudostations, is the combination [1,2,3,4]. 43 
pseudostations are located. Virtual stations (includ-
ing real stations) were derived by a linear regression. 
Virtual stations are homogeneously located over the 
city of Nantes. In figure 3, virtual stations provide a 
better spatialisation of the studied phenomenon. 

The resulting image, in figure 3, is obtained with 
the same thin plate method applied to the 43 virtual 
stations. Compared to figure 2, this image gives a 
more realistic view of the distribution of pollutants 
over the city. Actually zones of high and low levels 
of air pollution appear in the map. The veil of black 
particulate smoke is dispersing in the same direction 
than the wind direction. The authors are aware of the 
limitations of such a map and stress that there is cur-
rently not validated map of air pollution to compare 
to.

Figure 3. Extract of a map of black particulates over Nantes for 
May 22, 1992 obtained from thin plates interpolation of the 43 
virtual stations – in black dots.

The discrepancies between the estimated concen-
trations and real measuring concentrations in black 
particulates are evaluated using the 6 remaining sta-
tions (table 1).

Table 1. Correlation, bias and RMSE (Root Mean Square Er-
ror) in percentage between estimated and real black particulate 
concentration over the city of Nantes for May 22, 1992.

The table 1 points out that virtual stations allow a 
better accuracy of the mapping of black particulates 
over the city of Nantes. Positive correlation is found 
between estimated and observed data for the 6 re-
maining stations and the use of virtual stations in-
crease this correlation. 

4.4 Limitations
The results show a great influence of the choice of 
the combinations of satellite bands of the genera-
lized vector on the number and on the location of the 
virtual stations (table 2). The greater the number of 
spectral bands, the lower the number of virtual sta-
tions. In addition, the validation results (correlation, 
error and RMSE) depend on initial set of measuring 
stations.

Table 2. Numbers of virtual stations (including real station) lo-
cated in the city of Nantes.

Pseudostations are places of the city having same 
morphological, environmental and polluting features 
as a real fixed station. Their location should not be 
variable. It results that further studies are required 
for a better description of stations, through the no-
tion of their identity card.

Previous works have shown that a fairly accurate 
linear relationship exists between satellite outputs 
and concentrations in black particulates. Further stu-
dies are needed to prove the significance of a rela-
tionship between satellite data and the other pollu-
tants.

5 CONCLUSION AND PERSPECTIVE

This first application of the methodology for the 
mapping of the concentration in black particulates il-
lustrates the potentialities of Earth observation data 
for the mapping of pollutant concentration. It shows 
that the mapping of concentration of black particu-
lates is possible using the thermal band TM6 image 
of the Landsat satellite. The use of remotely sensed 
data for the mapping of pollutants over a city brings 
a better spatialisation of the phenomena under study. 
The notion of virtual stations improves the mapping. 
This encourages us to continue our investigation. 

Further studies are needed to fully understand the 
links between the pollutant measurements and satel-
lite data. Next investigation will focus on a better 
analyze of measuring stations and its neighborhood 
to improve the definition of an identity card of a sta-
tion, of pseudostations and of virtual stations. The 
research will include a geographical data source: the 
BDTOPOIGN (figure 4) containing physical and 
morphological properties of the site (building 
heights, positions of roads…). 

combination n_virtual stations
[1,2,3] 385

[1,2,3,4] 43
[1,2,3,5] 30
[1,2,3,7] 48

correlation error % RMSE %
without virtual stations 0,47 -76 89
with     virtual stations 0,7 -32 54

10 g

40 g Wind



Figure 4. 3D dimension view on a location in the city of Stras-
bourg (France). An example of BDTOPOIGN, 1989.

This data source will allow 
 a georeferencing of satellite images for a 

better localisation of stations.
 a better definition of the identity card of a 

stations

Morphological indicators for “distance to the road”, 
“rate of building” or “wind exposition” will be de-
fined. 

ACKNOWLEDGEMENTS

The authors are indebted to Eurimage which has 
provided the Landsat TM data. The authors also 
thank Air Pays de la Loire for providing the pollu-
tion data.

REFERENCES 

Basly L., 2000. T�l�d�tection pour la qualit� de l’air en milieu 
urbain. Th�se de doctorat, sciences de technologies de 
l’information et de la communication, Universit� de Nice 
Sophia Antipolis, France. 182 p. 

Blanc P., 1999. D�veloppement de m�thodes pour la d�tection 
de changement. Th�se de doctorat, informatique temps r�el 
– automatique – robotique, Ecole des Mines de Paris, 
France.

Brivio P.A., Genovese G., Massari S., Mileo N., Saura G. et 
Zilioli E., 1995. Atmospheric pollution and satellite remote-
ly sensed surface temperature in metropolitan areas. In: 
Proc. EARSeL symposium: Advances in Remote Sensing: 
pollution monitoring and geographical information sys-
tems, Paris: EARSeL, pp. 40-46.

Carletti R., Picci M. and Romano D., 2000. Kriging and bili-
near methods for estimating spatial pattern of atmospheric 
pollutants. Environmental Monitoring and Assesment, 63, 
341-359.

Couloigner I., 1998. Reconnaissance de formes dans des 
images de t�l�d�tection du milieu urbain. Th�se de docto-
rat, propagation – t�l�communication et t�l�d�tection, Uni-
versit� de Sophia Antipolis. 129p.

Finzi G. and Lechi G. M., 1991. Landsat Images of urban air 
pollution in stable meteorological conditions. Il Nuovo Ci-
mento, 14C,433-443.

Frangi J.P., Jacquemoud S., Puybonnieux-Texier V. and La-
zard H., 1996. Suivi spatio-temporel de la concentration en 
NOx en �le de France. C.R. Acad. Sci. Paris 323, s�rie II a, 
pp. 373-379.

Ionescu A., Mayer E. and Colda I., 1996. M�thodes  math�ma-
tiques pour estimer le champ de concentration d’une pol-
luant gazeux � partir des valeurs mesur�es aux points dis-
pers�s. Pollution Atmosph�rique, janvier-mars 1966, pp. 
78-89.

Sifakis N., 1992. Potentialit�s de l’imagerie � haute r�solution 
spatiale pour le suivi de la r�partition de pollutions atmos-
ph�riques dans la basse troposph�re. Etude du cas 
d’Ath�nes’. Th�se de doctorat, chimie de la pollution at-
mosph�rique & physique de l’environnement, universit� de 
Paris VII, 287 p.

Poli U., Pignatoro F. Rocchi V. and Bracco L., 1994. Study of 
the heat island over the city of Rome from Landsat-TM sa-
tellite in relation with urban air pollution. In: R. Vaughan 
ed., Proc. 13 th EARSeL Symposium, Remote sensing –
From research to operational applications in the new Eu-
rope, Dundee, Scotland, UK, 28 June – 1st July 1993, 
Springer Hungarica, pp. 413-422.

Moussiopoulos N., Berge E., Bohler T., de Leeuw F., Gronskei
K.E., Mylona S., Tombrou M., 1996. Ambient air quality, 
pollutant dispersion and transport models. Report of the Eu-
ropean Topic Centre on Air Quality. 94 p.

Nevalainen J. and Pekkanen J., 1998. The effect of particulate 
air pollution on life expectancy. The Science of the Total 
Environment 217, pp. 137-141.

Parlow E., 1998. Net radiation of urban areas. In: Gudmansen 
P. Ed., Future trends in remote sensing, Rotterdam: Balke-
ma Publishers, pp. 221-226.

Retalis A., Cartalis C. and Athanassiou E., 1999. Assesment of 
the distribution of aerosols in the area of Athens with the 
use of Landsat Thematic Mapper data. International Journal 
of Remote Sensing, 20, 5, pp. 939-945.

Sifakis N., Soulakellis N.A. and Paronis D.K., 1998. Quantita-
tive mapping of air pollution density using earth observa-
tions: a new processing method and application to an urban 
area. International Journal of Remote Sensing, 19, 17, pp. 
3289-3300.

Wald L. and Baleynaud J.M., 1999. Observing air quality over 
the city of Nantes by means of Landsat thermal infrared da-
ta. International Journal of Remote Sensing, 20, 5, pp. 947-
959.


