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Abstract 
Earth observation (EO) provides the opportunity for periodic and spatially detailed assessment of 
the state of the environment in urban areas. In this study, the potential of EO based indicators (EI) 
to assess the state of environment in the urban agglomeration of Athens (UAA) is examined. EO 
based indicators as used in the study, include land surface temperature, land use, land cover and 
aerosols distribution. The indicators are also related to the household density and population 
density, as extracted from census data, for the same area. Indicators are applied at the municipal 
scale and are also used to estimate an aggregate environmental indicator (AEI), at municipal scale, 
by integrating all indicators mentioned above in a GIS environment. It is found that the urban ag-
glomeration of Athens is practically “dichotomized”, by being divided in a western and eastern 
area, with considerably different environmental conditions. Results are considered important for 
focused interventions supporting environmental urban planning, whereas they represent the high 
potential of EO based indicators to monitor and assess the state of the urban environment. 
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1. Introduction 
The explosive growth of cities has led to the demand for cities to become green. To this end, the frequent as-
sessment of the environmental conditions in a city is highly important, as it enables the monitoring of progress 
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as well as it provides information to local authorities on the needed policies to resolve environmental problems 
[1]. 

An approach of interest is to describe the state of the urban environment by defining indicators reflecting 
changes in the physical and built environment [1] [2]. Such indicators may be easily, widely and effectively as-
sessed by citizens, as well as by governing bodies, by means of Information and Communication Technologies 
(ICT). 

Several efforts have been made to this direction as based on the combined use of environmental, social and 
economic indicators [3]-[7]. In [8], a methodology for an aggregate Quality of Life indicator is described; the 
methodology is based on the combination, with the use of varying weighting factors, of environmental, social 
and economic indicators. 

In this study, the methodology as described in [8] is applied for the overall UAA (as depicted in Figure 1) by 
means of estimating the annual average values of EO based indicators (see Table 1). UAA reflects an area of 
419 km2 and comprises of 40 Municipalities. The population of UAA according to the census of 2011 accounts 
for 3.181.872 inhabitants, with the Municipality of Athens contributing by 664.046 inhabitants and covering an 
area of 39 km2. UAA reflects a multitude of land cover types, with the type “urban fabric” clearly dominating. 
Environmental pressures of UAA are mainly urban expansion, lack of green areas, aged building stock, intense 
anthropogenic heat sources (predominantly transport) and increased levels of aerosols. Due to the above pres-
sures, the Master Plan of Athens (2011) introduces the concept of the compact city, in an obvious effort to ad-
verse urban expansion, retains inhabitants in the city centre and attracts new investments in UAA. 

Table 1 provides the EO based environmental indicators as well as: (a) the type of satellite data used for each 
environmental indicator (b) the averaging period of the satellite data as per environmental indicator and (c) the 
spatial resolution of the satellite data used for the estimation of the indicators at the municipal level. 

 

 
Figure 1. Spatial representation of the area of study (urban agglomeration of Athens) in yellow. Municipali-
ties are delineated accordingly. 
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2. Methodology 
2.1. Assessment of the Urban Expansion in UAA 
The urban expansion of UAA was estimated with the use of Lands at optical data for the period 1987-2010 [9]. 
Such information is considered necessary in order to assess the overall pressure in the area concerned, over a 
considerable period of time. As seen in Figure 2, UAA has expanded to the north and the east, with the expan-
sions reflecting an area of roughly 80 km2. 

2.2. Data Processing 
For the purposes of this study, Lands at images were used in the visible (VIS) and thermal infrared (TIR) spec-
tral regions. The VIS band allows the detection of land use and land cover (LULC) and the estimation of the 
Normalized Difference Vegetation Index (NDVI) [10]. TIR is suitable for detecting and mapping the LST varia-
tions at the selected scale [11]-[13]. In particular, a classification of the satellite images was performed, on the 
basis of the following categories of land cover: (a) urban fabric (including continuous and discontinuous urban 
fabric), (b) Artificial non-agricultural vegetated areas (including green urban areas, sport & leisure facilities), (c) 
urban use areas (including industrial/commercial units, road/rail networks & associated land, port areas, airports, 
mineral extraction sites, dump and construction sites), (d) agricultural areas, (e) forests and semi-natural areas, 
and (f) water surfaces. 
 
Table 1. A description of the earth observation based environmental indicators. 

Earth observation based environmental indicator Type of satellite data Averaging period Spatial resolution 

Land surface temperature Thermal 16 days 120 m 

Vegetation Optical 16 days 30 m - 1 km 

Aerosols distribution Optical 3 days 300 m to 1.2 km 

Land use Optical 30 days 30 m 

Land cover Optical 30 days 30 m 

Urban expansion/sprawl Optical 6 months 30 m 

 

 
Figure 2. Areas in orange reflect the urban expansion of the urban agglomeration of Athens for the period 1987-2010. 



C. Cartalis, M. Stathopoulou 
 

 
32 

The concentration of aerosols (PM 10) in the UAA was estimated in an indirect manner, by means of the opt-
ical depth as derived with the use of MERIS/ENVISAT satellite data [14]. Finally, the area per municipality re-
ferring to category “urban fabric” was used to estimate the population density and the household density, also 
with the use of census data for UAA. 

2.3. Classification of EO Based Environmental Indicators 
2.3.1. Land Surface Temperature (LST) 
LST is regarded as a negative indicator of the physical environment of Athens, as previous studies have shown 
that high LST values have negative impact on urban climate [15] [16], increase human thermal discomfort [16] 
and energy demand [17]. 

2.3.2. Green Areas 
NDVI is regarded as a positive indicator of the physical environment of metropolitan Athens as it can provide 
many aesthetic and environmental benefits to the citizens. 

2.3.3. Land Cover 
The category “urban use” was regarded as a negative indicator of the physical environment as extended concen-
tration of such infrastructures within their municipality may lead to the deterioration of their quality of life. 

2.3.4. Aerosols Concentration 
The concentration of aerosols is regarded as a negative indicator of the physical environment of Athens, as pre-
vious studies have shown that high concentrations of aerosols values have a negative impact on urban health and 
urban climate [18]. 

2.4. Population and Household Density 
Both indicators were considered negative as they result in increase of anthropogenic heat sources in UAA, thus 
enhancing the urban heat island phenomenon and resulting in higher energy consumption for cooling. 

2.5. Estimation of the Aggregate Environmental Indicator 
The municipality vector map was overlaid to the LST, NDVI, urban use, aerosols, population density and 
household density maps, whereas mean values of all indicators were calculated per municipality. These values 
were then integrated in a GIS; for fair comparison between AEI in different years, all indicator values were 
normalized in the range 0 to 1. In case of a positive indicator, for example vegetation, the value of 0 indicates 
the least positive influence on the AEI of citizens—practically implying a negative impact on EI—whereas the 
value of 1 represents the most positive influence on the AEI. Likewise, in case of a negative indicator such as 
LST, the value of 1 indicates the worst influence on AEI in contrast to the value of 0 which implies the least 
negative impact on EI. On the basis of the hypothesis that all indicators affect equally the AEI, all indicator val-
ues were added up resulting in a score for AEI for each municipality. The score was also normalized in the range 
0 to 1 and was further classified into five equal intervals termed as levels: low, fair, moderate, good and high. 

The process described in Section 2 is schematically provided in Figure 3. 

3. Results and Conclusions 
In this section, representative monthly results of the EIs are provided, as averaged at the Municipality level. 
Figure 4 and Figure 5 present the distribution of Land Surface Temperature (Kelvin) and NDVI in the Munici-
palities of UAA. Higher LST values are observed in the western Municipalities, whereas lower ones in the Mu-
nicipalities to the north of the city. An explanation for such differences may be the difference in the quality and 
age of the building stock as well as the lower and higher NDVI values as found in the Municipalities to the west 
and north respectively. Results are also directly related to the urban use (Figure 6) and to the population density 
(Figure 7) as clearly seen for the Municipalities to the west of UAA. 

Figure 8 presents the aerosols distribution (μgr/m3) per Municipality, whereas Figure 9 presents the spatial 
variation of the aggregate EI. 
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Figure 3. Flow chart of the methodology in support of the estimation of the Aggregate En-
vironmental Indicator (AEI). 

 

 
Figure 4. Distribution of Land Surface Temperature in the urban agglomeration of Athens. 
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Figure 5. Distribution of NDVI in the urban agglomeration of Athens. 

 

 
Figure 6. Urban use (%) defined as land cover reflecting industrial/commercial/transport units/mineral 
extraction sites/dump and construction sites. 



C. Cartalis, M. Stathopoulou 
 

 
35 

 
Figure 7. Population density (# inhabitants per km2). 

 

 
Figure 8. Concentration of aerosols (in μgr/m3) in the urban agglomeration of Athens. 
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Figure 9. Mapping of the aggregate Environmental Indicator in the urban agglomeration of Athens. 

 
An examination of Figure 9, yields a number of interesting findings: (a) the western Municipalities of the 

UAA obtain low/fair values for the AEI, as expected due to the high LSTs, low NDVIs, high percentage of ur-
ban uses and increased concentrations of aerosols (b) urban expansion to the west of the city is associated with 
low/fair values of AEI; on the contrary, urban expansion to the north or east parts of the city is associated with 
moderate/good values of AEI and (c) the urban agglomeration of Athens is “dichotomized” in terms of AEI, 
along a theoretical axis from the northeast to the southwest (higher AEI to the east of the axis, lower AEI to the 
west). 

The results of this study are considered satisfactory, in the sense that they show that EO based environmental 
indicators as well as the aggregate environmental indicator can provide a reliable assessment of the state of en-
vironment in urban areas. It should be mentioned that the use of more environmental indicators will favor a 
more synthetic determination of AEI. Additional indicators to be used may be ozone concentration, air tempera-
ture and energy consumption per household or km2. 
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EO: Earth Observation; LST: Land Surface Temperature; NDVI: Normalized Difference Vegetation Indicator 
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